


Honorary Editors-in-Chief
Masao Omata (Japan)
Shu-Kui Qin (China)

Editor-in-Chief
Guang-Wen Cao (China)

Executive Chief Editor
Giuliano Ramadori (Germany)

Associate Editors
Kenneth Siu Ho Chok (Hong Kong, 
China)
Jia Fan (China)
Fabio Farinati (Italy)
Mark Alan Feitelson (USA)
Jin-Lin Hou (China)
Kai-Chun Wu (China)
Osamu Yokosuka (Japan)
James Fung (Hong Kong, China)

Editorial Board Members
Sang-Hoon Ahn (South Korea)
Luca Aldrighetti (Italy)
Ping An (USA)
Matias A. Avila (Spain)
Clara Balsano (Italy)
Stefano Bellentani (Switzerland)
Antonio Bertoletti (Singapore)
Stefano Brillanti (Italy)
Elisa Callegari (Italy)
Jian-Guo Chen (China)

Lei Chen (China)
Amedeo Columbano (Italy)
Renumathy Dhanasekaran (USA)
Hui-Guo Ding (China)
Isabel Fabregat (Spain)
Gen-Sheng Feng (USA)
Lynn G. Feun (USA)
Richard S. Finn (USA)
David A. Geller (USA)
Antonio Giorgio (Italy)
Xin-Yuan Guan (Hong Kong, China)
Ho-Seong Han (South Korea)
Hie-Won Hann (USA)
Michael A. Heneghan (UK)
Osamu Itano (Japan)
Yusuke Kawamura (Japan)
Jin-Wook Kim (South Korea)
John Koskinas (Greece)
Sandi Alexander Kwee (USA)
Nan Li (China)
Biao-Yang Lin (China)
David M. Lubman (USA)
Chun-Hong Ma (China)
Fabio Marra (Italy)
Geoff McCaughan (Australia)
Manuela Merli (Italy)
Gabriele Missale (Italy)
Bruno Nardo (Italy)
Necati Örmeci (Turkey)
Rosa M Pascale (Italy)
Tao Peng (China)
Patrizia Pontisso (Italy)
Chunfeng Qu (China)

Dalbir Singh Sandhu (USA)
Devanand Sarkar (USA)
Michel Scotte (France)
Feng Shen (China)
Hui-Chuan Sun (China)
Rolf Teschke (Germany)
Georgios Tsoulfas (Greece)
Allan Tsung (USA)
Hong Tu (China)
Erica Villa (Italy)
Rong-Qian Wu (China)
Hong-Ping Xia (China)
Yong-Bing Xiang (China)
Jin-Liang Xing (China)
Fu Yang (China)
Dengfu Yao (China)
Jian-Hua Yin (China)
Seung-Kew Yoon (South Korea)
Hong-Wei Zhang (China)
Yan-Min Zhang (China)

Editorial Staffs
Hai-Di Ding (China)
Li-Jun Jin (China)
Cai-Hong Wang (China)
Huan-Liang Wu (China)
Victoria Li (China)
Delphine Wong (China)

EDITORIAL BOARD



About the Journal
Hepatoma Research (HR), ISSN 2454-2520 (Online), ISSN 2394-5079 (Print), is a peer-reviewed, open-access and 
continuously online published journal. The journal’s full text is available online at www.hrjournal.net. The journal focuses 
on all aspects related to hepatoma, including the occurrence, development, diagnosis, treatment and prognosis of hepatoma. 
The coverage extends to other basic and clinical studies related to hepatoma, including surgery, internal medicine, cell 
biology, pathology, pathophysiology, immunology, genetics, pharmacology, etc. The journal is indexed by CAS, EBSCO, 
Eurasian Scientific Journal Index, Google Scholar, JournalGuide, JournalTOCs, Root Indexing, Wanfang Data, DRJI, 
J-Gate, SHERPA/RoMEO, CNKI, and ResearchBib.

Information for Authors
Manuscripts should be prepared in accordance with Author Instructions. Please check
www.hrjournal.net/pages/view/author_instructions for details.
All manuscripts should be submitted online at https://www.oaemesas.com/hr

Copyright
The entire contents of the HR are protected under international copyrights. The journal, however, grants to all users a 
free, irrevocable, worldwide, perpetual right of access to, and a license to copy, use, distribute, perform and display the 
work publicly and to make and distribute derivative works in any digital medium for any reasonable purpose, subject to 
proper attribution of authorship and ownership of the rights. The journal also grants the right to make small numbers of 
printed copies for their personal use under the Creative Commons Attribution 4.0 License.
Copyright is reserved by © The Author(s) 2020.

Permissions
For information on how to request permissions to reproduce articles/information from this journal, please visit
www.hrjournal.net.

Disclaimer
The information and opinions presented in the journal reflect the views of the authors and not of the journal or its Editorial 
Board or the Publisher. Publication does not constitute endorsement by the journal. Neither the HR nor its publishers nor 
anyone else involved in creating, producing or delivering the HR or the materials contained therein, assumes any liability 
or responsibility for the accuracy, completeness, or usefulness of any information provided in the HR, nor shall they be 
liable for any direct, indirect, incidental, special, consequential or punitive damages arising out of the use of the HR. 
The HR, nor its publishers, nor any other party involved in the preparation of material contained in the HR represents or 
warrants that the information contained herein is in every respect accurate or complete, and they are not responsible for 
any errors or omissions or for the results obtained from the use of such material. Readers are encouraged to confirm the 
information contained herein with other sources.

Publisher
OAE Publishing Inc.
245 E Main Street st122, Alhambra, CA 91801, USA
Website: www.oaepublish.com

Contacts
E-mail: editorialoffice@hrjournal.net
Website: www.hrjournal.net

GENERAL INFORMATION



CONTENTS                                                                  

Hepatoma Research

1           First cases of MPV17 related mitochondrial DNA depletion syndrome with compound
             heterozygous mutations in p.R50Q/p.R50W: a case report
             Shuichiro Umetsu, Ayano Inui, Sohya Kobayashi, Masaru Shimura, Tomoko Uehara, Hajime
              Uchida, Rie Irie, Tsuyoshi Sogo, Haruki Komatsu, Takako Yoshioka, Kei Murayama, Kenjiro
              Kosaki, Mureo Kasahara, Tomoo Fujisawa
             Hepatoma Res 2020;6:1  http://dx.doi.org/10.20517/2394-5079.2019.030

2           Interim results from ongoing Phase III placebo-controlled, randomized trial of
             hepcortespenlisimut-L for advanced hepatocellular carcinoma indication
             Aldar S. Bourinbaiar, Jigjidsuren Chinburen, Purev Batchuluun, Chogsom Munkhzaya, Dandii
             Oyungerel, Dorjiin Dandii, Galyna A. Kutsyna, Hulan Tsogkhuu, Marina G. Tarakanovskaya, Alan A.
             Reid, Vika Borisova, Allen I. Bain, Vichai Jirathitikal
             Hepatoma Res 2020;6:2  http://dx.doi.org/10.20517/2394-5079.2019.25

3           Response rates to direct antiviral agents among hepatitis C virus infected patients who develop
             hepatocellular carcinoma following direct antiviral agents treatment
             Michela Emma Burlone, Stefano Fangazio, Alessandro Croce, Elisa Ceriani, Rachele Rapetti, Cristina
             Rigamonti, Carlo Smirne, Stelvio Tonello, Paolo Ravanini, Rosalba Minisini, Mario Pirisi
             Hepatoma Res 2020;6:3  http://dx.doi.org/10.20517/2394-5079.2019.37

4           Frailty and Liver resection: where do we stand?
             Georgios S. Sioutas, Ioannis A. Ziogas, Georgios Tsoulfas
             Hepatoma Res 2020;6:4  http://dx.doi.org/10.20517/2394-5079.2019.43

5           The mechanism of dysbiosis in alcoholic liver disease leading to liver cancer
             Nahum Méndez-Sánchez, Alejandro Valencia-Rodríguez, Alfonso Vera-Barajas, Ludovico Abenavoli,
             Emidio Scarpellini, Guadalupe Ponciano-Rodríguez, David Q.-H. Wang
             Hepatoma Res 2020;6:5  http://dx.doi.org/10.20517/2394-5079.2019.29

6           Coffee protection against the development of hepatocellular carcinoma: review article
             Kellyane S. D. Carvalho , Helma P. Cotrim
             Hepatoma Res 2020;6:6  http://dx.doi.org/10.20517/2394-5079.2019.027

7           Animal models for hepatocellular carcinoma arising from alcoholic and metabolic liver diseases
             Ken Liu,  Jinbiao Chen, Geoffrey W. McCaughan
             Hepatoma Res 2020;6:7  http://dx.doi.org/10.20517/2394-5079.2019.39

8           Association between hereditary hemochromatosis and hepatocellular carcinoma: a comprehensive 
             review
             Aparna Jayachandran, Ritu Shrestha, Kim R. Bridle, Darrell H. G. Crawford
             Hepatoma Res 2020;6:8  http://dx.doi.org/10.20517/2394-5079.2019.35



9           The interplay between direct-acting antivirals and hepatocellular carcinoma in chronic hepatitis C
             Sun Hong Yoo, Jung Hyun Kwon
             Hepatoma Res 2020;6:9  http://dx.doi.org/10.20517/2394-5079.2019.49

10         Microwave ablation of hepatocellular carcinomas in octogenarians
             Jacob Freedman
             Hepatoma Res 2020;6:10  http://dx.doi.org/10.20517/2394-5079.2019.32

11         Recurrence of hepatocellular carcinoma following deceased donor liver transplantation: case series
             Cem Simsek, Amy Kim, Michelle Ma, Nilay Danis, Merve Gurakar, Andrew M. Cameron, Benjamin Philosophe,
             Jacqueline Garonzik-Wang, Shane Ottmann, Ahmet Gurakar, Behnam Saberi
             Hepatoma Res 2020;6:11  http://dx.doi.org/10.20517/2394-5079.2019.51

12         Distinctive magnetic resonance imaging findings of hepatocellular carcinoma after hepatitis C virus
             eradication with direct-acting antivirals
             Takao Shimizu, Kaoru Tsuchiya, Masayuki Kurosaki, Yutaka Yasui, Sakura Kirino, Keiya Watakabe, Leona
             Osawa, Mao Okada, Wan Wang, Mayu Higuchi, Kenta Takaura, Shun Kaneko, Nobuharu Tamaki, Hiroyuki
             Nakanishi, Jun Itakura, Yuka Takahashi, Tadakazu Hisamatsu, Namiki Izumi
             Hepatoma Res 2020;6:12  http://dx.doi.org/10.20517/2394-5079.2019.48

13         Prehabilitation in elderly patients scheduled for liver resection and protocol for Recovery Of Surgery in
             Elderly
             Ramkumar Mohan, Cheong Wei Terence Huey, Sameer Junnarkar, Jee Keem Low, Vishal G. Shelat
             Hepatoma Res 2020;6:13  http://dx.doi.org/10.20517/2394-5079.2019.53

14         Ion channels in liver diseases and hepatocellular carcinoma: potential tools for diagnosis, prognosis, and
             therapy
             María de Guadalupe Chávez-López, Andrea Cruz-Díaz, Karla Nicol Tlapalcoyoa-Apanco, Julio Isael Pérez-
             Carreón, Javier Camacho
             Hepatoma Res 2020;6:14  http://dx.doi.org/10.20517/2394-5079.2019.023

15         Cytotoxic immune cell-based immunotherapy for hepatocellular carcinoma
             Jing Li, Longxiang Tao, Xuefu Wang
             Hepatoma Res 2020;6:15  http://dx.doi.org/10.20517/2394-5079.2019.34

16         Treatment efficacy for patients with chronic hepatitis C and preexisting hepatocellular carcinoma by directly
             acting antivirals
             Chia-Yen Dai, Chung-Feng Huang, Meng-Hsuan Hsieh, Ching-I Huang, Ming-Lun Yeh, Pei-Chien Tsai, Ching-Chih
             Lin, Meng-Szu Lee, Jeng-Fu Yang, Po-Yao Hsu, Yu-Ju Wei, Cheng-Ting Hsu, Po-Cheng Liang, Yi-Hung Lin, Jee-Fu 
             Huang, Wan-Long Chuang, Ming-Lung Yu
             Hepatoma Res 2020;6:16  http://dx.doi.org/10.20517/2394-5079.2019.40

17         Direct acting antivirals therapy and hepatocellular carcinoma risk in patients with hepatitis C virus
             Monika Pazgan-Simon
             Hepatoma Res 2020;6:17  http://dx.doi.org/10.20517/2394-5079.2019.52



18         Epidemiology of non-alcoholic fatty liver disease-related hepatocellular carcinoma: a western perspective
             Ann Farrell, Marno Ryan, Jessica Howell
             Hepatoma Res 2020;6:18  http://dx.doi.org/10.20517/2394-5079.2019.019

19         Diagnosing non-hepatocellular carcinoma malignancies on CT/MRI and contrast enhanced ultrasound:
             the Liver Imaging Reporting and Data System approach
             Kathryn J. Fowler, Guilherme Moura Cunha, Tae Kyoung Kim
             Hepatoma Res 2020;6:19  http://dx.doi.org/10.20517/2394-5079.2020.21

20         Hepatocellular carcinoma and hepatitis C virus infection in Latin America: epidemiology, diagnosis and
             treatment
             Marina Galicia-Moreno, Hugo Christian Monroy-Ramirez, Marina Campos-Valdez, Jaime Sanchez-Meza, Laura
             Sanchez-Orozco, Juan Armendariz-Borunda
             Hepatoma Res 2020;6:20  http://dx.doi.org/10.20517/2394-5079.2019.36

21         The impact of direct-acting antivirals on hepatitis C associated hepatocellular carcinoma
             Tai-Ping Lee, David Bernstein
             Hepatoma Res 2020;6:21  http://dx.doi.org/10.20517/2394-5079.2019.44

22         Direct-acting antivirals and risk of hepatocellular carcinoma: from genetic signature to metabolic risk
             factors
             Stefano Gitto, Erica Villa
             Hepatoma Res 2020;6:22  http://dx.doi.org/10.20517/2394-5079.2019.50

23         Personalized T-cell therapy in liver transplanted patients with hepatitis B virus related hepatocellular
             carcinoma
             Morteza Hafezi, Antonio Bertoletti, Anthony Tan
             Hepatoma Res 2020;6:23  http://dx.doi.org/10.20517/2394-5079.2020.02

24         Recent advances regarding tumor microenvironment and immunotherapy in hepatocellular carcinoma
             Wei Qin, Zhen-Yu Cao, Si-Yuan Liu, Xun-Di Xu
             Hepatoma Res 2020;6:24  http://dx.doi.org/10.20517/2394-5079.2020.04

25         The advancement of immunotherapy in hepatocellular carcinoma
             Ling Ni, Yu Feng, Chen Dong
             Hepatoma Res 2020;6:25  http://dx.doi.org/10.20517/2394-5079.2020.14

26         Treatment options for recurrence of hepatocellular carcinoma after surgical resection: review of the
             literature and current recommendations for management
             Francesco Pasini, Matteo Serenari, Alessandro Cucchetti, Giorgio Ercolani
             Hepatoma Res 2020;6:26  http://dx.doi.org/10.20517/2394-5079.2019.47

27         Mechanisms and immunotherapies of HBV- and NAFLD-related hepatocellular carcinoma
             Xiao-Jia Song, Chun-Hong Ma
             Hepatoma Res 2020;6:27  http://dx.doi.org/10.20517/2394-5079.2020.05



28         Hypoalbuminemia: an underestimated, vital characteristic of hospitalized COVID-19 positive patients?
             Giuliano Ramadori
             Hepatoma Res 2020;6:28  http://dx.doi.org/10.20517/2394-5079.2020.43

29         Epidemiology of hepatocellular carcinoma in metabolic liver disease
             Stefano Bellentani
             Hepatoma Res 2020;6:29  http://dx.doi.org/10.20517/2394-5079.2020.10

30         Imaging biomarkers for predicting poor prognosis of hepatocellular carcinoma: a review
             Yun Zhang, Zi-Xing Huang, Jie Chen, Yu-Jun Shi, Han-Yu Jiang, Li-Kun Cao, Bin Song
             Hepatoma Res 2020;6:30  http://dx.doi.org/10.20517/2394-5079.2020.17

31         Impact of direct-acting antivirals on de novo occurrence of hepatocellular carcinoma in hepatitis C virus
             patients
             Ming Yang, Ruilan Ma, Yuan Huang, Lai Wei
             Hepatoma Res 2020;6:31  http://dx.doi.org/10.20517/2394-5079.2019.45

32         Non-invasive tests for the prediction of post-hepatectomy liver failure in the elderly
             Giovanni Marasco, Antonio Colecchia, Matteo Milandri, Benedetta Rossini, Luigina Vanessa Alemanni, Elton
             Dajti, Federico Ravaioli, Matteo Renzulli, Rita Golfieri, Davide Festi
             Hepatoma Res 2020;6:32  http://dx.doi.org/10.20517/2394-5079.2019.54

33         Predictive factors for hepatocellular carcinoma recurrence after curative treatments
             Giovanni Marasco, Federico Ravaioli, Amanda Vestito, Benedetta Rossini, Elton Dajti, Luigi Colecchia, Kamela
             Gjini, Matteo Renzulli, Rita Golfieri, Davide Festi, Antonio Colecchia
             Hepatoma Res 2020;6:33  http://dx.doi.org/10.20517/2394-5079.2020.01

34         Role of laparoscopic and robotic liver resection compared to open surgery in elderly hepatocellular
             carcinoma patients: a systematic review and meta-analysis
             Alberto Brolese, Marta Rigoni, Alessandro Vitale, Giovanni de Pretis, Ivo Avancini, Cecilia Pravadelli, Michela
             Frisinghelli, Umberto Rozzanigo, Giacomo Luppi, Francesco Dionisi, Stefano Marcucci, Giovanni Viel, Paolo
             Beltempo, Cristina Prezzi, Marco Frisini, Marco Brolese, Giandomenico Nollo, Francesco A. Ciarleglio
             Hepatoma Res 2020;6:34  http://dx.doi.org/10.20517/2394-5079.2020.15

35         Emerging risk factors for nonalcoholic fatty liver disease associated hepatocellular carcinoma
             Jihane N. Benhammou, Jonathan Lin, Shehnaz K. Hussain, Mohamed El-Kabanya
             Hepatoma Res 2020;6:35  http://dx.doi.org/10.20517/2394-5079.2020.16

36         Intraarterial and intravenous contrast enhanced CT and MR imaging of multi-step hepatocarcinogenesis
             defining the early stage of hepatocellular carcinoma development
             Satoshi Kobayashi, Kazuto Kozaka, Toshifumi Gabata, Osamu Matsui, Tetsuya Minami
             Hepatoma Res 2020;6:36  http://dx.doi.org/10.20517/2394-5079.2020.24

37         Risk factors of portal vein thrombosis after splenectomy in patients with liver cirrhosis
             Ze-long Yang, Ting Guo, Dong-Lie Zhu, Shi Zheng, Dan-Dan Han, Yong Chen
             Hepatoma Res 2020;6:37  http://dx.doi.org/10.20517/2394-5079.2020.09



38         Conventional type 1 dendritic cells in protective antitumor immunity and its potential in hepatocellular
             carcinoma
             Chunfeng Qu, Kun Chen, Shao-Yan Cheng
             Hepatoma Res 2020;6:38  http://dx.doi.org/10.20517/2394-5079.2020.12

39         Stereotactic body radiation therapy for the management of HCC:
             Jia-Xin Li, Hong Wu , Yong Zeng 
             Hepatoma Res 2020;6:39  http://dx.doi.org/10.20517/2394-5079.2020.13

40         The advances in immunotherapy for hepatocellular carcinoma
             Fan Zhang, Yumin Li
             Hepatoma Res 2020;6:40  http://dx.doi.org/10.20517/2394-5079.2020.20

41         β-catenin in intranuclear inclusions of hepatocellular carcinoma
             Suzan Schwertheim, Holger Jastrow, Julia Kälsch, Thomas Herold, Sarah Theurer, Saskia Ting, Kurt Werner
             Schmid, Hideo Andreas Baba
             Hepatoma Res 2020;6:41  http://dx.doi.org/10.20517/2394-5079.2020.23

42         Genetics of alcohol-related hepatocellular carcinoma - its role in risk prediction
             Ken Liu, Gontran Verset, Eric Trepo, Devanshi Seth
             Hepatoma Res 2020;6:42  http://dx.doi.org/10.20517/2394-5079.2020.25

43         Comprehending the therapeutic effects of stereotactic body radiation therapy for small hepatocellular
             carcinomas based on imagings
             Zhao-Chong Zeng, Jia Fan, Jian Zhou, Meng-Su Zeng, Yi-Xing Chen, Zhi-Feng Wu, Jing Sun, Jian-Ying Zhang,
             Yong Hu, Qian-Qian Zhao
             Hepatoma Res 2020;6:43  http://dx.doi.org/10.20517/2394-5079.2020.29

44         Imaging assessment after SBRT for hepatocellular carcinoma
             Connie Yip, Tiffany Priyanthi Hennedige, Gary J. R. Cook, Vicky Goh
             Hepatoma Res 2020;6:44  http://dx.doi.org/10.20517/2394-5079.2020.30

45         For dietary advice in end-stage liver cirrhosis resting metabolic rate should be measured, not estimated
             Daphne Bot, Anneke Droop, Maarten E. Tushuizen, Bart van Hoek
             Hepatoma Res 2020;6:45  http://dx.doi.org/10.20517/2394-5079.2020.62

46         Contrast-enhanced ultrasonography with Sonazoid in hepatocellular carcinoma diagnosis
             Yasunori Minami, Masatoshi Kudo
             Hepatoma Res 2020;6:46  http://dx.doi.org/10.20517/2394-5079.2020.32

47         Pathomolecular characterization of HCC in non-cirrhotic livers
             Archana Rastogi 
             Hepatoma Res 2020;6:47  http://dx.doi.org/10.20517/2394-5079.2020.35



48         Long-term survival of occult hepatitis B associated hepatocellular carcinoma following surgery and antiviral
             therapy
             Tina Boortalary, Ernest Rosato, Christopher Roth, Xiangdong David Ren, Selena Y. Lin, Hie-Won Hann
             Hepatoma Res 2020;6:48  http://dx.doi.org/10.20517/2394-5079.2020.38

49         Combined transarterial chemoembolization and stereotactic body radiation therapy as a bridge therapy to
             liver transplant for hepatocellular carcinoma
             Bui Quang Bieu, Nguyen Dinh Chau, Nguyen Xuan Kien, Le Van Thanh, Vu Van Quang, Thai Doan Ky, Nguyen
             Tien Thinh, Mai Hong Bang
             Hepatoma Res 2020;6:49  http://dx.doi.org/10.20517/2394-5079.2020.39

50         Risk factors for hepatocellular carcinoma recurrence after liver transplantation
             Pierluigi Toniutto, Ezio Fornasiere, Elisa Fumolo, Davide Bitetto
             Hepatoma Res 2020;6:50  http://dx.doi.org/10.20517/2394-5079.2020.40

51         Liver imaging reporting and data system and CT/MRI diagnosis of hepatocellular carcinoma
             Devaraju Kanmaniraja, Victoria Chernyak 
             Hepatoma Res 2020;6:51  http://dx.doi.org/10.20517/2394-5079.2020.46

52         Global pattern and trend of liver cancer survival: a systematic review of population-based studies
             Yu-Fei Jiang, Zhuo-Ying Li, Xiao-Wei Ji, Qiu-Ming Shen, Jia-Yi Tuo, Hui-Yun Yuan, Yong-Bing Xiang
             Hepatoma Res 2020;6:52  http://dx.doi.org/10.20517/2394-5079.2020.47

53         Contrast-enhanced ultrasound liver reporting and data system for hepatocellular carcinoma diagnosis
             Alexander M. Vezeridis, Yuko Kono
             Hepatoma Res 2020;6:53  http://dx.doi.org/10.20517/2394-5079.2020.36

54         Validation of novel Japanese indication criteria and biomarkers among living donor liver transplantation
             recipients with hepatocellular carcinoma - a single center retrospective study
             Akihiko Ichida, Nobuhisa Akamatsu, Kiyoshi Hasegawa
             Hepatoma Res 2020;6:54  http://dx.doi.org/10.20517/2394-5079.2020.59

55         Role of imaging in management of hepatocellular carcinoma: surveillance, diagnosis, and treatment response
             Azeez Osho, Nicole E. Rich, Amit G. Singal
             Hepatoma Res 2020;6:55  http://dx.doi.org/10.20517/2394-5079.2020.42

56         Can radiotherapy finally “go live” in the management of liver metastases?
             Reggie G. John, Francis Ho, Gokula K. Appalanaido, Desiree Chen, Jeremy Tey, Yu Yang Soon, Balamurugan A.
             Vellayappan
             Hepatoma Res 2020;6:56  http://dx.doi.org/10.20517/2394-5079.2020.37

57         Contrast-enhanced ultrasound of focal liver masses
             Stephanie R. Wilson, Christina Merrill
             Hepatoma Res 2020;6:57  http://dx.doi.org/10.20517/2394-5079.2020.48



58         Viral hepatitis as a risk factor for the development of hepatocellular carcinoma
             Saleh A. Alqahtani, Massimo Colombo
             Hepatoma Res 2020;6:58  http://dx.doi.org/10.20517/2394-5079.2020.49

59         Alternative approach of hepatocellular carcinoma surveillance: abbreviated MRI
             Ryan L. Brunsing, Kathryn J. Fowler, Takeshi Yokoo, Guilherme Moura Cunha, Claude B. Sirlin, Robert M.
             Marks
             Hepatoma Res 2020;6:59  http://dx.doi.org/10.20517/2394-5079.2020.50

60         Comparison and analysis of the efficacy of drug therapy for liver cancer
             Philippe Merle, Miroslava Subic
             Hepatoma Res 2020;6:60  http://dx.doi.org/10.20517/2394-5079.2020.52

61         Detection of circulating tumor cells in hepatocellular carcinoma: applications in diagnosis, prognosis
             prediction and personalized treatment
             Peng-Xiang Wang, Jian-Wen Cheng, Xin-Rong Yang
             Hepatoma Res 2020;6:61  http://dx.doi.org/10.20517/2394-5079.2020.55

62         Evaluation and impact of different biomarkers for early detection of hepatocellular carcinoma
             Jan Best, Svenja Sydor, Lars P. Bechmann, Ali Canbay
             Hepatoma Res 2020;6:62  http://dx.doi.org/10.20517/2394-5079.2020.56

63         CT and MRI of the liver for hepatocellular carcinoma
             Cynthia Santillan
             Hepatoma Res 2020;6:63  http://dx.doi.org/10.20517/2394-5079.2020.60

64         From nonalcoholic fatty liver disease to metabolic dysfunction-associated fatty liver disease: is it time for a
             change of terminology?
             Giovanni Targher, Christopher D. Byrne
             Hepatoma Res 2020;6:64  http://dx.doi.org/10.20517/2394-5079.2020.71

65         Robotic-assisted laparoscopic liver resection in hepatocellular carcinoma
             Kevin P. Labadie, James O. Park, Jonathan G. Sham
             Hepatoma Res 2020;6:65  http://dx.doi.org/10.20517/2394-5079.2020.86

66         Stereotactic body radiation therapy for primary liver tumors with adverse factors
             Takuya Shimizuguchi, Jun Imamura, Simpei Hashimoto, Katsuyuki Karasawa
             Hepatoma Res 2020;6:66  http://dx.doi.org/10.20517/2394-5079.2020.51

67         Prognostic ability of inflammation-based markers in radioembolization for hepatocellular carcinoma
             Grant Yoneoka, Kliment Bozhilov, Linda L. Wong
             Hepatoma Res 2020;6:67  http://dx.doi.org/10.20517/2394-5079.2020.57



68         Immunotherapy of hepatocellular carcinoma with infection of hepatitis B or C virus
             Cecilia Monge Bonilla, Nicole A. McGrath, Jianyang Fu, Changqing Xie
             Hepatoma Res 2020;6:68  http://dx.doi.org/10.20517/2394-5079.2020.58

69         Beneficial effects of coffee in non-alcoholic fatty liver disease: a narrative review
             Alessio Calabrò, Anna Caterina Procopio, Francesco Primerano, Tiziana Larussa, Francesco Luzza, Laura Di
             Renzo, Antonino De Lorenzo, Paola Gualtieri, Ludovico Abenavoli
             Hepatoma Res 2020;6:69  http://dx.doi.org/10.20517/2394-5079.2020.63

70         Systemic therapy for advanced cholangiocarcinoma: new options on the horizon
             Saleh A. Alqahtani, Massimo Colomboa
             Hepatoma Res 2020;6:70  http://dx.doi.org/10.20517/2394-5079.2020.65

71         Post liver transplant recurrence in patients with hepatocellular carcinoma: not necessarily the end of the
             road!
             Prashant Bhangui, Sanjay Yadav, AS Soin
             Hepatoma Res 2020;6:71  http://dx.doi.org/10.20517/2394-5079.2020.67

72         The transcontinental variability of nonalcoholic fatty liver disease
             Claudia P. Oliveira, Angelo Paredes, Mohammed Siddiqui, Lawrence Serfaty, Abhijit Chowdhury, Jose Tadeu 
             Stefano, Denise Siqueira Vanni, Sherry Boyett, Arun J. Sanyal
             Hepatoma Res 2020;6:72  http://dx.doi.org/10.20517/2394-5079.2020.73

73         Cutaneous toxicities of targeted therapies in the treatment of hepatocellular carcinoma
             Tarik Silk, Jennifer Wu
             Hepatoma Res 2020;6:73  http://dx.doi.org/10.20517/2394-5079.2020.61

74         The role of genetic factors in HBV-related HCC: perspectives from local genetic backgrounds and clinical
             epidemiology
             Dar-In Tai, Jennifer Tai
             Hepatoma Res 2020;6:74  http://dx.doi.org/10.20517/2394-5079.2020.54

75         Should selection criteria for HCC be the same (or different) between LDLT and DDLT?
             Flavia Feier
             Hepatoma Res 2020;6:75  http://dx.doi.org/10.20517/2394-5079.2020.68

76         Living donor liver transplantation for patients with advanced hepatocellular carcinoma
             J. Michael Cullen, Paola Vargas, Nicolas Goldaracena
             Hepatoma Res 2020;6:76  http://dx.doi.org/10.20517/2394-5079.2020.69

77         Advances in minimally invasive surgery for hepatocellular carcinoma
             Cun-Zhen Zhang, Nan Li
             Hepatoma Res 2020;6:77  http://dx.doi.org/10.20517/2394-5079.2020.74



78         Prevalence and incidence of intra- and extrahepatic complications of NAFLD in patients with type 2
             diabetes mellitus
             Alessandro Mantovani, Giorgia Beatrice, Roberta Stupia, Andrea Dalbeni
             Hepatoma Res 2020;6:78  http://dx.doi.org/10.20517/2394-5079.2020.75

79         Current status of laparoscopic repeat liver resection for hepatocellular carcinoma
             Zenichi Morise 
             Hepatoma Res 2020;6:79  http://dx.doi.org/10.20517/2394-5079.2020.76

80         p53 functional loss, stemness and hepatocellular carcinoma
             Claude Caron de Fromentel, Massimo Levrero
             Hepatoma Res 2020;6:80  http://dx.doi.org/10.20517/2394-5079.2020.77

81         Current status of laparoscopic repeat liver resection for recurrent hepatocellular carcinoma
             Daisuke Hokuto, Takeo Nomi, Takahiro Yoshikawa, Yasuko Matsuo, Naoki Kamitani, Masayuki Sho
             Hepatoma Res 2020;6:81  http://dx.doi.org/10.20517/2394-5079.2020.78

82         Diabetes and NAFLD: a high-risk cohort with definite therapeutic potential
             Lucia Brodosi, Alessandra Musio, Francesca Alessandra Barbanti, Dorina Mita, Giulio Marchesini, Maria Letizia
             Petroni
             Hepatoma Res 2020;6:82  http://dx.doi.org/10.20517/2394-5079.2020.88

83         Sex disparity in hepatocellular carcinoma owing to NAFLD and non-NAFLD etiology: epidemiological
             findings and pathobiological mechanisms
             Amedeo Lonardo, Stefano Ballestri, Pierce K. H. Chow, Ayako Suzuki
             Hepatoma Res 2020;6:83  http://dx.doi.org/10.20517/2394-5079.2020.89

84         Nonalcoholic fatty liver disease in lean subjects: is it all metabolic-associated fatty liver disease?
             Mariana Verdelho Machado
             Hepatoma Res 2020;6:84  http://dx.doi.org/10.20517/2394-5079.2020.90

85         Genetic risk factors associated with NAFLD
             Dong Yun Kim, Jun Yong Park
             Hepatoma Res 2020;6:85  http://dx.doi.org/10.20517/2394-5079.2020.96



                                                                                              www.hrjournal.net

Case Report Open Access

Umetsu et al. Hepatoma Res 2020;6:1
DOI: 10.20517/2394-5079.2019.030

Hepatoma Research

© The Author(s) 2020. Open Access This article is licensed under a Creative Commons Attribution 4.0 
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made.

First cases of MPV17 related mitochondrial DNA 
depletion syndrome with compound heterozygous 
mutations in p.R50Q/p.R50W: a case report
Shuichiro Umetsu1, Ayano Inui1, Sohya Kobayashi1, Masaru Shimura2, Tomoko Uehara3, Hajime Uchida4, 
Rie Irie5, Tsuyoshi Sogo1, Haruki Komatsu6, Takako Yoshioka7, Kei Murayama2, Kenjiro Kosaki3, Mureo 
Kasahara4, Tomoo Fujisawa1

1Department of Pediatric Hepatology and Gastroenterology, Saiseikai Yokohama City Tobu Hospital, Kanagawa 230-0012, Japan.
2Department of Metabolism, Chiba Children’s Hospital, Chiba 266-0007, Japan.
3Center for Medical Genetics, Keio University School of Medicine, Tokyo 160-8582, Japan.
4Department of Transplantation Surgery, National Center for Child Health and Development, Tokyo 157-8535, Japan.
5Department of Pathology, Keio University School of Medicine, Tokyo 160-8582, Japan.
6Department of Pediatrics, Toho University Sakura Medical Center, Chiba 285-8741, Japan.
7Department of Pathology, National Center for Child Health and Development, Tokyo 157-8535, Japan. 

Correspondence to: Shuichiro Umetsu, Department of Pediatric Hepatology and Gastroenterology, Saiseikai Yokohamashi Tobu 
Hospital, 3-6-1, Shimosueyoshi, Tsurumi Ward, Yokohama, Kanagawa 230-0012, Japan. E-mail: s_umedu@tobu.saiseikai.or.jp

How to cite this article: Umetsu S, Inui A, Kobayashi S, Shimura M, Uehara T, Uchida H, Irie R, Sogo T, Komatsu H, Yoshioka T, 
Murayama K, Kosaki K, Kasahara M, Fujisawa T. First cases of MPV17 related mitochondrial DNA depletion syndrome with compound 
heterozygous mutations in p.R50Q/p.R50W: a case report. Hepatoma Res 2020;6:1. 
http://dx.doi.org/10.20517/2394-5079.2019.030

Received: 13 Nov 2019    First Decision: 11 Dec 2019    Revised: 16 Dec 2019    Accepted: 24 Dec 2019    Published: 6 Jan 2020

Science Editor: Guang-Wen Cao   Copy Editor: Jing-Wen Zhang    Production Editor: Tian Zhang

Abstract
Mutations in MPV17 lead to severe mitochondrial DNA depletion syndrome (MTDPS). All known p.R50W variants 
in MPV17 are lethal. The homozygous variant p.R50Q in MPV17 among patients with Navajo neurohepatopathy 
is known to allow longer survival, although heterozygous variants p.R50Q have not been reported. This is the first 
clinical report in compound heterozygosity MPV17 mutation (p.R50W/p.R50Q). Three siblings were admitted 
due to multiple hepatic nodules; none presented neurological abnormalities. However, they suffered from severe 
hypoglycemia and cyclic vomiting. The diagnosis of MPV17-related MTDPS was confirmed by detection of a 
compound heterozygous MPV17 mutation (p.R50W/p.R50Q), and striking reduction of hepatic mitochondrial 
DNA. One patient developed pediatric-onset of hepatocellular carcinoma. Notably, all patients survived for 
extended periods, including two patients who received liver transplantation, which contrasted the high mortality 
rate associated with p.R50W mutations, as previously reported. The p.R50Q mutation might be associated with 
longer survival and improved liver transplantation outcomes. 
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INTRODUCTION
The causes of mitochondrial disorders are defects in mitochondrial DNA (mtDNA) or in nuclear genes 
that affect mtDNA biogenesis and maintenance. Defects in nuclear genes can result in the accumulation of 
mtDNA deletions, or with mtDNA depletion syndrome (MTDPS)[1-3]. The latter is an autosomal recessive 
disease associated with decreased mtDNA copy number in clinically affected tissues[4-6]. The disease has 
three known phenotypes: hepatocerebral, myopathic, and encephalomyopathy. Hepatocerebral MTDPS is 
linked to pathogenic variants in DNA polymerase gamma[7], Twinkle (PEO1)[8], deoxyguanosine kinase[9], 
and mtDNA maintenance protein MPV17[4].

MPV17-related MTDPS is a very rare disease. To date, MPV17-related hepatocerebral MTDPS has been 
reported in 96 patients[4,5,10-30]. Disease prognosis is severe, given that ~80% of patients die from liver failure 
during early childhood[30]. Hepatic cirrhosis has been diagnosed in 20 patients, while three patients had 
hepatocellular carcinoma (HCC)[10,15,25]. Neurological manifestations were also reported in 91% of patients 
with developmental delays, and 74% of patients with generalized hypotonia. These patients also experienced 
MR imaging (MRI) abnormalities; metabolic manifestations, including hypoglycemia and lactic acidosis; 
failure to thrive; feeding difficulties; and retinaltubulopathy.

Currently, 48 pathogenic variants of MPV17 are known, occurring exclusively in a few families. Five 
cases with p.R50W mutations (three homozygous and two heterozygous) died of liver failure during early 
childhood[4,12,25,30]. Previous case studies identified homozygous variant p.R50Q in MPV17 among patients 
with Navajo neurohepatopathy (NNH)[10,15,29]. One specific homozygous mutation, p.R50Q, has been 
reported in several Navajo individuals from the southwestern United States and is the cause of NNH. This 
condition clinically manifests as severe sensory and motor neuropathy, corneal anesthesia, ulcers, cerebral 
leukoencephalopathy, failure to thrive, and metabolic acidosis. To date, compound heterozygous variant 
p.R50Q with other mutations has not been reported in MPV17-related MTDPS.

In this case report, we describe for the first time three patients with MTDPS who possessed the compound 
heterozygous MPV17 variant p.R50Q/p.R50W. Unlike deceased outcomes of p.R50W variants as previously 
reported, our three cases with p.R50Q/R50W mutations survived without signs of typical neurological 
manifestations.

CASE REPORT
Patients
The proband was a 6-year-old male (Case 1) and the first child of healthy, nonconsanguineous parents with 
no hereditary history of the disease (for family pedigree, see Figure 1A). The child was delivered via caesarian 
section after a dinochorionic and diamniotic pregnancy. Case 2 was the first girl of a twin of Case 1. A second 
girl (Case 3) was born three years after Cases 1 and 2, delivered without any complication. Cases 1-3 
showed similar clinical manifestation: all patients suffered from severe hypoglycemia and cyclic vomiting. 
During infancy, Cases 1 and 3 presented with liver failure; although there was a mild spontaneous 
remission, acute liver failure was repeated through episodes of febrile infection. Case 2 presented with liver 
dysfunction only.

In Case 1, the patient developed recurrent vomiting with hypoglycemia at the age of six, and abdominal 
ultrasound found multiple liver masses. Each patient was admitted to our hospital due to multiple hepatic 
nodules, detected by abdominal ultrasound at age six in Case 2, and at age three in Case 3 [Figure 2A].
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Table 1 shows the clinical findings of three patients at first admission to our hospital. Case 2 and 3 showed 
no manifestations of neurological abnormality, but Case 1 exhibited mild intellectual disability (IQ 68). 
Serological tests for viral hepatitis A, B, and C, cytomegalovirus, and Epstein-Barr virus excluded the 
presence of these infections. Wilson’s disease was excluded by measuring ceruloplasmin, serum copper, and 
urinary copper.

All three patients had multiple masses with hyper-echogenic occupied lesions and low-echogenic occupied 
lesions measuring between 0.5 and 1.0 cm, which were negatively detected by enhanced computed 
tomography. Transverse T2-weighted magnetic resonance (MR) image shows numerous well-defined 
hypointense masses in the liver, while transverse EOB-enhanced MRI demonstrated negative arterial 
enhancement, portal-venous phase, and liver-cell-enhance phase studies showed high intensity with masses 
in all three patients.

Liver biopsies revealed advanced fibrosis with regenerative nodules and mild steatosis in Cases 1 and 2 
[Figure 3A]. In Case 3, liver biopsy was avoided due to hemorrhagic tendency. Electron microscopy revealed 
that these two children had giant mitochondria with increased inclusion-body count in hepatocytes [Figure 3B].

After obtaining approval from the institutional review board of Saiseikai Yokohama-shi Tobu Hospital and 
informed consent from parents, biochemical examination and molecular studies were performed.

A biochemical analysis was performed at the Department of Metabolism, Chiba Prefectural Children’s 
Hospital. Case 1 and 2 livers were analyzed for tissue-specific enzyme activity and mtDNA levels. Hepatic 
respiratory chain complex I, II, III, and IV (CI-CIV) activities were evaluated as described previously[31]. 
The results of this analysis showed that Case 1 had decreased CI and CIII activities, and increased citrate 
synthase (CS) activity (CI, 3.5%; CIII, 28.4% of CS activity; CS, 213.6% of total protein). Similarly, Case 2 
exhibited decreased CI, CIII, and CIV activities, and increased CS activity (CI, 9.8%; CIII, 17.0%; CIV, 
20.0% of CS activity; CS, 263.7% of total protein). Next, a quantitative PCR was performed to evaluate 
the mtDNA copy number using previously reported methods[32], the analysis of which revealed a striking 
reduction of hepatic mtDNA in both patients (Case 1, 0.7%; Case 2, 0.6%; normal range 40%-150%).

DNA was extracted from peripheral blood samples of the three patients and their parents. A whole-
exome analysis using Hiseq 2500 (Illumina, Sana Clara, USA) identified compound heterozygous missense 

Figure 1. Family pedigree (A). Whole-exome and Sanger sequencing revealed compound heterozygous missense mutations with 
NM_002437.4:c.148C>T (p.R50W) and c.149G>A (R50Q) in MPV17, inherited from each of their parents (B)

A B



mutations with NM_002437.4:c.148C>T (p.R50W) and c.149G>A (p.R50Q) in MPV17, respectively, 
inherited from each of their parents [Figure 1B]. Sanger sequencing confirmed these results.

These results confirmed a diagnosis of MPV17-related MTDPS.

Clinical treatment
Patients were given ubiquinone carnitine as medication for mitochondrial rescue supplementation. A lipid-
rich diet efficiently controlled hypoglycemia and normalized liver function for a previous case study[14]. 
However, a lipid-rich, carbohydrate-poor diet (lipid 45%, carbohydrate 45%, and protein 10%) caused 
severe hypoglycemia with vomiting symptoms in Cases 1-3. Episodic hypoglycemia and vomiting were 
dramatically reduced with the avoidance of fasting and uncooked cornstarch, along with the provision of a 
carbohydrate-rich diet with medium-chain triglyceride powder (lipid 30%, carbohydrate 60%, and protein 
10%) six times per day.

Six months later, Case 2 was readmitted to our hospital because of an increasing mass measuring 2.9 cm 
located in segment 7, as revealed by abdominal ultrasound imaging. It showed no evidence of vascular 
invasion or metastasis. EOB-enhanced MR images revealed early arterial enhancement, as well as washed-
out portal-venous and liver-cell-enhance phases [Figure 2B]. We diagnosed HCC. At age 7, Case 2 
underwent living-donor-liver transplantation from her father. The resected liver was completely cirrhotic, 
and histology indicated well-differentiated HCC [Figure 4]. After liver transplantation, Case 2 did not 
experience post-transplant complications. Case 1 also developed end-stage liver disease and obtained a 
liver transplant from his grandfather five months after Case 2’s operation. Case 1’s resected liver was also 
completely cirrhotic but without neoplasm stigma. As with Case 2, Case 1 did not experience post-surgery 
complications. We also observed Case 3 to detect any increases in hepatic masses. At the time of writing, all 
three patients exhibited normal cognition and neurological function.

DISCUSSION
This is the first clinical report in compound heterozygous mutation (p.R50Q/p.R50W) of MPV17, and 
three cases were diagnosed with hepatocerebral MTDPS. In contrast with deceased outcomes of p.R50W 
variants previously reported, our three cases with p.R50Q/R50W mutations survived for a more extended 
period without neurological manifestations. One case developed HCC. Two of our cases underwent liver 
transplantation, and both showed positive post-transplant outcomes at the time of writing.

Figure 2. Abdominal ultrasound showed the mass in the liver (A). EOB-enhanced magnetic resonance images indicated the washed-out 
portal-venous phase and liver-cell-enhance phase in S7 hepatic mass (B)
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Table 2 shows previous patients who had p.R50Q homozygous mutations, and p.R50W homozygous or 
heterozygous mutations, and compared with our cases. All previous cases with p.R50W mutations (three 
homozygous and two heterozygous) died prematurely during early childhood (age of death: infancy; 1, 1, 
and 19 months old; and 10 years old)[4,12,25,30]. Although all our patients survived, one p.R50W homozygous 
patient died at 10 years old after liver transplantation and showed longer survival. However, while the 
patient progressed to end-stage liver disease, she was affected by severe ascites, malnutrition, and jaundice 
during pre-liver transplantation period[25]. In comparison to this case, our patients lacked severe hepatic 
manifestations. Regarding p.R50Q mutation, currently there are 11 known cases of homozygous p.R50Q 
mutation[4,10,11,25,29]; eight of them presented with NNH. It is known that patients possessing the p.R50Q 
homozygous mutation have higher survival rate (45%; 5 out of 11 patients), although some cases resulted 
in death by infantile-onset liver failure (age of death: 7 months old and 2 and 5 years old). It was surprising 
that none of the three cases with p.R50Q/R50W mutations died during early childhood (age of follow-up: 8, 
8, and 5 years old, respectively), in contrast to 100% mortality observed in cases with p.R50W variants (age 
of death: infancy; 1, 1, and 19 months old; and 10 years old, respectively) and 55% in cases with p.R50Q 
homozygous variants (age of death: 6 months old and 2, 5, 15, 16, and 20 years old, respectively).

Additionally, our cases with a compound heterozygous p.R50Q/p.R50W mutation were free from 
neurological manifestations compared with high occurrence of neurological manifestations in p.R50W and 
p.R50Q mutations previously reported. Regarding neurological manifestations, in previous cases, 90% of 
p.R50Q homozygous variants and 80% of p.R50W homozygous variants had neurological symptoms such as 
ataxia, corneal ulcers, developmental delay, dystonia, hypotonia, peripheral neuropathy, and seizures. MRI 
abnormality was also observed in 40% patients who had p.R50Q homo and p.R50W cases, respectively. 
Compared with earlier cases, p.R50Q/p.R50W lacked neurological symptoms except mild intellectual 
disability observed in Case 1. Taken together, the fact that none of our cases showed mortality even though 
they had heterozygous p.R50W mutation and that they had no visible neurological manifestations suggests 
the p.R50Q mutation might be associated with longer survival compared with other mutations linked to 
severe outcomes of MPV17-related MTDPS, such as p.R50W.

Table 1. Clinical findings of three patients with MPV17-related mitochondria hepatopathy at the first visit to our hospital

Case1 Case2 Case3
Sex Male Female Female

Height (cm) (SD) 109.9 (-1.3 SD) 110 (-0.9 SD) 88.3 (-1.8 SD)

Weight (kg) (SD) 17.3 (-1.1 SD) 19.4 (-0.3 SD) 13.6 (-0.1 SD)

Neurology Normal Normal Normal

IQ 68 92 113

Metabolism Hypoglycemia Hypoglycemia Hypoglycemia

AST (U/l) 53 47 82

ALT (U/l) 30 28 36

GGT (U/l) 201 99 143

Alb (mg/dL) 2.7 3.1 3.1

Plt (104/μL) 21.3 12.3 28.1

PT (%) 67.4 61.5 55.3

Lactic acid (mg/dL) 22.0 19.2 18.6

Pyruvic acid (mg/dL) 1.2 1.0 1.0

AFP (ng/mL) 413 1332 3078

Abdominal MRI Multifocal masses Multifocal masses Multifocal masses

Liver histology Cirrhosis/steatosis Cirrhosis/steatosis Not done

Head MRI Normal Normal Normal

Child-Pugh score 6 6 6

IQ: intelligence quotient; AST: aspartate alanine aminotransferase; ALT: alanine aminotransferase; GGT: gamma glutamyl transferase; Alb: 
albumin; Plt: platelet; AFP: alpha-feto protein; MRI: magnetic resonance imaging; PT: prothrombin time 
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Interestingly, one of our cases developed pediatric-onset HCC, increasing the number to four known 
patients with MPV17-related MTDPS who had this cancer [Table 3]. Out of four patients with HCC in 
MPV17-related MTDPS, no compound heterozygous mutation was reported. In contrast, two patients had 
homozygous mutations (another patient was not identified in one MPV17 mutation). Regarding treatment, 
all four patients with HCC had liver transplantation (LT), although post-LT course differed widely 
according to the types of genotypes. p.R50W homozygous patients died at 10 years old, one year after she 
had liver transplantation, while three patients showed extended survival with good-post-LT course.

Figure 3. Liver biopsies at age six showed advanced fibrosis with regenerative nodules and mild steatosis: (A) hematoxylin-eosin staining 
(magnification, low power field); and (B) electron microscopy (magnification, ×25,000) revealed giant mitochondria with increased 
inclusion bodies in hepatocytes

Figure 4. Explanted Case 2 liver with multiple large nodules. A histological analysis (hematoxylin-eosin staining) of the Case 2 S7 mass 
revealed: (A) a high nucleo-to-cytoplasm ratio (magnification, low power field); and (B) sharply delineated small aggregates of highly 
pleomorphic small hepatocytes, which are typical of well-differentiated hepatocellular carcinoma (magnification, high power field)
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Liver transplantation is one of the best treatments for HCC-induced cirrhotic liver. Although a recent 
study showed that liver transplantation for pediatric HCC patients with inherited metabolic disease has 
better chances of survival compared with pediatric HCC patients with non-inherited metabolic disease[33], 
its efficacy in MPV17-MTDPS remains controversial. The reason behind this is that the organ’s systemic 
complexity results in high morbidity during post-transplantation. Of the 17 known MPV17-related MTDPS 
patients who received liver transplantation, seven (41%) died during the post-transplantation period[30]. Of 

Table 2. Clinical phenotype of patients with MPV-17-related mitochondria hepatopathy with p.R50Q, or p.R50W mutations

p.R50Q/p.R50W n  = 3 p.R50W reported n  = 5 p.R50Q reported n  = 11
Sex Female 2 (67) 4 (80) 4 (36)

Outcome Alive 3 (100) 0 (0) 5 (46)

Liver transplantation 2 (66) 1 (20) 5 (46)

Hepatic symptoms 3 (100) 5 (100) 11 (100)

HCC 1 (33) 1 (20) 1 (9)

Hepatomegaly 3 (100) 3 (60) 3 (27)

Cirrhosis 2 (67) 1 (20) 6 (55)

Liver dysfunction 3 (100) 5 (100) 11 (100)

Liver failure 2 (67) 5 (100) 9 (82)

Cholestasis 0 (0) 3 (60) 8 (73)

Steatosis 0 (0) 4 (80) 7 (64)

Neurological symptoms 1 (33) 4 (80) 10 (91)

Ataxia 0 (0) 0 (0) 2 (18)

Corneal ulcers 0 (0) 0 (0) 3 (27)

Developmental delay 1 (33) 2 (40) 9 (82)

Dystonia 0 (0) 2 (40) 0 (0) 

Hypotonia 0 (0) 2 (40) 3 (27)

Peripheral neuropathy 0 (0) 0 (0) 8 (73)

Seizures 0 (0) 1 (20) 1 (9)

MRI abnormality

Basal ganglia 0 (0) 1 (20) 0 (0) 

White matter 0 (0) 2 (40) 5 (46)

Metabolic symptoms 3 (100) 3 (60) 10 (91)

Lactic acidemia 0 (0) 3 (60) 8 (73)

Hypoglycemia 3 (100) 2 (40) 7 (64)

GI symptoms 3 (100) 4 (80) 8 (73)

Feeding difficulties 0 (0) 2 (40) 0 (0) 

Failure to thrive 3 (100) 4 (80) 8 (73)

The data are numbers (percentages). HCC: hepatocellular carcinoma; GI: gastrointestinal; MRI: magnetic resonance imaging 

Table 3. Clinical manifestations of patients with MPV17-related hepatocerebral mitochondrial DNA depletion syndrome who 
developed hepatocellular carcinoma

Case 2 Patient 1 Patient 2 Patient 3
Sex Female Male Male Female

Ethnicity Japan Navajo Caucasian India

MPV17
Allele 1 p.R50Q p.R50Q c.22insC p.R50W

Allele 2 p.R50W p.R50Q NA p.R50W

Onset age 4 years Infancy Infancy 5 years

LT (age) Done (7 years) Done (11 years) Done (NA) Done (9 years)

Outcome (age) Alive (8 years) Alive (21 years) Alive (9 years) Died (10 years)

Hepatic manifestation Cirrhosis, HCC LF, Cirrhosis, Steatosis, HCC LF, Cirrhosis, HCC LF, Cirrhosis, Steatosis, HCC

Other manifestation Hypoglycemia, FTT DD, Peripheral neuropathy, MRI 
abnormalities, Hypoglycemia, FTT

DD, Hypotonia, 
Seizures, FTT

Seizures, Dystonia, MRI 
abnormalities, FTT

Ref. This report [10] [15] [25]

HCC: hepatocellular carcinoma; DD: developmental delay; FTT: failure to thrive; GI: gastrointestinal; LF: liver failure; LT: liver 
transplantation; NA: not accessed; MRI: magnetic resonance imaging
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the five known MPV17-related MTDPS patients with the p.R50Q homozygous mutation who received liver 
transplantation, three (60%) survived[4,10,11,29]. In contrast, four patients with other mutations out of 12 (33%) 
survived liver transplantation[12-15,20,25,30]. Here, Case 1 received liver transplantation to treat end-stage liver 
disease, and Case 2 to treat hepatic cell carcinoma. At the time of writing this report, their post-transplant 
outcome was good. None of the patients had serious systemic organ complications. LT indication for 
MPV17-related MTDPS is still controversial, but LT may be an optional treatment for HCC with MPV17 
related MTDPS with p.R50W mutation. In such cases, careful surveillance for systemic organ involvement 
should be applied, because long-term outcomes of post-LT course are still unknown.

As with previous studies of MTDPS, this case report describes a small sample size and short follow-
up period. Therefore, we need to perform further studies on large patient cohorts, to determine the 
effectiveness and outcomes of liver transplantation in MPV17-related MTDPS. Long-term follow up should 
be performed, including regular neurological assessment.

This case study reported the first compound heterozygous p.R50Q/p.R50W mutation of MPV17. All the 
three siblings survived without neurological manifestations, in contrast with total mortality accompanied 
by systemic organ involvements in previous MPV17 mutation p.R50W. Two of our cases underwent liver 
transplantation, and both showed positive post-transplant outcomes at the time of writing. The p.R50Q 
mutation might be associated with more prolonged survival including liver transplantation outcomes, as 
compared with other previously described mutations linked to severe outcomes of MPV17-related MTDPS. 
Screens of the MPV17 gene should be performed in all cases of unknown, severe hepatic dysfunction in 
children.
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Abstract
Aim: We aimed to further investigate the role of hepcortespenlisimut-L (Hepko-V5 or V5), a new oral immunotherapy 
developed by us, for hepatocellular carcinoma (HCC) indication. 

Methods: The interim data from ongoing Phase III placebo-controlled, randomized trial were evaluated on the initial 
group of patients in advanced stage of HCC with emphasis on liver function and tumor marker alpha-fetoprotein levels. 
Additionally, an in vitro  study was undertaken to elucidate the mechanism of action of V5 by measuring with flow 
cytometry the expression of cytokines such as IL-2, INF-γ, and TNF-α and cell activation markers CD69 and Ki67 on 
CD4- and CD8-positive lymphocytes isolated from peripheral blood of healthy volunteers. 

Results: As early as one month after treatment initiation, there was a clear improvement in alanine transaminase, 
aspartate transaminase, alkaline phosphatase, and bilirubin levels among HCC patients who received daily dose of V5, 
but not in the placebo group. Additionally, alpha-fetoprotein (AFP) levels among V5 recipients decreased, while in the 
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placebo group they rose. Clinical results are in line with in vitro  observations indicating immune activation, as evidenced 
by many-fold enhancement of CD69, Ki67, and INF-γ expression and at the same time marked anti-inflammatory effect 
resulting in 10-fold decrease in TNF-α output and lack of influence on IL-2 production. 

Conclusion: Hepcortespenlisimut-L, a tableted oral formulation derived from heat-inactivated pooled blood of patients 
with HCC and viral hepatitis shows beneficial clinical effect, as demonstrated by improvement in liver function and 
reduction of tumor marker AFP levels. These correlate with in vitro  observations showing potent activation of the 
immune response and pronounced oral tolerance effect. 

Keywords: Hepatocellular carcinoma, alpha-fetoprotein, alanine transaminase, aspartate transaminase, IL-2, INF-γ, 
TNF-α, CD69, Ki67, CD4, CD8, T lymphocytes 

INTRODUCTION
Primary liver tumors originate from hepatocytes, cholangiocytes, and mesenchymal cells. Hepatoma 
is generally defined as a cancer originating from liver cells. It is often called hepatocarcinoma or 
hepatocellular carcinoma (HCC). It is the most common cancer of the liver, ranking as the second leading 
cause of death from all types of cancers worldwide[1]. Multiple risk factors have been identified including 
chronic viral hepatitis, liver cirrhosis, non-alcoholic fatty liver disease (NASH), lifestyle factors comprising 
alcohol abuse and smoking, metabolic diseases such as diabetes and obesity, environmental toxins such as 
aflatoxin, and occasionally genetic and hereditary disorders[2]. While the development of HCC is complex, 
there is a consensus that the underlying cause is chronic inflammatory damage[3]. Conventional treatment 
with chemotherapy including sorafenib, regorafenib, lenvatinib, and cabozantinib is usually directed 
at killing cancer cells - an approach that is quite toxic, leading to liver damage[4]. This in turn leads to 
hepatoma recurrence. Ideally, an effective HCC treatment must be two-pronged: in addition to destroying 
malignant liver cells, normal liver cells must be spared from hepatotoxicity caused by treatment. 
Immunotherapies are generally regarded as less toxic, although these toxicities can be life-threatening 
if not managed promptly[5]. The FDA has recently approved three antibody-based drugs: nivolumab, 
pembrolizumab, and ramucirumab. Additional immune interventions from the checkpoint inhibitor PD 
family, i.e., durvalumab, atezolizumab, and bevacizumab, as well as tremelimumab, which belongs to the 
anti-CTLA4 class, are being investigated[6]. Experience has shown that none of the currently approved 
HCC drugs are free from adverse side effects, albeit with varying degrees of severity. 

Hepcortespenlisimut-L (also known as Hepko-V5 or V5) is the immunotherapeutic drug from a novel class 
that has been through Phase II trial[7]. Anti-HCC property of V5 was discovered accidentally about ten 
years ago during clinical use for original primary indications, which are chronic viral hepatitis and liver 
cirrhosis[8,9]. V5 has been commercially available since 2002, has been used by over 30,000 individuals, and 
has never been reported of causing any serious adverse reactions. The US FDA granted Hepko-V5 orphan 
drug designation status in 2014. The present paper provides preliminary data from the currently ongoing 
Phase III trial and summarizes some of unpublished studies. 

METHODS
Patients and treatment regimen
This Phase III placebo-controlled, 1:1 randomized trial was initiated with the goal of recruiting a total 
of 120 patients with advanced HCC. The preliminary data from the initial batch of 30 enrolled patients 
are provided to evaluate whether observed results confirm the data from an earlier published Phase II 
open-label trial[7]. All patients were in advanced stage of HCC and unfit for standard therapy, i.e., surgical 
intervention, due to tumor size, its location, or multiplicity. Many patients had single or multiple events of 
recurrent lesions after surgical intervention, such as resection, transarterial embolization, radiofrequency 
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ablation, percutaneous ethanol injection, or their combinations. At the presentation, all patients were 
either under palliative care or pronounced incurable without available treatment options - underlining the 
disease gravity. As the overwhelming majority of our HCC patients were in terminal stage of the disease, 
they often presented with a variety of symptoms related to decompensated cirrhosis including ascites, edema, 
variceal bleeding, portal thrombi, and hepatic encephalopathy. Besides these symptoms, abdominal discomfort 
and less frequently pain were common. Other encountered complaints were fatigue or weakness, cachexia, 
anorexia, skin itch, bleeding from gums and nose, vomiting, and jaundice. As no other intervention options 
except palliative care were available, patients consented to receive a once-per-day pill of Hepko-V5 (n =14) or 
identically appearing placebo pill (n =16) with follow-up lab tests at Months 1 and 2. Patients were instructed 
to take one pill before bedtime and come back after running out of pills after 30 days. Patients had 
baseline measurement for alpha-fetoprotein and standard liver function tests such as alanine transaminase 
(ALT), aspartate transaminase (AST), alkaline phosphatase, and total bilirubin. Additional tests included 
creatinine and prothrombin time. In such a way, we had a cohort representative of the real-life situation in 
Mongolia, where almost every patient is diagnosed only after symptoms of the disease become apparent or 
when tumors recur. 

V5
V5 is derived from pooled blood of patients with HCC who are often viral hepatitis C, hepatitis B, and 
Delta virus carriers by employing proprietary technology developed by us. The process of manufacturing 
has been described in detail previously: it involves heat and chemical inactivation with subsequent 
formulation into a tablet capable of withstanding digestive degradation in the stomach[9]. The principle 
for mechanism of action of V5 is not much different from established principles with old-fashioned killed 
vaccines, e.g., hepatitis B vaccine made from pooled plasma. V5 has been approved in Mongolia as a 
biologically active product since 2008. V5 Immunitor is presented as an 850 mg coated pink pill, with 30 
pills per one package. The recommended dose is one to two pills per day, and the dose being used in this 
study is one pill per day. The preparation is stable at ambient room temperature for at least three years.

Flow cytometry analysis
Peripheral blood mononuclear cells (PBMCs) from the blood of healthy donors were obtained by density 
gradient centrifugation. Lymphocytes were isolated from PBMCs using anti-human CD4 or CD8 magnetic 
MACS microbeads following the manufacturer’s protocol (Miltenyi Biotec, Somerville, MA 02143, USA). 
Obtained cells were incubated with a crushed pill of V5 diluted one million-fold (10-6) in saline for 48 h and 
then subjected to fluorescence-activated cell sorter (FACS) analysis using a FACSCalibur flow cytometer 
(BD Biosciences, San Jose, CA). V5-exposed and control cells were stained with antibodies against CD3, 
CD4, CD8, IFN-γ, TNF-α, and IL-2 obtained from BD Biosciences. Briefly, cells (1 × 106) were stained either 
with anti-CD4 or -CD8 and anti-CD69 or -Ki67 (BD Pharmingen). Labeled cells were fixed with 0.5% 
paraformaldehyde and analyzed using FlowJo software (Tree Star Inc., Ashland, OR).

Statistical analysis
The primary endpoint for this study was the effect of Hepko-V5 on serum AFP levels as a surrogate marker 
of tumor burden changes. Secondary objectives were safety, adverse effects, and changes in liver function 
parameters, creatine levels, and pro-thrombin time. The difference between pre- and post-treatment 
parametric values was assessed by paired Student’s t-test and linear regression analysis. Wilcoxon matched 
pairs ranking test and contingency table analysis were employed for categorical data using the statistical 
calculator GraphPad, which is freely available online (GraphPad Software, 2365 Northside Dr., San Diego, 
CA 92108, USA). The significance level for all tests was set at P ≤ 0.05.

Ethics approval and written consent 
All patients were explained benefits and risks of the intervention and provided informed written consent 
agreeing to participate. The study was approved by the Institutional Review Board of Immunitor LLC 



(#IRB00010671) and conducted in accordance with the declaration of Helsinki in conformity with good 
clinical practice as defined by the International Conference on Harmonization. This study is registered at 
ClinicalTrials.gov site with ID: NCT02232490.

RESULTS
The interim analysis of data from Phase III placebo-controlled study is summarized in Table 1. At the time 
of interim analysis, only 30 patients randomized into two arms, with 14 patients in V5 arm and 16 patients 
in the placebo arm, were available for statistical analysis. The total planned number of patients to be 
enrolled into this trial is 120. As the study is ongoing, the codes were not broken open; thus, the statistician 
had no access to information as to which arm received experimental drug or placebo. Nevertheless, there 
is a clear difference between arms starting as early as one-month post-treatment. Pills that were stamped 
with “1” (experimental drug; V5) had highly significant effect on measured liver function parameters, 
i.e., ALT, AST, total bilirubin, and alkaline phosphatase. In contrast, pills stamped with “5” (placebo) had 
no significant effect. Pills “1” had a very distinct effect on liver function improvement and this trend is 
consistent with AFP changes, while 5-labeled pills were not able to arrest AFP accrual, which increased 
almost three-fold, i.e., from 8285 to 23,158 IU/mL. The patients who received hepcortespenlisimut-L 
experienced a decline in AFP levels, from 9619.4 to 6994.9 IU/mL at the end of the second month and 
the difference between the outcomes of the two arms was statistically significant (P < 0.0001 by Chi-
Square). Nevertheless, P values for AFP within both arms did not reach significance levels due to wide 
inter-individual f luctuation of AFP levels at baseline ranging three or more orders of magnitude. Thus, 
the Wilcoxon test had insufficient power. However, when the evolution in AFP trend was compared in 
V5 vs. placebo arms, this discrepancy became highly statistically significant, which makes us believe that 
the outcome of the trial will be successful, in line with numerous other V5 trials for unrelated clinical 
indications. Data were analyzed on intent-to-treat fashion without excluding missing values, deaths, and 
non-compliance. These preliminary findings indicate that the batch of pills labeled as 5 (placebo) pills used 
in the trial had no desired biological activity and the V5 pills appeared to have clear benefit in terms of 
ameliorating baseline values. The trial is currently ongoing at the National Cancer Center, Ulaanbaatar, 
Mongolia and, provided additional funding is forthcoming, is expected to be completed by the end of 2021.

Effect of V5 on T cells from healthy donors
This in vitro study was undertaken to elucidate the effect of short exposure (48 h) of a physiologically 
relevant dose of V5 (diluted one million-fold, i.e., 0.1 µg/mL of cell culture medium) on effector T cells, 
either CD4- or CD8-positive T lymphocytes. The cells from the same donor were incubated in an identical 
culture medium without any V5 and they served as controls. This experiment was repeated three times 
on venous blood samples from unrelated healthy donors. The results from a representative flow cytometry 
analysis are shown in Figure 1. While limited, the data reveal an effect that has never been reported before. 

Table 1. Interim analysis of select data from ongoing Phase III trial in 30 advanced-stage HCC patients in Mongolia

Parameters
Hepcortespenlisimut-L (n  = 14) Placebo (n  = 16)

Entry level Month 1 (P ) Month 2 (P ) Entry level Month 1 (P ) Month 2 (P )
ALT (IU/L) 68.1 36.2 (0.01) 34.4 (0.002) 51.2 44.8 (0.51) 50.3 (0.93)

AST (IU/L) 89.3 52.7 (0.002) 48.9 (0.006) 72.5 77.9 (0.71) 76.6 (0.79)

ALP (IU/L) 151.2 111.3 (0.15) 89.4 (0.06) 160.1 184.7 (0.49) 221.7 (0.23)

Bilirubin (µM/L) 30.9 15.4 (0.002) 13.1 (0.0008) 28.1 17.8 (0.1) 25.3 (0.8)

AFP (IU/mL) 9,619.4 7,649.3 (0.65) 6,994.9 (0.69) 8,285.4 11,340.9 (0.55) 23,157.8 (0.6)

The values are expressed as means with P  values shown in parentheses, where appropriate. P  values shown for these parameters were 
derived from Student-t  test calculation. P  values for this parameter were derived from Wilcoxon ranking test; the difference between 
outcomes in AFP levels at study conclusion between two treatment arms at Month 2, i.e., 6994.9 vs.  23,157.8, is highly significant (P < 
0.0001; Chi-square). HCC: hepatocellular carcinoma; AFP: alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase; 
ALP, alkaline phosphatase 
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It appears that V5, which contains pooled antigens, including numerous tumor antigens and neoantigens, 
hepatitis virus fragments, and alloantigens, all circulating in the blood of patients with HCC, produces 
potent immune activation, while also inducing the anti-inf lammatory effect. Markers of activation, 
i.e., CD69 and Ki67, rose on average 1.5- and 4-fold, respectively, compared to unstimulated CD4 and 
CD8 cells. The levels of IL-2 expression did not change, but IFN-γ expressing cells increased six-fold. 
Remarkably, the inflammation marker TNF-α decreased almost 10-fold compared to control. The response 
of CD8 cells to V5 followed the same pattern as seen with CD4 cells, except expression of IFN-γ, which did 
not change compared to controls. 

DISCUSSION
This paper provides interim, select data from an ongoing placebo-controlled, randomized Phase III trial 
of hepcortespenlisimut-L (Hepko-V5 or V5), which has successfully passed an open label, one-arm Phase 
II, 75-patient retrospective trial published in 2017[7]. Extensive preclinical studies started in 2002 have 
shown that V5 does not contain harmful chemical ingredients or live virus; does not cause cytotoxicity, 
mutagenicity, teratogenicity, or genotoxicity; and is not toxic to animals after acute or chronic exposure. 
V5 is very safe and remarkably well tolerated by healthy individuals as well as those with hepatitis or 
tuberculosis[8-10]. V5 intake increases body weight, improves the quality of life, and produces desired 
clinical benefit with improved liver function. The latest studies have shown that the beneficial effect is 
also observed in patients with HCC. As a rule, patients who received V5 experienced improvement in 
their baseline symptoms in as short as one week. Nevertheless, V5 has to be subjected to well-controlled 
randomized clinical study, such as outlined in this manuscript, to confirm that this intervention holds 
promise as a safe and effective immunotherapeutic modality for HCC indication. 

Liver cancer is the fifth most commonly occurring cancer in men and the ninth most commonly occurring 
cancer in women. There were over 840,000 new cases in 2018 and prognosis is very poor. Mongolia firmly 
occupies the first place among all countries when it comes to incidence of HCC, while China has the largest 
number of patients with HCC, over 50% of all patients with HCC[11]. The incidence of HCC is expected to 
rise in the United States and across the world, given the increasing prevalence of hepatitis C and B infections, 
alcohol consumption, NASH, diabetes, toxin exposure, and obesity. By the time diagnosis of HCC is made, 
various surgical interventions or liver transplantation are often not feasible. While we have witnessed a surge 
of systemic therapies in recent years, the need for safer and more effective treatment remains.

Figure 1. Effect of 48-h in vitro  incubation of CD4 T lymphocytes from healthy volunteers with V5 (10-6 dilution) on expression of cell 
activation/proliferation markers, i.e., CD69 and Ki-67, and IL-2, TNF-α, and IFN-γ. Controls are unstimulated T cells as analyzed by flow 
cytometry at the same time. Except IL-2 expression, all other parameters were statistically distinct in V5-treated cells vs.  controls
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Hepcortespenlisimut-L represents an entirely novel class of immunotherapy that has no analogs among 
approaches being developed currently[12,13]. This approach is radically different from the checkpoint 
inhibitor class of immunotherapies, aimed to revive and keep the “weakened” immune system active. 
This approach is also different from classical injectable cancer vaccines that incorporate tumor antigens 
common in this type of cancer, such as AFP[14], Glypican-3 expressed in > 80% of HCC[15], or other multi-
epitope tumor peptides[16]. Considering that checkpoint inhibitors have low clinical benefit and single- 
or few-antigen vaccines have not delivered the expected success, it is clear that new approaches are still 
needed. 

Scientists at Arizona State University recently identified more than 200,000 cancer neoantigens, which 
could lead to the development of broad-spectrum cancer vaccines[17]. V5 inherently incorporates all 
circulating antigens from pooled blood of HCC patients, including tumor unrelated immunogens such 
as viral hepatitis antigens and very large number of alloantigens, which are not necessarily pathogenic. 
It is clear that the identification of these antigens is a task posing enormous challenges. Taking aside the 
academic pursuit of finding the mechanism of action, this challenge is not very important to a patient who 
needs to be treated immediately, not after the putative antigen(s) are identified.

It is clear that oral delivery route is advantageous since this route eliminates the undesirable cross-
reactivity plaguing injectable vaccines. Another advantage associated with transmucosal passage of 
antigens is induction of the immune tolerance - a phenomenon we experience on a daily basis when we 
ingest, for example, food, which is composed of non-self, foreign antigens that would normally provoke 
violent immune reaction if delivered parenterally[18]. The gut immunity has evolved and differs from the 
systemic immunity by this critically distinct trait. We would not exist as a species if we did not develop the 
oral tolerance. 

Our f low cytometry data, despite a limited number of studied parameters, suggest that the immune 
tolerance is not a passive state akin to immune anergy, but rather it is a very active process with the 
phenomenal activation of effector cells, as demonstrated by several-fold increase of immune activation 
markers such as Ki67 and CD69 in as little as 48 h. At the same, time this process displays pronounced 
anti-inflammatory activity, as revealed by ten-fold decrease of TNF-α, and no effect on IL-2 expression 
- the hallmark of T-cell activation. Increase in IFN-γ output in CD4 but not in CD8 T cells was another 
unanticipated result. Thus, the exposure to a pool of antigens derived from a tiny amount of peripheral 
blood of patients with HCC produced results that have not been previously described in the literature. 

The field of immunotherapy, particularly for oncology, is evolving rapidly, bringing new surprises daily. 
Recently, a study was published in Nature by Alspach et al.[19], in which they gave more weight to the role 
of helper CD4 lymphocytes in immuno-oncology over the usual culprit, i.e., CD8 killer cells. Whether V5 
more affects CD4 rather than CD8 cells remains to be established; it is likely that both subpopulations are 
required, and that other subsets of immune cells are also critically involved[20,21].

Our investigation of hepcortespenlisimut-L is in its early stage and we are sure we will make more 
surprising discoveries down the road. Besides the profound inf luence on the immune response, which 
is usually expected from cancer vaccines, we see very clear clinical benefits in terms of improved liver 
function and decrease in AFP levels, which we have shown to be correlated with tumor shrinkage. We have 
successfully used V5 since 2010 in hundreds of patients with HCC and we are confident that the outcome 
from this Phase III trial will be consistent with the results of the Phase II retrospective study published in 
2017[7]. In conclusion, our experience in dealing with V5 and patients with HCC receiving this simple to 
use immunotherapy is supported by the present observation. Further studies will shed more light as to the 
mechanism of action and extent of the clinical benefit. 
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Abstract

Aim: Patients with chronic hepatitis C virus (HCV) infection who develop hepatocellular carcinoma (HCC) soon 
after treatment with direct antiviral agents (DAA) may have been harboring hitherto hidden tumors. If this were 
true, they should have a lower sustained viral response (SVR) rate, since active HCC hampers DAA efficacy. We 
aimed to verify this hypothesis.

Methods: We included all patients who attended an HCV clinic, provided that they: (1) had no previous history of 
HCC; (2) had received at least one DAA dose; and (3) had been followed-up clinically and ultrasonographically for 
at least six months after concluding DAA. 

Results: The study population included n = 789 patients (55% males, median age 62 years). A median of 9.3 months 
(8.8-11.9) after concluding DAA, n = 19 (2.4%) patients were discovered to harbor HCC. In comparison to all others, 
patients with HCC were more commonly male (84% vs. 54%, P = 0.009), obese (47% vs. 17%, P = 0.002), and 
cirrhotic (95% vs. 35%, P < 0.001) and had less commonly achieved an SVR (68% vs. 98%, P < 0.001). Moreover, 
they had a trend for being less commonly treatment naïve (58% vs. 67%, P = 0.051). Based on multivariate analysis, 
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the independent predictors of HCC were male sex (P = 0.031), cirrhosis (P = 0.004), obesity (P = 0.006), and failure 
to achieve an SVR (P < 0.001).

Conclusion: Lack of achieving SVR is a strong independent predictor of development of HCC early after treatment of 
hepatitis C with DAA. Treatment failure should further alert clinicians to the possibility of this dreadful complication.

Keywords: Chronic hepatitis C, direct antiviral agent, sustained viral response, hepatocellular carcinoma, obesity, 
cirrhosis

INTRODUCTION
Clearance of hepatitis C virus (HCV) infection, a major health problem, is obtainable by treating infected 
patients with one of several combinations of direct antiviral agents (DAA)[1]. Today, this desirable outcome 
can be reached so predictably and safely that HCV eradication is considered by many an achievable goal 
both on a local scale and on a global scale. Indeed, in 2016, the World Health Organization launched 
a campaign that - if successful - would eliminate viral hepatitis as a major threat to global health, with 
substantial economic benefits. Most importantly, putting HCV infection under control would prevent 
over 1.2 million deaths annually[2]. For sure, DAA treatment allows curing HCV infection in patients 
with advanced liver disease, including those who had undergone curative treatments for hepatocellular 
carcinoma (HCC). 

Soon after DAA were introduced in practice, however, surprisingly high HCC incidence and/or recurrence 
rates were reported, an observation that generated alarm and dismay among clinicians[3]. In fact, among 
HCV-related complications, HCC is the most fearsome; furthermore, in the last few years, its incidence 
appears to be increasing[4]. Doubts that viral clearance by DAA might favor emergence of HCC clones by 
reducing immune pressure on HCV have been dispelled[2]: In fact, recent studies demonstrate convincingly 
that the opposite is true, i.e., DAA-induced sustained viral response (SVR) reduces the risk for de novo 
HCC[5-7]. The current interpretation is that the controversy - which has had the merit of highlighting the 
need to continue HCC surveillance in patients with cirrhosis, despite their achievement of an SVR - might 
have been generated mainly by inconsistencies and methodological limitations that flawed earlier studies[8]. 

Conceivably, among patients “cured” of HCC, so-called “recurrences” may actually represent prevalent 
tumors, whose presence is recognized only after DAA treatment is started. Could the same explanation 
apply to the apparent increase of HCC de novo diagnosed after DAA treatment? By definition, the presence 
of HCC foci should have been excluded to call these HCCs de novo; however, surveillance of HCC relies on 
ultrasonography, whose sensitivity is limited. A clue - if not definitive proof - in favor of the hypothesis that 
hidden HCC foci might have already been present when DAA were started would be to observe lower than 
expected SVR among DAA-treated patients later found to have an incident HCC, since patients with active 
HCC respond sub-optimally to DAA[9]. In the present study, we aimed to substantiate this hypothesis. 

METHODS
Patients 
The study population included a cohort of consecutively recruited patients attending an academic liver 
clinic in Northern Italy to receive interferon-free treatment for chronic hepatitis in accordance to the 
European Association for Liver Diseases (EASL) guidelines[10]. Inclusion criteria were: (1) no previous 
diagnosis of HCC; and (2) minimum follow-up after the end of treatment of 180 days. Figure 1 presents the 
flow chart of the study. 
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The main demographic and clinical features of the patients enrolled are presented in Table 1.

The direct acting antiviral agent regimens used were sofosbuvir-based in n = 370 cases (47%) and protease 
inhibitor-based in 419 cases (53%). Among the n = 12 patients who were DAA-experienced, n = 6 (50%) 
had previously failed at least one interferon-based regimen.

Disease stage was assessed in all patients either invasively, with liver biopsy (n = 22, 2.8%), or non-
invasively, with transient elastography (Fibroscan®; n = 744, 94.3%); in further few cases, a clinical diagnosis 
of liver cirrhosis was made (n = 23, 2.9%). Liver fibrosis in biopsies was staged from F0 to F4 according to 
the METAVIR staging system[11]. A liver stiffness threshold of 12.5 kPa was indicative of cirrhosis[12]. All 
patients were screened with ultrasound before starting antiviral treatment, irrespective of the presence of 
cirrhosis. 

A clinical diagnosis of cirrhosis was reached in the presence of signs of liver decompensation and/or portal 
hypertension. HCC was diagnosed according to current EASL guidelines, which require a computed 
tomography (CT) scan or dynamic contrast-enhanced magnetic resonance imaging (MRI), showing typical 
hallmarks (hypervascularity in the arterial phase followed by washout in the portal or delayed phases). 
Focal lesions without typical hallmarks of HCC and those that developed in the absence of cirrhosis were 
subjected to a liver biopsy and confirmation by an expert liver pathologist[13]. 

The outcomes of antiviral therapy were defined as follows:
- SVR: HCV RNA undetectable by a sensitive real-time polymerase chain reaction (PCR)-based assay, 
performed either after 12 or 24 weeks after the end of treatment;
- relapse: presence of detectable HCV RNA at either post-treatment week 12 or post-treatment week 24, 
having HCV RNA found undetectable at the end of treatment;
- dropout: patients who did not complete treatment as scheduled; 
- lost to follow-up: patients who did not perform a Week 12 or Week 24 after the end of treatment visit, 
although they completed treatment as scheduled.

Virological methods
Circulating HCV Ribonucleic Acid (HCV-RNA) was searched with the diagnostic system of Abbott 
RealTime HCV (Abbott, Wiesbaden, Germany), which has a sensitivity cut-off of 12 UI/mL; and the 
genotyping was performed by means of Abbott RealTime HCV Genotype II (Abbott).
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Statistical analysis
Statistical analysis was performed using Stata Rel. 15.1 (StataCorp LLC, College Station TX, USA). As 
for continuous variables, the measures of centrality and dispersion of data were median and interquartile 
range, respectively, while comparisons between groups were carried out by the Mann-Whitney test. With 
regard to categorical variables, data are presented as frequencies (%), while the associations between groups 
were verified by the Fisher’s exact test or the Pearson chi square test, as appropriate. Logistic regression 
analysis was conducted to identify predictor(s) of de novo HCC among a set of independent variables. The 
threshold for statistical significance was 0.05 (two tails) for all tests used.

RESULTS
Virologic outcomes 
When analyzed with an intention-to-treat approach, SVR was 770/789 (97.6%). In detail, among the 19 
patients who did not reach a SVR, 14/19 (74%) patients had a relapse, while 5/19 (26%) did not complete 
treatment (n = 1), died before reaching the 12 week post-treatment (n = 2), or performed neither the Post-
Treatment Week 12 nor the Post-Treatment Week 24 visits (n = 2). Thus, the rate of virologic failure in this 
study was 1.8%. SVR was similar in patients who received a sofosbuvir-based regimen (359/370, 97%) vs. 
patients who received a protease inhibitor-based regimen (411/419, 98%) (P = 0.360), and in HCV-3 infected 
(98/102, 96%) vs. non-HCV-3 infected patients (672/688, 98%) (P = 0.312). There was a non-significant 
trend for lower SVR in patients with cirrhosis (273/284, 96%) vs. non-cirrhotic patients (497/505, 98%) (P = 
0.054).

Variable n  = 789
Age, years 62 (52-74)
Male:Female, n 431 (55):358 (45)
Caucasian race, n 762 (97)
Body mass indexA, kg/m2

   ≥ 30 kg/m2
25.1 (22.6-28.4)
136 (18)

Diabetes, n 112 (14)
Prediabetes, n 156 (20)
Cirrhosis, n 284 (36)
HCV Genotype, n
   HCV-1A
   HCV-1B
   HCV-2
   HCV-3
   HCV-4
   HCV-5
   HCV-6
Undetermined

115 (15)
307 (39)
205 (26)
102 (13)
55 (7)
1 (< 1)
1 (< 1)
3 (< 1)

HCV RNA, UI/mL (× 1000)
   < 400
   400-4000
   > 4000

994 (276-2280)
236 (30)
462 (59)
91 (12)

Viral coinfections, n
   None
   HIV
   HBV (included 1 HDV positive)

733 (93)
46 (6)
10 (1)

Treatment history, n
Naïve
Experienced, interferon based regimens
Experienced, direct antiviral agents

530 (67)
247 (31)
12 (2)

Table 1. Main characteristics of the study population

ABody mass index missing in n  = 18/790 (2%) patients. Continuous variables are presented 
as medians (interquartile range), categorical variables as frequencies (n ) and percentages 
(%). HCV: hepatitis C virus; HIV: human immunodeficiency virus; HBV: hepatitis B virus; 
HDV: hepatitis D virus
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Development of de novo  HCC 
Along a median follow-up of 9.3 (interquartile range, 8.8-11.9) months, n = 19/789 (2.4%) patients were 
discovered to harbor HCC. The diagnosis was based on radiological criteria in 18/19 of patients (95%). 
Table 2 presents the main characteristics of these patients in comparison to all other patients.

Among patients who developed de novo HCC after antiviral therapy, 15/19 (79%) had either one or two 
nodules at the diagnosis, 3/19 (16%) had three or more nodules, and one patient had a diffuse infiltrative 
pattern (5%). Moreover, 7/19 (37%) had portal vein thrombosis (including complete or partial and 
segmental or sub-segmental thrombosis). Twelve patients (63%) fulfilled Milan Criteria[14]. 

Based on multivariate analysis, conducted having de novo HCC as dependent variable and age, male sex, 
obesity, cirrhosis, previous treatment history, and SVR as independent variables, the only independent 
predictors were male sex, obesity, cirrhosis, and SVR. The logistic regression model is summarized in Table 3.

DISCUSSION
The present study documented that, in the experience of a single center, the strongest predictor of HCC 
development following treatment of HCV infection was the lack of achieving SVR; other important pre-
treatment factors were presence of cirrhosis, male gender, and obesity. These data confirm findings in other 
clinical and experimental studies, but they also have some novel practical implications that, in our opinion, 
may be worth considering.

Variable HCC de novo  n  = 19 (2.4%) No HCC n  = 770 (97.6%) P
Age, years 68 (58-73) 62 (52-74) 0.248
Male sex, n 16 (84) 415 (54) 0.009
Caucasian race, n 19 (100) 743 (96)A 1.000
Body mass indexA, kg/m2

   ≥ 30 kg/m2
29.4 (21.3-31.6)
9 (47)

25.1 (22.6-28.3)
127/752 (17)

0.060
0.002

Either diabetes or prediabetes, n 9 (47) 259 (34) 0.226
Cirrhosis, n 18 (95) 266 (35) < 0.001
HCV-3 Genotype, n 2 (11) 100 (13) 1.000
HCV RNA, UI/mL (× 1000)
   > 4000

895 (255-1700)
2 (11)

1001 (276-2281)
89 (12)

0.763
1.000

Coinfected, n 0 (0) 56 (7) 0.389
Treatment history, n
Naïve
Experienced, IFN and/or DAA

6 (32)
13 (68)

524 (68)
246 (32) 0.002

SVR, n 13 (68) 757 (98) < 0.001

Table 2. Comparison between patients with and without de novo HCC at the end of follow-up

ABody mass index missing in n  = 18/790 (2%) patients. Continuous variables are presented as medians (interquartile range), categorical 
variables as frequencies (n ) and percentages (%). HCV: hepatitis C virus; IFN: interferon-based regimens; DAA: direct antiviral agents; 
SVR: sustained viral response

Variable Odds ratio 95%CI P
Age 1.03 0.99-1.08 0.131
Male sex 4.45 1.14-17.3 0.031
Obesity 4.68 1.55-14.1 0.006
Cirrhosis 21.1 2.68-166.1 0.004
Treatment-experienced 1.61 0.52-5.02 0.410
Failure to achieve SVR 24.2 5.76-101.8 < 0.001

Table 3. Multivariate analysis of factors associated with de novo HCC development at the end of follow-up

All dependent variables were categorical except age (n  = 771; pseudo R2 = 0.350). Codes: male sex = 1, female sex = 0; obese = 1, not 
obese = 0; cirrhosis = 1, not cirrhosis = 0; treatment experienced (either interferon-based or DAA regimens): no = 0, yes = 1; failure to 
achieve SVR: SVR achieved = 0, SVR not achieved = 1. SVR: sustained viral response; DAA: direct antiviral agents; HCC: hepatocellular 
carcinoma
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It is well known that male gender represents a risk factor to develop HCC[15], although the reasons for the 
strong gender difference in HCC remain unclear. In the Italian population, the male to female ratio of HCC 
from any cause is 2.2 to 1, similar to what is observed in other western countries. In our cohort, the male to 
female ratio was higher, 5.3 to 1, possibly reflecting in part the age-specific sex difference in the incidence 
of HCC, which peaks at a slightly younger age than the one we observed in our study population[16]. The 
highest incidence of HCC in men could be related to the higher prevalence of cirrhosis in males due to 
more rapid disease progression before age 50 years. In fact, women during their reproductive years have a 
better control of HCV replication, possibly due to estrogens, and this fact leads to less necroinflammatory 
response and less fibrosis progression[17]. Others have suggested that estrogens have a direct putative 
antifibrogenic activity, or an interference with metabolic parameters and oxidative stress[18-20]. Finally, 
higher, genetically determined expression of interleukin-6 in males may also be a factor[21]. 

Most experts would agree that cirrhosis of any etiology is the strongest predictor of HCC. In fact, cirrhosis 
can be considered a premalignant condition, independently from the underlying liver disease[22-24]. It is 
worth mentioning that we staged liver disease mainly by transient elastography; while this is consistent 
with what is recommended by current European guidelines on hepatitis C[1], consideration must be given 
to the fact that the performance of this test may be suboptimal in obese patients. Hepatocarcinogenesis 
represents a multistep process, leading to chronic liver damage through persistent inflammatory damage 
that promotes malignant transformation[25-27]. The annual risk of HCC is as high as 3% in patients with 
cirrhosis and active HCV infection[28]. Viral hepatocarcinogenesis can be due to direct or indirect 
mechanisms, and is affected by host and environmental factors, such as alcohol intake, smoking, and HBV 
or HIV co-infections, which also increase the risk of cirrhosis. Indeed, although the estimated risk of HCC 
is increased 15-20-fold among persons infected with HCV in comparison to those who are not infected, 
most of the excess risk is limited to those with advanced hepatic fibrosis or cirrhosis[29]. 

In the present study, obesity was a major independent predictor of HCC. This observation is fully 
consistent with current literature that suggests the existence of a vicious circle linking cirrhosis/fibrosis, 
HCV infection, and lipid metabolism derangement. In the obese, the inactivation of negative regulators 
of STAT-1 and STAT-3 signaling drives the development of non-alcoholic steatohepatitis and HCC, not 
only in cirrhotic patients, but also in patients with chronic hepatitis[30,31]. Moreover, there is evidence that 
HCV-infected patients are prone to develop features of metabolic syndrome (MetS), probably due to the 
fact that the replication cycle of HCV depends heavily on the pathways of lipid metabolism in hepatocytes 
and considerably alters host lipid hemostasis[32,33]. Interestingly, two large population cohort studies from 
Taiwan showed that HCV infection was strongly associated with MetS. The prevalence of MetS in these 
patients ranged from 13% to 32%; they had an aggressive and severe liver disease, developing more severe 
fibrosis than those without MetS, which contributed to cancer development[34-36]. However, MetS did not 
affect SVR achievement after DAA[37].

The major novelty of the present study lies in the strong association observed between lack of SVR and 
identification of HCC soon after concluding DAA. Overall, the rates of SVR and virologic failure in our 
cohort (97.6% and 1.8%, respectively) were comparable with what has been observed in registration 
trials[38-40] and in real-life cohorts[25,41,42]. While some authors affirmed in several retrospective studies that 
DAA increased the rate of early recurrence/occurrence of HCC, the short follow-up, the small number of 
patients, and the study design did not allow definite conclusions[3,43,44]. In contrast, multiple large cohort 
studies and meta-analyses have since demonstrated that DAA-induced SVR is associated with reduced risk 
of HCC occurrence[45-49]. 

One possible explanation for the low SVR in those who develop HCC is that it derives from the sum of 
risk factors for HCC, such as older age, high alcohol intake, more severe fibrosis, and co-infections[50-53]. 
Although the difference did not reach statistical significance, we did observe a numerically lower SVR rate 
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in cirrhotic vs. non-cirrhotic patients, which - combined with the low number of cirrhotic patients who 
develop HCC - may create a bias. However, the results logistic regression analysis strongly support the 
independence of these two variables in predicting the development of HCC (it should also be noted that 
the test is not designed to compare the relative strength of each variable in the model). 

A different way to reconcile these findings is to hypothesize that the apparent increase of HCC incidence/
recurrence rates might be due to the difficulties of identifying small HCC foci by current screening 
methods. Not surprisingly, compared to explant pathology, ultrasound is insufficiently sensitive in detecting 
HCC in obese patients[54] and obesity hampers the quality of HCC surveillance[55-57]. Thus, one may 
speculate that, especially in obese patients, what is observed as de novo HCC is in fact missed HCC, hence 
the low SVR rate among those who “develop” HCC in our cohort. Most of the DAA failures in patients with 
previous HCC diagnosis occurred among patients with active cancers, where DAA failed in almost half of 
the cases[9], possibly because HCC may serve as a sanctuary for HCV. In agreement with these findings, in a 
preliminary report from our group, we did observe unusually low SVR rates among de novo and recurrent 
HCC cases, leading us to suggest that treatment failure should be considered a clue of a yet undetected 
HCC[58,59].

We must acknowledge several limitations of our work. First, it is a single-center study, with a short follow-
up, during which - luckily enough - only a relatively small number of patients went on to develop HCC. 
Being a retrospective analysis of data generated in clinical practice, we screened our patients before and 
after DAA treatment with ultrasound, thus we are unable to provide pre-treatment data on higher level 
dynamic imaging (CT or MRI), which was performed only in the presence of suspicious focal liver lesions. 
Finally, we do not have reliable data about current and past alcohol intake in our study population, which 
are traditionally quite difficult to obtain. Nevertheless, at least in our opinion, the study conveys two 
messages worth considering: (1) given the extremely high SVR rates obtainable today in all subgroups of 
HCV infected patients, when DAA treatment fails, the possibility that the patient harbors HCC should 
come to mind; and (2) in male, obese, cirrhotic HCV-infected patients, a second level imaging technique 
should confirm that they are free of HCC before starting a DAA regimen. 

In conclusion, the present study indicates virologic failure as a strong independent predictor for de novo 
HCC identification early after treatment of hepatitis C with DAA. Clearly, all patients with cirrhosis 
regardless of SVR response should be monitored at regular six-month intervals, since cirrhosis - either in 
the presence or in the absence of HCV - is the dominant risk factor for HCC. However, lack of achieving 
SVR should further alert clinicians to the possibility of this dreadful complication, especially among HCV 
carriers who are male, obese, and cirrhotic.
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Abstract
As the world population is continuously aging, the number of older patients requiring liver surgery is also on the 
rise. Data have shown that age should not be a limiting factor for liver resection, as it cannot accurately predict 
postoperative outcomes. Instead, frailty can serve as a more reliable measure of the patient’s overall health and 
functional reserves. Several frailty assessment tools have been implemented for preoperative risk stratification 
before liver surgery, and higher scores have commonly been associated with postoperative morbidity, mortality, 
and length of hospital stay. However, no consensus has been reached on the most useful screening tool. Future 
studies should focus on comparing the currently available assessment tools, constructing a liver resection-specific 
tool, and assessing the role of frailty assessment tools in preoperative patient optimization.

Keywords: Frailty, age, elderly, liver resection, liver surgery, morbidity, morbidity, complications

INTRODUCTION
Liver resection is the current standard of care for most patients with benign or malignant liver lesions and 
adequate liver function[1,2]. Advances in healthcare have led to a continually increasing life-expectancy, 
which consequently leads to a higher number of elderly patients (> 60 years) being offered liver surgery[2,3]. 
Several studies sought to compare liver resection in younger vs. older surgical candidates and reported 
varying yet acceptable outcomes in appropriately selected older individuals[2,4-8]. In fact, morbidity and 
mortality rates in patients undergoing liver resection for hepatocellular carcinoma (HCC) seem to range 
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9%-51% and 0%-42.9%, respectively[9]. Normal aging is associated with a gradual decline in the function of 
most organ systems, including the liver. The liver synthetic and metabolic activity, liver volume, and blood 
flow to the liver seem to be significantly affected in the elderly[10]. It is well known that the liver remnant 
regenerates after liver resection, and the final liver volume after regeneration does not seem to differ 
between younger and older individuals[9,11]. However, this process might be delayed in the elderly due to 
the liver’s decreased proliferative capacity in the early period after the loss of the liver mass[12]. Data have 
shown that liver regeneration after living donor liver transplantation can be delayed in older donors when 
compared to younger donors[13]. These findings indicate that physiological deconditioning and remaining 
organ function might have a more significant effect on clinical outcomes than the actual chronological 
age[14,15].

Frailty syndrome is defined as the increased vulnerability to stressors, loss of ability to adapt, and 
diminished resiliency secondary to an age-related decline in the physiological reserves and function 
of multiple organ systems[16,17]. It is essential to distinguish frailty from “comorbidity” and “disability”; 
although these three terms overlap to some extent and are often used interchangeably to predict patient 
outcomes, they represent entirely different entities[18]. As described by Feinstein, “comorbidity” is “any 
distinct additional entity that has existed or may occur during the clinical course of a patient who has 
the index disease under study”[19]. The term “disability” refers to the abnormal biological functioning 
or the defect that renders individuals inferior to the “normal” species around them leading to loss of 
social stability and survival[20]. Frailty should also not be considered synonymous to aging[21], but rather 
an intermediate clinical state between normal and pathological aging[22]. Frail patients commonly fail to 
return to their prior homeostasis after a stressor, resulting in adverse clinical outcomes[23,24]. Therefore, the 
need for developing accurate risk-stratification tools that can potentially identify older patients at risk for 
postoperative complications is apparent[25].

The aim of the present review is to summarize the impact of age on patient outcomes after liver surgery, 
describe the available frailty assessment tools, and discuss the impact of frailty on postoperative outcomes 
in patients undergoing liver resection.

LIVER RESECTION AND AGE
Several studies sought to investigate the outcomes of liver resection in young vs. old patients. Fong et al.[26] 
published one of the first studies examining the effect of age on liver surgery. Their study included 133 
patients older than 65 years undergoing liver resection for colorectal liver metastases, and they found that 
age was an independent risk factor for increased risk of morbidity. According to the authors, major hepatic 
resection may be safely performed and result in favorable functional outcomes on appropriately selected 
older patients[26]. Cho et al.[2] investigated the safety of liver resection in the elderly and reported favorable 
outcomes in patients ≥ 70 years. Although most elderly patients were transferred to rehabilitation facilities 
postoperatively, there was no difference in terms of severe postoperative complications. The authors also 
performed a literature review and included 14 previous studies; only two (14.3%)[27,28] of them reported 
a statistically significant difference in severe postoperative complications and only two (14.3%)[28,29] 
reported a statistically significant difference in mortality between old and young patients. Additionally, 
a large single-center study from France showed that age ≥ 75 years is a risk factor of mortality after liver 
resection[30], while a multicenter study from the US showed that increasing age is associated with increased 
postoperative sepsis and overall mortality, but not overall morbidity[31].

As liver resection represents the mainstay of treatment in non-metastatic HCC[32-34], several studies aimed to 
investigate the difference in outcomes between young and old HCC patients. Therefore, data have proven the 
safety and feasibility of liver resection in appropriately selected patients aged not only more than 70 years, but, 
in some cases, even more than 80 years[35-38]. A meta-analysis[39] reported that the morbidity and mortality 



Sioutas et al. Hepatoma Res 2020;6:4  I  http://dx.doi.org/10.20517/2394-5079.2019.43                                              Page 3 of 9

rates did not differ significantly between older and younger patients undergoing hepatic resection for 
HCC, while the risk of mortality for younger patients was 2.7 times lower when compared to the elderly for 
colorectal liver metastases[39]. Interestingly, another meta-analysis reported that hepatic resection for liver 
malignancies is associated with a higher risk of postoperative renal failure, infection, and mortality in older 
vs. younger patients, while the length of stay (LOS) in the hospital, transfusions, and disease-free survival 
did not differ significantly between the two groups[40]. Nevertheless, the considerable variability in patient 
outcomes after liver resection in the elderly underlines the inability of age alone to predict postoperative 
outcomes accurately. Instead, factors that reflect the overall health status of the patient, such as frailty, may 
serve as more accurate predictors of postoperative outcomes. On that grounds, several frailty assessment 
tools have been developed in order to preoperatively determine patients at risk of adverse postoperative 
outcomes. 

FRAILTY ASSESSMENT TOOLS
Numerous frailty screening tools have been described over the years[17,18,41]. The most commonly 
implemented one is the “Physical Frailty Phenotype” model by Fried et al.[14], which describes frailty as 
the decrease in physiological reserve secondary to a multisystem functional decline. This tool assesses the 
following criteria to identify frail patients: (1) walking speed; (2) grip strength; (3) weight loss; (4) physical 
activity; and (5) exhaustion [Figure 1]. Patients meeting one or two of these criteria are deemed “pre-frail”, 
while those meeting at least three criteria are categorized as frail[14]. Makary et al.[42] further validated this 
definition, and at the same time defined as “pre-frail” those fulfilling two or three of the above-mentioned 
criteria. The Phenotypic frailty tool requires only a questionnaire, a stopwatch, and a dynamometer, and 
thus can be completed in only 10-15 min[17]. It is also recognized by the American College of Surgeons 
and the American Geriatric Society for the assessment of the elderly preoperatively[43]. Nevertheless, the 
inherent drawback of this assessment method is the lack of psychosocial evaluation of the older patient[44].

The second most commonly used frailty assessment tool is the “Deficit Accumulation Index” by 
Rockwood et al.[15] [Figure 2]. It defines frailty using a frailty index (FI) with the number of deficits or 
abnormal characteristics accumulated over several areas (i.e., physical, social, functional, and cognitive) 
on the numerator and the total number of characteristics assessed on the denominator[15,45,46]. Higher index 
values have been associated with an increased likelihood of frailty, adverse patient outcomes, disability, 
hospitalization, and death[45]. Although it is considered more sensitive than the Phenotypic frailty tool[16], 
its downsides include the fact that it is time-consuming (up to 70 characteristics assessed sometimes) and 
its extensive focus on comorbidities (symptoms, diagnoses, abnormal values on laboratory tests, etc.) rather 
than on functional decline[18]. With the aim to assess frailty in a timely fashion and in a more efficient way, 
several modified FIs (mFIs), which may measure as few as five factors, have been generated[47]. In fact, 
11-point mFIs have already been used to evaluate patients undergoing liver resection[48,49].

Comprehensive geriatric assessment (CGA) is another well-established approach implemented to evaluate 
frailty in older patients[50,51]. It utilizes assessment tools and laboratory values to assess patients from several 

Figure 1. “Physical Frailty Phenotype” model by Fried et al. [14]



standpoints, including physical medical comorbidities, nutritional status, mental and cognitive status, 
physical functioning and fitness, social networking, and environmental status[50,51]. A downside that CGA 
shares with FI is that it is time-consuming, mostly due to its complexity[51]. Two screening tools that can 
help identify elderly patients who will benefit from a more comprehensive assessment with the CGA are 
the Geriatric-8 (G8) and the Vulnerable Elders Survey-13 (VES-13)[52]. Those take into consideration age, 
self-rated health, and physical function along with other factors[53], and both of them take only 5 min to 
complete[52]. The first one is specifically designed to identify vulnerable older patients with cancer, while 
the latter is designed to detect vulnerable older patients in the community. Hence, G8 was found to be 
predictive of postoperative complications in elderly patients with HCC, while VES-13 was not shown to 
have a predictive role[53]. The abbreviated CGA is another screening tool for elderly cancer patients that 
incorporates only the 15 most important items of the full assessment tool and requires only 5 min to 
complete[54,55].

The FRAIL (Fatigue, Resistance, Ambulation, Illness, and weight Loss) index is another easy to complete 
screening tool that deems patients frail if three or more of its components are present[56]. A great advantage 
of this scale is that it has been validated not only in the elderly but also in middle-aged individuals[56,57]. 
On the other hand, the Edmonton Frail Scale (EFS) assesses the patients’ health over ten frailty domains 
(including cognition, general health status, mood, continence, functional performance and independence, 
social support, polypharmacy, and nutrition)[58]. A score below 5 indicates the “no frailty” patients, a 
score between 6 and 11 identifies the “apparently vulnerable” individuals, and a score between 12 and 17 
distinguishes the “severe frailty” patients[59]. Studies have shown that EFS is a valid and accurate tool that 
can be efficiently administered by non-geriatricians to assess and preoperatively optimize geriatric patients 
with or without cancer[58,60,61]. The Clinical Frailty Scale (CFS) is another quick frailty assessment tool based 
on clinical judgment[62]. Data suggest that it can accurately identify patients who may need institutional 
care, as well as those less likely to survive[62]. Data have shown that CFS can reliably distinguish patients 
who are going to have a complicated course and prolonged LOS while in the acute medical ward[63]. A 
screening tool for frailty broadly used in Japan is the Kihon Checklist (KCL)[64]. KCL is a self-reporting 
“yes/no” survey that can help clinicians assess the status of older individuals in several frailty domains 
(functional, physical, psychological, and social)[65]. 

Moreover, there are some single item tools that are less comprehensive but can serve as quick and easy to 
apply screening tools. The most common tool falling into this category is the handgrip test, which utilizes 
a hydraulic hand dynamometer to evaluate the maximum strength of the dominant hand[52]. Its role in 
distinguishing “fit” from “frail” older individuals has been validated not only in the general population but 
also in cancer patients, as handgrip strength is highly associated with survival outcomes[52,66]. Although the 

Figure 2. “Deficit Accumulation Index” by Rockwood et al. [15] 
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handgrip test can be applied in multiple settings, another tool particularly useful for hospitalized patients is 
the timed “Up & Go” test[67]. This test requires the patient to stand up and walk three meters, then to turn, 
walk back and sit down and can accurately assess balance and functional mobility[52]. Data suggest that it is 
particularly useful in identifying cancer patients at risk of postoperative complications[68]. A comprehensive 
list of the various tools used for the assessment of frailty is shown in Table 1.

LIVER RESECTION AND FRAILTY
There is a growing body of evidence that frailty assessment tools are useful in identifying frail patients 
at higher risk of postoperative morbidity and mortality, as well as extended LOS in the hospital. In fact, 
Kaibori et al.[53] evaluated the utilization of the G8 CGA tool in patients ≥ 70 years undergoing liver 
resection for HCC. Patients with a score lower than 14 demonstrated higher postoperative morbidity rate 
and extended LOS, but no difference in mortality when compared to patients with scores ≥ 14[53]. Notably, 
on multivariate analysis, G8 score < 14 was significantly associated with postoperative morbidity, while 
age ≥ 77 years was not found to be a significant risk factor[53]. It is worth mentioning that patients with 
HCC arising on a background of cirrhosis demonstrated a tendency towards inferior outcomes after liver 
resection[53]; however, further research is warranted in order to deduce meaningful conclusions.

Louwers et al.[48] investigated the impact of frailty, assessed by the 11-point mFI tool, on morbidity and 
mortality after open hepatectomy in 10,300 patients from the National Surgical Quality Improvement 
Project (NSQIP) database. As the mFI score increased, a statistically significant increase was associated 
with Clavien 4 complications, mortality, and extended LOS. Notably, this statistical significance was 
maintained in all types of hepatectomy (partial, right, left, and extended). Although this study highlighted 
the importance of mFI in preoperative planning and risk stratification, the authors stressed the need for 
simpler hepatectomy-specific frailty assessment tools[48]. Another study utilizing NSQIP hepatectomy 
data described the revised FI (rFI) on a “training set” of patients and compared it with the 11-point mFI 
(“validation set”)[49]. rFI incorporates several variables, such as preoperative serum albumin and hematocrit, 
American Society of Anesthesiologists score, BMI, the extent of liver resection, and underlying pathology. 
Higher rFI scores were significantly associated with postoperative complications, prolonged LOS, and 
mortality, while higher mFI scores were linked only to a higher risk of morbidity but neither mortality 
nor LOS[49]. Chen et al.[69] evaluated the use of a five-item mFI to assess the effect of frailty on outcomes 
in patients undergoing combined colorectal and liver resection for colorectal cancer and liver metastases. 
Patients with higher mFI scores exhibited a higher incidence of mortality, overall and severe morbidity, 
as well as prolonged LOS. On multivariate analysis, higher mFI scores were found to be independent risk 
factors for overall and severe morbidity, while age was not found to be a significant factor that affects 
morbidity.

Table 1. Frailty assessment tools

Tools Ref.
Physical frailty phenotype [14,42]

Deficit accumulation index [15]

Comprehensive geriatric assessment [50,51]

Abbreviated comprehensive geriatric assessment [54,55]

Geriatric-8 [52,53]

Vulnerable elders survey-13 [52,53]

FRAIL index [56]

Edmonton frail scale [58,59]

Clinical frailty scale [62]

Kihon checklist [64,65]

The handgrip test [52]

The “Up & Go” test [52,67]

FRAIL: fatigue, resistance, ambulation, illness, and weight loss
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morbidity, mortality, and LOS after liver resection. However, deducing meaningful conclusions remains 
challenging due to the lack of consensus regarding frailty definition, assessment tools, and score cutoffs. 
Future studies should focus on performing between-tool comparisons, developing a hepatectomy-
specific frailty assessment tool, and evaluating the role of frailty assessment tools in preoperative patient 
optimization.
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Abstract
Currently, alcoholic liver disease (ALD) is one of the most prevalent chronic liver diseases worldwide, representing 
one of the main etiologies of cirrhosis and hepatocellular carcinoma (HCC). Although we do not know the exact 
mechanisms by which only a selected group of patients with ALD progress to the final stage of HCC, the role of the 
gut microbiota within the progression to HCC has been intensively studied in recent years. To date, we know that 
alcohol-induced gut dysbiosis is an important feature of ALD with important repercussions on the severity of this 
disease. In essence, an increased metabolism of ethanol in the gut induced by an excessive alcohol consumption 
promotes gut dysfunction and bacterial overgrowth, setting a leaky gut. This causes the translocation of bacteria, 
endotoxins, and ethanol metabolites across the enterohepatic circulation reaching the liver, where the recognition 
of the pathogen-associated molecular patterns via specific Toll-like receptors of liver cells will induce the 
activation of the nuclear factor kappa-B pathway, which releases pro-inflammatory cytokines and chemokines. In 
addition, the mitogenic activity of hepatocytes will be promoted and cellular apoptosis will be inhibited, resulting 
in the development of HCC. In this context, it is not surprising that microbiota-regulating drugs have proven 
effectiveness in prolonging the overall survival of patients with HCC, making attractive the implementation of 
these drugs as co-adjuvant for HCC treatment.
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INTRODUCTION
The metabolic effects of alcohol in humans has been a topic of great interest for many years due to the 
important relationship between excessive alcohol consumption and disease even reaching to cancer 
development. In this context, The Global Burden of Disease Study 2015 reported the primary liver cancer 
incidence, mortality, and disability-adjusted life-years of 195 countries from 1990 to 2015. Surprisingly, 
the cases of incident liver cancer increased by 75% between 1990 and 2015. Alcohol-induced liver cancer 
globally accounted for 245,000 (30%) deaths with important variations between countries and sex. Only 
in 2015, alcohol caused 204,000 [95% uncertainty interval (UI), 177,000-240,000] liver cancer cases in men 
and 45,000 (95% UI, 38,000-54,000) cases among women. Eastern Europe was the geographical region 
which contributed with the most alcohol-induced liver cancer cases in the world, accounting for 53% of 
them[1]. According to WHO statistics, alcohol is involved in more than 200 different diseases[2]. Among 
them, gastrointestinal (GI) disorders (mainly cirrhosis) represent the third cause in mortality secondary 
to excessive alcohol consumption[3]. Interestingly, the metabolism of alcohol goes beyond the liver; in 
recent years, the role of the gut-liver axis in the development and aggravation of alcoholic liver disease 
(ALD) has emerged as an important element to consider[4,5]. The gut microbiota and a selected group of 
catalytic enzymes of the GI tract are key elements in ethanol metabolism and its passage to systemic 
circulation. Furthermore, evidence has shown carcinogenic effects of different alcohol and gut metabolites 
in ALD patients, bringing new perspectives in the development of hepatocellular carcinoma (HCC) in this 
group of subjects. For this reason, this review discusses in a systematic way the role of alcohol-induced 
dysbiosis in the development of ALD and its progression to HCC, starting with the different metabolic 
pathways of ethanol within the human body and its deregulation in chronic alcohol consumption. Then, 
the mechanisms of alcohol-induced dysbiosis with the consequent liver injury and hepatocarcinogenesis 
are addressed and finally the future perspectives of microbiota-regulating drugs as adjuvants for HCC 
treatment are assessed.

ALCOHOLIC LIVER DISEASE AND HCC
For the development of ALD, the fulfillment of two factors is generally necessary; one is an excessive 
alcohol consumption, defined as ingestion of > 20 g/day in females and > 30 g/day in males, and the second 
one is the chronicity of this consumption[3]. On its own, ALD is one of the less frequent etiologies that 
progress to HCC[6,7]; however, its high prevalence continues to position it as one of the most important 
chronic liver diseases (CLDs) for public health[8]. Recently, our group of work conducted a study to 
determine the main etiologies of cirrhosis worldwide [Figure 1] finding interesting results among 
countries[9].

In a healthy person, alcohol is metabolized to acetaldehyde mainly in the liver by the alcohol 
dehydrogenase (ADH) and the microsomal ethanol-oxidizing system (MEOS), and to a lesser extent 
it is also metabolized in the GI tract through ADH, MEOS, and the gut microbiota[10]. Several factors 
predispose the development and progression of ALD to its final stage of HCC, the most important being 
genetic predisposition, age, female sex, pre-existing liver disease, and daily alcohol consumption[5]. 
Similarly, the GI tract has its own factors that predispose the metabolism and systemic absorption of 
ethanol and therefore the severity of ALD. An example of this is the diminished enzymatic activity of ADH 
in the stomach commonly seen in young women, elderly, alcoholics, when fasting, and after treatment with 
H2-receptor antagonists. Other situations that favor systemic absorption of ethanol are delayed gastric 
emptying, chronic atrophic gastritis, and gastric lesion associated with Helicobacter pylori[10]. Nonetheless, 
in ALD, there is an increase in the metabolization of ethanol to acetaldehyde by the cytosolic enzyme 
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ADH and then from acetaldehyde to acetate by the mitochondrial enzyme aldehyde dehydrogenase[11]. 
In the long run, this will generate mitochondrial dysfunction, which is considered a critical step for the 
onset and progression of ALD[12]. Dysfunctional mitochondrial can undergo a fragmentation pathway 
to further be cleared by autophagy or promote the apoptotic cascade in sever liver injury by a multi-step 
process called “mitochondrial dynamics” controlled by the activity of the mitochondria shaping proteins 
(MSP)[13]. In a recent study, Palma et al.[14] demonstrated that mitochondrial dynamics showed important 
changes in alcoholic steatohepatitis (ASH) patients by finding an increased expression of the MSP protein 
dynamin-related protein 1 (DRP1) compared with controls. They also found a direct correlation between 
DRP1 mRNA levels and blood concentration of aspartate aminotransferase in those patients. Interestingly, 
this was only seen in advanced ALD subjects, suggesting the study of mitochondrial deregulation in ALD 
progression is an important issue.

On the other hand, high alcohol consumption has been related with increased MEOS activity and its 
first constituent, the cytochrome P-450 2E1 (CYP2E1)[15,16]. This has a great impact since, unlike the usual 
dehydrogenation process, the oxidation of ethanol by MEOS is carried out through several reactive 
intermediates known as reactive oxygen species (ROS) via CYP2E1[17]. An increase in alcohol consumption 
upregulates the activity of intestinal MEOS, leading to an increase in ROS production, which interferes 
with the barrier function of the gut[17]. 

MICROBIOTA AND ITS INTERACTION WITH THE INTESTINAL ENVIRONMENT
The GI tract is the natural habitat for several microorganisms, including bacteria, archaea, viruses, 
and parasites. In a healthy gut microenvironment, there is a predominant diversity of seven large 
groups: Firmicutes, Bacteroidetes, Actinobacteria, Fusobacteria, Proteobacteria, Verrucomicrobia, and 
Cyanobacteria[18]. The gut microbiome, which refers to the collective genomes of all the microorganisms 
that compose the gut microbiota, contains 150 times more genes than the human genome[18]. In addition, 
gut bacteria has been appreciated for the benefits they can provide to the host (symbiosis) as they supply 
essential nutrients such as vitamins, metabolize non-digestible compounds, and even defend against 
pathogenic microorganisms[19,20].

The colonization of the healthy gut environment contributes to the development of the intestinal 
architecture and the proper functioning of the immune system. Colon bacteria can ferment nutrients and 

Figure 1. Worldwide prevalence of cirrhosis secondary to alcohol abuse compared with other cirrhosis etiologies. Modified from Méndez-
Sánchez et al. [9]. HCV: hepatitis C virus; ALD: alcoholic liver disease; NASH: non-alcoholic steatohepatitis; HBV: hepatitis B virus; NAFLD: 
non-alcoholic fatty liver disease



endogenous substrates derived from the host, such as mucus and pancreatic enzymes, as well as dietary 
components that are not absorbed in the first portions of the GI tract. Thus, the gut microbiota produce 
and transform a wide variety of metabolites that are absorbed in the small intestine, which can then travel 
through the bloodstream and reach the systemic circulation, especially the brain and liver, where they can 
trigger or influence important signaling pathways[21].

The gut is a large territory occupied by both commensal and pathogenic microorganisms; therefore, it has 
the important protective mechanism of selectively choosing which molecules may pass to the systemic 
bloodstream. This mechanism is established by a multi-layer intestinal barrier covered by a mucus layer 
that provides a physical barrier between the underlying epithelium and the GI tract. This intestinal barrier 
consists in two separate sub-layers: an inner layer attached to epithelial cells lacking bacteria and an outer 
layer colonized by commensal microorganism. In addition to protecting against harmful agents, it acts as a 
selective filter for the correct translocation of nutrients, electrolytes, and water from the intestinal lumen to 
the circulation[22,23]. 

Cell composition of the intestinal barrier
The intestinal barrier has three main cell types aimed to protect the host against external aggressions. This 
group includes the epithelial cells, intestinal goblet cells, and Paneth cells[24] Epithelial cells form a physical 
barrier connected by many transmembrane proteins called tight junctions (TJ), adhesion junctions (AJ), and 
desmosomes, each located in the basolateral membrane of epithelial cells. The TJ (also called zonula adherens) 
are located in the most apical part, formed by the cadherin-catenin protein junction. Below this zone, in 
almost the entire extension of the basolateral membrane, we can find the AJ (also known as zonula occludens), 
formed by the union of three main proteins: occludins, claudins, and the junctional adhesion molecules 
(JAM). Occludin and claudins are responsible for biochemical permeability and cell adhesion, while JAM bind 
cells by anchoring to the actin cytoskeleton of each cell. Finally, desmosomes can be found in the lower area of 
the epithelial cells, which also provide junction points by using keratin filaments[23] [Figure 2]. 

Intestinal goblet cells produce different types of mucins (Muc2, Muc5AC, and Muc6), contributing to the 
viscous properties of the intestinal mucus layer and the protection against the pathogens that penetrate 

Figure 2. Cell composition of the intestinal barrier. The intestinal epithelium consists of a single layer of epithelial cells. Adjacent cells 
are connected by three main junctional complexes: desmosomes, adherens junctions, and tight junctions. The main immune cells of the 
intestinal barrier consist of T-cells, mast cells, and eosinophils
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this layer. Similarly, Paneth cells secrete the derived regenerating islet (Reg) 3β in the mucus layer. These 
molecules are involved in gut homeostasis and exhibit antimicrobial activity that shapes the composition 
of the intestinal microbiome[22]. All these gut defense mechanisms are reinforced by numerous immune 
cells in the lamina propria that play an essential role in the protection of the intestinal mucosa against the 
invasion of bacteria. Of this large number of immune cells, it is worth highlighting T cells, mast cells, and 
eosinophils due to their important contributions[23]. First, T cells regulate cell permeability through Na+/
K+ ATPase pumps, as well as the release of proinflammatory cytokines such as interferon-gamma (IFNγ), 
tumor necrosis factor-alpha (TNF-α), and delta-positive intestinal intraepithelial lymphocytes (iIELγδ+), 
which are also found in the basolateral membrane of epithelial cells, involved in the maintenance of its 
function. Mast cells release different proinflammatory mediators such as histamine, leukotrienes, platelet-
activating factor, and cytokines, with important immune-mediated functions throughout the entire 
GI tract. Ultimately, eosinophils increase intestinal permeability through different mediators such as 
histamine, prostaglandins, and TNF-α[22].

Composition of a “healthy” gut microbiota
In the small intestine, food and nutrients absorption is mainly done in the duodenum through the release 
of digestive enzymes. At this site, food transit is faster, and the presence of oxygen limits bacterial density 
[103-4 Colony-forming unit (CFU)/mL]. Firmicutes and Actinobacteria predominate in this site with an 
important growth of Gram-positive aerobes and facultative anaerobes, including Lactobacilli, Enterococci, 
and Streptococci with a progressive increase in bacterial density (103-7 CFU/mL) in the jejunum[25]. In the 
first part of the ileum, the bacterial density increases with a predominance of aerobic species (109 CFU/
mL). In contrast, the distal part of the ileum (near the ileocecal valve) is inhabited by anaerobes and 
Gram-negative microorganisms similar to those found in the colon (characterized by a slower transit and 
its anaerobic condition). In the colon, the number of anaerobes exceeds aerobes microorganisms with 
a bacterial density of 1012 CFU/mL and an important predominance of Firmicutes and Bacteroidetes. 
Moreover, in the GI lumen, Bacteroides, Bifidobacterium, Streptococcus, Enterobacteriaceae, Enterococcus, 
Clostridium, Lactobacillus and Ruminococcus spp. are the bacterial genera that predominate, while 
Clostridium, Lactobacillus, Enterococcus, and Akkermansia spp. are more frequent in the mucosa [Figure 3]. 
In addition, some pathogenic bacteria including Campylobacter jejuni, Salmonella enterica, Vibrio cholera, 

Figure 3. Composition of a “healthy” gut microbiota
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Escherichia coli, and Bacteroides fragilis can be found in smaller amounts within the GI tract[25].

OXIDATIVE STRESS AND INTESTINAL PERMEABILITY IN ALD
When there is an increase in alcohol consumption, an upregulation of the CYP2E1-dependent ROS 
products such as hydroxyethyl, superoxide anion, hydroxyl radicals and numerous free radicals will 
accumulate in the liver, developing oxidative stress. An accumulation of ROS produces structural 
and functional changes in the DNA that interfere with the cell cycle, playing an important role in 
carcinogenesis[11]. One of these changes induced by acetaldehyde and ROS is related to epigenetic 
regulations by interfering with the folate metabolism (important for DNA synthesis and methylation)[26]. 
ALD patients have been found with polymorphisms in the methylene tetrahydrofolate reductase gene, 
leading to an alteration in folate metabolism and HCC development[27,28]. Alcohol also has the capacity 
to inhibit the synthesis of S-adenosyl-L-methionine (SAMe), an important methyl-donor molecule, by a 
diminished activity of methionine adenosyltransferase. The consequence of chronic SAMe depletion seems 
to be associated with liver injury by interfering with the regenerative capacity of the liver[29]. Furthermore, 
oxidative stress induces lipid peroxidation products such as malondialdehyde and 4-hydroxy-2-nonenal 
with the capacity to modify the gut microbiome, enhancing the creation of endotoxins by gut bacteria[30], 
as well as induce mutations in the p53 gene, promoting HCC development[31].

In the same way, evidence suggests that intestinal MEOS plays a permissive role in the gut, probably by the 
integrity disruption of the narrow epithelial junctions, which induces a decreased expression of binding 

Figure 4. Main mechanisms involved in the development of HCC. A: chronic alcohol consumption increases the production of its main 
toxic metabolite acetaldehyde, favoring mitochondrial dysfunction and oxidative stress perpetuating liver injury. In the long run, this will 
generate a decreased function of TJ and AJ, interfering with the protective barrier of the intestine, developing a leaky gut. B: we can see 
how the bacterial overgrowth and translocation of its metabolites to the liver will increase liver injury and the recognition of PAMPs by 
specific TLRs such as TLR-4 binding with its ligand MYD88 and with the final activation of NF-κβ pathway with important repercussion 
for systemic inflammation and HCC development. ADH: alcohol dehydrogenase; MEOS: microsomal ethanol oxidizing system; ALDH: 
aldehyde dehydrogenase; DRP1: dynamin-related protein 1; CYP2E1: cytochrome P450 2E1; ROS: reactive oxygen species; TJ: tight 
junction proteins; AJ: adhesion junction proteins; PAMPs: pathogen-associated molecular patterns; TLR4: toll-like receptor-4; KCs: 
kupffer cells; HSCs: hepatic stellate cells; MYD88: myeloid differentiation primary response 88; JNK: c-Jun N-terminal kinase; MAPK: 
mitogen-activated protein kinase; IKK2: inhibitor of nuclear factor kappa-B kinase 2; NF-κβ: nuclear-factor κβ; TNF: tumor necrosis factor; 
TRAF-1: TNF receptor associated factor-1; TRAF-2: TNF receptor associated factor-2; HCC: hepatocellular carcinoma
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proteins (mainly claudins) with the consequent dysfunction of the AJ, establishing a leaky gut[32]. Rodent 
studies have also demonstrated that alcohol-associated intestinal permeability is favored by a reduction 
in the intestinal hypoxia-induced factor 1-alpha (HIF-1α) activity, a condition reversed by probiotic 
Lactobacillus rhamnosus GG supplementation[33,34]. Moreover, ALD patients show a decreased bacterial 
diversity associated with an increase of endotoxin-producing Enterobacteriaceae and Proteobacteriaceae 
and a reduction in taxa that produce short-chain fatty acids such as Lachnospiraceae, Bacteroidaceae, 
and Ruminococcaceae[35-37]. Interestingly, a reduced expression of lectins Reg3β and regenerating islet-
derived protein 3 gamma (Reg3γ) is another important characteristic commonly seen in ALD, associated 
with bacterial overgrowth and translocation[38]. All these factors will induce endotoxins formation such as 
lipopolysaccharides (LPS), peptidoglycans, and bacterial DNA. This favors intestinal inflammation and the 
activation of the TNF-α receptor I signaling in intestinal epithelial cells associated with increased intestinal 
permeability of endotoxins to the liver, boosting systemic inflammation via recognition of specific toll-
like receptors (TLRs)[39,40], as discussed below in more detail. Moreover, commensal fungi such as Candida 
spp., Saccharomyces cerevisiae, and Malassezia spp. will develop tolerance from the host immune system 
during chronic alcohol consumption, fomenting an increase in these fungal species[32]. Interestingly, 
studies in ALD patients have also shown higher systemic endotoxemia levels in subjects with an increased 
alcohol consumption regardless of the stage of liver disease, demonstrating that alcohol consumption is an 
independent factor for systemic endotoxemia[41,42].

MECHANISMS INVOLVED IN HCC DEVELOPMENT
In the liver, Kupffer cells and bone-marrow derived macrophages will recognize small sequences of 
molecules formally called pathogen-associated molecular patterns (PAMPs) from endotoxins coming 
from enterohepatic circulation via Toll-like receptor-4 (TLR4). The upregulation of TLR4 will promote 
binding with its ligand, myeloid differentiation primary response 88, resulting in the activation of c-Jun 
N-terminal kinase, the inhibitor of nuclear factor kappa-B kinase 2, and mitogen-activated protein kinase 
(MAPK) p38, with the consequent activation of the nuclear factor kappa-B (NF-κβ) pathway. This favors 
the release of TNF-α, IFN-γ, prostaglandin-2, chemokine C-C motif ligand, IL-1α, IL-1β, IL-6, ROS, and 
nitric oxide, perpetuating liver inflammation[43]. NF-κβ can also induce the antiapoptotic genes (TRAF-1 and 
TRAF-2) with important carcinogenic effects[4]. Increased TNF-α production has been shown to deregulate 
TJ, causing disruption of the intestinal barrier. Interestingly, high levels of TNF-α and IL-6 have been 
found in duodenal biopsies of alcohol-dependent subjects, which tend to confirm data obtained in animal 
models[28]. In another study carried out in 52 subjects diagnosed with alcohol dependence according to 
the DSM-IV criteria, a biochemical panel measuring LPS, TNFα, IL-6, IL-10, and high C reactive protein 
sensitivity showed an important elevation of these biochemical markers[44]. On the other hand, IL-37 has 
been associated with anti-inflammatory effects via IL-18Rα and IL-1R8 expression. In liver samples of ASH 
subjects, IL-37 expression was substantially reduced when compared to non-alcoholic fatty liver disease 
subjects[45]. An in vivo system in wild-type mice suggested that hepatic IL-37 expression was suppressed by 
ethanol through the administration of human recombinant IL-37 followed by oral gavage of an ethanol 
shot in those animals[45]. This is important since HCC clinical specimens have shown that decreased 
expression of IL-37 is negatively correlated with tumor size and positively associated with better overall 
survival and disease-free survival via the induction of tumor-infiltrating CD571 natural killer cells[46].

In the liver, TLR4 can also be expressed in hepatic stellate cells (HSCs), endothelial cells, and 
hepatocytes[47]. In HSCs, this molecule is involved in the upregulation of hepatocytogen epiregulin[48], 
an epidermoid growth factor with a potent mitogenic effect on hepatocytes[49]. In conjunction with the 
antiapoptotic effect of NF-κβ, it significantly promotes the hepatocarcinogenesis process. Knock-out mice 
studies with TLR-4 deficiency and intestinal sterilization with non-absorbable antibiotics have found a 
reduction in steatosis, oxidative stress, and liver inflammation with a consequent decrease in HCC risk 
development[50,51], although the risk for liver injury increased, probably due to a deficiency in the innate 
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immunity caused by the suppression of TLR-4. In addition, chronic alcohol consumption has been 
associated with immunosuppression though a reduced recruitment of CD8+ T cells, an important group of 
cells responsible for the anti-tumor response in the human body[52].

CHANGES IN THE GUT MICROBIOTA OF HCC PATIENTS
The gut microbiota undergoes an important change in the guests with early HCC. In obesity-induced 
mouse models, a greater number of Clostridium species has been found[53,54], while in humans an 
important growth of Escherichia coli[55], Actinobacteria, Gemmiger, and Parabacteroides species[56] has 
been reported. In addition, due to the large number of bacteria that coexists in the body and the bacterial 
translocation caused by a leaky gut, it is not uncommon to find metabolically active bacteria within richly 
vascularized tumors attracted through a chemotactic gradient of the necrotic cell debris[57]. In the case of 
HCC, Helicobacter species have been found with some frequency in this type of tumor tissue[58-60]. In fact, 
this relationship is so important that an influence of the gut microbiota in the effectiveness and toxicity of 
certain chemotherapeutic agents has been pointed out, especially with the immune checkpoint inhibitors 
through the interaction among PAMPs, antigen-presenting cells, and TLRs, which leads to an adaptive 
immune response that modifies the pharmacodynamics of these types of agents[57]. Moreover, both animal 
and human studies have found a significant correlation between alcohol consumption and a disturbance in 
the Lactobacillus to Bifidobacterium ratio, with an increase in pathogenic bacteria (namely, Proteobacteria 
and Bacilli). Interestingly, this ratio derangement has different presentations according to alcohol 
consumption habits, duration, and liver disease stage[61,62]

Looking at other examples of HCC development related to microbiota imbalances in hepatology, we 
can describe the evidence regarding chronic viral hepatitis B and C. Chronic hepatitis B (CHB) patients 
show lower bacterial diversity (namely, an increase of Firmicutes and a decrease of Bacterioidetes). There 
is an increased concentration of H2S- and CH3SH- producing phylotypes (Fusobacterium, Filifactor, 
Eubacterium, Parvimonas, and Treponema) that may produce small bowel bacterial overgrowth, 
potentially involved in cirrhosis and HCC development[63]. However, the impact of gut microbiota 
derangements in CHB patients on hepatocytes neoplastic transformation is different from that of chronic 
hepatitis C patients[64]. In fact, obesity and/or diabetes stimulate cellular oncogenesis via gut microbiota 
derangement (i.e., an abundance of Bacteroidetes and, at a genus level, Prevotella, Acinetobacter, 
Veillonella, Phascolarctobacterium, and Faecalibacterium abundance) in HCC patients[65-67]. 

Moreover, both interferon and new interferon-free direct antivirals successfully treated HCC patients 
presenting a permanent chronic inflammatory state triggered by an altered gut microbiota with potential 
HCC promotion[68-70].

MOLECULAR INVOLVEMENT OF THE BILE ACIDS
Bile acids (BAs) are amphipathic molecules obtained from cholesterol synthesized in the liver, which play 
an important role in the emulsification of fats obtained from the diet to facilitate their absorption, in 
addition to important regulatory effects on the signaling pathways of glucose, lipids, and amino acids[71]. 
In a healthy host, most of the BAs’ pool is reabsorbed by active transport in the terminal ileum, while the 
rest is dehydroxylated by the intestinal microbiota, such as the secondary BAs deoxycholic acid (DCA) and 
lithocholic acid[72].

The disruption in bacterial diversity of the host induced by ALD brings with it an important change in the 
BAs’ pool by upregulating bacterial dehydroxylation, resulting in an increase in DCA synthesis, known 
for its important cytotoxic and carcinogenic effects. It is known that, under conditions of accumulation 
of BAs, activation of farnesoid X receptor (FXR) induces the expression of the bile salt export pump, 
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organic solute transporter alpha, and organic solute transporter beta, promoting the efflux of hepatic and 
intestinal BAs to systemic circulation[73]. However, in CLDs, a decrease in these transporters has been 
observed due to an inhibition in FXR signaling by the subunit NF-κβ p65 binding directly to FXR, which 
inhibits its transcriptional activity, thus maintaining liver inflammation and the probable development 
of HCC[74]. In addition, DCA can disrupt the plasma membrane, causing activation of protein kinase C, 
which in turn activates p38 MAPK, increasing the activation of NF-κβ pathway and resulting in sustained 
inflammation[75]. Furthermore, the NF-κβ pathway transcribes genes encoding pro-inflammatory cytokines 
such as IL-6 related to the activation of the signal transducer and activator of transcription 3 pathway, 
which leads to decreased apoptosis[76], and IL-1β related to the activation of phosphoinositide 3 Kinase-
MDM2 pathway, which negatively regulates p53, thus increasing the survival of DNA-damaged cells and 
leading to the development of HCC[77].

Finally, recent findings have suggested an important role of DCA and cellular senescence in the 
development of HCC[53]. Cellular senescence is a protective cell response to telomere erosion or oncogene 
activation with the final objective of bringing to an end the compromised cell cycle to prevent the 
development of any neoplasm[78]. Interestingly, senescent cells develop a secretory proinflammatory profile 
known as senescence-associated secretory phenotype (SASP)[79]. An experimental model in mice found that 
DCA induces SASP phenotype in HSCs, which in turns favors the secretion of proinflammatory cytokines 
and tumor-promoting factors associated with HCC development[53]. It should be noted that this was an 
obesity-induced mice model; nonetheless, the results of this study could be replicated in an animal model 
of high-alcohol consumption to determine if there is any important variation between models[53].

MICROBIOTA-REGULATORS AS A THERAPEUTIC OPTION FOR HCC
Due to the close relationship between dysbiosis and HCC, it is not difficult to imagine that certain 
microbiota-regulating agents have been used in several experimental studies in both humans and animals 
showing encouraging results. In this context, the drugs that have shown greater efficacy are the non-
absorbable antibiotics rifaximin[80-84] and norf loxacin[85-87] by presenting an increase in the survival of 
patients with cirrhosis and HCC, in addition to preventing associated complications such as hepatic 
encephalopathy, portal hypertension, and spontaneous bacterial peritonitis. Other drugs included in 
this therapeutic arsenal are probiotics due to their modulating effects on the gut microbiota, by trying 
to restore bacterial diversity[88]. Unfortunately, many pharmaceutical and food companies have made 
significant profits with them, which is why many so-called “healthy bacterial compounds” can be 
found in both pharmacies and supermarkets, making it difficult for health authorities to regulate them. 
Another important option that has not proven its efficacy in cancer but has in other GI conditions such 
as Clostridium difficile infection is fecal microbiota transplantation, promising to “reset” the altered 
microbiota, thus improving the anti-cancer immune response and preventing its development[89]. 
Unfortunately, all these therapeutic options are still not included in the guidelines for the management of 
HCC due to the lack of standardization in different populations; thus, new clinical studies that focus on 
the resolution of intestinal dysbiosis for the management of HCC are necessary to increase its therapeutic 
options.

CONCLUSION
ALD is one of the most prevalent CLDs worldwide, representing a major health problem for most 
countries. Although it has a low potential for malignancy compared to other CLDs, its wide prevalence 
represents a major health problem for most countries. In recent years, great advances have been made 
in this field. To date, we know that alcohol metabolites interfere with the mitochondrial regulation 
pathways via increased expression of MSP, representing an attractive research field for understanding 
ALD pathogenesis. In addition, alcohol has the capacity to disturb gut microbiota, favoring the expansion 
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of endotoxin-producing bacteria and intestinal permeability, with the final translocation of bacteria and 
bacteria metabolites to the liver, inducing liver injury and carcinogenesis via the recognition of TLR-4 and 
the activation of NF-κβ pathway. Microbiota-regulating drugs have proven an important efficacy in the 
survival of patients with cirrhosis and HCC. However, alcohol abstinence will always be the best option for 
these patients; thus, emphasis should be placed on dissemination programs that teach the population about 
the important complications derived from alcohol consumption.
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Abstract
Coffee, a popular drink around the world, is composed of a complex mix of biologically active molecules, including 
caffeine, chlorogenic acid, and diterpenes. These compounds have antioxidant, anti-inflammatory, antifibrotic, and 
anticarcinogenic properties, which may explain observational data showing that coffee drinkers have lower rates 
of chronic liver disease, including cirrhosis and hepatocellular carcinoma (HCC). Recent studies have also shown 
that coffee consumption may also increase patient survival before and after liver transplantation. The mechanism 
by which coffee consumption protects against HCC is not clear; however, its relevant role has been demonstrated. 
This literature review article focuses on the role of coffee consumption in protecting against the development of 
HCC. Methodology: Scientific articles indexed through PubMed, including Medline, Scielo, and Lilacs, published 
in English were used as search methods. The terms used in English were: “hepatocellular carcinoma” or “Liver 
cancer” or “HCC” and “coffee”. According to the study design or review article, cross-sectional, longitudinal, or 
descriptive investigations were included, showing site and year of publication until 2019.

Keywords: Hepatocellular carcinoma, coffee consumption protection, liver cancer

INTRODUCTION
Hepatocellular carcinoma (HCC) is the main and most frequent malignant liver tumor today. Its prevalence 
has been increasing steadily around the world in recent decades[1], and its development is associated with 
chronic liver diseases caused by hepatitis B and C viruses, alcoholic cirrhosis, non-alcoholic steatohepatitis, 
and metabolic diseases such as primary hemochromatosis[2,3].
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Coffee is one of the most consumed beverages in the world. Coffee consists of several components, such as 
caffeine, triacylglycerol, tocopherols, chlorogenic acid, cafestol, and kahweol, with relevant antioxidant and 
anti-inflammatory properties. Because of their biological properties, these substances can have beneficial 
effects on metabolism[4].

For many years, coffee intake has been related to adverse effects, mainly cardiovascular, but recent studies 
show that daily coffee consumption, in addition to being harmful, can be beneficial and protective, especially 
against the development of chronic liver diseases such as HCC. This protection seems to be associated with 
the habit and frequency of coffee consumption[5].

As most studies on this subject have been observational, the mechanisms of coffee protection against various 
diseases remain uncertain. However, some hypotheses have been suggested: polyphenols, antioxidants 
found in coffee, may protect cells against oxidative stress and damage to DNA molecules[6]. The protection 
conferred by coffee is believed to occur through antioxidant components, which would influence the lower 
liver enzymatic activity. Gamma-glutamyl transpeptidase (GGT) and alanine aminotransferase (ALT) in 
these studies showed lower serum levels in coffee drinkers versus nondrinkers[7].

The importance of hepatocarcinogenic pathways for the development of HCC has also been discussed, and 
molecular mechanisms that generate liver aggression and metabolic changes in hepatocytes related mainly to 
oxidative stress have been observed. The accumulation of several oxidative metabolites directly attacks DNA 
molecules or makes the general functioning of the cell unfeasible, generating apoptosis. Thus, it is observed 
that the protective mechanisms of substances present in coffee antagonize the hepatic carcinogenic pathways, 
which theoretically supports the findings of coffee consumption as a protector of the liver.

Even with the accumulation of evidence in favor of coffee consumption, its dietary prescription remains 
controversial. It is estimated that 36% of health professionals still believe that coffee consumption increases 
the risk of cancer. Thus, research that reinforces the benefits of coffee is still needed, especially when the 
outcomes are more impactful and chronic, such as the incidence of hepatocellular carcinoma[8].

This literature review aims to evaluate the role of coffee consumption in protecting against the development 
of HCC.

METHODOLOGY
Scientific articles indexed through PubMed, including Medline, SciELO, and Lilacs, published in English 
were used as search methods.

The terms used in English were: “hepatocellular carcinoma” or “liver cancer” or “HCC and “coffee”. 
According to the study design or review article, cross-sectional, longitudinal, or descriptive investigations 
were included, showing site and year of publication until 2019.

This literature review included articles that evaluated the role of coffee consumption in protecting against 
the development of HCC and included the following topics: HCC pathogenesis; caffeine and HCC; amount 
of coffee consumed and protective effect on hepatocarcinogenesis; impact of coffee consumption on HCC 
mortality; and coffee consumption and recurrence of HCC after liver transplantation.

HCC PATHOGENESIS
The pathogenesis of HCC is multifactorial, which initially includes an inflammatory process mediated 
by Kupffer cells in the liver or macrophages, which stimulate the production of proinflammatory 
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cytokines [interleukin 6 (IL-6) and tumor necrosis factor (TNF-a)] and immunosuppressive cytokines[9,10] 
(IL-10). The accumulation of these immunostimulating agents around the liver inflammation focus 
induces mitochondrial imbalance in hepatocytes (increased oxygen uptake and increased production 
of superoxide anions, hydroxyl radicals, and oxide), leading to the production of high levels of reactive 
oxygen species (ROS) and a consequent increase in oxidative stress[11,12].

In addition, hepatic mitochondria are also essential in hepatocyte survival as the mediator of apoptosis and 
necrosis, controlling the balance between cell survival and death by regulating membrane permeability, 
and activating the intrinsic pathway of apoptosis (cytochrome C protein release, apoptosis formation, and 
caspase activation[9]). In addition, increased ROS production causes oxidative damage to mitochondrial 
proteins (impairing ATP synthesis) and alters the induction of pore production from mitochondrial 
transition permeability. These changes make the inner membrane permeable to small molecules that can 
cause ischemia or reperfusion injury and DNA damage by activating the intrinsic apoptotic mechanism[13].

These mechanisms can induce recurrent cycles of cell damage, repair, and regeneration in hepatocytes, 
leading to the formation of dysplastic nodular lesions, which are precursor lesions of HCC. Associated with 
these changes are genetic and epigenetic changes that are directly related to tumor progression and HCC[14].

CAFFEINE AND HCC
Caffeine, one of the components of coffee, appears to play a central role in protecting against the 
development of chronic liver disease and HCC. It reduces HCC cell proliferation, and it has been observed 
that protection against HCC is lower for decaffeinated coffee[15].

Other substances, such as cafestol and kahweol, tirpenoid molecules present in coffee beans, increase the 
activity of liver enzymes, which may improve metabolism and excretion of carcinogens[16,17]. However, 
cafestol and kahweol are only present in minimal quantities in filtered coffee, and these coffee varieties 
are popular in countries, such as Japan and Finland, where studies have shown inverse associations with 
HCC[18,19].

Specific coffee protection mechanisms may include inhibition of viral hepatitis activity and prevention of 
diabetes mellitus type 2. In addition, coffee has a number of health benefits, including a lower incidence of 
neurological diseases, various cancers, and reduced mortality from any cause[20].

AMOUNT OF COFFEE CONSUMPTION AND PROTECTIVE EFFECT ON HEPATOCARCINOGENESIS
Several studies report not only the protective effect of coffee use on the pathogenesis of HCC but also that 
the protection is related to the amount of coffee ingested. Inoue et al.[21] conducted a prospective cohort 
of 116,686 Japanese individuals to assess the influence of coffee consumption on the risk of hepatocellular 
carcinoma. Coffee proved to be a liver protective factor, with 51% lower risk of developing cancer by daily 
consumers compared to those who never drank coffee. An inverse relationship was also noted between 
consumption and incidence of this neoplasia, one or two cups per day (HR = 0.52), three or four cups per 
day (HR = 0.48), and more than five cups per day (HR = 0.24).

The study by Johnson et al.[22] analyzed 63,257 over-middle-aged Chinese individuals over approximately 5 
years between 1993 and 1998. They that 18.5% of individuals did not drink coffee, 11.1% were light drinkers 
and drank less than one cup per day, 36% were average consumers who drank between one and two cups 
a day, and 34.4% were heavy drinkers and drank more than two cups of coffee a day. Of the 362 patients 
diagnosed with HCC, an inverse relationship was found between coffee consumption and HCC risk, with 
a lower risk for each increase in the number of coffee cups drunk (P = 0.05). Heavy consumers had a 44% 
lower risk of HCC than those who did not drink coffee after adjusting for potential confounders.



A European study by Bamia et al.[23] evaluated more than 521,000 individuals between 1992 and 2000 in 
10 European countries to look for the etiologic factors of cancers and other chronic diseases. Dietary data, 
including coffee intake, were obtained through previously validated questionnaires. After 11 years of follow-
up, 133 men and 68 women were diagnosed with HCC, and the results showed an average consumption 
of 354 mL per day of coffee among men and 290 mL of coffee per day among women. Seven percent of 
participants did not drink coffee. There was an inverse association between coffee consumption and the risk 
of HCC, and coffee consumption proved to be a liver protective factor in all groups. The higher the coffee 
intake, the lower the risk of liver carcinogenesis, with statistically significant results.

Aleksandrova et al.[24] analyzed the data obtained from the European Prospective Investigation into Cancer 
and Nutrition, a study conducted from 1992 to 2000 on more than 520,000 individuals that aimed to 
establish a relationship between protection from coffee consumption and the risk of HCC in addition to 
serum markers of inflammation. Coffee consumption showed an inverse association with the development 
of HCC, with 20% more coffee consumers having an approximately 70% lower chance of HCC. Conjugate 
analysis of serum markers and coffee consumption showed a statistically significant reduction in all markers 
of liver inflammation (IL-6, glutamate dehydrogenase, alanine transaminase, aspartate transaminase, GGT, 
alkaline phosphatase, total bilirubin, and alpha-fetoprotein). All of these markers were directly associated 
with a higher risk of hepatocellular carcinoma.

IMPACT OF COFFEE CONSUMPTION ON HCC MORTALITY
Kurozawa et al.[25], through a prospective cohort study from 1988 to 1999, evaluated the impact of coffee 
consumption on HCC mortality in a total of 110,792 individuals. In HCC mortality analyses, consumers 
of less than one cup of coffee per day had a lower risk of death from HCC, and this risk was even lower in 
consumers of at least one cup of coffee per day, showing a quantitative association between consumption and 
mortality from hepatocellular carcinoma. In subjects reporting a history of liver disease, coffee consumption 
was an even more prominent protective factor when compared to those who did not drink coffee or drinkers 
with no history of liver disease.

COFFEE CONSUMPTION AND RECURRENCE OF HCC AFTER LIVER TRANSPLANTATION
Orthotropic liver transplantation (OLT) is the therapeutic option with the most favorable outcome as it 
offers radical removal of the tumor and eliminates underlying chronic liver disease in selected patients or 
those with early-stage HCC. However, recurrence of HCC after OLT remains a serious problem with up 
to 20% risk. Recent studies have identified several risk factors for HCC recurrence, such as biological and 
radiological progression on the waiting list, number of tumor nodules, and poor differentiation[26]. However, 
the mechanisms are still poorly understood, and potential post-OLT strategies to prevent HCC recurrence 
are still needed.

Recent studies show that caffeinated coffee consumption is associated with a reduced risk of HCC recurrence 
and longer survival following OLT. Experimental data suggest that such benefits of coffee are associated, at 
least in part, with the caffeine antagonist activity in promoting adenosine receptor-mediated growth by HCC 
cell effects[27].

CONCLUSION
The present review suggests that a daily habit of drinking coffee seems to protect against the development of 
HCC. The mechanisms may induce recurrent cycles of cell damage, repair, and regeneration in hepatocytes, 
leading to the formation of dysplastic nodular lesions, which are precursor lesions of HCC. Genetic and 
epigenetic changes may also influence HCC development. Caffeine is only one of the components of coffee; 
however, it appears to play a central role in protecting against the development of chronic liver disease and 
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HCC. Some studies have also suggested an impact of coffee consumption on HCC mortality and recent 
studies showed that coffee consumption is associated with a reduced risk of HCC recurrence and longer 
survival following liver transplantation. These results are encouraging, mainly due to the increase in the 
incidence of HCC and its prognosis. Randomized studies are expected to confirm the results of mostly 
observational studies.
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Abstract

Hepatocellular carcinoma (HCC) is a major and increasing cause of clinical and economic burden worldwide. 
Now that there are effective therapies to control or eradicate viral aetiologies, the landscape of HCC is changing 
with alcoholic and metabolic liver diseases becoming major catalysts. The pathogenesis of HCC is complex and 
incompletely understood, hampering improvements in therapy. Animal models are essential tools for advancing 
study on the cellular and molecular processes in HCC and for screening potential novel therapies. Many models 
of hepatocarcinogenesis have been established using various methods including genetic engineering, chemotoxic 
agents and dietary manipulation to direct implantation of tumour cells. However, none of these can accurately 
replicate all features found in human diseases. In this review, we provide an overview of different mouse models 
of HCC with a particular focus on cancer arising from alcoholic liver disease, non-alcoholic fatty liver disease and 
hereditary haemochromatosis. We also highlight their strengths and limitations and provide perspectives for future 
study.

Keywords: Hepatocellular carcinoma, animal models, mouse models, non-alcoholic fatty liver disease, alcohol, 
haemochromatosis

Received:     First Decision:     Revised:     Accepted:    Published:  

Science Editor:     Copy Editor:     Production Editor: Jing Yu 



INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common type of primary liver cancer and ranks as the fifth 
most common incident cancer and the fourth most common cause of cancer-related death worldwide. 
Major causes for HCC include chronic liver disease such as infection with hepatitis B virus (HBV) or 
hepatitis C virus (HCV), alcoholic liver disease (ALD) and non-alcoholic fatty liver disease (NAFLD)[1]. 
Over 80% of the world’s HCCs are found in less developed countries due to the influence of chronic HBV 
infection; however, the incidence and mortality are largely decreasing in these regions due to immunisation 
and antiviral therapy[2]. Instead, the burden of HCC is increasing in Western or developed countries due 
to the rise of NAFLD-associated HCC[3,4]. Indeed, NAFLD has either already become or is on the verge 
of becoming the leading cause of HCC in most Western countries[5-8]. Alarmingly, even in non-Western 
countries where viral hepatitis-related HCC predominates, the proportion of patients with HCC due to 
NAFLD is increasing at an exponential rate[9,10]. Moreover, with no effective pharmacologic agents to date, 
the burden of NAFLD is expected to rise further in the future. 

The epidemiology of HCC in the context of ALD is poorly captured with heterogeneous geographic 
distribution[11]. However, current data show alcohol accounts for 21% of HCC cases globally, making it the 
third leading cause (behind HBV and HCV) and the leading cause in many regions[12]. The age-specific 
incidence rates for ALD-related HCC are also increasing. 

Alongside NAFLD, hereditary haemochromatosis (HH) is another metabolic liver disease impacted by 
HCC which deserves special mention. HCC accounts for up to 28%-45% of deaths in HH patients and 
the relative risk of HCC development in those with cirrhosis is greater than 200[13]. HCC has also been 
described in HH patients without cirrhosis. Furthermore, iron has been implicated as a cofactor for HCC 
development in other liver diseases such as NAFLD[14].

Therefore, with continuing improvements in global HBV vaccination coverage and effective therapies to 
control HBV and eradiate HCV, alcohol and metabolic liver diseases will take their place as the major 
contributors of hepatocarcinogenesis in the coming decades.

WHY DO WE NEED ANIMAL MODELS?
The biology of HCC is complex and incompletely understood with no single dominant molecular 
pathology. However, therapeutic approaches for primary intervention over the past ten years have resulted 
in numerous negative randomised controlled trials[15,16]. The current approved therapies for advanced 
disease prolong survival by only 2-3 months[17]. Thus, new targets for therapies are urgently needed.

Unlike other cancers, HCC can be diagnosed by imaging criteria alone and few patients (< 30%) are eligible 
for curative surgical resection or liver transplantation[18]. This has limited the availability of human HCC 
tissue samples for study. Indeed, the large number of human studies that have classified human HCC 
at the molecular level have almost exclusively used tissue from relatively early HCC obtained at hepatic 
resection or transplantation. Thus, animal models of more advanced HCC have proved to be crucial for 
investigating the genetic alterations, signalling pathways and microenvironment interactions involved 
in hepatocarcinogenesis. Importantly, they also allow for the evaluation of potential novel treatment 
paradigms and drugs in preclinical trials. 

Although many animal models of HCC exist, this review focuses on mouse (Mus musculus) models, 
which are considered some of the best animal models for studying HCC owing to their compact size, 
short lifespan, breeding capacity and physiologic and genetic similarities to human biology[19]. After a brief 
overview of HCC mouse models, the review concentrates on mouse models for HCC arising from ALD, 
NAFLD and HH.
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MOUSE MODELS FOR HCC (GENERAL APPROACHES)
Hepatocarcinogenesis can be achieved through several different strategies either alone or in combination 
[Figure 1].

Genetically engineered mouse models
The most prevalent genetic mutations in human HCC are in the promoter region of TERT (60%), TP53 
(20%-30%), CTNNB1 (15%-25%), ARIDA1A (10%-16%) and AXIN1, while genes commonly mutated 
in other solid tumours such as EGFR, PIK3CA or KRAS are rarely mutated in HCC (< 5%)[20]. Various 
genetically engineered mouse (GEM) models have been created to reproduce these molecular features of 
human HCC. These models which result in activation of oncogenes or inactivation of tumour suppressor 
genes can be achieved via several different mechanisms including microinjection of recombinant DNA into 
the pronucleus of an embryo, lentiviral transduction in embryonic stem cells, homologous recombination 
in stem cells, conditional mutagenesis (e.g., Cre/loxP recombination system), knockdown using RNA 
interference and more recently genome editing with programmable endonucleases (e.g., CRISPR/Cas9 
system). Liver-specific GEM models have also been created using the latter two techniques, for example 
with Albumin-Cre and hydrodynamic injection of plasmids, respectively[21]. Genetic modifications can also 
be used to produce mouse phenotypes that represent specific aetiologies of human metabolic liver diseases 
such as obese mice (e.g., ob/ob, db/db and foz/foz) to study NAFLD-related HCC or HFE knockout mice 
to study HCC in the setting of HH[22,23].

However, the use of GEM models alone cannot recapitulate human disease. Firstly, there is no single 
dominant molecular pathology underlying all HCCs but rather several pathways involved[24]. Sequencing 
of cancer genomes had revealed that a typical cancer initiating cell accumulates at least 2-8 driver 
mutations[25]. However, GEM models are generally limited to one specific driver mutation[21,26], hence 
restricting models to study only specific genes or pathways in hepatocarcinogenesis. Secondly, GEM 
models typically lack chronic liver injury and fibrosis and HCCs develop in almost normal livers (with 
the notable exception of MDR2 knockout mice). Despite this, these models have a role in providing 
evidence that powerful causation effects can be seen particularly following genetic ablation of key tumour 
suppressor genes or over amplification of oncogenic proteins. Examples of the former include liver-
specific knockout of p53 (AlfpCre+Trp53Δ2-10/Δ2-10 mice), PTEN (AlbCrePtenflox/flox) or both[27-29]. Conversely, 
overexpression of oncogenes such as MYC and E2F1 alone or synergistically in combination can also drive 
hepatocarcinogenesis[30,31]. Recently, Ruiz de Galarreta et al.[32] were able to generate liver tumours with 
both MYC overexpression and TP53 depletion by hydrodynamic tail-vein injections of a transposon vector 
expressing MYC and a CRISPR/Cas9 vector expressing a single-guide RNA targeting Trp53 into C57BL/6 
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Figure 1. Examples of methodology used in mouse liver cancer models. DEN: di-ethyl-nitrosamine; HFD: high fat diet; i.p: intraperitoneal



mice. Another method is the use of stem cell transduction, which involves retroviral infection of hepatic 
progenitor cells isolated from foetal livers of mice to introduce oncogenes or target tumour suppressors into 
a healthy liver[21]. Manipulation of key genetic pathways in combination with liver injury models described 
below has now been advocated to achieve a more realistic representation of human HCC[26]. 

Chemically- or diet-induced models
Several chemotoxins can induce hepatocarcinogenesis by causing direct DNA damage (genotoxic) or 
promoting clonal expansion of preneoplastic cells (non-genotoxic). Di-ethyl-nitrosamine (DEN) is the most 
widely used genotoxic drug for chemically-induced HCC. Once bioactivated by cytochrome P450, DEN 
becomes an alkylating agent leading to the formation of mutagenic DNA adducts while also generating 
reactive oxygen species (ROS) which damage DNA, overall resulting in hepatocyte death. Similar to what 
occurs in humans, subsequent cycles of necrosis and regeneration in the mouse liver promote mutations, 
neoplastic transformation and eventual HCC development[33]. Indeed, DEN tumours have consistently 
exhibited high mutation rates[34]. DEN is most effective at inducing HCC when injected intraperitoneally 
into young male mice (less than two weeks old) when hepatocytes are still proliferating. Commonly used 
non-genotoxic carcinogens include carbon tetrachloride (CCl4) and thioacetamide (TAA). These agents act 
as tumour promoters by damaging cellular structures, increasing the risk of genetic error and stimulating 
cell malignant transformation by affecting proliferation, differentiation and apoptosis processes[24]. CCl4 is 
a potent hepatotoxin which causes centrilobular liver damage by the production of ROS and peroxidative 
degradation of phospholipids in plasma, lysosomal and mitochondrial membranes. Prolonged exposure 
(via oral, intraperitoneal or inhaled routes) leads to liver inflammation, fibrosis, cirrhosis and HCC 
development. TAA is another centrilobular hepatotoxin which can be administered via intraperitoneal 
injections or adding it to drinking water. It is bioactivated by mixed-function monooxygenases leading to 
its S-oxide and highly reactive S,S-dioxide, which modifies amine-lipids and proteins to initiate cellular 
necrosis[24]. The carcinogenic effects of all chemically-induced HCC models vary with age, mouse strain 
and sex. Ethanol feeding models are discussed in the ALD-associated HCC models section.

Diet-based models are most commonly used to study fatty liver diseases, particularly NAFLD and less so 
ALD. Mice are usually fed ad libitum with one of the following diets: high-fat diet (HFD), high-fat high-
cholesterol (HFHC), methionine and choline-deficient diet (MCD), choline-deficient high-fat diet (CD-
HFD), choline-deficient L-amino acid-defined (CDAA) diet or a Western diet (WD). Although these 
models can reliably produce steatosis, inflammation and even fibrosis, not many of them will result in HCC 
development after a prolonged period[22]. Furthermore, not all models reliably reproduce the accompanying 
metabolic features of the disease such as obesity and insulin resistance[21]. For example, a major drawback 
of the MCD model is that mice exhibit the opposite of the human metabolic syndrome with weight loss, 
no insulin resistance and low serum glucose, triglyceride and cholesterol. The specifics of these diet-based 
models and their combinations are further discussed in the NAFLD-associated HCC models section.

Implantation models
Human or murine HCC cell lines can be injected into recipient mice to form orthotopic tumours 
(intrahepatic, intrasplenic or intraportal injection) in the liver or heterotopic tumours (subcutaneous 
injection) typically in the flank. The main advantages of implantation models are their quick time to 
develop visible tumours (weeks to months in spontaneous models) that are easy to measure (especially 
subcutaneous heterotopic tumours) and reproducible - making them popular models for drug screening. 
This is counterbalanced by disadvantages such as considerable differences between cell lines necessitating 
multiple cell lines to be tested, the lack of tumour-liver microenvironment interactions in heterotopic 
models and the need for surgical expertise for orthotopic models[21]. Implantation of human cells (xenograft 
models) requires immunocompromised mice to prevent rejection of these foreign cells while murine 
cells can be implanted into immunocompetent mice (syngeneic/allograft models). Mouse tumour cell 
lines harbour mutations that are neutral or not relevant in human cancer making xenograft models more 
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genetically applicable to human disease[35]. Patient-derived xenograft (PDX) models in which cells from 
a specific patient with HCC are transplanted into immunocompromised mice have been established[36]. 
PDXs faithfully recapitulate histologic, genomic and biological characteristics of the primary tumour and 
have been shown to predict drug response in HCC patients. However, this model is limited by engraftment 
failure rates of up to 60%, long time to engraftment (several months) and high cost, which make it 
unsuitable for large-scale drug screening[36,37]. Furthermore, the major drawback of xenograft models (PDX 
or otherwise) is the lack of a tumoural immune response, which has become increasingly important as we 
enter the era of immunotherapies for HCC. Attempts at overcoming this with double humanised mouse 
models which express human hepatocytes and haematopoietic stem cells (and hence human immune 
cells) are technically intensive, expensive and not yet widely adopted[21]. Finally, xenograft of human HCC 
models which develop metastases (more readily than GEM models) have been established, providing the 
opportunity to study late-stage disease[38].

Replicability in human disease
Human HCCs are highly complex and heterogeneous and thus cannot be adequately represented by any 
single mouse model. For example, gene expression profiles of tumours from the commonly-used DEN 
model was previously shown to be most similar to a subgroup of human HCC with poorer survival[39,40]. 
Correspondingly, many poor prognostic markers in human HCC are also highly expressed in DEN-induced 
tumours, e.g., alpha-foetoprotein (AFP). However, the DEN model lacks other hallmarks of human HCC, 
particularly fibrosis in the surrounding microenvironment[41]. In a more recent integrative genomic analysis 
of four separate mouse models and 987 human HCC samples, DEN tumours were found to be histologically 
hard to classify and least similar to human disease while Stelic Animal Model (STAM) tumours (discussed 
further in the NAFLD-associated HCC models section) were most molecularly similar to human HCC, 
especially high-grade, proliferative tumours with poor prognosis[34]. The authors further argued that DEN 
models should be avoided since they are dominated by mutational mechanisms not seen in human HCC. 
In contrast to DEN-induced and STAM tumours, MDR2 knockout tumours are most similar to human 
HCCs associated with better survival[42]. However, the MDR2 knockout model produces a phenotype 
resembling humans with primary sclerosing cholangitis or primary biliary cholangitis rather than chronic 
“hepatitis” diseases caused by alcohol excess and HBV or HCV infection[43]. Very recently, experimental 
hepatocyte-specific activation of β-catenin also resulted the development of a phenotype that resembled 
the low proliferative subclass of human HCC[32]. Interestingly these tumours also had few intratumoural 
immune cells and were resistant to immune checkpoint inhibitor therapy. Therefore, it is clear that different 
models (and their combinations) are required to simulate specific subgroups of human HCC. Furthermore, 
drugs with known anti-tumour activity against human HCC do not demonstrate activity in some animal 
models and vice versa. Indeed, the current Food and Drug Administration-approved drugs for treating 
advanced HCC such as sorafenib and anti-programmed cell death receptor 1 (PD1) antibodies were trialled 
based on success in other cancers (advanced renal cell carcinoma and melanoma, respectively) rather than 
positive results in HCC animal models per se. 

SPECIFIC MOUSE MODELS FOR ALCOHOLIC AND METABOLIC LIVER DISEASE-

ASSOCIATED HCC 
ALD-associated HCC models
In general, mice and other species (except the golden hamster) dislike alcohol and avoid ingestion when it 
is offered ad libitum[21,44]. Therefore, ALD mouse models are established by one of three ways: (1) replacing 
the food and water source with a liquid diet in which 5% ethanol accounts for 36% of total calories (Lieber-
DeCarli model); (2) binge feeding mice with ethanol via gavage in addition to chronic ingestion [National 
Institute of Alcohol Abuse and Alcoholism (NIAAA) model]; or (3) intragastric ethanol infusion via a 
surgically inserted infusion pump (Tsukamoto-French model) [Table 1].
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Aside from their natural aversion to alcohol, mice metabolise alcohol five times faster than humans[45]. 
As a result, the aforementioned ALD mouse models tend to exhibit less liver injury than seen in human 
disease[21]. The Lieber-DeCarli model induces mild steatosis with little to no inflammation or fibrosis. The 
technically demanding Tsukamoto-French model produces severe steatosis but only mild inflammation and 
mild fibrosis. Although chronic or binge ethanol feeding regimens cause minor liver changes by themselves, 
their combination in the NIAAA model synergistically induces more severe steatosis and inflammation, 
with only mild chicken-wire fibrosis[46]. 

Many have studied liver injury patterns of ALD mouse models; however, few have examined 
hepatocarcinogenesis specifically. As described above, the mild severity of liver inflammation and fibrosis 
induced by standalone mouse models of ALD means HCCs do not develop spontaneously. Therefore, a 
“second-hit” usually consisting of a chemical hepatotoxin is required for progression of ALD to cirrhosis 
and/or HCC. Indeed, of the hepatotoxins, DEN-induced C57BL/6 tumours have recently been matched 
to most resemble alcohol-induced HCC both morphologically and by comparative genomic hybridisation 
in a study comparing five different HCC models with human data[47]. Ambade et al.[48] established a 
model of alcohol-driven HCC in adult C57BL/6 male mice. The four-week-old mice were administered 
six doses of DEN (or saline) intraperitoneally (75 mg/kg weekly for three weeks and then 100 mg/kg 
weekly for three weeks) followed by the Lieber-DeCarli diet (or calorie-matched control diet) for seven 
weeks before sacrifice at 15 weeks. Compared to mice fed with a control diet, alcohol-fed mice had greater 
liver inflammation (raised alanine aminotransferase) and fibrosis. The alcohol-fed group also exhibited 
numerous liver nodules of hepatic hyperplasia associated with increased AFP expression and cellular 
proliferation, which the authors thought represented signs of early hepatocarcinogenesis. There were no 
hyperplastic nodules seen in the alcohol-fed saline-injected group or the control-fed DEN-injected group, 
thus confirming the need for a second stressor to initiate hepatocarcinogenesis. Early precancerous lesions 
were also described in another model using the combination of DEN and alcohol diet[49]. In this study, 
male C57BL/6 mice were injected intraperitoneally with DEN (25 mg/kg) at two weeks of age and then 
fed with the Lieber-DeCarli diet at eight weeks of age for 21 days. Over half of DEN-injected alcohol-fed 
mice developed precancerous basophilic foci compared to none in the DEN-injected control diet group. 
Interestingly, dietary luteolin (a flavonoid with anti-cancer properties) co-administration completely 
abrogated the development of precancerous lesions potentially by restoring sirtuin 1 activity and increasing 
downstream proliferator-activated receptor gamma coactivator 1 alpha protein expression. In a longer 
model, Brandon-Warner et al.[50] studied DEN-injected alcohol-fed B6C3 mice for 48 weeks and observed 
tumours in 94% and 36% of males and females, respectively. While chronic ethanol feeding exacerbated 
tumour formation in DEN-injected males, fewer and smaller tumours were observed in females exposed 
to ethanol compared to DEN-injected control-fed mice of respective sexes. Further analysis of liver mRNA 
revealed elevated SMAD3 in male compared to female mice in response to liver injury from DEN and 
alcohol, suggesting that increased TGFβ-SMAD3 signalling may enhance HCC promotion. Indeed, gender 
disparity (males > females) in liver cancer both in humans and in DEN-injected mice is well-recognised 
and may be related to sex differences in MyD88-dependent IL-6 production mediated by the protective 
effect of oestrogen[51].

The combination of alcohol and CCl4 has also been experimented, although predominantly in rats. Weekly 
injections of CCl4 and alcohol administration through drinking water led to HCC after 104 weeks in mice[52]. 
The impact of chemical carcinogens on HCC formation appears to be additive. Recently, Xin et al.[53] 
combined DEN (100 mg/kg intraperitoneal and 50 mg/kg gavage once each), CCl4 twice weekly and 9% 
alcohol as drinking water together in adult (seven-week-old) BALB/c mice. Multifocal HCC was noted only 
five months (150 days) after DEN injection. Tumours were moderate to highly differentiated and secreted 
AFP, resembling human HCC. Furthermore, there was no evidence of toxicity in this model as these mice 
survived until sacrifice. 
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NAFLD-associated HCC models
Many models have been developed to represent NAFLD and non-alcoholic steatohepatitis (NASH), 
although, as aforementioned, not all of them exhibit features of metabolic syndrome. This is particularly 
important in NAFLD-related HCC since the presence of obesity and/or diabetes are themselves 
independent risk factors for the development of cancer[54]. 

Most dietary models of NAFLD (HFD, HFHC, MCD, WD and CD diet) rarely induce HCC development 
alone[22]. If spontaneous HCC does occur, it is time-consuming (e.g., 2.5% for C57BL/6 mice fed HFD for 
12 months)[55]. Combination diets such as CD-HFD and CDAA have been shown to significantly increase 
rates of tumour formation, although overall rates are still low: 25% after 12 months and 35% after 9 months, 
respectively[55,56]. Indeed, these diets can recapitulate the key features of human NASH (including fibrosis) 
and metabolic syndrome more so than single diets. Susceptibility to tumour formation in dietary models 
also appears to be strain-dependent with DBA/2J > C57LBL/6 > A/J[57,58]. Asgharpour et al.[59] generated an 
isogenic strain (B6/129) derived from a cross of two common mouse strains, C57BL/6J and 129S1/SvImJ, 
and fed them a high-fat-high-carbohydrate diet with high-fructose-glucose water - so-called DIAMOND 
mice. This promising model mimicked all the physiological, metabolic, histological and transcriptomic gene 
signature and clinical endpoints of human NASH including HCC in 89% at 32-52 weeks. These tumours 
had gene signatures which strongly resembled the S1 and S2 human subclasses of HCC. Interestingly, 
neither C57BL/6J nor 129S1/SvImJ parent strain mice fed with the same diet developed HCC. 

Combining dietary models with a hepatotoxin substantially hastens and increases HCC formation (i.e., 
up to 100% of male C57BL/6 mice fed CDAA, HFD, CD-HFD or WD + intraperitoneal injections of DEN 
or CCl4 at 6-9 months) as well as tumour size[56,60-62]. The addition of cholesterol to a HFD (HFHC) in a 
DEN-induced model appears to further increase tumour burden[63]. In another model, Henderson et al.[64], 
treated male C57BL/6 mice with DEN (25 mg/kg once at 14 days old), TAA (300 mg/L in drinking water 
ad libitum from four weeks old) and HFD. These agents acted synergistically to develop HCCs in 83% of 
mice as early as 24 weeks of age, which was significantly more than control mice or those treated with 
DEN and TAA only. However, combining with hepatotoxins needs to be tempered by some limitations. 
For example, use of CCl4 can induce liver metabolism enzymes (which may impact the use of this model 
for drug discovery) and also mitigate metabolic processes involved in NASH, particularly susceptibility to 
diet-induced obesity and insulin resistance[65]. As mentioned above, the STAM mouse was recently shown 
to be the mouse model (out of four studied) that most closely resembles human HCC at a molecular level. 
Specifically, STAM tumours carried mutations of CTNNB1 at a rate comparable to human tumours, and 
(less frequently) mutations of TP53 - the most frequently altered genes in human HCC[34]. In contrast, 
CTNNB1 and TP53 were rarely mutated in DEN-induced tumours, which instead carried Hras, Braf 
and APC mutations rarely seen in human HCC. The STAM combination involves first treating neonatal 
C57BL/6 male mice with low-dose streptozotocin (STZ) at Day 2, which induces diabetes by causing death 
of pancreatic β cells, resulting in lean mice with hypoinsulinaemia and hyperglycaemia, but no insulin 
resistance (the phenotype of type 1 diabetes)[66]. STZ is also a DNA alkylating agent (similar to DEN) with 
potential carcinogenic effects[67]. When these mice are then fed with HFD, they develop weight gain, NASH 
by eight weeks, cirrhosis and HCC relatively quickly by 16-20 weeks[66]. Takakura et al.[68] characterised 
STAM tumours at 20 weeks by clinical parameters used in human liver disease [i.e., Child-Turcotte-Pugh 
score and dynamic contrast-enhanced computed tomography (CT) measurements of HCCs]. Interestingly, 
the authors deduced that STAM mice had cirrhosis corresponding to Child-Turcotte-Pugh Class B 
(significant coagulopathy, occasional ascites, no encephalopathy and normal albumin and bilirubin) and 
tumours equivalent to Barcelona Clinic Liver Cancer Stage B (intermediate) or C (advanced) disease in 
humans. No HCCs develop when STZ is given alone, again pointing to the need for an additional stimulus. 
Female mice treated with the STAM regimen also fail to develop tumours, akin to the gender disparity seen 
in other models. 
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Genetically obese mice with metabolic syndrome such as ob/ob (leptin deficient) db/db (leptin-receptor 
deficient), and foz/foz (mutated Alms1 gene) promote tumourigenesis in the presence of a secondary insult 
(e.g., DEN) but do not otherwise develop HCC spontaneously[62,67,69]. Furthermore, ob/ob and db/db mice 
fail to develop significant liver fibrosis or NASH histology without the addition of one of the dietary models 
above[21]. Park et al.[62] utilised a dietary (HFD) and genetic (ob/ob) obesity model in combination with 
DEN to show that obesity (no matter how it was achieved) promoted the development of DEN-induced 
HCC in C57BL/6 mice by enhanced production of the pro-inflammatory cytokines IL-6 and TNF. Many 
other genetic models have been developed to study NAFLD-associated HCC including PTEN knockout, 
PPARα  knockout, AOX knockout, KK-Ay/a (agouti gene mutation) and MAT1A knockout mice. While 
they all reliably form HCC, they fail to recapitulate NASH itself (in KK-Ay/a mice) or its associated aspects 
such as obesity and metabolic syndrome (in PTEN, PPARα , AOX and MAT1A knockout mice)[21,62,67]. As an 
example, PTEN knockout mice (which develop tumours between 40 and 78 weeks) are hyper-responsive 
to insulin instead of being insulin resistant. Unsurprisingly, gene expression signatures from PTEN 
knockout mice are markedly different from that of other NASH mouse models[28,70]. One promising genetic 
model of NASH-driven HCC is the MUP-uPA transgenic mouse combined with HFD[71]. MUP-uPA mice 
express high amounts of urokinase plasminogen activator in hepatocytes leading to hepatocyte-specific 
endoplasmic reticulum stress and liver damage. These mice exhibited weight gain, insulin resistance, classic 
signs of NASH (steatosis, inflammation, ballooning), fibrosis and, importantly, spontaneous HCC in 80% 
at 40 weeks via processes dependent on TNF produced by inflammatory liver macrophages[71]. As expected, 
HFD-fed wild type mice developed simple steatosis and no HCC over the same period. Furthermore, 
transcriptomic data from MUP-uPA mice and human NASH datasets showed signalling similarities, 
especially in the regulation of the immune system, innate immune response and the response to cytokine 
gene sets[67]. Recently, Shalapour et al.[72] used both MUP-uPA and STAM mice fed with HFD to make 
a landmark discovery that hepatocarcinogenesis in NASH was facilitated by immunosuppressive liver-
resident IgA+ plasma cells, which directly inhibit anti-tumour cytotoxic CD8+ T lymphocyte activation. 

Of the models mentioned above, it seems the MUP-uPA and DIAMOND mice (which require a 
combination of genetic modification and dietary manipulation) best replicate NASH-associated 
HCC. However, tumour formation in these models requires lengthy periods and there is considerable 
heterogeneity in their mutational landscapes which may limit utility and reliability in some settings, e.g., 
drug development studies[67]. Although STAM mice can develop tumours more quickly than these models 
(20 weeks vs. 40 weeks), they are physiologically less similar to human NASH (lacking insulin resistance). 

HH-associated HCC models
Hepatocarcinogenesis arising from iron accumulation is thought to be secondary to oxidative DNA 
damage from ROS generated by free hepatic iron. This leads to a cycle of cell death, and compensatory 
proliferation, which favours the accumulation of mutations in hepatocytes and ultimately malignant 
transformation[13,73]. Recreating this in an animal model is difficult. The most common form of HH is 
caused by mutations in the HFE gene. Although HFE gene knockout produces the phenotype of HH in 
mice, spontaneous liver tumours do not develop[74]. In a dietary model where BALB/cJ male mice were 
fed ad libitum with chow supplemented with 3% carbonyl-iron, hepatic iron concentrations at 12 months 
were 13-fold that of normal chow-fed controls[75]. No liver tumours developed; however, hepatocyte nuclei 
changes were observed (iron-containing ferritin inclusions, enlarged nucleus, increased mitotic index 
and abnormal mitotic figures), which may have represented preneoplastic changes. Rothenberg et al.[76] 
created a model of HH by knocking out β2-microglobulin (the chaperone protein for HFE) in C57BL/6 
mice and reported that spontaneous HCCs developed in only a minority (31%) of mice. Because tumour 
development was not predictable and time-consuming (taking up to two years), this model has not been 
widely used to study HH-related HCC. Recently, Muto et al.[77] developed a novel model of HCC induced 
by iron overload by deleting the iron-sensing ubiquitin ligase FBXL5 specifically in hepatocytes and 
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exposure to DEN. Alb-Cre/Fbxl5flox/flox mice were injected with DEN (25 mg/kg) intraperitoneally at Day 15 
and tumours were significantly increased in number and size compared to DEN-injected control mice at 
36 weeks in both males and females. The study demonstrated FBXL5 deficiency led to a sequence of events 
(iron overload, oxidative stress, liver damage and regenerative proliferation), which, with the addition of 
DEN, gave rise to liver tumours with high mutational load. Previously, hepatocyte-specific FBXL5 deletion 
without the addition of DEN was shown to cause liver inflammation but not tumours. The authors went 
on to analyse FBXL5 mRNA expression in five different human HCC cohorts and found that low FBXL5 
expression level was indeed strongly associated with poorer prognosis in human HCC. Finally, the impact 
of iron on hepatocarcinogenesis has also been evaluated using a xenograft model. In this study, 3-4-week-
old female BALB/c athymic mice (nu/nu) were injected subcutaneously with human HCC cell lines (Hep3B 
or HepG2) and followed for 21 days[23]. The authors showed that TSC24 (a potent iron chelator) suppressed 
tumour growth in a dose-dependent manner by reducing available iron, and triggering cell-cycle arrest and 
apoptosis. 

THE ROLE OF THE GUT MICROBIOME
Increasingly, the role of the gut microbiome has been implicated in alcoholic and metabolic liver diseases 
and HCC via the gut-liver axis, which refers to bidirectional communication between the gut (and its 
microbiome) and the liver[78]. In one direction, the liver secretes bile acids and antibodies into the intestine, 
which influences the gut microbiome composition. Reciprocally, the microbiome and its metabolites 
translocate the gut to reach the liver via the portal vein (the enterohepatic circulation) and regulate 
metabolic functions. This gut-liver axis exists in a homeostasis, which becomes disrupted in metabolic liver 
diseases.

Bacterial dysbiosis has been consistently demonstrated in the gut microbiomes of patients and mice with 
metabolic liver diseases and HCC[79]. Mouse model studies have already revealed several mechanisms by 
which the gut microbiome contributes to HCC development.

Bacterial metabolism of compounds 
In a model of NASH-associated HCC, Yoshimoto et al.[80] induced HCC by treatment with a chemical 
carcinogen [dimethylbenz (a)anthracene] and HFD. The authors found a strong increase in Gram-positive 
bacteria (particularly Clostridium spp.) as well as levels of deoxycholic acid (DCA), a secondary bile acid 
whose production relies on metabolism of primary bile acids by bacteria such as Clostridium. Significantly, 
DCA was shown to promote a senescence-associated secretory phenotype in hepatic stellate cells, which 
leads to hepatocarcinogenesis via activation of the TLR2 pathway[79,80]. 

Leaky gut 
Increased levels of lipopolysaccharide in the systemic circulation (due to increased intestinal permeability) 
and its interaction with TLR4 have been demonstrated to promote HCC formation in a CD-HFD-fed 
NASH model as well as a chemotoxin model with combination DEN and CCl4

[81,82]. This process can be 
abrogated by gut sterilisation with oral antibiotics, especially in late-stage disease.

Immunosuppressive microenvironment 
The gut microbiome also modulates tumoural adaptive immune responses. The aforementioned study by 
Shalapour et al.[72] showed that manipulating the gut microbiome in mice with NASH-driven HCC either 
by knocking out their polyimmunoglobulin receptor (which regulates IgA transport into the gut lumen and 
maintains microbial homeostasis) or giving them broad-spectrum antibiotics (which reduces gut bacterial 
load) promoted and inhibited HCC development, respectively. Both these interventions modulate liver and 
circulating IgA levels and hence anti-tumour cytotoxic T cell activation, as discussed above.
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The gut microbiome (and its associated HCC risk) can be transmissible between mice and, interestingly, 
this risk can also be transferred via the microbiome across generation to offspring of treated mothers[79,83]. 
This opens up another avenue to induce hepatocarcinogenesis alongside GEM, hepatotoxins and dietary 
manipulation in future models. 

Thus, as we explore the new frontier of gut microbiome, animal models will be crucial for understanding 
causality, pathogenesis and testing of therapeutic options targeting the microbiome (e.g., antibiotics, 
probiotics, synthetic bile acids and faecal microbiota transplantation). Although mouse and human gut 
microbiome communities are dominated by the same set of bacterial phyla, they are on the whole distinct 
from one another[78]. Therefore, experimental findings from microbiome studies in mouse models need 
validation in human studies. The emerging use of a humanised gnotobiotic model (human donor stool 
transplanted into germ-free mice) may also improve the applicability of preclinical findings[84].

CURRENT CHALLENGES AND FUTURE DIRECTIONS
Although, as described above, there are many different animal models for HCC related to alcoholic and 
metabolic liver diseases, a single model faithfully recapitulating all features of human disease is lacking 
and unlikely to exist. This is partly because human HCC is genetically heterogeneous, consisting of 
several subtypes that are clearly different in behaviour, prognosis and response to treatment themselves. 
Clearly, the identification of models that represent different human HCC subsets is required. Yan et al.[26] 
argued for combining a chronic injury model (e.g., NASH, CCl4 or MDR2 knockout) with alterations 
in oncogenes or tumour suppressor genes found in human HCC which alone are not sufficient to cause 
hepatocarcinogenesis (e.g., weak activation of pathways by heterozygous deletion or targeting only a 
small percentage of hepatocytes) to achieve a more realistic representation of human HCC. The optimal 
combinations for each aetiology are yet to be determined and will be an area of further research. When 
achieved, this would not only help improve our understanding of the pathobiology of aetiology-specific 
HCC but also improve our preclinical testing of new targeted treatments as we work towards personalised 
medicine. Humanised mouse models may be a bridge for translating findings from mouse studies to 
humans and presents a promising future strategy. However, several major challenges need to be overcome 
not the least of which is the engraftment of a humanised immune system. 

The amount of time required for tumourigenesis is another obstacle, as most models take more than 
nine months to produce macroscopic HCCs. Furthermore, time is also needed to establish steatosis, 
inflammation, fibrosis and cirrhosis[21]. While implantation HCC models are established within weeks, 
they are lacking these biologically important changes in the background liver. Indeed, human liver disease 
typically takes decades to progress to cirrhosis and HCC. For example, patients with NASH progress at a 
mean rate of only 0.09-0.14 fibrosis stages per year[54]. Thus, the models most representative of human HCC 
may require the most time which is suboptimal for studying response to therapy.

At present, almost all mouse studies assess tumour size and number at the one time point of sacrifice; 
however, in clinical practice, HCC is diagnosed and monitored regularly using imaging (CT, magnetic 
resonance imaging and ultrasound). Although these imaging modalities give reliable measurements that 
correlate with tumour size at sacrifice, they are currently time-consuming and labour intensive (requiring 
scanners, anaesthesia and injection of intravenous contrast agents)[21]. Since tumour development can be 
lengthy and their responses to treatment (especially new immunotherapies) are dynamic over time[85], 
measurement of experimental tumours on imaging will likely play an increasingly important role in the 
future. 

Recently, three-dimensional in vitro cell culture systems (organoids) using cells isolated from human 
biopsies have been developed to study HCC. These tumour organoids (tumouroids) have been shown to 
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recapitulate the histological architecture, expression profile, genomic landscape and in vivo tumourigenesis 
of the parental tumour, even after long-term (> 1 year) expansion in culture[37]. Furthermore, tumouroids 
could be established within 2-3 months after isolation. Therefore, tumouroids fulfil many of the criteria for 
a reliable cancer model which animal models could not and may represent a promising advancement for 
understanding tumour biology and drug efficacy testing in future studies of HCC. However, they currently 
lack the human immune and stromal microenvironment that is thought to be crucial in understanding 
tumour progression and response to treatment, particularly immune-based therapies.

CONCLUSION
Alcoholic and metabolic liver diseases will be major contributors to HCC burden in the future. Many 
aspects of human HCC development and progression remain unknown, negatively impacting therapeutic 
advancement. Animal models play a crucial role in improving our understanding of human HCC and 
developing novel therapeutic strategies. Currently, no animal model can faithfully replicate the complexity 
of the cancer and its background liver disease but mere aspects of it with varying degrees of technical 
demand. The careful combination of different animal models and use of novel technologies such as human 
organoids may help bridge this gap in the future. For the time being, the use of HCC mouse models needs 
to be tailored to specific experimental hypothesis or clinical testing. 
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Abstract
Hepatocellular carcinoma (HCC) is a significant global health problem with high morbidity and mortality. Its 
incidence is increasing exponentially worldwide with a close overlap between annual incidence and death 
rates. Even though significant advances have been made in HCC treatment, fewer than 20% of patients with 
HCC are suitable for potentially curative treatment. Hereditary hemochromatosis (HH) is an important genetic 
risk factor for HCC. HH is an autosomal recessive disorder of iron metabolism, characterised by elevated iron 
deposition in most organs including the liver, leading to progressive organ dysfunction. HCC is a complication of 
HH, nearly always occurring in patients with cirrhosis and contributes to increased mortality rates. Identifying 
the susceptibility of development of HCC in HH patients has gained much traction. This review summarises the 
current knowledge with regard to the association of HH and HCC in order to encourage further research. In this 
review, we focus particularly on HFE  gene-related HH. Herein, we highlight and discuss emerging clinical research 
which addresses the prevalence of HCC in HH patients and the coincidence of HH with other risk factors for HCC 
development. We also focus on the therapeutic tools in the management of HCC associated with HH.

Keywords: Hepatocellular carcinoma, hereditary hemochromatosis, HFE  gene, C282Y  mutation, H63D  mutation, 
liver cirrhosis
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INTRODUCTION
Hepatocellular carcinoma (HCC) is considered to be the most frequent primary liver cancer accounting for 
80%-90% of cases[1]. HCC has become a leading cause of cancer-related death globally in the last decades, 
accounting for approximately 800,000 deaths annually[2]. The incidence of HCC continues to escalate by 
3%-9% cases annually worldwide with a nearly equal proportion of deaths[3]. Surgical resection, trans-
arterial chemoembolization radiofrequency ablation and liver transplantation remain the treatments of 
choice for HCC patients and are beneficial for patients in the early stages of the disease[4]. The prognosis for 
HCC patients in the advanced stages is poor due to the limited efficacy of current therapy[5].

Implementing HCC surveillance among at-risk populations is imperative to identify HCC at early stages 
amenable to curative treatments. HCC mostly develops in patients with underlying chronic hepatic 
disease[6-8]. Several at-risk populations for HCC have been identified including patients with cirrhosis, 
hepatitis B and hepatitis C viral infection, alcoholism, aflatoxin, non-alcoholic steatohepatitis, type 2 
diabetes, obesity and Wilson’s Disease[7]. Hemochromatosis is also an important risk factor for HCC. 

Hereditary hemochromatosis (HH) is a common inherited iron metabolism disorder, characterised by 
increased deposition of iron in the liver and other organs. If left untreated, hepatic iron overload in HH 
patients can result in liver injury, which can progress to cirrhosis and subsequently HCC[9,10]. Further 
clarification of the risk factors in individual HH patients for HCC development remains an area of unmet 
clinical need. Herein, we review the current literature concerning the association between HH and HCC 
with a focus on HFE gene-related HH. This review highlights and discusses clinical studies that address the 
prevalence of HCC in HH and risk factors linked with the development of HCC in patients with HH. 

HEREDITARY HEMOCHROMATOSIS
HH comprises a number of inherited diseases of iron metabolism[11]. Although its geographic distribution 
is worldwide, HH is one of the most common genetic disorders in individuals of Northern European 
ancestry, particularly Nordic or Celtic ancestry. In this population, the frequency of homozygous HFE 
mutation is approximately 1 in 200-250 individuals[9,12-14]. There is considerable phenotypic diversity in HH 
and associated biochemical changes are more common than the clinical manifestations of iron overload-
related disease. Indeed, advanced clinical expression of HFE-related hemochromatosis is rare[15]. This 
autosomal recessive condition is characterised by excessive iron absorption by the small intestine. This leads 
to progressive iron loading over many years of the affected individual’s adult life. As hepatocytes store most 
of the excess iron, the liver is the organ mostly afflicted by iron overload[16,17]. Long-term effects of excessive 
iron loading include liver fibrosis, cirrhosis, HCC, cardiomyopathy, diabetes mellitus, hypogonadism and 
arthropathy[10,11]. Early studies suggested that liver disease was the most frequent cause of death in HH 
individuals[18]. However, more readily available genetic testing, greater public awareness and an improved 
understanding of the natural history of the condition means that most affected subjects are now diagnosed 
before significant target organ injury occurs.

HH is classified into 6 groups depending on the nature of the underlying genetic mutation[17]. Mutations 
in the high iron gene (HFE) (Hemochromatosis Type 1, i.e., C282Y homozygosity, C282Y/H63D 
compound heterozygosity and other HFE-related genotypes, e.g., S65C) are responsible for the majority 
of hemochromatosis cases[19]. Rarer forms of non-HFE associated HH have been attributed to mutations 
in hemojuvelin (HJV) (Hemochromatosis Type 2a), hepcidin (HAMP) (Hemochromatosis Type 2b), 
transferrin receptor 2 (TFR2) (Hemochromatosis Type 3), ferroportin (SLC40A1) (Hemochromatosis 
Type 4) and ferritin heavy chain 1 (FTH1) (Hemochromatosis Type 5) gene[17]. These latter conditions are 
thought to account for most of the non-HFE forms of HH[9].
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Hemochromatosis type 1
HFE is located on chromosome 6p21.3, has seven exons and five introns and encodes for a 343-amino acid 
protein that is similar to human leucocytes antigen class Ι molecules[20]. The HFE gene is important for 
normal iron metabolism. Feder et al.[19] first identified that a mutation in this gene caused HH. The three 
most common mutations at exons 2 (187C→G and 193A→T) and exon 4 (845G→A) of the HFE gene were 
linked with HH[19]. However, not all HH patients harbour these mutations, as outlined above[21].

C282Y (845G→A) homozygotes
About 80%-85% of individuals with HH are C282Y (845G→A) homozygotes. This founder mutation 
leads to a single-base change, resulting in the substitution of tyrosine (Y) for cysteine (C) in the amino 
acid sequence of the HFE protein at position 282[10]. HFE-related HH is an adult onset disorder and in 
expressing patients is characterised by increased transferrin saturation and serum ferritin levels compared 
to the healthy population[22]. Moreover, C282Y homozygotes are at particular risk of cirrhosis if serum 
ferritin levels are greater than 1000 μg/L[23]. Males and C282Y homozygotes of family members affected by 
HH exhibit a higher penetrance of homozygous C282Y gene[22]. However, due to the variable phenotypic 
expression of this mutation, only some of these patients develop cirrhosis or HCC[22]. The frequency of 
the C282Y allele is high in European populations and the reported frequency varies from 0%-3% in South 
Europe to 4%-10% in North Europe[20,24]. 

This HFE mutant protein has reduced cell surface expression and undergoes rapid degradation. The 
mechanisms by which HFE protein regulates iron homeostasis at the cellular level are beginning to emerge. 
Earlier studies proposed that the HFE protein binds the transferrin receptor 1 (TFR1) to form a stable 
complex, which in turn decreases its binding affinity for transferrin. The HFE mutant protein does not 
form this complex, which results in transferrin binding to the transferrin receptor, leading to increased 
cellular uptake of iron and subsequently causing iron overload[25,26]. Recent studies have demonstrated 
that the HFE protein is an upstream regulator of the hormone hepcidin in hepatocytes[27,28]. Hepcidin is 
synthesised and secreted by hepatocytes and is a master regulator of iron homeostasis in the body. Hepcidin 
negatively regulates dietary iron uptake by the intestine[29]. Under physiological conditions, hepatic 
hepcidin expression is regulated by proteins that are predominantly expressed in hepatocytes, including 
HFE, transferrin receptor 2 (TFR2), HJV, bone morphogenetic protein 6 (BMP6), matriptase-2 and 
transferrin[29,30]. HH patients harbouring the HFE mutations have low levels of hepcidin protein allowing a 
slow accumulation of iron over the individual’s lifetime, resulting in iron overload[31]. Iron overload induces 
reactive oxygen species (ROS) formation, which causes DNA damage and somatic mutations that may play 
a role in the subsequent development of HCC over time[32]. 

HFE compound heterozygotes
Two other mutations in the HFE gene, namely 187C→G (H63D) and 193A→T (S65C), have been 
identified[33,34]. These additional mutations alone have not been implicated in iron overload. However, the 
co-occurrence of these mutations together with a C282Y mutation forming a compound heterozygote 
(C282Y/H63D or C282Y/S65C) has been implicated in iron overload[35]. HFE compound heterozygotes 
might have increased iron indices but iron overload-related disease is most uncommon[36,37]. Clinical 
disease may develop in HFE compound heterozygotes in conjunction with comorbid factors such as 
obesity, excess alcohol consumption or diabetes[37]. The Netherlands and the Iberian Peninsula have a high 
frequency of the H63D allele that varies from 7.9% to 17.5% in the general population[38]. The frequency of 
S65C allele is low, 0%-1% in European and Brazilian populations[12,34,39]. Approximately 5% of individuals 
with a clinical diagnosis of HH are compound heterozygotes[40,41]. 

THE ASSOCIATION BETWEEN HH AND HCC
HCC develops in HH individuals and contributes to the increased mortality[42-47]. Although the biological 
and physiological functions of HFE gene within the liver are not fully understood, several case-control 



and population-based studies have confirmed that HFE mutations confer increased risk for HCC 
development[48-57]. The exact incidence and prevalence of HCC varies considerably between different 
studies, which is probably explained by the heterogeneity of the study cohorts. The characteristics of the 
study cohort is critical in the interpretation of such studies given the variable phenotype of HH and also 
because cirrhosis is such a critical risk factor for the development of HCC. Some studies report on cohorts 
where a large proportion of patients had underlying cirrhosis. Other studies have clear referral bias due to 
the authors’ interest in disorders of iron metabolism, are retrospective in nature or are from liver transplant 
programs where one would expect cirrhosis and HCC to dominate the study cohort.

Population-based studies provide a more realistic assessment of the overall incidence and prevalence of 
HCC in HH. In one such study, the US National Centre for Health Statistics reported a close association 
between HH and HCC. In this study, patients who were diagnosed with HH and who died were 23-fold 
more likely to have HCC in comparison with individuals without a diagnosis of HH[47]. A further study 
conducted in Sweden reported the risk of HCC in HH individuals to be approximately 20-fold higher 
than in the general population[42]. At 10 years of follow up, the absolute risk of HCC among HH men was 
6%, which was higher than the risk in women (1.5%)[42]. Willis et al.[58] found that HCC patients had a 
7% prevalence of the C282Y homozygous mutation. In a similar study, Sánchez-Luna et al.[59] found that, 
among 118 C282Y homozygotes, eight homozygotes developed HCC, representing 1.8% of patients with 
HCC.

Meta-analyses have recently been conducted to clarify the effect of HFE polymorphisms on the 
susceptibility to HCC. Ellervik et al.[60] conducted a meta-analysis to examine associations between 
C282Y and H63D mutations with HCC. An odds ratio of 11 for HCC occurrence was reported for C282Y 
homozygotes (YY vs. CC). A further study conducted on 43 published articles (5758 cases and 14,741 
controls) demonstrated that the HFE C282Y homozygous mutation was significantly associated with 
increased risk of HCC compared to the overall population[61]. Another meta-analysis including nine studies 
based on European populations (1102 HCC cases and 3766 controls) showed an association between the Y 
allele of C282Y and HCC risk overall as well as in alcohol-related cirrhosis patients but not in viral-related 
cirrhosis patients[51]. There are also contrary reports showing no association with the risk of developing 
HCC[23,33,55,62,63], possibly reflecting the low penetrance of the C282Y mutation in the populations studied.

Cirrhosis and other risk factors for HCC development in HH 
HCC accounts for 25%-45% of disease-related premature deaths in HH[64]. In HH, the primary risk factor 
for the development of HCC is the presence of cirrhosis. Studies that have assessed the association of risk 
factors for development of HCC in HH are listed in Tables 1 and 2. Some studies have indicated that the 
risk of HCC in cirrhotic HH patients is higher than in patients with cirrhosis from other causes. In a meta-
analysis assessment of eight studies which included follow up of cirrhotic patients, the annual incidence 
of HCC was 1.20% per year[65]. One other study showed that, once cirrhosis has been established in HH 
patients, the annual incidence of HCC is approximately 4%[66]. Earlier studies have revealed that risk of 
HCC developing in cirrhotic HH patients was 200-fold higher than non-cirrhotic control groups[18,67]. These 
studies may have suffered referral bias and lacked HFE genetic testing with the diagnosis of HH based 
on clinical features and biochemical tests[18,67]. Recent studies utilised a combination of HFE genotyping, 
clinical examination and abnormal iron indices including transferrin saturation, serum ferritin, and iron 
deposition in liver biopsies to confirm diagnosis of HH[42,44]. These studies have revealed that risk of HCC 
developing in cirrhotic HH patients was 20-fold higher than non-cirrhotic control groups[42,44,48]. It is 
worth noting that HCC has occasionally been found to occur in HH patients with no cirrhosis[64,68,69]. In 
these patients, hepatic iron accumulation has been suggested to be directly involved in HCC development 
independently of cirrhosis[64,69,70]. An increased risk of HCC with cirrhosis among individuals heterozygous 
for HFE gene mutations has also been reported and is discussed below[42,51].
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Other risk factors that may synergise with cirrhosis include chronic viral hepatitis, alcohol abuse, diabetes, 
age and gender[47,71] [Table 2]. Patients with HCC and diabetes mellitus were 82 times more likely to have 
HH[47]. The risk of HCC was higher in males who were C282Y homozygotes when compared to C282Y 
homozygous females - reflecting in part the higher iron burden in men[44,49,71]. A study reported 1.3%-2.1% 
penetrance of the C282Y homozygous genotype in HH patients with HCC for males and zero for females[71]. 
Another study found penetrance of the C282Y homozygous genotype in male HH patients with HCC was 
5.56%[23]. Studies have also found an unequivocal relationship between risk of HCC and C282Y mutation in 
patients with chronic hepatitis B and male gender[56,72]. Another study identified increased age at diagnosis 
as a strong predictor for the development of HCC in HH patients and the authors suggested that this is a 
surrogate marker of duration of exposure to iron[73]. This latter finding has not been substantiated in other 
studies. Serum ferritin level of above 1000 mg/L at diagnosis confirming high iron overload was a risk 
factor for HCC in the study by Nowak et al.[73]. A serum ferritin concentration of over 1000 mg/L is also 
associated with a high risk of cirrhosis, which is the likely explanation for that association. In contrast to 
other studies, this study found no association between alcohol consumption and HCC development[73]. 
However, the level of alcohol consumption defined as “considerable” was greater than 10 g/day for women 
and 20 g/day for men and this may below the oncogenic threshold.  

Collectively, these data illustrate that the presence of cirrhosis is the primary risk factor for the development 
of HCC in patients with HH. Other risk factors, as discussed above, seem to amplify the oncogenic 
potential of cirrhosis. Importantly, some of these other risks can be reduced by lifestyle modifications and/
or therapy of other liver diseases, particularly chronic viral hepatitis. 

HFE heterozygotes and the risk of HCC in patients with cirrhosis of other causes
This area is controversial and there are conflicting data on the role of heterozygosity for HFE mutations in the 
development of HCC in patients with cirrhosis from other causes. For example, Hellerbrand et al.[51] indicated 
that HCC patients with cirrhosis were more likely to be C282Y heterozygotes compared to cirrhotic patients 
without HCC or normal controls. Additionally, elevated levels of transferrin saturation, serum ferritin and 
liver iron deposition were reported in HCC patients harbouring the heterozygous C282Y mutation compared 
to those lacking this mutation, suggesting that altered hepatic iron metabolism played a pathogenic role[51]. 
The prevalence of the heterozygous C282Y and H63D mutation was also observed to be higher in 81 Italian 
patients with cirrhosis and HCC than in 128 normal controls (8.6% vs. 1.6%)[50]. Similarly, Lauret et al.[52] found 
a 20.9% prevalence of the C282Y heterozygous mutation in 43 Spanish HCC patients. In 301 cirrhotic French 
patients prospectively followed up for six months, hepatic iron overload and the heterozygous C282Y mutation 
were associated with an increase in the incidence of HCC in cirrhotic patients with alcohol-related problems 
but not in patients with hepatitis C viral infection[53]. 

In contrast, a large prospective multicentre French study compared the prevalence of HFE mutations in 133 
cirrhotic patients with HCC and 100 cirrhotic patients without HCC with a follow up of 2.5 years[74]. This 
study concluded that C282Y mutation is not linked to an increased risk of HCC in cirrhotic patients[74]. 
Similarly, in another study of 162 patients with HCC and cirrhosis, the frequency of the C282Y mutation 
did not differ between the patients with cirrhosis or healthy controls[48].

Initially, it was proposed that the H63D mutation has no direct association with HH[19,33]. In line with 
this, several studies reported no association between the prevalence of the H63D mutation and the risk 
of developing HCC[75]. Conversely, other studies have implicated occurrence of H63D mutation with an 
increased risk of HCC in HH patients[55,61,63]. In a study of 196 HCC patients and 181 healthy controls, 
the H63D mutation was associated with an increased risk of HCC[55]. HCC developed in HH patients 
exhibiting H63D mutations along with predisposing factors such as liver cirrhosis due to chronic hepatitis 
C virus infection and/or ethanol abuse and chronic hepatitis B virus-infection[55]. Another large study 
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involving 5758 cases and 14,741 controls demonstrated that H63D mutation was more likely to be involved 
in susceptibility to HCC without cirrhosis in the African population[61]. A positive association between 
compound heterozygosity for C282Y/H63D and the risk of HCC was also observed[61]. Conversely, no 
cases of HCC were identified among the 44 compound heterozygotes examined in another study[59]. In 
an Egyptian cohort study, patients with the H63D mutation had a higher risk of developing HCC[63]. 
Additionally, the role of S65C in HCC remains to be elucidated. A number of other studies demonstrated 
that individuals harbouring C282Y or H63D mutation did not develop HCC, suggesting there was no 
association between HFE mutation and HCC[74,76-78]. Thus, whether there is a link between these HFE 
mutations and the HCC risk remains somewhat uncertain with significant variation between different 
populations groups, and different underlying diseases. More studies are needed to definitively assess the 
influence of the HFE mutations on the development of HCC in HH patients.

Mechanisms of iron toxicity in HH leading to HCC
Iron is ubiquitously present in cells and a physiological optimal balance of iron is critical for the normal 
functioning of cells[79,80]. Iron is essential for several important processes including the transfer of oxygen 
throughout the body by haemoglobin, the mitochondrial electron transport chain and as a cofactor in 
enzymatic reactions. However, excess iron can be very toxic to the cell due to its redox reactivity that 
promotes oxidative stress[81,82]. Homeostasis of iron in the body is maintained by four major cell types: 
duodenal enterocytes (dietary iron absorption), erythroid precursors (iron utilisation), reticuloendothelial 
macrophages (iron storage and recycling) and hepatocytes (iron storage and endocrine regulation)[83]. 
Duodenal enterocytes absorb dietary iron and store it in the form of ferritin. Enterocytes release iron into 
the circulation through the basolateral iron exporter, ferroportin. In the blood stream, iron binds to the 
plasma iron transport protein transferrin[82,84]. The majority of iron in the body is found in the oxygen-
carrying haemoglobin of erythrocytes. Iron is also stored in the form of ferritin in hepatocytes and 
reticuloendothelial macrophages. The macrophages phagocytose the senescent erythrocytes and the iron 
from haemoglobin is loaded onto transferrin for iron recycling[83]. Importantly, in humans, there are no 
active mechanisms to eliminate excess iron from the body[15,42].

Transferrin is highly saturated during iron overload and additional iron released into the circulation binds 
to low-molecular-weight compounds and is termed non-transferrin bound iron (NTBI). Excess iron in 
circulation enters into hepatocytes by binding the transmembrane TFR1 and TFR2 on hepatocytes[17,83]. 
While both TFR1 and TFR2 are capable of iron uptake, TFR1 has a higher iron binding affinity than TFR2. 
TFR2 is an iron sensor that regulates body iron uptake and is sensitive to changes in transferrin saturation 
in the blood[82,85]. Hepatocytes have a significant role in iron homeostasis as they also produce the hormone 
hepcidin, an important regulator of iron balance[86]. Hepcidin binds ferroportin and stimulates the 
internalisation and subsequent degradation of ferroportin, thus decreasing the absorption of iron from the 
gut and release of iron into the circulation[84]. HFE works in conjunction with multiple proteins including 
TFR2 and Hemojuvelin to induce hepcidin expression[87]. In HH patients harbouring the HFE mutations, 
the hepcidin protein is not properly expressed, which leads to uncontrolled iron absorption, resulting 
in iron overload[17]. In addition, HFE mutation also leads to a loss of transferrin sensitivity, suggesting 
that TFR2 and HFE complex may be involved in iron-sensing[88]. The hepcidin-mediated increased iron 
absorption from the gut leads to preferential iron loading of the hepatocytes. It has been hypothesised that 
this in turn causes injury and subsequent malignant transformation of hepatocytes[79,89]. The mechanisms 
responsible for a direct hepatocarcinogenic effect of iron have yet to be fully elucidated[79,89]. 

Increase in iron absorption over time leads to iron accumulation in hepatocytes, leading to injury and 
subsequent malignant transformation of hepatocytes[79,89]. The role of iron in hepatocarcinogenesis has 
been suggested from epidemiologic studies, animal models and in vitro studies[90-93]. The carcinogenic effect 
of iron has been related to its ability to form mutagenic hydroxyl radicals, enhance lipid peroxidation, 
promote immune escape or facilitate chronic inflammation leading to cirrhosis. 
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One of the mechanisms by which iron accumulation in the liver may promote malignant transformation 
of hepatocytes is directly by the mechanism of oxidative stress[79]. It has been proposed that the formation 
of free radicals by Fenton reaction causes oxidative stress, leading to the malignant transformation of 
hepatocytes[94]. Although the Fenton reaction has been implicated in carcinogenic effect of iron, there is 
relatively little direct or experimental data to support this claim. The excess ferrous iron (Fe2+) accumulates 
in hepatocytes and undergoes a Fenton reaction by interacting with hydrogen peroxide to form Fe3+ and 
highly reactive oxygen free radicals (ROS)[95]. Generation of ROS causes hepatocyte injury by inducing 
peroxidation of membrane fatty acids followed by the production of toxic by-products that disrupt DNA 
and protein synthesis[79,94,96]. In addition, ROS causes DNA damage and mutagenesis, which may lead to 
neoplastic transformation over time[97-99]. Iron-generated ROS can induce mutations in p53, an important 
tumour suppressor gene[100]. Iron-generated ROS also contributes to the production of a mutagenic and 
cytotoxic oxidatively DNA-damaged product, 8-hydroxy-2’-deoxyguanosine (8-OHdG)[101,102]. 8-OHdG 
causes G:C to T:A transversions, DNA unwinding and strand breaks[101,103,104]. A study has shown correlation 
of 8-OHdG levels with iron levels in serum in HCC patients[101]. In liver tissue, the rate of DNA unwinding 
and strand breaks have been associated with 8-OHdG levels[90]. Another study has highlighted the link 
between DNA unwinding and the risk of HCC in HH patients[18]. An abnormal form of NTBI, called labile 
plasma iron or reactive plasma iron, also contributes to oxidative stress and the subsequent liver damage 
during HH[105]. Overall, several studies support the role of iron-induced ROS formation as the main 
mechanism of development of HCC in HH[32,80,99,106,107].

Iron accumulation can also lead to cirrhosis and the subsequent development of HCC, indirectly through 
the induction of chronic inflammation[79]. Excess hepatic iron promotes the activation of hepatic stellate 
cells in HH[92]. This can promote fibrogenesis. Iron has also been shown to induce transforming growth 
factor-beta, which plays an important role in the development of liver fibrosis[108]. The combination of 
elevated iron levels with environmental and acquired factors such as excessive alcohol consumption, viral 
hepatitis and steatosis may act synergistically to precipitate the development of HCC[109]. Iron has a direct 
effect on tumour growth by promoting cellular proliferation. In human HCC cell lines, iron enhances 
proliferation and iron deprivation leads to cell cycle arrest and increased apoptosis[110]. It has been reported 
that increased iron concentration in HCC cells was associated with enhanced migration, invasion, high 
metastasis rate and recurrence[111].

In addition, iron reduces immune surveillance for malignant transformation by impairing T-cell 
proliferation and inhibiting tumoricidal activity of macrophages[79,103,104,112,113]. Epigenetic alterations due to 
iron overload have also been implicated in hepatocarcinogenesis. Epigenetic defects such as increased DNA 
methylation commonly occur in HCC[114]. Lehmann et al.[115] found 84% of the non-cancerous liver biopsies 
derived from HH patients exhibited hypermethylation of genes that are often hypermethylated in HCC. 
DNA hypermethylation was independent of age, cirrhosis or hepatitis infection. Several studies support the 
role of iron in the development of HCC in HH.

Diagnosis and treatment of HCC in HH patients
Prior to the identification of HFE, the diagnosis of HH was based on parameters including clinical features, 
increased ferritin levels, high serum transferrin saturation and characteristic findings on liver biopsy[17]. 
After the discovery of the HFE mutations, genetic screening became the preferred diagnostic test for HH. 
HFE genetic testing together with measurements of serum transferrin saturation and ferritin levels have 
gained traction as the diagnostic test of choice for HH[9-11]. A serum ferritin concentration of > 1000 µg/L in 
patients with HH has been associated with an increased risk of cirrhosis and HCC[11]. Magnetic resonance 
imaging (MRI) has recently been applied as an imaging modality for the detection and quantification of 
hepatic iron in those patients where there is diagnostic uncertainty. Additionally, MRI can be utilised to 
evaluate HCC in HH patients[17].
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Excess iron should be removed by venesection (phlebotomy) therapy and this should eliminate the risk of 
progression to cirrhosis and the development of HCC in non-cirrhotic individuals. Early diagnosis and iron 
depletion therapy has the potential of improving the survival rate of patients[9]. HH is readily treated by 
venesection therapy, which is very efficient in removing excess iron and involves two successive treatment 
phases[116]. In the initial induction phase, the excess iron present at the time of diagnosis is removed by 
1-2 weekly venesections (7.5 mL/kg body weight per venesection). After the removal of excess iron, 
maintenance therapy, the second treatment phase, prevents recurrent iron overload. Maintenance therapy 
involves removal of 2-4 units/year[117].

Although venesection is the treatment of choice in hemochromatosis, other iron depletion therapies have 
also been tested in HH patients[118,119]. Another iron depletion therapy involves the application of iron 
chelation therapy to facilitate iron mobilisation and excretion. The iron chelating drugs desferioxamine, 
deferiprone and deferasirox have been tested in HH patients[118,119]. A phase I/II clinical trial for 
deferasirox has shown it to reduce iron burden in HH patients homozygous for the C282Y mutation[118]. 
Desferioxamine is administered either by intravenous or subcutaneous route, while deferiprone and 
deferasirox are oral iron chelators. These iron chelators have several side effects including skin rashes, 
gastrointestinal disturbances and occasionally abnormal liver function tests and should only be considered 
in patients in whom venesection is not a possibility[118]. Of interest, iron chelators with antitumor properties 
and favourable toxicity profiles have emerged[120]. Several iron chelators with effective antitumor activities 
have been identified [Triapine (3-aminopyridine-2-carboxaldehyde thiosemicarbazone), DpT (di-2-
pyridylketone thiosemicarbazone) and PKIH (di-2-pyridylketone isonicotinoyl hydrazone) analogues] but 
these are not routinely used in clinical practice[120-122]. Both venesection and iron chelation therapies do 
not target the biological mechanisms involved in iron metabolism. HH is characterised by low hepcidin 
synthesis and clinical trials evaluating the role of therapeutic hepcidin by subcutaneous administration 
are currently underway. Patients with cirrhosis should undergo six monthly surveillance by ultrasound 
(with or without alpha-fetoprotein measurement) to detect HCC at an early stage when curative therapy 
is more likely to be successful. Of interest, liver transplantation remains an option for some patients with 
HCC within appropriate criteria and this procedure will also normalise hepcidin synthesis and prevent iron 
overload (provided the donor does not have HH)[117,123]. 

DISCUSSION
Early diagnosis and treatment of HH by preventing the development of cirrhosis may reduce the incidence 
of HCC in the future. The American Association for the Study of Liver Diseases guidelines recommend 
regular surveillance for HCC in cirrhotic patients only[9]. It has been recommended that screening for HCC 
be continued throughout life of the HH patients as HCC may develop years after the depletion of iron has 
been achieved. Whilst controversial, some recommend iron depletion therapy in patients with even minor 
increases in iron stores, when non-alcoholic fatty liver disease, hepatitis B or C coexist, in an attempt to 
reduce the risk of progressive fibrosis and subsequent HCC[72]. It is also recommended that family screening 
for HH mutations and iron overload in all first-degree relatives of HH patients be performed. As HFE 
gene mutation often synergises with other risk factors of HCC, HH patients with known HCC risk factors 
should be regularly counselled to avoid environmental or toxic injury to the liver.

Besides HH, there are many other causes of iron overloading that result in excessive iron accumulation in 
the liver and other organs. It has been reported that patients with high total body iron have a higher risk of 
developing HCC in the absence of HH[124-126]. As iron overload is not a benign condition, it is recommended 
that HCC surveillance be undertaken in patients with excess body iron, particularly in patients with 
cirrhosis[127].

Further studies to identify genetic or environmental factors that could act in concert with HFE mutations 
to increase the risk of developing HCC are warranted. Investigations are underway to determine the role 
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of iron-regulatory proteins in abnormal iron uptake in HCC. In-depth understanding of the intricate 
pathways involved in HH-associated HCC needs attention and future research needs to be focused on the 
prevention of HCC in these patients.

CONCLUSION
Despite the controversies in the field regarding the degree of penetrance of HFE mutations in different 
patient populations and their role in hepatic iron overload, HH patients with cirrhosis are at a high risk of 
developing HCC. Further study in this field is needed to better understand the pathogenic process toward 
HCC and to prevent HCC development in HH patients, considering that there are currently no effective 
therapies for HCC. Furthermore, an in-depth understanding of the metabolic iron regulatory pathways 
in HFE-related HCC in HH patients will allow the discovery of novel druggable targets for effective 
therapeutic approaches.
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Abstract
Direct-acting antivirals (DAAs) have been introduced for the treatment of hepatitis C virus, and the sustained 
virological response rate after DAAs was reported to be over 95%. Because of the high sustained virological 
response rate, the risk of hepatocellular carcinoma (HCC) was expected to be reduced. However, an unexpected 
high risk of HCC recurrence after DAA treatment was reported, and thus the dispute about the association of DAA 
and HCC arose. The present article reviews the interplay between DAAs and HCC.

Keywords: Chronic hepatitis C, hepatocellular carcinoma, direct-acting antivirals

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer in the world and the most common 
primary liver cancer. The major causes of HCC are cirrhosis of any cause, chronic hepatitis B, chronic 
hepatitis C (CHC), alcohol, and nonalcoholic fatty liver disease. Among the causes, the incidence of 
chronic viral hepatitis-related HCC is 3%-5% per year in patients with cirrhosis and < 1.5% per year in 
patients with both hepatitis C and stage 3 fibrosis[1]. The sustained virological response (SVR) rate for 
pegylated interferon (IFN)-based therapy has been reported to be 42%-65% for genotype 1 and 74%-93% 
for genotype 2 virus[2-4]. Despite the low SVR, several previous retrospective studies suggest that achieving 
SVR after pegylated IFN plus ribavirin therapy reduces the risk of hepatic decompensation, liver related 
mortality, liver transplantation, and HCC[5-7].



Recently, an IFN-free regimen as a treatment for CHC including NS3/4A protease inhibitor, NS5A 
inhibitor, and NS5B polymerase inhibitor was introduced. There have been several reports indicating that 
the SVR rate is up to 97.8% and the adverse event rate at all stages of CHC is lower in patients treated with 
direct-acting antivirals than IFN-based therapy[8-12]. Despite expectations of a decrease in the incidence of 
HCC because of the high rate of SVR, Reig et al.[13] reported an unexpected high rate of HCC recurrence 
after treating with direct-acting antivirals (DAA) in patients who experience previous HCC. Conti et al.[14] 
also reported a high rate of HCC recurrence (28.81%) 24 weeks after DAAs. Since the two aforementioned 
reports were published, much debate has been raised about the recurrence and occurrence of HCC after 
treating DAAs.

In this article, we review the pros and cons of the effects of the DAAs on occurrence/recurrence of HCC. 

THE INTERPLAY BETWEEN DIRECT-ACTING ANTIVIRALS AND OCCURRENCE OF 

HEPATOCELLULAR CARCINOMA
CHC is the most common cause of HCC worldwide. The incidence of HCC is below 1% per year in 
CHC patients without liver cirrhosis[15]. However, the risk of HCC increases by 2%-8% in CHC with liver 
cirrhosis[16]. 

The papers on HCC occurrence related to DAAs are listed in Table 1. A negative paper was first published 
on the occurrence of the HCC after the treatment of DAAs. In 2016, Conti et al.[14] published the first 
report about early occurrence of HCC in hepatitis C virus-related cirrhosis treated with DAAs. They 
retrospectively analyzed 285 consecutive cirrhotic patients who completed antiviral therapy with DAA 
regimens and HCC developed in 9 of 285 patients (3.16%, 95%CI: 1.45-5.90) during the 24-week post-
treatment evaluation. The report concluded that DAA-induced resolution of HCV infection does not seem 
to reduce occurrence of HCC. 

Since the publication of the previous paper, several papers have been published indicating that DAAs are not 
associated with occurrence of HCC. A thesis against the previous study was published by Kanwal et al.[17] in 
2017. This retrospective cohort study included 22,500 patients who received DAA treatment; 39.0% of the 
patients had cirrhosis and 86.74% achieved SVR. The incidence rate of HCC was 0.90 per 100 person-year 
(95%CI: 0.77-1.03) in patients with SVR and 3.45 per 100 person-year (95%CI: 2.73-4.18) in patients without 
SVR. 

A large prospective study of 2249 patients with HCV-associated cirrhosis was published in Italy by 
Calvaruso and his colleagues[18]. SVR after DAA treatment was achieved in 95.2% of patients and the overall 
rate of HCC occurrence was 3.4%. They analyzed the HCC incidence according to achieved SVR, and HCC 
occurrence was 3% in SVR group and 12.8% in non-SVR group (P < 0.001). Although this study did not 
contain the analysis of control group, they found the SVR to DAA treatment decreased the incidence of 
HCC. A similar study in the same country including 3917 patients with fibrosis stage ≥ F3 was published 
by Romano and colleagues[19]. This large, prospective cohort study showed that the incidence of HCC 
occurrence was 0.42% in F3, 1.88% in cirrhosis, and 0.97 per 100 person-year (95%CI: 0.73-1.26) in all 
patients. 

Nagata et al.[20] compared data between IFN-based and IFN-free regimens for occurrence of HCC. This 
report included 1085 patients treated with IFN and 669 patients treated with DAAs. The cumulative 
incidence of HCC occurrence after SVR was 2.6% (five-year incidence) in IFN-based and 3.3% (three-
year incidence) in IFN-free therapies. Although the incidence of HCC appears to be higher in IFN-free 
group than IFN-based group, there are no significant differences between the two groups after performing 
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propensity score-matched analysis (three-year incidence: 3.3% in IFN-based therapy and 1.4% in IFN-free 
therapy; P = 0.49). In a study from France, Nahon et al.[21]. published a report about the incidence of HCC 
after DAA for HCV in patients with cirrhosis included in surveillance programs The retrospective cohort 
study included 1270 patients with biopsy-proven cirrhosis and classified into DAA group (n = 336), SVR-IFN 
group (n = 495), and non-SVR group (n = 439). The three-year cumulative incidences of HCC were 5.9% in 
the DAA group, 3.1% in the SVR-IFN group, and 12.7% in the non-SVR group (HR: 2.03, 95%CI: 1.07-3.84, 
P = 0.03 for the DAA group vs. the SVR-IFN group). However, under propensity score matched analysis, 
there was no significant increase in risk of HCC for DAA use (HR: 0.89, 95%CI: 0.46-1.73, P = 0.735). The 
DAA group was older, and had a higher rate of diabetes or portal hypertension than SVR-IFN group. These 
features suggested that a more advanced liver disease, older age, and higher rates of comorbidities favor liver 
carcinogenesis. Yoo et al.[22] published similar comparative data of de novo HCC occurrence in DAA group 
and IFN group. The cumulative incidence of HCC occurrence was not different between DAA group and 
IFN group (P = 0.827). In USA, Singer et al.[23] analyzed 30,138 patients receiving DAA treatment, 137,502 
patients without any treatment, and 12,948 patients receiving IFN treatment. This study revealed that DAA 
treatment was associated with a reduced risk of HCC compared to IFN treatment after performing inverse 
probability of treatment weighting (adjusted HR: 0.69, 95%CI: 0.59-0.81). 

In 2019, the debate on the interplay between DAA and HCC continued, and Carrat et al.[24] and Ide et al.[25] 
published prospective cohort studies. In the former study in France, 7344 patients with DAA treatment, 
and 2551 patients without treatment were enrolled[24]. DAA treatment seems to increase the risk of HCC 
(HR: 2.77, 95%CI: 2.07-3.71). However, after adjustment for variables, DAA treatment was associated with a 
decrease in HCC (adjusted HR: 0.66, 95%CI: 0.46-0.91) and all-cause mortality (adjusted HR: 0.48, 95%CI: 
0.33-0.70). A prospective study from Japan by Ide et al.[25] enrolled 2552 patients who were treated with 
DAAs and achieved a SVR. The three-year cumulative incidence of HCC was 4.9% in all patients, 10.0% in 
patients with cirrhosis, and 2.9% in patients without cirrhosis. They concluded that DAAs do not increase 
the risk of HCC occurrence after achieving SVR.

THE INTERPLAY BETWEEN DIRECT-ACTING ANTIVIRALS AND RECURRENCE OF 

HEPATOCELLULAR CARCINOMA
HCC is treated with curative treatment or non-curative interventions according to tumor stage, liver 
function, and performance status. After curative treatment such as surgical resection for HCC, the risk of 
recurrence is 60%-70% at five years[26,27]. Several studies have shown that adjuvant IFN therapy after curative 
treatment can reduce the recurrence rate of HCC[28-32].

The papers published on the HCC recurrence after DAA treatment are organized in Table 2. Despite 
expectations that achieving SVR after DAA treatment will reduce the recurrence of HCC, Reig et al.[13] 
reported an unexpected high rate of early tumor recurrence in patients with HCV-related HCC undergoing 
DAA therapy in 2016. The study included 58 patients with prior history of treated HCC with complete 
response who lacked “non-characterized nodules”. They reported unexpected high recurrence rate of 
27.6% and median time from DAA start to recurrence was 3.5 months (range 1.1-8 months). Conti et al.[14] 
published another similar report about early recurrence of HCC. In this retrospective cohort study, the 
recurrence rate of HCC after completing DAA therapy was 28.81% (17 of 59 patients, 95%CI: 17.76-42.07) 
during the 24-week post-treatment evaluation. Fifty-nine patients with a history of previous HCC included 
11 patients who received transarterial chemoembolization”. This term has only been mentioned once for 
previous HCC. The study indicated that patients previously treated for HCC still have a high risk of tumor 
recurrence.

Opposite opinions to the previous paper were subsequently published. One prospective study used three 
French multicenter ANRS cohorts[33]. The DAA group and untreated group were analyzed and the rate 
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The retrospective cohort study from Japan by Nagata et al.[20] analyzed 60 patients in the IFN-based therapy 
group and 83 patients in the IFN-free therapy group. The incidence of HCC recurrence after locally curative 
treatment was not significantly different between IFN-based and IFN-free therapy groups by propensity 
score-matched analysis (five-year incidence: 54.2% in IFN-based and 45.1% in IFN-free therapy, P = 0.54). 
Nishibatake Kinoshita et al.[35] enrolled HCC patients previously treated with radiofrequency ablation (147 
patients in DAA group and 156 patients in IFN group). The rate of HCC recurrence at one and two years 
was 39% and 61% in IFN group and 39% and 60% in DAA group, respectively (P = 0.43). There was also no 
significant difference between the two groups after performing matching analysis (P = 0.68). To compare the 
rate of HCC recurrence between the patients who received DAA and IFN-based therapies, Waziry et al.[36] 
published meta-analyses study containing 17 studies. The incidence of HCC recurrence after SVR was 9.21 
per 100 person-year in DAA group and 12.16 per 100 person-year in IFN group. After adjusting analysis, 
DAA treatment was not associated with HCC recurrence (Relative risk: 0.62, 95%CI: 0.11-3.45, P = 0.56). To 
solve this debate firmly, a large study from USA and Canada was published by Singal et al.[37] in 2019. In total, 
793 patients with HCV-associated HCC, including 304 patients who received DAA and 489 patients without 
treatment, were analyzed. HCC recurred in 42.1% patients in the DAA group and 58.9% in the untreated 
group. Although DAA treatment seems to decrease the risk of HCC recurrence (HR: 0.32, 95%CI: 025-0.41), 
after accounting for time-varying exposure, DAA treatment was not associated with increasing or decreasing 
the risk of HCC recurrence after complete response (HR: 0.90, 95%CI: 0.70-1.16).

RISK FACTORS FOR OCCURRENCE/RECURRENCE OF HEPATOCELLULAR CARCINOMA 

AFTER TREATING WITH DIRECT-ACTING ANTIVIRALS
In most of the studies on the interplay between DAA and HCC, non-SVR, advanced liver disease, and 
older age were associated with risk of HCC. Table 3 contains the risk factors for development of HCC.

In a report about the early occurrence and recurrence of HCC in HCV-related cirrhosis treated with DAA, 
Child-Pugh class (OR: 4.18, 95%CI: 1.17-14.8, P = 0.03) and history of HCC (OR: 12.0, 95%CI: 4.02-35.74, 
P < 0.0001) were associated with HCC development. There was no significant factor in patients without 
history of previous HCC, while age (OR: 0.82, 95%CI: 0.69-0.97, P = 0.02) and liver stiffness (OR: 1.19, 

Table 3. Risk factors for occurrence/recurrence of HCC

Author/Study design Occurrence/Recurrence Risk factors for the development of HCC
Conti et al. [14] Occurrence No associate factor

Recurrence Age, liver stiffness

Kanwal et al. [17] Occurrence non-SVR, alcohol use, non-African Americans, cirrhosis

Calvaruso et al. [18] Occurrence Albumin < 3.5 g/dL, platelet count < 120 × 109 /L, absence of SVR

Romano et al. [19] Occurrence Positive for HBsAg, APRI score ≥ 2.5, CPC B, treatment failure

Nagata et al. [20] Occurrence IL-28 genetic polymorphism, post-treatment WFA*M2BP

Recurrence IL-28 genetic polymorphism, post-treatment WFA*M2BP

Nahon et al. [21] Occurrence non-SVR, older age, excessive alcohol consumption, lower platelet count, high 
GGT levels, HCV genotype 1

Ioannou et al. [42] Occurrence non-SVR, cirrhosis

Yoo et al. [22] Occurrence Alpha-fetoprotein level > 9.5 ng/mL

Singer et al. [23] Occurrence Older age, male gender, cirrhosis, thrombocytopenia, portal hypertension, 
diabetes, tobacco use, alcoholic liver disease

Carrat et al. [24] Occurrence Untreated, non-SVR

Ide et al. [25] Occurrence Age ≥ 62 years old, male gender, FIB-4 index ≥ 4.6, and GGTP level ≥ 44 IU/L

Cabibbo et al. [34] Recurrence Main tumor size > 2.5 cm, history of prior recurrence

Nishibatake Kinoshita et al. [35] Recurrence Higher lens culinaris agglutinin-reactive fraction of alpha-fetoprotein level, 
a history of multiple HCC treatments, and a shorter interval between HCC 
treatment and initiation of antiviral therapy

Singal et al. [37] Recurrence No associate factor

HCC: hepatocellular carcinoma; SVR: sustained virological response; CPC: Child-Pugh Class; HCV: hepatitis C virus; IFN: interferon
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95%CI: 1.01-1.39, P = 0.03) were significant factors prone to experience HCC recurrence[14]. A study from Japan 
reported on the impact of DAA on early recurrence of HCC and higher alpha-fetoprotein (AFP)-L3 level (HR: 
1.47, 95%CI: 1.02-2.11, P = 0.04), larger number of HCC treatments (HR: 1.65, 95%CI: 1.16-2.35, P = 0.007), and 
shorter interval between the last HCC treatment and initiation of antiviral therapy (P = 0.007) were associated 
with the risk of HCC recurrence[35]. In the comparative study for occurrence and recurrence of HCC in IFN-
based and IFN-free therapies, AFP and WFA*M2BP levels were significantly associated with HCC occurrence 
after achieving an SVR[20]. This study suggested that AFP > 5.4 ng/mL and WFA*M2BP > 1.8 COI could be 
helpful markers of HCC occurrence. A prospective cohort study including 2249 patients with HCV-associated 
cirrhosis reported that albumin level < 3.5 g/dL (HR: 1.77, 95%CI: 1.12-2.82, P = 0.01), platelet count < 120 × 
109/L (HR: 3.89, 95%CI: 2.11-7.15, P < 0.001), and absence of SVR (HR: 3.40, 95%CI: 1.89-6.12, P < 0.001) were 
associated with an increased risk of HCC occurrence[18].

The retrospective cohort study using national data of 22,500 patients revealed that the patients with SVR (HR: 
0.24, 95%CI: 0.19-0.31, P < 0.0001) and African American patients (HR: 0.56, 95%CI: 0.39-0.81, P = 0.02) were 
associated with low risk of HCC[17]. Patients with cirrhosis (HR: 4.73, 95%CI: 3.34-6.68, P < 0.0001) and alcohol 
abuse (HR: 1.56, 95%CI: 1.11-2.18, P = 0.01) were associated with high incidence of HCC. A large, prospective, 
population-based study from Italy including 3917 patients with fibrosis stage ≥ F3 revealed that DAA 
treatment failure (HR: 9.09, 95%CI: 5.2-16.1, P = 0.0001), HBV coinfection (HR: 3.99, 95%CI: 1.24-12.91, 
P = 0.021), and APRI score > 2.5 (HR: 2.03, 95%CI: 1.14-3.61, P = 0.016) were significantly associated with 
HCC occurrence[19]. A comparative study including DAA group, SVR-IFN group, and non-SVR group 
suggested that increased age, alcohol consumption, HCV genotype 1, and impaired liver function were 
statistically significantly associated with risk of HCC[21]. There was no significant association between DAA 
use and risk of HCC. In our study, we compared the rates of HCC between DAA group and IFN group, 
and alpha-fetoprotein > 9.5 ng/mL at the time of end-of treatment response was the only significant risk 
factor for HCC occurrence[22]. Moreover, in a prospective study in France, exposure to DAA was strongly 
associated with a decrease in all-cause mortality (adjusted HR: 0.34, 95%CI: 0.22-0.55, P < 0.0001) and risk 
of HCC (adjusted HR: 0.57, 95%CI: 0.40-0.81 P = 0.016)[24]. A study including HCV patients with received 
DAAs and who achieved SVR showed that male gender (HR: 2.40, 95%CI: 1.46-3.96, P = 0.0006), older 
age (HR: 1.51, 95%CI: 1.20-1.91, P = 0.0005), higher FIB-4 index (HR: 1.12, 95%CI: 1.07-1.17, P < 0.0001), 
and higher GGTP level (HR: 1.04, 95%CI: 1.02-1.06, P < 0.0001) were independently associated with HCC 
occurrence[25].

CONCLUSION
Since the initial reports about the unexpected high rate of early recurrence of HCC were published, most 
recent reports showed favorable effects of DAA treatment in regard to HCC occurrence/recurrence. 
Several published studies have indicated that non-SVR, older age, advanced liver disease, combined liver 
disease (chronic hepatitis B and alcohol abuse), higher AFP, and history of previous HCC may play roles 
in increasing HCC risk. Accordingly, the Asian Pacific Association for the Study of the Liver guidelines 
suggest that surveillance be performed every six months for patients with SVR and liver cirrhosis and 
every four months for patients with SVR and previous history of HCC[38]. Achieving SVR in patients with 
HCV improved their outcomes in terms of deaths, Child-Pugh Class, and model for end-stage liver disease 
of advanced liver disease, as well as the incidence of HCC. In addition, patients with previous HCC after 
achieving SVR had significantly better survival than untreated patients, thus patients eligible for HCC 
therapy should be considered for DAA treatment[39]. However, the risk of HCC is not completely eliminated 
by achieving SVR after DAA treatment, and regular surveillance of HCC including biomarkers for tumor 
should be considered in patients with cirrhosis, combined liver disease, and previous history of HCC[40,41].
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Abstract

Aim: To evaluate wether it is safe and meaningful to treat octogenarians with microwave ablation for hepatocellular 
carcinoma. With an ageing population being healthier than previous generations, old limits for treating disease 
founded on patient age need to be revised. One of the most common tumour related death causes is hepatocellular 
carcinoma (HCC). With the development of minimally invasive therapies with curative potential, new ground is 
being broken offering treatments to older patients in the hope of achieving prolongation and better quality of life.

Methods: In this retrospective single centre study of patients having a first microwave ablation therapy for HCC in 
a national referral centre for ablative liver treatments, septuagenarians (n = 161, age 70-80) were compared with 
octogenarians (n = 32, age 80-90).

Results: Octogenarians selected for microwave ablation of HCC at a regional multidisciplinary team conference have 
similar outcomes as their younger control group. Survival, complications and length of stay are not different.

Conclusion: Octogenarians who are fit for ablative treatment of HCC should not be disqualified on grounds of age, 
recognising that this group has an obvious immortality, or lead-time, bias as well as a probable selection bias in part 
explaining their good results. 

Keywords: Microwave, ablation, hepatocellular carcinoma, octogenarians, survival, complications
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide and the fourth most 
common cause of cancer death according to the 2018 WHO report[1]. During the last 30 years, life 
expectancy, worldwide, has increased from 63 to 71.7 years with countries such as Japan and South Korea, 
as well as those in Western European and Northern America having a life expectancy of 80-84 years in 
2015[2]. At present, a 70-year-old person in Sweden is expected to live 16.3 more years and a person of 80 
has on average 9.2 years left[3]. 

Curative treatment of HCC is foremost surgical. Postoperative complications increase with age. In a UK 
study, patients over 75 had a 62% increase in risk of complications and a more than three-fold increased 
risk of one-year overall mortality compared to patients younger than 65. For one-year overall mortality, 
the risk was increased by 349% after surgery for colorectal cancer[4]. Leal et al.[5] investigated the impact 
of liver resection for colorectal liver metastases on octogenarians compared to younger patients in a 
matched cohort study and found twice the morbidity (19% vs. 9%) and a 90-day mortality of 7% vs. 0%. 
In a recent review by Cho et al.[6], curative intended treatments for hepatocellular cancer with resection 
or radiofrequency ablation (RFA) was found to be safe in selected patients over the age of 75[5], namely 
patients who generally had less severe underlying liver disease, were predominantly female and had more 
well-differentiated tumours, indicating that there was a clear selection bias when comparing the elderly 
with younger HCC patients. With careful selection, excellent results of resection can be achieved[7-9]. 
However, with increasing age, comorbidities amass and resective surgery is often not deemed appropriate 
and patients can be offered local ablative treatments with RFA instead without having age or comorbidities 
affecting outcome[10,11]. In a recent publication, octogenarians undergoing stereotactic RFA for primary liver 
tumours were compared to a younger control group using propensity score matching and no significant 
differences in terms of local recurrence, major complications and overall survival were found[12]. 

With microwave technology (MWA) entering the scene, with quicker energy delivery and larger ablation 
volumes compared to RFA[13], the present study aimed to evaluate the results of treating octogenarians with 
HCC using MWA in comparison with septuagenarians in a highly specialised centre in northern Europe.

METHODS
We retrospectively analysed all patients undergoing microwave ablation for HCC who were seventy years 
or older at first ablation in a single centre specialised in minimally invasive ablative treatments in Sweden, 
from June 2010 to December 2018. The collection and publication of data was approved by the regional 
ethics committee.

All patients were selected for ablative treatment for their HCC at the regional multidisciplinary team 
conference. Patients without cirrhosis or with cirrhosis without portal hypertension were typically firstly 
considered for resection, general condition permitting. For the others, with Child-Pugh grade below C and 
performance status 0-2 as well as with the possibility of curative treatment and largest tumour diameter 
below 30 mm, ablative treatment was the first choice. The diagnosis was based on radiological LIRADS 
criteria and not primarily on histology. Microwaves was the energy source of choice for ablative treatment. 
Tumour targeting was performed with computer-assisted technologies such as ultrasound fused with 
computed tomography (CT) images or with the aid of computer assisted CT-guided navigation technology 
(CAS-one, Cascination AG, Bern). Details on the set-up, ablation technique, energy devices and targeting 
technologies applied were described previously[14]. 

Patients were followed-up with CT or MRI imaging every three months for one year and according to the 
national surveillance guidelines[15]. Ablation site recurrence was defined as viable tumour tissue detected 
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on follow-up imaging within an area of 1 cm surrounding the ablation zone, applying the LIRADS criteria 
for HCC[16]. In the case of ablation site recurrence or new intrahepatic lesions on follow-up, patients were 
retreated with minimally invasive microwave ablation whenever possible.

Data on patient and tumour characteristics were extracted from the Swedish Liver registry [17]. 
Complications were classified according to the Clavien-Dindo classification[18], with major complication 
defined as a grade 3b or higher within thirty days of treatment. Data on tumour recurrence were extracted 
from patient’s medical records. Overall survival (OS) was calculated from the day of the index treatment, 
with all patients being followed until death or censored on 15 October 2019.

Descriptive statistics was used to describe baseline characteristics with medians and range for non-
normally distributed data. Categorical variables were expressed as total and percentages. Ratios were 
analysed with the c 2-test. Overall survival was illustrated using Kaplan-Meier curves and differences in 
survival analysed with log-rank test. Factors influencing survival were analysed with the Cox proportional 
hazards method. All statistical computations were made with SigmaPlot 13.0 (Systat software, Inc, San Jose 
CA)

RESULTS
In total, 193 patients treated with MWA at the age of 70 or above were included in this study. Of these, 
32 (17%) were 80 or above years of age and 161 (83%) were 70-80 years of age. Patient and tumour 
characteristics are outlined in Table 1. 

In the group of octogenarians, there was less underlying liver disease with cirrhosis of various reasons (59% 
vs. 80%, P = 0.021) and the proportion of females was higher (34% vs. 19%, P = 0.08). In the other baseline 
characteristics, and somewhat fewer tumours treated. The age distribution is presented in Figure 1.

Major complications within one month occurred in seven (5%) of the septuagenarians and none of the 
octogenarians. These were one liver abscess that responded well to drainage and antibiotics, one hematoma, 
one patient with ascites that was drained, one with a pneumothorax that was evacuated, one patient had a 
coronary infarction one week after the ablation and one patient had a bleeding oral polyp a week after the 
ablation. The last developed progressive liver failure with intensive care needs, alas irreversible and died 
two months after the ablation.

There was no difference in OS between the two groups with a median survival time of 3.9 years for patients 
between 70 and 80 years of age and 4.3 years for octogenarians (P = 0.416). One-, three- and five-year OS were 
89%, 59% and 38% (70-80 years of age) and 100%, 100% and 30% (octogenarians), respectively [Figure 2]. 

In the Cox proportional hazards model, no single analysed factor significantly influenced survival including 
gender, associated liver disease, ASA-score, Child-Pugh grade, number of tumours treated and largest 
tumour treated.

Local ablation site recurrence occurred in 19 % (36/194) and 26% (50/194) had a new tumour in another 
part of the liver within one year of follow-up. 

The distribution of repeat treatments is shown in Figure 3. Patients were retreated when there was a chance 
of cure, not as an upfront palliative measure.
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80+ % 70-80 % P
n 32 161
Age [median (min-max)] 74.2 (70-79.6) 82.3 (80.1-86.3)
Male 21 66% 131 81% 0.08
Associated liver disease 19 59% 129 80% 0.021
Alcohol 8 25% 63 39% 0.189
Hemochromatosis 1 3% 5 3% NS
Hepatitis B 0 0% 4 2% NS
Hepatitis C 1 3% 34 21% 0.016
NASH 5 16% 25 16% NS
Porfyria 1 3% 2 1% NS
Child-Pugh
   A 24 75% 114 71% NS
   B 4 13% 18 11% NS
   C 0 0% 0 0% NS
Missing 4 13% 28 17% NS
MELD [median (min-max)] 6.58 (0.86-22.78) 6.26 (0-19.32) NS
ASA
   1 0 0% 2 1% NS
   2 7 22% 39 24% NS
   3 21 66% 93 58% NS
   4 4 13% 25 16% NS
Number of tumours
   1 20 63% 88 55% NS
   2 6 19% 34 21% NS
   3+ 6 19% 36 22% NS
Max diameter [median (min-max)] 22 (11-37) 20 (8-58) NS
Clavien-Dindo class
   0-1 28 84% 142 88% NS
   2 4 13% 12 7% NS
   3a 0 0% 5 3% NS
   3b 0 0% 1 1% NS
   4a 0 0% 1 1% NS
   4b 0 0% 0 0% NS
   5 0 0% 0 0% NS
Postop stay [median (min-max)] 1 (0-5) 1 (0-32) NS
Number of subsequent liver treatments 1 (1-6) 2 (1-7) NS

Table 1. Baseline and outcome characteristics

Baseline characteristics and complications following microwave ablation for hepatocellular carcinoma in elderly patients. Only 
associated liver disease reached statistical significance with a P -value < 0.05. NASH: Non Alcohol Steato Hepatitis; MELD: Model for 
Endstage Liver Disease; ASA: American Society of Anaesthetists physical status classification

Figure 1. Age distribution of subjects in the study. The Y-axis is the number of patients per age group and the X-axis the age groups
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DISCUSSION
The presented data show that microwave ablation of HCC in selected octogenarians can be performed with 
low morbidity and with results that are equal to those for septuagenarians, which was the primary aim of 
the study.

This is well in line with previous findings by Shen et al.[10] and Zhang et al.[11] offering a potentially curative 
treatment for octogenarians not deemed fit for surgical resection or as a first-line therapy. 

Figure 2. Overall survival after a first microwave ablation of hepatocellular carcinoma in octogenarians compared to septuagenarians

Figure 3. Number of interventions performed during follow-up of the patient cohort grouped into the two age groups. The y-axis 
represents the number of patients and the x-axis the different strata of interventions

Octogenarians 32 4 2 0

Septuagenarians 86 30 10 2
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Survival in the presented cohort is well comparable to results presented in a meta-analysis of elderly 
patients resected for HCC by Cho et al.[6], but with much shorter length of stay and much fewer 
complications, where, typically, resected elderly patients stay for 9-18 days in hospital and with 13%-36% 
having postoperative complications. In a US study from 2012 on RFA[19], the postoperative mortality was 
worse, as was survival with 72% surviving the first year and 39% and 34% at three and five years compared 
to the present study’s 100%, 69% and 40%, respectively, for the octogenarian group, numbers that are 
somewhat inferior to what Takahashi et al.[20] presented. Numbers are difficult to compare as underlying 
causes of HCC and expected life span varies greatly among the US, Japan and Sweden.

In the present study, the mean age in the older cohort was 82 with a median survival of 4.3 years and the 
younger cohort with a mean age of 74 had a median survival of 3.9 years. This is considerably shorter than 
the average life expectancy for a 74-year-old (13 years) or an 82-year-old (8 years) in Sweden[21].

Selection bias is an obvious disadvantage when analysing this kind of dataset. Associated liver disease and 
hepatitis C was more prevalent in the younger group. 

The small size of the octogenarian cohort could easily mask a Type 2 error. On the other hand, there is the 
obvious problem with immortality bias as the octogenarians have by necessity survived until 80 and are 
thus a selected group with a slightly higher life expectancy. This could perhaps in part explain the excellent 
three-year survival of 100% in that cohort.

In conclusion, as the population steadily has a greater life expectancy, the indications for treating tumours 
in older and healthier age groups becomes necessary. The results of the present study indicate that ablating 
hepatocellular carcinomas in octogenarians can safely be performed with good results if no obvious 
contraindication is present.
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Abstract
Aim: We aimed to study the clinical and pathological characteristics of liver transplant recipients with hepatocellular 
carcinoma recurrence. 

Methods: We reviewed the data for 26 patients who had tumor recurrence after deceased donor liver transplant for 
hepatocellular carcinoma at the Johns Hopkins Hospital from January 2005 to December 2015. 

Results: In total, 88% of recipients were males. The mean age was 59 years. On explant, poor differentiation was 
detected in 43%, while 73% had microvascular invasion. Overall, 62% were diagnosed to be outside of Milan criteria. 
Out of these, 15% met the criteria for downstaging. Twenty (77%) patients had pre-transplant alpha fetoprotein levels 

≥ 20 ng/mL. In 54% of patients, the location of hepatocellular carcinoma (HCC) recurrence was extrahepatic, followed 
by intrahepatic in 31% and both intra- and extrahepatic in 15%. The post-transplant tumor recurrence was diagnosed 
at a mean of 427 days (range 34-1502). Fifty percent of HCC recurrences were diagnosed within one year following 
liver transplant. Twenty (77%) patients received treatment for their recurrent HCC: external radiation (n  = 10), surgical 
resections (n  = 8; brain 4, spine 2, bone 1, and Whipple surgery 1), sorafenib (n  = 7), locoregional therapy (n  = 5). 
Overall, 24 out of 26 (92%) recipients died within four years after the transplant. 

Conclusion: HCC recurrence after liver transplant is infrequent. More than fifty percent of HCC recurrences following 
liver transplant are extrahepatic. Despite better recipient selection for liver transplant, the curative options are limited in 
recurrent cases and associated with extremely poor outcomes.

Keywords: Hepatocellular carcinoma, liver transplant, liver resection, locoregional therapy 
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INTRODUCTION
Liver transplant (LT) has become the treatment of choice in patients with hepatocellular carcinoma (HCC) 
and cirrhosis who meet the Milan criteria (MC)[1]. Although additional extended criteria models have been 
proposed, HCC recurrence following LT remains an unfortunate incident associated with poor survival[2,3]. 
Tumor biology and alpha fetoprotein (AFP), as well as tumor size and number, have been proposed by 
various groups as other potentially relevant factors of tumor recurrence[4-6]. 

Overall, two thirds (2/3) of patients, who develop recurrent HCC post-LT, present with extrahepatic 
recurrence[7,8]. The treatment of choice in post LT HCC recurrence is determined based on the site and the 
extent of the recurrence[8]. However, treatments are not standardized and mostly based on expert opinion 
and retrospective studies[9]. Surgical treatment options have been proposed with promising outcomes in 
selected patients[10,11]. Locoregional therapy options, transarterial chemoembolization, radiofrequency 
ablation, and stereotactic radiation are considered in selected cases[9].

In a recent report, we published our experience in LT recipients with HCC at the Johns Hopkins University 
Comprehensive Liver Transplant Center[12]. As a follow-up study, we aimed to study the clinicopathological 
features and outcomes of 26 cases with HCC recurrence following LT. In addition, we evaluated the details 
on the outcomes and the application of different treatment modalities in this group. 

METHODS
The study was approved by the institutional review board at the Johns Hopkins Hospital. HCC-related 
deceased donor LT recipients between January 2005 and December 2015 were evaluated. In total, 26 
patients with post-LT HCC recurrence were identified among 165 recipients who were included in the 
study. All recipients were listed following a standard work up and discussion at the weekly selection 
meeting. They were within Milan criteria or downstaged into Milan criteria. The transplant was performed 
by piggyback technique. Postoperative HCC surveillance consisted of contrasted cross-sectional imaging 
with computerized tomography or magnetic resonance imaging with AFP every three months for the 
first year and every six months for the second and third years. There was no set therapeutic protocol for 
recurrence; treatment options were discussed in a multidisciplinary fashion. The Pre-LT AFP was obtained 
within the past three months prior to deceased donor liver transplantation (DDLT) and immediate post-LT 
AFP was obtained within three months post DDLT. 

Data on clinical, radiologic, pathology, HCC recurrence, and survival were collected from the records, 
reviewed, and analyzed. Explant pathologies were reviewed retrospectively, and the following tumor 
parameters were collected: size, number of lesions, microvascular invasion status, and differentiation. It was 
determined whether patients met the Milan or University of California San Francisco (UCSF) criteria based 
on the number and size of HCC lesions on explant pathology. The data collected for categorical variables 
were reported as percentages. Data for continuous variables were reported by the mean and standard 
deviation. Patient survivals were analyzed using Kaplan-Meier statistics. STATA V.13 (StataCorp college 
station, TX) was used to perform the statistical analyses.

RESULTS
Patient characteristics
Among the deceased donor LT recipients, HCC was the primary indication for transplantation varying 
from 21% to 53% of patients [Figure 1] according to the year. Clinical information on the 26 LT recipients 
with recurrent HCC is summarized in Table 1. Patients were predominantly male (88.5%) with a mean age 
of 59 years (range 47-72 years). The majority of recipients were white (n = 17, 65.4%), followed by African 
American (n = 7, 27.0%) and Asian (n = 2, 7.6%) ethnicities. Primary etiology of liver disease was chronic 
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hepatitis C (positive hepatitis C antibody and/or hepatitis C RNA) in 13 patients (50%) and hepatitis C and 
alcoholic liver disease in 6 (23%) patients. Chronic hepatitis B (positive hepatitis B surface antigen and/or 
hepatitis B DNA) was seen in three patients (11.5%), followed by alcoholic liver disease (n = 2, 7.7%), and 
non-alcoholic fatty liver disease (n = 1, 3.9%).

Laboratory results
The average model for end-stage liver disease (MELD) score was 13, ranging from 6 to 35. Mean AFP was 
27.6 ng/mL for pre-LT vs. 23.6 ng/mL for post-LT time periods [Tables 1 and 2]. Four patients had pre-LT 
AFP levels of > 1000 ng/mL. The other available laboratory results are summarized in Table 1.

Immunosuppression 
Overall, nine (34.6%) patients were treated with mammalian target of rapamycin (mTOR) treatment with 
sirolimus in eight and everolimus in one patient. Seventeen patients received Tacrolimus-based therapy. 

Explant-pathology findings
In the explant pathologies of LT recipients, 9 (34.6%) patients had only one lesion and 11 (42.4%) had 4 
or more lesions. The average for the largest lesion size was 4.3 cm. In total, 12 patients (46.1%) had multi-
lobar tumors and 13 (50%) had tumors that were located in the right lobe. Overall, 10 patients (38.4%) 
were within MC criteria and 11 patients (42.3%) were within UCSF criteria. Four patients (15.4%) were 
downstaged to MC with locoregional treatment. Seventeen (65.4%) patients underwent locoregional 
therapy before transplant. None of the tumors were well-differentiated. Overall, 14 (53.8%) patients had 
moderately differentiated HCC. Eleven (42.3%) patients had HCC with poor differentiation. Microvascular 
invasion was detected in 19 of the 26 cases (73.1%) while one patient had bile duct invasion only. 

Recurrence and survival 
The overall rate of HCC recurrence following LT in our series was 15%. The rate of HCC recurrence has 
improved over the years with a recurrence rate of 10% in 2015 [Figure 2]. Mean time for diagnosis of 

Figure 1. Overall, rate of deceased donor liver transplant for hepatocellular carcinoma indication at the Johns Hopkins Hospital from 2005 
to 2015. HCC: hepatocellular carcinoma



Table 1. Characteristics of the study population

Variable n  = 26
Clinical features
  Male sex, n  (%)
  Age (years)
  Ethnicity, n  (%)
    White
    African American 
    Asian
  Etiology
    HCV 
    HBV
    ALD
    NAFLD
    HCV/ALD
    Other

23 (88.5%)
58.9 (6.8)
     
17 (65.4%)
7 (27.0%)
2 (7.6%)

13 (50%)
3 (11.5%)
2 (7.7%)
1 (3.9%)
6 (23%)
1 (3.9%)

Explant pathology
  Number of lesions, n  (%)
    1
    2
    3
    > 4
  Largest lesion (cm)
  Tumor location, n  (%)
    Right lobe
    Left lobe
    Multi-lobar
  Tumor differentiation, n  (%)
    Well
    Moderate
    Poor
    Unknown
  Microvascular invasion, n  (%)
    Yes
    No
    Bile duct invasion
  Total number of loco-regional therapies, n  (%)
    0
    1
    2
    > 2
  Patients with viable tumor, n  (%)
    Yes
    No
  Within Milan, n  (%)
    Yes
    No
  Downstaged to Milan, n  (%)
  Within UCSF, n  (%)
    Yes
    No
  Downstaged to UCSF, n  (%)

9 (34.6%)
3 (11.5%)
3 (11.5%)
11 (42.4%)
4.3 (3.8)

13 (50%)
1 (3.9%)
12 (46.1%)

0 (0%)
14 (53.8%)
11 (42.3%)
1 (3.9%)

19 (73.1%)
6 (23%)
1 (3.9%)
 
9 (34.6%)
9 (34.6%)
5 (19.2%)
3 (11.6%)

25 (96.2%)
1 (3.8%)

10 (38.4%)
16 (61.6%)
4 (15.4%)

11 (42.3%)
15 (57.7%)
3 (11.5%)

Laboratory
  Pre-LT AFP (ng/mL)
  Post-LT AFP (ng/mL)
  MELD
  WBC (109/L)
  Hgb (g/dL)
  MCV (fL)
  PLT (103/μL)
  BUN (mg/dL)
  Creatinine (mg/dL)
  TP (g/dL) 
  Alb (g/dL)
  ALP (U/L)
  AST (U/L) 
  ALT (U/L)
  T.Bili (mg/dL)
  PT (sec)
  INR

27,578 (133,183)
23,586 (81,707)
13 (7)
6 (2.2)
12.9 (2.7)
91 (6)
116 (67)
15 (6)
1.1 (0.6)
7.2 (0.8)
3.6 (0.7)
141 (58)
109 (167)
71 (122)
2.2 (2.4)
14 (4.1)
1.3 (0.4)

Clinical and pathological characteristics of the 26 recipients with hepatocellular carcinoma recurrence following liver transplant. 
Quantitative data are expressed as mean and categorical variables are reported as percentages. AFP: alpha fetoprotein; ALD: alcoholic 
liver disease; Alb: albumin; ALP: alkaline phosphatase; AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN: blood urea 
nitrogen; HBV: hepatitis B virus; HCV: hepatitis C virus; Hgb: hemoglobin; INR: international normalized ratio; LT: liver transplant; MCV: 
mean corpuscular volume; MELD: model for end-stage liver disease; NAFLD: non-alcoholic fatty liver disease; PLT: platelet count; PT: 
prothrombin time; TP: total protein; T.Bili: total bilirubin; UCSF: University of California San Francisco; WBC: white blood cell count
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Table 2. Alpha fetoprotein levels pre and post-liver transplant 

Patient Pre-LT AFP Initial post-LT AFP AFP at recurrence
1 9 7 2019

2 28,139 365,210 NA

3 135 4.1 15

4 3.6 0.6 1.7

5 27 3864 NA

6 488 57 86

7 22 2 26

8 23 12 1416

9 162 6.4 7

10 169 682 3342

11 34 3 389

12 48 4 12

13 323 76 157

14 7 21 NA

15 23 10 51

16 4659 25,154 NA

17 304 35 5.4

18 3.3 4.3 210

19 1707 100 47,304

20 34 2 3.7

21 680,000 217,576 120,848

22 22 2 17

23 4 2 NA

24 207 317 40.9

25 486 104 3677

26 5.2 5.5 4

Alpha fetoprotein levels (ng/mL) pre- and post-liver transplant in 26 liver transplant recipients with hepatocellular carcinoma recurrence. 
AFP: alpha fetoprotein; LT: liver transplant; NA: data not available
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Figure 2. Overall, per year rate of hepatocellular carcinoma recurrence in deceased donor liver transplant recipients at the Johns Hopkins 
Hospital from 2005 to 2015. HCC: hepatocellular carcinoma 
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HCC recurrence after LT was 427 days, ranging from 34 to 1502 days. The site of HCC recurrence was 
intrahepatic in 8 (31%), extrahepatic in 14 (54%), and both intra- and extrahepatic in 4 (15%) patients. 
Overall, 31% of recipients had intrahepatic HCC recurrence following LT when compared to 69% with 
extrahepatic recurrence. Twenty-two percent of the patients who had extrahepatic involvement had 
concomitant liver involvement. The most common sites of extrahepatic involvement were the lungs (44.4%) 
and bones (44.4%) (spine, rib, pelvis, and humerus), followed by mediastinum (27.8%), brain (22.2%), 
portal lymph nodes (11.1%), gastro-hepatic ligament (5.6%), adrenal gland (5.6%), pleura (5.6%), and 
peritoneum (5.6%).

A range of different treatment modalities was used for recurrences [Table 3]. Six (21.4%) of the 26 patients 
were managed with supportive care. The remaining 20 cases received various treatment modalities 
including locoregional therapy (transarterial chemoembolization in 3, Y 90 in 1, and radiofrequency 
ablation in 1), external radiation in 10, and surgical resections in 8 (brain 4, spine 2, bone 1, and Whipple 
surgery in 1). Nine (32%) patients received combination therapies of the above-mentioned modalities. 
Seven patients (27%) received sorafenib. An additional two patients received chemotherapy regimens other 
than sorafenib [Table 3]. Recurrence-free survival and overall survival are shown in Figure 3. Patients who 
developed HCC recurrence following LT had an extremely poor overall survival (7.7%). In total, 19% of 
patients died within one year following LT. Overall, 24 out of 26 (92.3%) patients died throughout the four-
year follow-up period. Timing of death relevant to the time of LT is shown in Table 3. 

DISCUSSION
In this series, we report a rate of 15% HCC recurrence following deceased donor LT at our transplant 
program. This rate is consistent with the literature report of 15%-20% post-LT HCC recurrence[13]. It is well 
known that the patients who are outside of MC prior to LT have higher rates of tumor recurrence following 
LT, compared to those within the MC[1]. Although all of the patients within our series were thought to be 
within MC radiographically prior to LT, according to radiology findings, only 34% were within the criteria 
by reviewing the explant. When including an additional four (15%) patients who were downstaged, in total 
49% were within MC based on pathology. This discrepancy between radiology and pathology has been 
previously described by other groups in the literature[13].
 
Our sites of recurrence findings are very similar to the recent reports[8]. In a systematic review of post-LT 
HCC recurrence, extrahepatic site was the most common site of recurrence in 67% of cases, compared to 
intrahepatic in 33%[8]. The extrahepatic sites of involvement included: bone, pulmonary, adrenal, lymph 
nodes, and brain[8].

Within our series, 54% of the HCC recurrences were diagnosed within 1 year post-OLT, while 81% and 
96% of recurrences occurred within 2 and 3 years following OLT, respectively. The average time to HCC 
recurrence within our series was 427 days (range 34-1502 days). It is shown by others that early versus 
late recurrence is a predictor of post-LT survival[14]. The patients with early HCC recurrence, defined as 
recurrence within 24 months post-LT, have a worse prognosis[14]. There are a few potential theories for early 
HCC recurrence post-LT: (1) biologically rapid growing, aggressive tumors; (2) lack of high-quality pre-LT 
imaging or overlooking intra- or extrahepatic imaging[8]; (3) extrahepatic microscopic viable HCC cells that 
could not be detected by conventional imaging prior to LT; and (4) presence of circulating tumor cells that 
seed to other sites. The mechanism by which the late recurrence occurs is unclear[15]. Presence of pre-LT HCCs 
that are biologically slow growing, or development of de novo HCC recurrence in the liver allograft could 
be the cause. Within our series, we did not have any cases who had HCC recurrence that occurred or were 
diagnosed beyond five years following LT. 

The selection of an ideal treatment for post LT HCC recurrence is a matter of debate, and the evidence is 
mainly based on expert opinion and non-randomized cohort studies[9]. The treatment modality will vary 
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Figure 3. Survival analysis for 26 liver transplant recipients with hepatocellular carcinoma recurrence: A: Kaplan-Meier curve for 
recurrence-free survival; B: Kaplan-Meier curve for overall survival 
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based on the type of recurrence (intrahepatic versus extrahepatic), organ of involvement, and extent of 
involvement. This includes a wide range of surgical (intra- or extrahepatic resection and re-transplantation) 
and non-surgical treatments (locoregional therapies, sorafenib, other systemic chemotherapy, mTOR 
inhibitors, and best supportive care)[16]. 

Surgical options including extrahepatic resection, liver graft resection, and liver re- transplant have also been 
considered for patients presenting with HCC recurrence. In 2004, the Mount Sinai group reported resection of 
the liver allograft in five out of 18 recipients with HCC recurrence[11]. The authors concluded that, in selected 
cases with recurrent intrahepatic-HCC, liver resection improved survival[11] Similarly, Kornberg et al.[10] 
reported that HCC recurrence should be treated surgically in eligible patients with good long-term outcomes. 
In multivariate analysis of post-LT HCC recurrence, late tumor recurrence (> 24 months) and surgical 
resection were the two independent predictors of survival[10]. A systematic review in 2015 reported that the 
surgical approach to localized intra- or extra-hepatic recurrences are uneventful and not associated with 
higher mortality[8]. Retransplantation for recurrent HCC is not a practical option[17] due to the higher risk of 
recurrence with a limited organ availability. 

Sorafenib, a multikinase inhibitor, has been approved as first-line treatment for the management of 
advanced-stage HCC following two clinical trials in 2008 and 2009[18,19]. In a multicenter phase 2, blinded 
placebo-controlled, clinical trial, the efficacy of sorafenib for preventing HCC recurrence post-LT in high-
risk recipients is being actively investigated [ClinicalTrials.gov identifier (NCT number): NCT01624285]. 
There are currently no systemic therapies that have been shown to improve survival in HCC recurrence 
post-LT. Recently, other tyrosine kinase inhibitors were approved as first- or second-line treatment in HCC 
in the non-transplant setting[20]. The role of these agents as adjuvant therapy or post-LT HCC recurrence 
is unclear and deserves further investigation in the near future. Nivolumab, an anti-PD1 inhibitor, was 
recently approved for the treatment of HCC, as second line, in the non-transplant setting, with the 
objective response rate of 20%[21]. The role of immunotherapy among post-LT recipients with HCC has not 
been yet established. It is possible that the immunotherapy will affect the liver allograft leading to acute 
cellular rejection[22]. 

Mammalian target of rapamycin (mTOR), a serine/threonine protein kinase, has been shown to be 
upregulated in 40%-50% of HCCs. mTOR is involved in the regulation of cell metabolism and growth[23]. 
Therefore, various studies have suggested that mTOR inhibitors may have antineoplastic properties in 
HCC patients and mTOR inhibitors should be used after LT. In a meta-analysis of 2950 patients from five 
studies, sirolimus-based immunosuppression reduced the rate of tumor recurrence and improved overall 
survival[24].
 



HCC recurrence following LT is an unfortunate event and associated with poor outcomes. In a recent 
meta-analysis, the median overall survival was 13 months following the diagnosis of HCC recurrence post-
LT[8]. Herein, supportive care was associated with the lowest survival rate of 3.3 months[8]. There is no 
standardized protocol regarding the type and frequency of post-LT cross-sectional imaging in surveillance 
of HCC LT recipients. It is important to note that more than 50% of patients develop tumor recurrences 
that are outside of liver (extrahepatic), therefore imaging limited to the liver may not be sufficient for 
the diagnosis of majority of HCC recurrences. We also note that AFP is a useful marker in post-LT HCC 
surveillance only for high-AFP-secreting tumors. Four patients in our study had pre-AFP levels of > 1000 
ng/mL. It is well known that patients with high AFP producing tumors have worse tumor biology and have 
worse outcomes[12,25]. HCC candidates need to have AFP of ≤ 1000 ng/mL to receive extra points to shorten 
the waiting period for liver transplantation[25]. The overall prognosis of HCC recurrence following LT is 
poor in the majority of cases and there are no available studies evaluating cost-effectiveness of surveillance 
protocols specific to this group of patients. 

In conclusion, HCC recurrence post liver transplant is an unfortunate event associated with extremely poor 
survival. The majority of the cases are early recurrence occurring 1-2 years following liver transplantation. 
More than 50% of HCC recurrences are extrahepatic. Therefore, post-liver transplant imaging confined 
to the liver may not be enough to detect all of the recurrences. In patients with AFP producing tumors, 
this marker may also be helpful to diagnose the HCC recurrence. There is no general consensus on the 
treatment for post liver transplant hepatocellular carcinoma recurrence. The current reports are mainly 
based on single-center retrospective experience. 
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Abstract

Aim: The aim of the present study was to evaluate the characteristics of the magnetic resonance imaging features 
of hepatocellular carcinoma (HCC) that developed early after the eradication of hepatitis C virus (HCV) by direct-
acting antiviral (DAA) treatment.

Methods: This study included 26 patients who achieved sustained viral response with DAA and developed HCC 
thereafter within one year (DAA-SVR HCC). The radiologic characteristics of these patients were evaluated by 
contrast-enhanced magnetic resonance imaging, including diffusion-weighted imaging (DWI) and T2-weighted 
imaging (T2WI). For comparison, 80 HCC patients with positive HCV RNA (HCV-positive HCC) were included. 
Among 42 patients where tumor biopsy was available, histological grade and radiologic findings were compared.

Results: The rates of high intensity on DWI and T2WI were significantly higher in DAA-SVR HCC compared to HCV-
positive HCC (DWI: 100% vs. 67.5%, P < 0.001; T2WI: 92.6% vs. 67.5%, P = 0.01). HCC with high intensity on DWI 
or T2WI was more likely to have moderately or poorly differentiated HCC compared to well-differentiated HCC 
(DWI: 69.7% vs. 30.3%, P = 0.02; T2WI: 66.7% vs. 27.3%, P = 0.03).
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Conclusion: High intensity on DWI and hyperintensity on T2WI were distinctive features of HCC that developed 
within one year after the end of DAA treatment.

Keywords: Hepatocellular carcinoma, direct-acting antivirals, sustained viral response, contrast enhanced magnetic 
resonance imaging

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common cancer types[1] and the major cause of cancer-
related deaths[2]. Chronic liver disease and cirrhosis are closely associated with the development of HCC[3]. 
In patients with chronic hepatitis C virus (HCV) infection, sustained viral response (SVR) can be observed 
in more than 90% of the cases by antiviral therapy using direct-acting antivirals (DAAs)[4]. However, it 
remains controversial whether HCC that developed after the eradication of HCV with DAA regimens 
differs from those that developed during active infection with HCV. Although the incidence of HCC 
development may not be suppressed or enhanced by the eradication of HCV with DAA[5], the question 
remains whether there are differences in the biological characteristics, such as histology or radiologic 
findings, or the clinical course after curative treatment. Imaging features of HCC after SVR with DAA have 
not been studied in detail.

For the diagnosis of HCC, contrast-enhanced magnetic resonance imaging (MRI) using gadolinium 
ethoxybenzyl diethylenetriamine penta-acetic acid (Gd-EOB-DTPA) is often used[6-9]. MRI has an 
advantage over computer tomography (CT) in that various images, including diffusion-weighted images 
(DWI) or T2-weighted images (T2WI), can be obtained in addition to the vascularity information of HCC 
nodules. DWI is imaging associated with the restriction of water molecule movement and reflects the 
histopathologic features of organs and tissues by virtue of high scan speed. It is widely known that DWI 
is valuable for the diagnosis and differential diagnosis of neoplasm in the liver, including small (< 2 cm) 
HCC[10]. In this study, we evaluated the MRI features of HCC that developed within one year after the end 
of DAA treatment.

METHODS
Patients
In our hospital cohort, 695 patients with chronic hepatitis C were treated with DAA regimens and achieved 
SVR between October 2014 and September 2016. At baseline and after SVR, the surveillance for HCC 
was performed using ultrasonography, contrast-enhanced CT, or EOB-MRI. Among these 695 patients, 
26 patients developed HCC within one year after the end of DAA therapy (DAA-SVR HCC). All of these 
patients had no previous history of HCC treatment. For comparison, 80 HCC patients with positive HCV 
RNA (HCV-positive HCC) were selected from 208 consecutive HCC patients with HCV infection who 
were treated for the first time from December 2011 and February 2018 according to the following inclusion 
criteria: (1) HCV RNA positive at the time of HCC diagnosis; (2) Child-Pugh A; (3) tumor diameter ≤ 3 cm 
and number of nodules ≤ 3; (4) no vascular invasion and no extrahepatic metastasis; (5) EOB-MRI 
available; and (6) radiofrequency ablation (RFA) was performed. This study was conducted according to 
the ethical principles of the Declaration of Helsinki and STROBE guidelines. This study was approved by 
the Ethics Committees of Musashino Red Cross Hospital (approval number 28077).

HCC diagnosis
The radiologic diagnosis for HCC was based on the Japan Society of Hepatology[11], the American Association 
for the Study of Liver Disease[12], and the European Association for the Study of the Liver[13] guidelines. 
Typical radiographic findings on dynamic study (CT or MRI) or needle biopsy were used for diagnosis. 

Page 2 of 9                                               Shimizu et al. Hepatoma Res  2020;6:12  I  http://dx.doi.org/10.20517/2394-5079.2019.48



Magnetic resonance examinations were performed in all patients using a 1.5 T scanner (Signa Excite HD; 
GE Healthcare, USA). Gd-EOB-DTPA was used as a contrast agent. The contrast material was administered 
as a bolus at a dose of 0.1 mL/kg body weight at a rate of 2 mL/s followed by flushing with 20 mL 
saline solution using a power injector. Images of the arterial phase, portal venous phase, late phase, and 
hepatobiliary phase (HPB) were obtained 18 s, 60 s, 150 s, and 20 min after the peak time, respectively, after 
contrast injection. DWI was acquired before HPB with b values of 0 and 1000 s/mm2. Apparent diffusion 
coefficient (ADC) maps were obtained automatically by two images of b values of 0 and 1000 s/mm2. 
Dynamic CT scan with a section thickness of 2 mm was performed. For triple-phase dynamic CT scans, 
arterial, portal, and equivalent phases were set at 35, 70, and 150 s, respectively, after injection of the 
contrast agent. Board-certified radiologists diagnosed HCC based on typical patterns, such as an early-
phase hyperattenuation area and a late-phase hypoattenuation area on dynamic study. Pathologic diagnosis 
was confirmed by a certified pathologist who was unaware of the patient’s clinical data.

RFA procedure
RFA was percutaneously performed by using local anesthesia. We used an internally water-cooled 17 
G cooled-tip electrode with an impedance-controlled generator (Cosman generator, Cool-Tip System, 
Radionics, Burlington, MA, USA). When the target nodule was more than 20 mm in diameter, multiple 
needle insertions and multiple ablations of one nodule were performed.

Statistical analysis
All statistical analyses were performed using Easy R (EZR) version 3.4.1 (Saitama Medical Center, Jichi 
Medical University, Saitama, Japan)[14], a graphical user interface for R (The R Foundation for Statistical 
Computing, Vienna, Austria). P < 0.005 was considered statistically significant. Fisher’s exact test, paired t 
test, and Mann-Whitney U test were adopted to determine the differences between the two indexes. Fisher’s 
exact test was used to evaluate the intensity of DWI and T2WI. Survival curves were estimated using the 
Kaplan-Meier method. Overall survival (OS) was defined as the period between the treatment date of HCC 
and the patient’s death or last visit, and progression-free survival (PFS) was defined as the period between 
the treatment date of HCC and the recurrence confirmation date of dynamic CT or EOB-MRI.

RESULTS
Comparison of demographics and laboratory data
The baseline clinical characteristics of all patients are shown in Table 1. Among them, 26 patients achieved 
SVR with DAAs before HCC diagnosis (DAA-SVR HCC) and HCV RNA was detected in the remaining 80 
patients (HCV-positive HCC). The median age of all patients was 75 years old and the median tumor size 
was 18 (8-29) mm. Serum alanine aminotransferase (ALT; 18.5 vs. 53.0 IU/mL, P = 0.001) and α-fetoprotein 
(AFP; 3.42 vs. 25.3, P < 0.001) were significantly lower in DAA-SVR HCC patients than in HCV-positive 
HCC patients and the mean platelet count was higher in DAA-SVR HCC patients than in HCV-positive 
HCC patients (149 × 103/μL vs. 102 × 103/μL, P = 0.009). There was no significant difference in age, tumor 
size, tumor number, albumin, total bilirubin, and prothrombin time international normalized ratio between 
DAA-SVR and HCV-positive HCC patients. The median value of Wisteria floribunda agglutinin-positive 
Mac-2 binding protein (WFA ± M2BP) in 25 patients with DAA-SVR HCC was 1.48.

Imaging features
The imaging features are shown in Table 2. There was no difference between DAA-SVR and HCV-positive 
HCC in terms of features of arterial phase, late phase, or HPB. In contrast, all DAA-SVR HCC was depicted 
as high intensity on DWI, whereas only 67.5% HCV-positive HCC was found (P < 0.001). Moreover, high 
intensity on T2WI was significantly higher in DAA-SVR HCC than in HCV-positive HCC (92.6% vs. 
67.5%, P = 0.01). The typical imaging features of DAA-SVR HCC are shown in Figure 1. We also measured 
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the ADC values of HCC lesions on DWI; however, there was no significant difference between the two 
groups.

Tumor biopsy was performed in 9 patients with DAA-SVR HCC and 33 patients with HCV-positive HCC. 
In nine patients with DAA-SVR HCC, four patients showed well-differentiated HCC and five patients 
were diagnosed with moderately or poorly differentiated HCC. In 33 patients with HCV-positive HCC, 
13 patients showed well-differentiated HCC and 20 patients were diagnosed with moderately or poorly 
differentiated HCC. There were significant associations with MRI and pathologic findings. HCC with high 
intensity on DWI or T2WI was more likely to have moderately or poorly differentiated HCC compared to 
well-differentiated HCC (DWI: 69.7% vs. 30.3%, P = 0.02; T2WI: 66.7% vs. 27.3%, P = 0.03).

Prognosis after curative HCC treatment
Among patients with DAA-SVR HCC, 1 patient received resection, 2 patients were treated by transcatheter 
arterial chemoembolization, 1 patient was not treated, and the remaining 22 patients were treated with 
RFA. All patients with HCV-positive HCC were treated with RFA. OS and PFS were not different between 
DAA-SVR and HCV-positive HCC [Figure 2].

DISCUSSION
The present study evaluated the imaging features of HCC that developed early after the eradication of 
HCV by DAA therapy. All of these HCC showed high intensity on MRI DWI and more than 90% showed 
high intensity on T2WI, which was significantly different from HCC with positive HCV RNA. The stage of 
HCC, such as the number of HCC nodules and the maximum diameter, was not different between these 
two groups, indicating that high intensity on DWI or T2WI on MRI is the characteristic imaging feature of 
HCC after DAA treatment. 

DAA-SVR HCC (n  = 26) HCV-positive HCC (n  = 80) P  value
Age (years), median (range) 75 (63-83) 75 (44-93) 0.27
Sex (male/female) 10/16 43/37 0.26
Number of tumors (single/multiple) 21/5 60/20 0.61
Tumor diameter (cm), median (range) 18.0 (10-29) 17.6 (8.0-29) 0.7
BCLC stage A/B/C 26/0/0 80/0/0 1.0
AFP (ng/mL) 3.4 (2.0-6116.5) 25.3 (2.0-1660) < 0.001
PIVKA-II (mAU/mL) 19.0 (12-94) 53.0 (13-245) 0.2
Albumin (g/dL) 4.0 (2.9-4.7) 3.7 (2.8-273) 0.6
ALT (IU/mL) 18.0 (12-94) 53 (13-245) < 0.001
Platelet (103/μL) 149 (45-189) 102 (33-344) 0.009
Total bilirubin (mg/dL) 0.7 (0.3-2.0) 0.8 (0.3-2.6) 0.71
PT% 91 (57-113) 89 (31-120) 0.24
Child-Pugh score 5/6 25/1 68/12 0.18
Fib 4 index 3.22(0.55-11.5) 6.01(1.66-25.2) < 0.001

Table 1. Patients’ characteristics

Table 2. Image features of EOB-MRI at HCC diagnosis

BCLC: barcelona clinic liver cancer; AFP: alpha-fetoprotein; PIVKA-II: protein induced by vitamin K absence or antagonist-II; ALT: alanine 
aminotransferase; PT: prothrombin time; DAA: direct-acting antiviral; SVR: sustained viral response; HCC: hepatocellular carcinoma; 
HCV: hepatitis C virus 

HBP: hepatobiliary phase; DWI: diffusion-weighted imaging; T2WI: T2-weighted imaging; DAA: direct-acting antiviral; SVR: sustained 
viral response; HCC: hepatocellular carcinoma; HCV: hepatitis C virus; EOB: ethoxybenzyl; MRI: magnetic resonance imaging 

Early high Late low HBP low T2WI high DWI high
DAA-SVR HCC (n  = 26) 19/26 (73.0%) 24/26 (92.3%) 24/26 (92.3%) 24/26 (92.3%) 26/26 (100%)
HCV-positive HCC (n  = 80) 63/74 (85.1%) 74/74 (100%) 70/74 (94.6%) 54/80 (67.5%) 54/80 (67.5%)
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The high signal intensity on DWI or T2WI is reported to be linked to the pathology of HCC. Among small 
hepatic nodules with hypovascularity on arterial phase, high intensity on DWI or T2WI is the characteristic 
feature of HCC compared to dysplastic nodules[15,16]. High signal intensity on T2WI correlates with 
increased intratumoral arterial supply and decreased intratumoral portal blood supply. Among HCC with 
hypovascularity on arterial phase, high signal intensity on T2WI was associated with histologic grade[17]. 

In a report that classified the signal intensity of DWI into three stages (iso/slight, moderate, and obvious) 
in 254 resected HCC, the prevalence of well-differentiated HCC was high and that of moderately or poorly 
differentiated HCC was low in the iso/slight intensity imaging group compared to the obvious intensity 
imaging group: the pathology of well/moderate/poor HCC was 38.9%/57.4%/3.7% for the iso/slight 
intensity group and 5.8%/77.4%/16.8% for the obvious intensity group[18]. Other reports showed that DWI 
features were linked to poor differentiation on pathology, vascular invasion, and recurrence risk factor after 
resection of small HCC[19,20]. Although the number of patients with the information of pathology was small 

Figure 1. Hepatocellular carcinoma in an 82-year-old male. In hepatic segment VI, a 2-cm nodule shows: A: hyperintensity on axial 
T2-weighted imaging; B: hyperintensity on diffusion-weighted imaging (b value = 800 s/mm2); C: hyperintensity on arterial phase; 
D: hypointensity on late phase; E: hypointensity on hepatobiliary phase; F: hypointensity on apparent diffusion coefficient map; G: 
pathology was moderate

A

D

B

E

G

C

F
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in our study, HCC with high intensity on DWI or T2WI was more likely to have moderately or poorly 
differentiated HCC compared to well-differentiated HCC. Taken together, these results suggest that high 
intensity on DWI or T2WI, the characteristic feature of HCC that developed early after the eradication of 
HCV by DAA therapy, may be the hallmark of the possible malignant phenotype of HCC in general. 

Despite having these imaging features of malignant potential, the prognosis of HCC after DAA treatment 
was comparable to HCV-positive HCC that received curative RFA therapy in terms of OS or PFS. The 
possible reason for this fair prognosis is that all DAA-SVR HCC was found in the early stage (mean 
diameter of 18 mm and 81% as single nodule), and actually 25 of 26 patients received curative therapy 
(resection or RFA in 23 patients and transcatheter arterial chemoembolization with curative consent in 2 
patients). However, if these patients were found in a more advanced stage, the prognosis may have been 
worse due to rapid progression or by the inability to receive curative therapy. Mariño et al.[21] recently 

Figure 2. Kaplan-Meier analysis of overall survival and progression-free survival. DAA: direct-acting antiviral; SVR: sustained viral 
response; HCV: hepatitis C virus
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reported that HCC incidence was 3.73 HCC/100 person-years in 1123 cirrhotic patients treated with 
interferon (IFN)-free regimens and 72 patients developed HCC within a median of 10.3 months after 
starting antiviral treatment. Although some large-cohort studies and systemic reviews revealed that there 
were no significant differences in hepatocarcinogenesis after achieving SVR between patients treated with 
IFN and those treated with DAAs, there are still unknown mechanisms involved in the increased risk of 
HCC emergence in IFN-free regimens. Yoshimasu et al.[22] reported that the HCC occurrence rate after 
DAA treatment was very low and the recurrence rate was lower than that in previous IFN reports. 

The AFP level and AFP-L3% were identified as important factors in predicting the occurrence/recurrence of 
HCC; thus, patients with such levels are still at risk of developing cancer after SVR. Villani et al.[23] reported 
that DAA administration induced an early increase in serum vascular endothelial growth factor (VEGF) 
and a change in the inflammatory pattern, coinciding with HCV clearance. Debes et al.[24] identified a set 
of 12 immune mediators whose levels were significantly higher in serum before DAA treatment of patients 
who eventually developed de novo HCC compared to controls. A panel of nine cytokines, measured in 
serum before treatment (MIG, IL22, TRAIL, APRIL, VEGF, IL3, TWEAK, SCF, and IL21), identified 
patients who developed de novo HCC with an area under the receiver operating characteristic curve value 
higher than 0.8. Further analyses of the mechanism also provide important information about HCV-
induced carcinogenesis and the effects of DAAs. In this study, we focused on the HCV status; however, 
HCC recurrence and overall survival are associated with multiple factors including liver fibrosis, immune 
status, life style, and comorbidities.

Several studies revealed that the ADC value was a predictive factor of the histological grade of HCC[25-27]. 
However, in this study, we could not find a significant difference in ADC values between DAA-SVR 
and HCV-positive HCC. In contrast to these studies that included patients who received resection or 
transplantation, our patients had a smaller size of HCC, which led to inaccurate quantification values due 
to technical error.

There are some limitations in this study. The sample size was small and this study was conducted in a 
single center. DAA-SVR HCC patients received HCC screening within six months before administration of 
DAAs; however, the imaging modality was not uniform, including CT, MRI, or ultrasound. Therefore, we 
could not definitely exclude the possibility that small hepatic nodules that could be detected only by HPB 
of EOB-MRI were missed in some patients before DAA treatment. Tumor biopsy was performed only when 
the patients agreed to the procedure and the location of the tumor was not near large vessels, liver surface, 
and other organs. Therefore, the correlation between pathological and MRI features should be evaluated in 
a large cohort in which patients received liver resection. 

Our study is the first to reveal the significant differences in MRI findings between DAA-SVR and HCV-
positive HCC. According to our results, HCC that develop within one year after the end of DAA treatment 
would have unique imaging features that may be linked to malignant phenotype if not found and treated 
early. Today, most patients with HCV infection can achieve viral eradication with DAA therapy. However, 
in high-risk patients such as those with cirrhosis, the surveillance of HCC should be done at early 
time points after SVR to diagnose HCC at an early stage and curatively treat it with resection, RFA, or 
microwave ablation, which may lead to better OS in these patients.
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Abstract

Ageing population of first world economies pose unique challenges to surgical community. Enhanced recovery after 
surgery protocols and pathways do not attempt to optimize or enhance physical function of patients by customized 
program of physical activity. Increasingly, prehabilitation programs (PP) have gained momentum in orthopaedics, 
urology, colorectal surgery and hepatopancreaticobiliary surgery. Current evidence of PP in various elective surgical 
procedures have shown improved outcomes with minimal to none drawback or harm. There is emerging evidence of 
role of PP in elective liver resection. The aim of this paper is to review the basis of PP and share local multidisciplinary 
team protocol specifically customized to frail and elderly population - Recovery Of Surgery in Elderly. 

Keywords: Prehabilitation, liver resection, hepatocellular carcinoma, pre-operative exercise, ageing

INTRODUCTION 
Liver is the largest solid intra-abdominal organ and common site for primary and metastatic cancers. The 
most common liver malignancy is secondary from gastrointestinal tract with colorectal liver metastasis 
being the commonest. Hepatocellular carcinoma is the most common primary liver cancer and fifth most 
common cancer worldwide[1]. Hepatocellular carcinoma occurs in elderly population and the incidence is 
expected to rise with epidemic of diabesity as well as ageing population. With increased participation in 
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screening programs for Hepatitis B, increasing awareness and advances in imaging technology facilitating 
early diagnosis, surgery has an increasing role in management of hepatocellular carcinoma. Age-related 
comorbidities increase operative morbidity and impacts peri-operative outcomes. Enhanced recovery 
after surgery (ERAS) programs emphasize on intra-operative and post-operative care standardization 
with minimal guidance on pre-operative phase except nutritional optimization and carbohydrate loading. 
Pre-operative phase provides an opportunity for surgeons to optimize patients to meet up for impending 
physiologic stress imposed by surgery. In this paper, we discuss the role of prehabilitation program in 
elderly patients scheduled for liver resection and also discuss the current protocol of Recovery Of Surgery 
in Elderly (ROSE) program. 

AGEING
Along with greying of hair, development of cataracts, degenerative bone disorders and declining cognition, 
ageing leads to a myriad of other physiologic changes in organ systems. Atherosclerosis, hypertension and 
decreased cardiac output are noted in the cardiovascular systems. Impaired gas exchange, reduction in 
vital capacity and reduced expiratory flow rates are noted in pulmonary system. Furthermore, decline in 
lean body mass, createnine clearance reduction, hepatic drug metabolism impairment and gastrointestinal 
motility reduction are noted. This functional and metabolic alteration is compounded with polypharmacy 
for managing chronic illnesses. Figure 1 shows age related physiologic changes in organ systems. Frailty 
and sarcopenia are common in elderly too[2].

FRAILTY AND SARCOPENIA
Frailty is a pre-disability syndrome in the elderly when exposed to stressors with increased risk of disability 
or need for hospitalization. The European Working Group on Sarcopenia in Older People has defined 
sarcopenia as progressive, generalized loss of skeletal mass with associated functional losses[3]. Low skeletal 
muscle mass[4] and low functional capacity[5] associated with sarcopenia lead to increased post-operative 
complications as well as reduced long term survival. As such the elderly are vulnerable, especially when 
faced with peri-operative stress. Morley et al.[6], reported that sarcopenia and frailty are closely linked to 
ageing. They reported decreased hand grip strength, walking speed and weight in the elderly and concluded 
lack of muscle usage as one of the reasons which impacts outcomes. Prehabilitation aims to mitigate the 
drawbacks of frailty. 

PREHABILITATION
Rehabilitation is integrated in routine clinical medicine. It focuses on recovery following a surgical stressor. 
Prehabilitation is defined as the process of augmenting functional capacity before surgery with aim of 
reducing post-operative morbidity and/or mortality. This is done through a personalized regimen of 
aerobic, functional and strength training. It aims to optimize pre-operative functional cardiorespiratory 
and nutritional reserves. As the scope of prehabilitation overlaps with concept of rehabilitation and 
rehabilitation is integral to orthopaedic surgery, orthopaedic teams were early adopters of prehabilitation[7]. 
Rooks et al.[8] reported 108 patients scheduled for total hip arthroplasty and total knee arthroplasty 
and showed improvements in preoperative and post-operative muscle strength and reduced need for 
inpatient rehabilitation. In a systemic review by Coudeyre et al.[7], prehabilitation contributed to reduced 
hospitalization and improved discharge conditions in patients with total hip arthroplasty and total knee 
arthroplasty. A pilot randomized study including 30 elderly patients above 65 years old undergoing total hip 
arthroplasty showed that home based physical therapy was feasible to implement and it improved 6-min 
walk test[9] as compared to standard care. Prehabilitation is also implemented in urology and colorectal 
surgery. Au et al.[10] reported increased inpatient physical activity on post-operative day 1 in patients 
undergoing radical prostatectomy. A randomized controlled trial by Painter et al.[11] included 167 patients 
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undergoing renal transplant and showed improved graft function, aerobic fitness, quality of life and patient 
reported physical functionality. Similar reports were also found in reviews of patients undergoing renal 
transplant[12,13]. Mayo et al.[14] reported 95 patients with colorectal resections and showed increased functional 
outcomes such as in the 6-min walking test in 33% of patients. A recent meta-analysis by Gillis et al.[15] 
also showed that prehabilitation could reduce post-operative admissions by two days in patients who 
underwent colorectal surgery. A systemic review by Cabilan et al.[16], included 13 orthopedic, one 
colorectal, two cardiac and one foregut study. Prehabilitation did not demonstrate benefits in objective and 
self-reported function or reduction in inpatient rehabilitation admission. Some studies include cognitive 
behavioral therapy in addition to prehabilitation and this introduces heterogeneity[17]. As such, more studies 
are needed to establish the role of prehabilitation and define patient selection criteria. Prehabilitation 
should be personalized based on various factors such as: (1) surgery: type, duration, expected blood loss, 
predicted morbidity and mortality; (2) patient factors: age, frailty, sarcopenia, co-morbidity, caregiver 
support; and (3) pathology: malignancy, burden of disease, malnutrition, cachexia, emotional impact.

PREHABILITATION IN HEPATO-PANCREATICO-BILIARY SURGERY
Hepato-pancreatico-biliary surgery is complex and many units have adopted prehabilitation. In a local 
study[18] including 245 patients with liver resection the post-operative morbidity, 30-day mortality and 90-day 
mortality was 38.3%, 2.4% and 3.7% respectively. In a local study[19] including 196 patients with pancreatic 
resection, the rate of grade B and C post-operative pancreatic fistula, 30-day mortality and 90-day mortality 
was 5.1%, 0.5% and 2%, respectively. Prehabilitation has potential to improve peri-operative outcomes. 
In a propensity-score matched study including 76 patients undergoing major hepato-pancreatico-biliary 

Mohan et al. Hepatoma Res  2020;6:13  I  http://dx.doi.org/10.20517/2394-5079.2019.53                                             Page 3 of 10

Figure 1. Age related physiological changes by system[2]



surgery, Nakajima et al.[20] reported improvements in serum albumin levels and reduction in hospital stay 
length but no difference in complication rates. Low serum albumin is associated with increased morbidity in 
elective and emergency procedures[21]. In 40 patients undergoing pancreaticoduodenectomy, Ausania et al.[22] 
reported improvement in delayed gastric emptying but not in post-operative complications such as post-
operative pancreatic fistula. Most studies do not report significant negative outcomes even though some 
trials fail to demonstrate benefit. 

Outcomes of success of prehabilitation program are multifaceted: (1) mortality/morbidity related outcomes: 
disease progression during prehabilitation, infectious morbidity during prehabilitation; (2) resource 
related outcomes: total cost of care, value driven outcomes; and (3) efficacy related outcomes: length of 
stay, admission to rehabilitation unit, morbidity/mortality post operatively, long term disease progression, 
acceptance of chemotherapy and adjunct therapy post operatively.

Most trials report clinical outcomes through careful patient selection and elimination of emergent 
cases and those in need of urgent intervention. Janssen et al.[23] has reported single centre uncontrolled 
before and after study including 627 patients aged 70 years and older and undergoing elective abdominal 
surgery for colorectal carcinoma or aortic aneurysm. The prehabilitation group received interventions to 
improve patients’ physical health, nutritional status, frailty and anaemia prior to surgery. With a mean 
prehabilitation of 39 days duration, they showed that the incidence of delirium was reduced significantly 
from 11.7% to 8.2% (OR = 0.56, 95%CI: 0.32-0.98, P = 0.043). Some studies such as that by Nielsen et al.[24] 
report that even though intervention costs increase, overall costs reduce by about 15%; however, this 
remains to be validated for liver resection. 

Prehabilitation has also shown improved outcomes in patients with liver resection. For most of these 
patients the effects of ageing are compounded by ongoing cirrhosis and oncological burden. A prospective 
study including 104 patients treated with elective liver resection showed reduced overall complication rates 
by up to 22.9% and median length of hospital stay by 2.5 days less[25]. The authors also highlighted social 
benefits of prehabilitation. These included less social issues that may delay discharge, increased quality 
of life and reduced median cost by up to 16.5%[25]. Though this study was not randomized and included 
small sample, it sets the precedent for positive outcomes of prehabilitation. Another trial by Dunne et al.[26] 
on 35 randomized patients undergoing liver resection for colorectal liver metastases, reported significant 
preoperative score increase in both mental and physical aspects of the Short Form Health Survey 36. 
This supports the idea of both quality of life and physical fitness improvement due to prehabilitation. In 
a review by Tandon et al.[27], elderly patients with cirrhosis have shown improvements in muscle mass, 
strength and functional capacity. They have also reported reduction in hepatic venous gradient and hepatic 
steatosis. These results were replicated in a review by Locklear et al.[28] which showed such decreases in 
hepatic venous gradient and increased scores on 6-min walk tests for patients with end stage liver disease. 
Prehabilitation includes components of ERAS and more comprehensive preoperative strategy. ERAS 
has shown lower major complication rates and reduced cost in patients undergoing liver resection[29]. A 
systemic review on ERAS application in liver surgery by Brustia et al.[30] suggests positive outcomes such as 
reduced time taken for functional recovery by 2.5 days. Similar to ERAS, the American College of Surgeons 
have implemented a program called strong for surgery[31], which is aimed at identifying and evaluating 
evidence-based practices to optimize the health of patients before surgery. It includes optimisation of 
nutrition, smoking cessation, pain control and prehabilitation. We have started ROSE program at Tan Tock 
Seng Hospital, Singapore to improve outcomes of elderly patients undergoing elective liver resection. In 
this paper we shall discuss our protocol of implementation of ROSE program.

ROSE
In Singapore, a population health strategy is designed to meet evolving healthcare needs for ageing society 
and “future ready”. National Healthcare Group is the central cluster serving a population of 1.4 million 
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and embraces the concept of “River of Life”. This defines five segments of care - Living Well, Living with 
Illness, Crisis and Complex Care, Living with Frailty and Leaving Well - rooted by strong partnerships 
amongst care providers. Six population care streams feed into “River of Life” - Preventive Care, Primary 
Care, Hospital Care, Intermediate Care, Transitional and Community Care, End-of-Life and Long-Term 
Care. With the increasing burden of chronic diseases, primary care will take on an even bigger role in the 
community. Though there are reports of safe surgery with acceptable outcomes in elderly as compared 
to non-elderly[32,33]; elderly do have additional needs to ensure comparable outcomes. Hence, additional 
resources have to be invested to achieve good outcomes. ROSE program was initiated in 2018 by a 
multidisciplinary group of healthcare professionals who recognized the need for our elderly patients to be 
optimized prior to major abdominal oncology surgery. It aims to identify elderly (> 65 years old) and frail 
patients and our discussion in this chapter is relevant to elective liver resection. 

CURRENT IMPLEMENTATION OF ROSE
Target population
Not all elderly patients are the same and hence patient selection is essential to streamline the resources. 
One method of patient selection is by virtue of risk prediction. Various risk prediction models are reported in 
diverse pathologies and surgeries to enhance resource allocation[18,34,35]. A prospective study on 162 patients 
undergoing hepatopancreaticobiliary surgery by van der Windt et al.[36], showed that scoring systems such 
as the Risk Analysis Index, was able to accurately predict post-operative outcomes in patients. The study 
further elaborates on the possible use of such a scoring system to identify target groups for prehabilitation 
to optimise outcomes. Tan Tock Seng Hospital Nutrition Screening Tool is a locally developed tool which 
is validated against subjective global assessment in a cohort of elderly patients[37]. In a local study including 
281 acute admissions with age range of 61-102 years, Tan Tock Seng Hospital Nutrition Screening Tool 
predicted risk of malnutrition with high accuracy (area under the curve 0.87) and malnutrition predicted 
6-month mortality (adjusted OR = 2.2; P = 0.05) and hospital length of stay[37] (P < 0.05). 

Currently ROSE program is piloted for patients who undergo liver, pancreas and colorectal surgeries. 
Initially, patients (≥ 65 years old) are screened for frailty and malnutrition. Those at risk will be enrolled 
into ROSE program [Figure 2]. 

Multidisciplinary team
Upon decision for liver resection, an assessment of frailty and nutrition is done by consultant surgeon. 
Patient who fulfil the criteria are then sent to allied healthcare members to be enrolled and seen as part of 
the ROSE program. Members of the program and their role are as follows (further details on workflow in 
Appendix 1).

Dietician
Nutritional counseling pre and post operatively: the role of the dietician has been studied in multimodal 
care teams such as in Poindessous et al.[38] which demonstrates the benefit in a dietician functioning as an 
educator as well, with decreased recidivism and increased return to independence. 

To obtain initial anthropometric and to conduct subjective global assessment: this is especially important 
in context of liver resection as malnutrition is very common in patients with cirrhosis[39] and to add to this, 
precise evaluation of their nutrition status is difficult with the presence of ascites and edema[40]. A review 
by Doherty et al.[41] identifies intra hepatic fat as an independent risk factor for post-operative morbidity 
following hepatic resection. Dietary interventions such as calorie restriction, carbohydrate restriction or a 
Mediterranean diet have shown reductions in pre-operative intra hepatic fat by up to 55%[40]. 
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Figure 2. Recovery of surgery in elderly patient journey flowchart 
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Nutritional supplementation and monitoring pre and post-operatively: supplementation could include 
Branch chain amino acids for protein and glycogen synthesis promotion and for the regulation of immune 
system[40].

Glutamine is a conditionally essential amino acid and is a fuel for neutrophils, lymphocytes and 
enterocytes[42]. A Cochrane review[43] reporting 4671 patients with critical illness or elective major surgery 
showed that glutamine supplementation reduced infection rates by 21% and days on mechanical ventilation 
by 0.69 days. 

Physiotherapist
To assess objective and subjective markers of functional capacity pre and post-operatively: 6-min walk 
test, sit to stand test, Gait speed test and balance tests. Structured exercise program, either inpatient or 
outpatient is essential to prehabilitation[44], these show improved outcomes such as in functional physical 
tests such as the 6MWT.

To conduct physiotherapy sessions pre operatively to increase functional capacity, respiratory function and 
mobility training in preparation for post-operative period: in a review by Guinan et al.[45] on patients who 
underwent esophagectomies, it was reported that inspiratory muscle training conducted by physiotherapists 
may improve post-operative outcomes such as lowering hospitalization by 4.5 days and reducing the rate of 
high grade post-operative pulmonary complications. 

To conduct physiotherapy as required to rehabilitate to baseline fitness post operatively. 

Nurse
Modified Barthel Index assessment pre and post operatively: this is to ascertain patients pre and post-
operative baselines and ensure return to function. In a study by Fortinsky et al.[46] on 89 chronically ill 
patients, the Modified Barthel Index was able to reliably measure and track patient’s ability to perform 
activities of daily living effectively. Furthermore, the Modified Barthel Index was easy to administer without 
much variability in reporting activities of daily living[47].

Geriatric surgery service
Peri-operative medicine aims to provide high quality evidence based cross-specialty multidisciplinary 
care for surgical patients. Partridge et al.[48] has reported a prospective randomized controlled study 
including 176 patients aged 65 years and older undergoing elective aortic aneurysm repair or lower-limb 
arterial surgery comparing standard preoperative assessment with preoperative comprehensive geriatric 
assessment and optimization. They reported lower incidence of delirium (11% vs. 24%, P = 0.018), cardiac 
complications (8% vs. 27%, P = 0.001) and bladder/bowel complications (33% vs. 55%, P = 0.003) in the 
intervention group. We have a geriatric surgical service capability with a consultant lead team and includes 
geriatric trained nursing staff. The team assists in managing diverse care needs upon referral: (1) optimize 
medical co-morbidity and assist with peri-operative care; (2) combined care provided by the geriatrician, 
anesthesiologist and surgeon is pivotal in the functioning of the prehabilitation program[49].

Financial counselor
Finance is an important element of health care and often considered less important in context of public 
healthcare as treatment/intervention is “paid for” by the state in many high income countries. In Singapore, 
patient co-share the cost burden and hence it is imperative to appropriately counsel patients with estimated 
bill size and how does it vary based on different choices of therapy, e.g., open surgery vs. laparoscopic 
surgery, etc. A trained professional supplements the multidisciplinary team for this task and the role is: (1) 
to ensure financial security and if needed to counsel patients on financial aid programs pre operatively; (2) 
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financial counselors aim to allow patients to attain financial security through: inpatient bill estimates to 
appropriately plan, advice on available financial schemes, subsidies and aid, payment modalities available.

Anesthesiologist 
To conduct pre admission anesthesia risk assessment for patient, these are done through pre-anesthetic 
clinics in which all pre-operative testing, specialist consultation, nursing and laboratory reviews are 
integrated into a one-stop clinic with minimal repeat visits. This has also been shown to reduce overall 
healthcare costs and manpower wastage due to cancellations[50]. 

Case manager
To oversee patient journey and ensure seamless process through the ROSE program, e.g., same day 
appointment scheduling, etc. 

In conclusion, age itself is not a risk factor for inferior peri-operative outcomes of elderly patient 
undergoing liver resection. Co-morbidities should be optimized prior to elective surgery. With an ageing 
society, prehabilitation has an important and integral role in surgical care. Structured programs involving 
multidisciplinary teams are essential to enhance peri-operative outcomes. To increase compliance and 
ensure direct oversight of implementation, resources are needed. Further research into the efficacy of 
specific prehabilitation regimes is needed to guide patient selection, define best practices and establish the 
value of such initiatives. 
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Abstract 

Cancer is a major cause of death worldwide. Hepatocellular carcinoma (HCC) is one of the malignancies with the 
highest mortality-to-incidence ratio (> 0.9), and in some countries this value is up to 1. Unfortunately, many patients 
are diagnosed at advanced stages of the disease. Therefore, HCC early markers, as well as novel therapeutic 
approaches, are urgently needed. HCC is the main type of liver cancer and it is associated with different factors 
including alcohol use, viral infections, and fatty liver disease. A significant percentage of HCC patients previously 
had liver cirrhosis. Several ion channels have been proposed as novel potential markers and therapeutic targets 
for diverse cancers including HCC. Here, we review most of the findings associating ion channel expression with 
HCC and its etiological factors, as well as some possible pro-tumorigenic mechanisms of action for ion channels in 
HCC. Novel therapies for HCC treatment and prevention are also discussed. Ion channel targeting offers a plethora 
of opportunities for HCC prevention, early diagnosis, and therapy that may help to reduce the extremely high 
mortality-to-incidence ratio of this malignancy.
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INTRODUCTION 
Cancer is a leading cause of death worldwide, despite the existence of hundreds of clinical trials testing 
novel therapies[1,2]. There are several types of liver cancer including hepatoblastoma, cholangiocarcinoma, 
and angiosarcoma, but hepatocellular carcinoma (HCC) accounts for up to 90% of primary liver cancers[3-7]. 
Liver cancer is one of the malignancies with the worst prognosis, representing the second leading cause of 
cancer-related deaths in the world[3-5]. 

The liver plays a central role in regulating whole-body carbohydrate, lipid, and protein homeostasis, as well 
as playing additional very important physiological roles including the synthesis and transport of bile acids 
and the detoxification of endogenous and exogenous metabolites[6,8]. This very important organ is exposed 
to several factors including infections by hepatitis viruses B and C, alcohol use, aflatoxin B1, and fatty 
diet. Several of these factors lead to liver cirrhosis, which is the major HCC-associated risk factor[6,9-11]. In 
fact, a significant percentage (> 80%) of HCC patients previously had liver cirrhosis. Unfortunately, HCC 
is rarely detected at early stages, and is usually fatal within a few months of diagnosis. The percentage of 
mortality-to incidence ratio of liver cancer is very high; it is more than 90% globally, reaching up to 100% 
in some countries[1]. Therefore, novel early HCC markers and therapeutic strategies are urgently needed. 
In this regard, ion channels have gained great interest in oncology, as novel tools for both diagnosis and 
treatment[5]. Here, we summarize most of the research associating ion channels with HCC. We also discuss 
the potential tumorigenic mechanisms of action of ion channels in HCC, as well as ion channel-based 
therapies for HCC prevention and treatment. The growing research field of ion channels in cancer may lead 
to reduce the incidence and mortality of liver cancer.

ION CHANNELS AND CANCER
Ionic channels are pore-forming membrane proteins allowing ion flux across membranes, including the 
plasma membrane and those from of intracellular organelles. In most cases, these proteins selectively 
transport specific ions and the vast majority need special stimulus to be activated[12]. These gating stimuli 
include changes in membrane potential (voltage-gated ion channels), different ligands such as hormones or 
neurotransmitters, temperature, mechanical forces, etc. Thus, the role of ion channels in human physiology 
comprises very important phenomena such as neural transmission, cardiac function, hormone release, 
sensory physiology, etc. Accordingly, many channelopathies exist including epilepsy, cardiac arrhythmias, 
renal diseases, blindness, skeletal muscle disorders, etc.[12]. Cancer is a multi-factorial disease characterized 
by an increased cell proliferation rate; ion channels are essential for regulation of proliferation and are also 
involved in many relevant processes occurring during carcinogenesis, which convert these proteins into 
potential cancer diagnostic tools and therapeutic targets. 

Ion channels associated with cancer
The roles that ion channels have during carcinogenesis depend on the step of tumor development and the 
tissue type[13,14]. 

Calcium channels participate in pivotal functions in the body such as regulation of blood pressure, muscle 
contraction, secretion, metabolism, excitability, and cell proliferation[15]. These channels are important 
in the cell cycle, especially to enter and accomplish the S and M phase[14-18]; thus, their participation in 
cancer cell proliferation is very relevant[14,16,17]. In addition, because these ions are very important for cell 
migration, they also play a very important role in cancer cell migration and metastasis[16-19].

Potassium channels play crucial roles in every cell type and in all species. Based on their structure and 
function, they are categorized into three major classes: the voltage-gated (Kv), inwardly rectifying (Kir), 
and tandem pore domain (K2P) channels. Furthermore, various messengers can stimulate the ligand-
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gated (Kligand) channels[20]. Membrane hyperpolarization due to potassium channel activity is needed for 
cell cycle progression from G1 to S phase. Potassium flux is also very important for apoptosis, cell volume 
regulation, and cytokine release. Therefore, even though the precise molecular mechanism of K+ channel 
participation in cancer remains elusive, these channels have a significant role in the cell proliferation, 
migration, and angiogenesis of a variety of carcinoma cells[14,21,22]. 

Different subtypes of voltage-gated sodium channels (VGSC) are differentially expressed throughout the 
body, and they have essential roles in the generation and propagation of action potentials in electrically 
excitable cells such as neurons and cardiac and skeletal muscle[23]. Several carcinoma cells express 
VGSC[14,24,25]. Interestingly, these channels are active in metastatic cells[25]. Accordingly, sodium currents 
through VGSC enhance migration, invasion, and metastasis in vivo[26].

Chloride channels are involved in many biological functions such as epithelial fluid secretion, cell-volume 
regulation, modulation of excitability, smooth-muscle relaxation, and pH regulation. Cystic fibrosis is a 
disease where the relevance of alterations in chloride flux has been shown[27]. Cl− channels are involved in 
apoptosis, and in cancer cells these proteins promote proliferation, migration, and invasion[14,21,28-30]. These 
channels are over-expressed in many cancer tissues including liver compared to noncancerous tissues, and 
are significantly associated with tumor size, metastasis, and poor prognosis[31].

Before going into the details of ion channels in liver diseases leading to HCC, we first review some of the 
channels for which expression has been reported in the normal liver.

ION CHANNELS IN HEALTHY LIVER 
The importance of ion channels in different functions of the normal healthy liver has been reported by 
several studies. Water crosses the plasma membrane either directly through the lipid bilayer or via protein 
water channels [aquaporins (AQPs)][32]. The liver expresses at least six AQPs (AQP1, -3, -7, -8, -9, and -11). 
Immunohistochemical studies showed the expression of AQPs in different hepatic cell types including 
cholangiocytes (AQP1 and -7), endothelial cells (AQP1), Kupffer cells (AQP3), and hepatocytes, (AQP7, 
-8, and -9)[33,34]. AQP8 and -9 are relevant for bile synthesis regulation, secretion, and modification[33]. 
Additionally, AQP9 functions as a glycerol channel in the liver[35].

The ATP-sensitive potassium channel (KATP) is composed of two types of subunits, namely an inwardly 
rectifying K+ channel (Kir6.x) and a sulfonylurea receptor. Kir6.x subunits form the pore, while sulfonylurea 
receptor subunits have regulatory activity. Depending on its localization at the plasma membrane or in 
organelles, these channels are classified as sarcolemmal (“sarcKATP”), mitochondrial (“mitoKATP”), or nuclear 
(“nucKATP”) channels[36,37]. Interestingly, KATP channel opening has been shown to alleviate liver injury by 
preventing inflammation and increasing the liver tolerance to ischemia/reperfusion injury[38,39]. Besides, 
DNA synthesis demonstrated that these channels play significant roles in liver growth control[37].

Nucleotides act as extracellular signaling molecules via purinergic receptors. These receptors are separated 
into seven P2X ionotropic receptors and eight P2Y G protein-coupled receptors[40,41]. For instance, the 
P2X4 receptor is the dominant P2X isoform expressed in cholangiocytes in the liver[42,43]. ATP is released 
by hepatocytes, and it regulates hepatocyte glycogen metabolism, cell volume, bile formation, and other 
cell functions. When activated by ATP, P2X receptors function as cation-permeable channels that allow the 
influx of sodium and calcium ions[42,43]. Interestingly the expression of P2X7 receptors is decreased in HCC 
Huh-7 cells[43].

Acid sensing ion channels (ASICs) are H+ channels that mediate tumor cell migration and invasion[44], 
and store-operated calcium entry (SOCE) controls HCC cell proliferation and migration[45]. T-type Ca2+ 
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channels participate in modulating the proliferation of some HCC cells[46]. Because the expression levels of 
these channels (ASICs, SOCE, and T-type)[44,45] are increased in HCC in comparison with the normal liver, 
they may be used as markers of the disease.

In the following, we describe several findings associating ion channels with HCC, beginning with some 
liver diseases representing important HCC etiological factors.

ION CHANNELS IN LIVER DISEASES
Several liver diseases have been identified as HCC etiological factors, and many ion channels have been 
found to have a role in liver diseases. Table 1 summarizes the ion channel expression changes for the most 
common liver diseases.

Viral hepatitis and ion channels
It is estimated that 350 million people are chronic hepatitis B virus (HBV) carriers in the world, and that 
up to 30% of them develop progressive chronic liver disease appearing as hepatitis, fibrosis, cirrhosis, and 
HCC[47]. HBV infection produces chronic necro-inflammation with subsequent fibrosis and hepatocyte 
proliferation. One of the viral factors potentially involved in HBV-related hepatocarcinogenesis is the HBx 
protein, which promotes cell cycle progression and inactivates negative growth regulators. This protein also 
binds to and inhibits the expression of p53, as well as other tumor suppressor genes and senescence-related 
factors[3,48-50]. The HBx protein regulates calcium signaling through the activation of store-operated calcium 
channels (SOCs), which stimulate HBV replication[51,52]. In addition, HBx can activate SOCs by binding 
C-terminal of Orail protein channels[53]. Interestingly, co-immunoprecipitation experiments and pull-down 
assays demonstrated the interaction between HBx and the Orai1 protein; the C-terminus of the Orai1 
protein was involved in such interaction. The authors concluded that the HBx protein binds to the STIM1-
Orai1 complexes regulating the activity of SOCs[53]. In this same direction, the HBV PreS2-mutant large 
surface antigen activates store-operated calcium entry and promotes chromosome instability[54]. 

On the other hand, miR-125b inhibits HBV expression in vitro by targeting the sodium channel SCNN1A 
gene[55]. It has also been observed that P2X7 function is necessary for the infection of human hepatocytes 
by HBV. Because P2X7 activation is a major component of inflammatory responses, HBV may contribute 
to liver inflammation[56].

In the case of hepatitis C virus (HCV) infections, it is estimated that 130 million people have chronic HCV 
infection and most of them develop chronic liver disease[47]. Continuous inflammation and hepatocyte 
regeneration in the setting of chronic hepatitis and subsequent progression to cirrhosis are thought to 
lead to chromosomal damage, and possibly to initiate hepatic carcinogenesis. HCV also induces steatosis; 
oxidative stress causes steatohepatitis and these pathways lead to liver injury or HCC in chronic HCV 
infection[3,57,58]. Interestingly, the HCV p7 protein forms a cation channel in vitro[59-61], and p7 deletions and 
point mutations markedly reduce the production of infectious virions in cell culture[61-63]. p7 is a proton 
channel required for the production of infectious virions[64]. There are some small molecules that block the 
p7 channel function and virion production in culture, rendering it an attractive antiviral target[59,65-71]. 

P2X4 receptors expression form part of the purinergic signaling complex in HCV-induced liver 
pathogenesis[72,73]. Additionally, the modulation of the gamma-aminobutyric acid type A (GABA-A) 
receptor activity was observed in several chronic hepatitis failures, including hepatitis C. Increased 
expression of GABA-A α1 receptor subunit, and decreased expression of GABA-A β3 subunit have been 
found in chronic hepatitis C patients. Thus, the expression of GABA-A receptor subunits may be associated 
with either current or previous HCV infection[74]. 
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Liver 
disease

Channel/
Transporter

Gene 
symbol Developed name

Trans-
ported 
ion(s)

Genomic 
mapping 

(chromosome in 
homo sapiens)

Expression 
change 

(compared to 
normal tissue)

Ref.

Viral 
hepatitis

p7 -- Hepatitis C virus p7 protein Ca2+ -- Overexpression [59-61]

SCNN1A SCNN1A Sodium channel non-voltage-
gated 1 alpha 

Na+ 12 Overexpression [55]

P2X7 P2RX7 Purinergic receptor P2X, ligand-
gated ion channel 7

Na+, Ca2+ 12 Overexpression [56]

P2X4 P2RX4 Purinergic receptor P2X, ligand-
gated ion channel 4

Na+, Ca2+ 12 Overexpression [72,73]

SOCs ORAI1 Calcium release- activated 
calcium modulator

Ca2+ 12 Overexpression [51-54]

GABA Aα1 GABRA1 Gamma-aminobutyric acid type 
A receptor alpha 1 subunit

Cl- 5 Overexpression [74]

NAFLD KCa3.1 KCNN4 Calcium-activated potassium 
channel subfamily N member 4

K+ 19 Overexpression [79,80]

P2X7 P2RX7 Purinergic receptor P2X, ligand-
gated ion channel 7

Na+, Ca2+ 12 Overexpression [81-83]

SOCs -- Store-operated calcium channels Ca2+ NS Overexpression [8,84] 
TPC2 TPCN2 Two-pore segment channel 2 Ca2+ 11 Overexpression [21,85]
TRPV1 TRPV1 Transient receptor potential 

cation channel subfamily V 
member 1

Non 
selective 
cation

17 Overexpression [86,87]

Fibrosis TRPV4 TRPV4 Transient receptor potential 
cation channel subfamily V 
member 4

Non-
selective 
cation

12 Overexpression [88]

TRPC6 TRPC6 Transient receptor potential 
cation channel subfamily C 
member 6

Ca2+ 11 Overexpression [89]

TRPM7 TRPM7 Transient receptor potential 
cation channel subfamily M 
member 7

Ca2+, Mg2+ 15 Overexpression [90]

ASIC1a ASIC1 Acid sensing ion channel subunit 
1

Na+ 12 Overexpression [91]

Cirrhosis TRPV2 TRPV2 Transient receptor potential 
cation channel subfamily V 
member 2

Non-
selective 
cation

17 Overexpression [95]

TRPC6 TRPC6 Transient receptor potential 
cation channel subfamily C 
member 6

Ca2+ 11 Overexpression [96]

Nav1.2 SCN2A Voltage-gated sodium channel 
alpha subunit 2

Na+ 2 Overexpression [96]

KCa3.1 KCNN4 Calcium-activated potassium 
channel subfamily N member 4

K+ 19 Overexpression [96]

ABCC3 ABCC3 ATP binding cassette subfamily C 
member 3

-- 17 Overexpression [96]

ITPRs ITPR Inositol 1,4,5-trisphosphate 
receptor

Ca2+ NS Overexpression [97]

AQP1 AQP1 Aquaporin 1 water 
channel

7 Overexpression [98-100]

KCa1.1 (BK) KCNMA1 Calcium-activated potassium 
channel subfamily M alpha 1

K+ 10 Overexpression [21,101]

NCC SLC12A3 Solute carrier family 12 member 3 Na+, Cl- 16 Overexpression [102]
HCC KCa3.1 KCNN4 Calcium-activated potassium 

channel subfamily N member 4
K+ 19 Overexpression [103,104]

KCNQ1 KCNQ1 Voltage-gated potassium channel 
subfamily Q member 1

K+ 11 Downregulation [105]

KCNJ11 KCNJ11 Inwardly rectifying potassium 
channel subfamily J member 1

K+ 11 Overexpression [106]

KATP channels -- ATP-sensitive potassium 
channels

K+ NS Overexpression [37]

Eag1 KCNH1 Voltage-gated potassium channel 
subfamily H member 1

K+ 1 Overexpression [115]

Table 1. Ion channel expression in major liver diseases
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Ion channels in nonalcoholic fatty liver disease and liver fibrosis
Nonalcoholic fatty liver disease (NAFLD) defines liver abnormalities ranging from simple steatosis 
(abnormal hepatic fat accumulation) or nonalcoholic fatty liver to nonalcoholic steatohepatitis (NASH) 
that have been identified as a cause of fibrosis, cirrhosis, and HCC. It is closely related to obesity and 
metabolic syndrome. The precise mechanism of HCC development from NAFLD has not yet been fully 
elucidated[3,75-77].

KCa3.1 potassium channels are expressed in non-excitable tissues such as epithelia affecting proliferation, 
migration, and vascular resistance, and play an important role in the modulation of Ca2+ signaling[78]. In 
liver disease, the KCa3.1 channel inhibitor TRAM-34 downregulates fibrosis-associated gene expression 
and reduces portal perfusion pressure[79]. It has also been found that the KCa3.1 channel inhibitor senicapoc 
mitigates both steatosis and fibrosis in non-alcoholic liver disease models[80]. P2X7 deficiency[81] or blockage 
attenuates nonalcoholic steatohepatitis[82] and liver fibrosis[83]. 

Intracellular Ca2+ homeostasis is altered in steatotic hepatocytes. Decreased Ca2+ concentration in the 
endoplasmic reticulum may lead to endoplasmic reticulum stress, which has been identified as an 
important mediator of the progression from liver steatosis to nonalcoholic steatohepatitis, type 2 diabetes, 
and HCC. SOCs are responsible for proper Ca2+ maintenance in the hepatocyte endoplasmic reticulum 

T-type Ca2+ 
channels

CACNA1G
CACNA1H
CACNA1I

Voltage-gated calcium channels Ca2+ 17
16
22

Overexpression [117]

P2X3 P2RX3 Purinergic receptor P2X, ligand 
gated ion channel 3

Na+, Ca2+ 11 Overexpression [119]

SOCs ORAI1 Store-operated calcium channels Ca2+ 12 Overexpression [120,121]
CIC-3 CLCN3 Voltage-gated chloride channel 3 Cl- 4 Overexpression [122]
CLIC1 CLIC1 Chloride intracellular channel 1 Cl- 6 Overexpression [123]
VGSCβ1 SCN1B Voltage-gated sodium channel 

beta subunit 1
Na+ 19 Downregulation [124]

Nav1.2 SCN2A Voltage-gated sodium channel 
alpha subunit 2

Na+ 2 Overexpression [96]

AQP5 AQP5 Aquaporin 5 water 
channel

12 Overexpression [125,126]

AQP9 AQP9 Aquaporin 9 water 
channel

15 Downregulation [127,128]

TRPC6 TRPC6 Transient receptor potential 
cation channel subfamily C 
member 6

Ca2+ 11 Overexpression [129-131]

TRPC1 TRPC1 Transient receptor potential 
cation channel subfamily C 
member 1

Non-
selective 
cation

3 Overexpression [132,133]

TRPV1 TRPV1 Transient receptor potential 
cation channel subfamily V 
member 1

Non-
selective 
cation

17 Downregulation [134,135]

TRPV2 TRPV2 Transient receptor potential 
cation channel subfamily V 
member 2

Non-
selective 
cation

17 Overexpression [136]

TRPV4 TRPV4 Transient receptor potential 
cation channel subfamily V 
member 4

Non-
selective 
cation

12 Overexpression [137]

TRPM7 TRPM7 Transient receptor potential 
cation channel subfamily M 
member 7

Ca2+, Mg2+ 15 Overexpression [138]

ASIC1a ASIC1 Acid sensing ion channel subunit 
1

Na+ 12 Overexpression [139]

ITPR3 ITPR3 Inositol 1,4,5-trisphosphate 
receptor type 3

Ca2+ 6 Overexpression [141]

NS: no specific channel indicated in the original source; HCC: hepatocellular carcinoma; NAFLD: nonalcoholic fatty liver disease; NCC: 
NaCl cotransporter
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lumen. Accordingly, SOCE is substantially inhibited in steatotic hepatocytes. This inhibition enhances 
lipid accumulation by positive feedback and may contribute to the development of NASH and insulin 
resistance[8,84]. The antidiabetic drug exendin-4 reverses the lipid-induced inhibition of SOCE and decreases 
liver lipid with rapid onset[8]. 

Two-pore channels (TPCs) are cation-selective intracellular ion channels, and their activation mediates 
calcium release from lysosomal stores. TPC2-deficient mice show hepatic cholesterol accumulation, 
hyperlipoproteinanemia, and finally NASH[21,85]. Interestingly, the activation of transient receptor potential 
type vanilloid 1 (TRPV1) by capsaicin prevents nonalcoholic fatty liver disease[86,87]. Additionally, the 
TRPV4, TRPC6, TRPM7, and acid-sensing ion channels (ASIC1a) have been suggested as liver fibrosis 
mediators. The blockage of these channels inhibits hepatic fibrosis, positioning them as promising 
therapeutic targets[88-91]. 

Liver cirrhosis and ion channels
Liver cirrhosis from any cause is the most important clinical risk factor for HCC with an annual incidence 
between 2% and 4%. The transition from chronic liver disease to cirrhosis involves inflammation 
and activation of hepatic stellate cells with ensuing fibrogenesis and angiogenesis. Liver cirrhosis is 
characterized by diffuse regenerative nodule of hepatocytes surrounded by dense fibrotic septa with 
subsequent parenchymal extinction and liver structure collapse. Over time, compensated cirrhosis may 
progress to decompensated cirrhosis that results in liver failure and death[3,92-94]. 

As stated above, TRPV4, TRPC6, TRPM7, and ASIC1a channels could act as liver fibrosis mediators. 
Fibrosis is the prelude to cirrhosis, thus these channels might somehow also modulate cirrhosis. Other 
studies have also observed over-expression of TRPV2[95], TRPC6, Nav1.2, and KCa3.1 channels as well as the 
Abcc3 transporter[96] in liver cirrhosis, suggesting them as potential markers of the disease. Ca2+ signals 
mediate the hepatic effects of numerous hormones and growth factors. Liver Ca2+ signals are elicited by 
the intracellular Ca2+ channel inositol trisphosphate receptor (ITPRs). Three isoforms of this receptor have 
been identified, and cirrhosis affects the isoform expression[97]. 

Some reports have shown an overexpression of AQP1 in liver cirrhosis[98]; this protein contributes to 
microvascular resistance in cirrhosis[99]. It has been also proposed that AQP1 polymorphism may be 
involved in the genetic susceptibility to develop water retention in patients with liver cirrhosis[100]. The 
large conductance KCa1.1 K

+ channels (BK) are activated by membrane depolarization and/or elevations in 
intracellular Ca2+ concentration. Cirrhotic livers display increased activity of BK channels; accordingly, 
blockage of these channels increased the baseline portal perfusion pressure in cirrhotic livers[21,101]. 
Liver cirrhosis is associated with enhanced renal tubular sodium retention, but the mechanism involved 
is unknown. Interestingly, liver cirrhosis is associated with increased renal abundance of the NaCl 
cotransporter[102]. Then, diverse ion channels may serve as potential markers and drug targets for several 
liver diseases leading to HCC; if so, these proteins could be used as targets for HCC prevention.

Ion channels in hepatocellular carcinoma
Because the above-mentioned liver diseases may lead to HCC, and because cancer is a multi-factorial 
disease, a significant amount of ion channels have been studied as potential markers and therapeutic targets 
of this very poor prognosis malignancy.

Potassium channels play an important role in a variety of carcinoma cells. KCa3.1 channels are over-expressed 
in HCC and the channel blockade with TRAM-34 inhibits HCC cell proliferation in a time- and dose-
dependent manner[103,104]. A recent work showed that KCNQ1 was frequently downregulated in HCC cell 
lines and HCC tissues, and that HCC patients with low KCNQ1 expression had poor prognosis. Gain-of-
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function studies showed that KCNQ1 exhibited remarkable inhibitory roles on tumor metastasis in vitro 
and in vivo; thus, this channel could represent a prognostic marker, as well as a promising therapeutic 
target for HCC[105]. Another study found that the KCNJ11 channel was differentially expressed in HCC, 
and it predicted the poor prognosis in HCC patients. KCNJ11 promotes tumor progression through 
interaction with lactate dehydrogenase A (LDHA). Pharmacological inhibition of LDHA or knockdown of 
KCNJ11 expression inhibited cell proliferation, promoted apoptosis, and reduced cell invasive capacity[106]. 
KATP channels regulate mitogen-induced proliferation in the human liver cell lines HepG2, which could 
have implications for liver growth control and serve as a potential therapeutic target[37]. The voltage-gated 
potassium channel ether à-go-go-1 (Eag1) has gained enormous interest in cancer research because of 
its oncogenic properties[107-109]. Eag1 channels have also been proposed as early tumor biomarkers and 
therapeutic targets for different types of cancers[110,111]. Moreover, the inhibition of Eag1 reduces tumor 
cell proliferation in vitro and in vivo[112-114]. We reported that HepG2 and HuH-7 HCC cells displayed Eag1 
channel expression, and that the anti-histamine astemizole (a non-specific Eag1 inhibitor) decreased cell 
proliferation and induced apoptosis in both cell lines. In addition, an increase in Eag1 expression was 
found during HCC development in rats. Astemizole treatment prevented HCC development and seems to 
induce tumor regression in rats with HCC[115]. 

T-type calcium channels play an important role in cell cycle progression in different types of cancer[116]. 
The expression of the three T-type calcium channel subunits was observed in HCC cell lines and T-type 
channel blockage with mibefradil decreased cell proliferation in the SNU449 cell line[117]. P2 purinergic 
receptors are overexpressed in certain cancer tissues; the levels of P2Y2 receptor are enhanced in HCC 
compared with human normal hepatocytes. These receptors are involved in ATP-induced (Ca2+)i increase. 
Silencing P2Y2R expression inhibited ATP-induced human HCC cell proliferation and migration, and 
P2Y2R blockage inhibited cell growth in mice[21,118]. In addition, high P2X3 receptor expression is associated 
with poor recurrence-free survival in HCC, while high P2Y13 expression is associated with improved 
recurrence-free survival. Moreover, extracellular nucleotide treatment induce cell cycle progression and 
extracellular ATP-mediated activation of P2X3 receptors promotes proliferation of HCC cells[119]. SOCE 
is a major Ca2+ influx pathway controlling the intracellular Ca2+ concentration in normal hepatocytes and 
HCC cells, and Ca2+ influx has been demonstrated to be involved in liver oncogenesis. Accordingly, the 
blockade of SOCE inhibits hepatocarcinoma cell migration and invasion, by regulating focal adhesion 
turnover[120]. The activation of SOCE channels is implicated in cancer cell chemoresistance, although the 
underlying molecular mechanisms are not well understood. However, inhibition of Orai1-mediated Ca2+ 
entry enhances chemosensitivity to 5-fluorouracil of HepG2 hepatocarcinoma cells[121]. The specific roles 
and molecular mechanisms of calcium entry in drug response deserve further investigation.

CIC-3 chloride channels have multiple functions in tumorigenesis and tumor growth in HCC; the CIC-3 
channel blocker DIDS (4,4’-diisothiocyanostilbene-2,2’-disulfonic acid) arrests the cell at the G1 phase, 
inhibiting the proliferation of Hep3B HCC cells[122]. Proteomic approaches found that the chloride 
intracellular channel 1 (CLIC1) is upregulated in HCC tissues, and that it participates in HCC migration 
and invasion by targeting maspin[123].

The voltage-gated sodium channel β1 subunit was proposed as a cell adhesion molecule in some HCC 
cell lines. The analgesic-antitumor peptide (a scorpion toxin polypeptide with antitumor activity) inhibits 
the migration and invasion of HepG2 cells by an upregulated VGSC β1 subunit[124]. Additionally the over-
expression of Nav1.2 channels has been observed in an HCC in vivo model[96]. 

AQP5 is highly expressed in HCC cell lines and its downregulation inhibits HCC cell invasion and tumor 
metastasis. Downregulation of AQP5 suppressed the epithelial-to-mesenchymal transition process in HCC 
cells[125]. Another report found that microRNA-325-3p inhibits cell proliferation and induces apoptosis 
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in HBV-related hepatocellular carcinoma by downregulation of AQP5[126]. These findings suggest that 
AQP5 may be a potential therapeutic target for HCC. AQP9 is the main aquaglyceroporin in the liver 
and its mRNA and protein levels are downregulated in HCC tissues compared to normal hepatocytes. 
Moreover, AQP9 over-expression inhibits hepatocellular carcinoma by upregulating FOXO1 expression, 
and suppresses invasion by inhibiting epithelial-to-mesenchymal transition. These findings suggest that the 
restoration of AQP9 expression can inhibit development of liver cancer[127,128].

The TRP channel family has gained great relevance due to its role in several diseases. A recent study 
investigated the roles of the Na+/Ca2+ exchanger 1 (NCX1) and the canonical transient receptor potential 
channel 6 (TRPC6) in regulating TGFβ in human HCC. They found that TGFβ induces the formation and 
activation of a TRPC6/NCX1 molecular complex, which mediates the effects of TGFβ on the migration, 
invasion, and intrahepatic metastasis of HCC. These findings suggest TRPC6 and NCX1 as potential 
targets for HCC therapy[129,130]. HCC develops multi-drug resistance in most cases; interestingly, multi-
drug resistance regulation by TRPC6 and calcium-dependence has been shown in HCC cells[131]. Silencing 
of TRPC1 channels suppressed cell proliferation while store-operated Ca2+ entry was significantly 
increased[132,133]. On the other hand, it has been found that high expression of the vanilloid receptor-1 
(TRPV1) is associated with better prognosis of HCC patients[134].

The combined effect of static magnetic field and anti-cancer drugs has gained great interest in cancer. Static 
magnetic field enhances the anti-cancer effect of capsaicin on HepG2 cells through the mitochondria-
dependent apoptosis pathway. This synergy may be explained if static magnetic field increased the binding 
efficiency of capsaicin to TRPV1 channels[135]. TRPV2 contributes to the stemness of liver cancer and is 
a potential target in the treatment of human liver cancer patients[136]. TRPV4 is over-expressed in HCC 
tissues when compared with non-tumoral liver. Furthermore, pharmacological inhibition of TRPV4 
suppressed cell proliferation, induced apoptosis, and decreased the cell migration capability by attenuating 
the epithelial-to-mesenchymal transition process in HCC via modulation of the ERK signaling pathway[137]. 
TRPM7 channels play a role in the migration and invasion of different types of cancer; actually, bradykinin 
promotes cell migration and invasion of HCC cells via TRPM7 channels[138]. 

ASICs are H+-, Ca2+-, and Na+-gated cation channels activated by changes in the extracellular pH, and 
ASIC1α (ASIC1a) has been associated with tumor proliferation and migration. ASIC1α is overexpressed 
in HCC tissues and associated with advanced clinical stage. Silencing of ASIC1α expression inhibited the 
migration and invasion of HCC cells, suggesting a novel approach for HCC therapy[139].

The R-Tf-D-LP4 cell-penetrating peptide derived from the mitochondrial multifunctional protein VDAC1 
(voltage-dependent anion channel) induced apoptosis in liver cancer cell lines and inhibited liver tumor 
growth in vivo, representing a promising therapeutic approach for HCC[140]. Inositol 1,4,5-trisphosphate 
receptors (ITPRs) are intracellular Ca2+ channels. ITPR3 is either absent or expressed at low levels in 
normal hepatocytes, but it is over-expressed in HCC patients; its increased expression level was associated 
with poor survival. Besides, cell proliferation and liver regeneration were enhanced in vivo, and ITPR3 
deletion in human HCC cells increased apoptosis[141].

Discussion: ion channels as potential tools for chronic liver diseases and HCC prevention, 
diagnosis, and therapy
HCC is a leading cause of cancer-death worldwide and is one of the most chemo-resistant tumors[3,142]. 
The combination of new therapeutic targets with existing therapies may be very helpful. Several ion 
channels play very important roles in cancer-associated processes including inflammation, oxidative stress, 
cell proliferation, apoptosis, migration, invasion, angiogenesis, metastases, and drug response. These 
proteins are differentially expressed in HCC and liver diseases compared to their expression in the healthy 
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liver. Thus, patients at risk of developing some liver diseases, e.g., people infected with hepatitis viruses, 
patients with liver cirrhosis, or those suffering from alcoholism, might be candidates in whom ion channel 
expression can be studied. Nevertheless, an important issue to solve is how to detect ion channel expression 
in not easily accessible tissues such as the liver. An option may be ion channel detection by imaging studies. 
For instance, Eag1 channel expression has been detected in vivo with labeled antibodies and near-infrared 
imaging techniques, even in non-palpable tumors, in mice[143]. Another option may be the detection of ion 
channels in extracellular vesicles released to the bloodstream by the liver. The investigation of ion channel 
expression in extracellular vesicles released by the liver in different pathological conditions is needed. These 
approaches should benefit patients by being diagnosed at earlier stages of the disease.

The precise molecular mechanisms involved in the association of ion channel function with cancer remain 
elusive. The antiproliferative effect of channel blockage on cell proliferation indicates that ion flux may 
play an important role. However, non-canonical functions of ion channel may also play a role, as occurs in 
other tissues and diseases[144]. For instance, mutant non-conducting Kv10.1 potassium channels partially 
preserve their oncogenic potential[145]. On the other hand, cleavage and translocation to the nucleus of a 
fragment of the carboxy-terminus of some calcium channels induce the transcription of genes associated 
with proliferation[146]. Thus, the potential role of non-canonical functions of ion channels in liver diseases 
warrants investigation. 

In accordance with the potential role of ion channels in liver diseases, blockage of over-expressed ion 
channels or activation of downregulated channels results in the inhibition of hepatitis virus replication, 
development of NAFLD, NASH, liver cirrhosis, and/or HCC [Table 2]. 

However, because of the relevance of ion channels in normal physiology, targeting these proteins may 
have non-desirable side-effects. In this direction, drug repurposing is a very good alternative to reduce 
costs and time for approval, as well as unknown side effects. Actually, several drugs have been suggested 
for repurposing in cancer, including anti-histamines such as astemizole (which also blocks potassium 
channels) and loratadine, as well as calcium and potassium channel blockers such as mibefradil and 
glibenclamide, respectively[147,148]. 

Inhibitor Targeted ion channel Ion channel gene symbol* Ref.
TRAM-34 KCa3.1 KCNN4 [103,104]
ASTEMIZOLE Eag1, Herg KCNH1, KCNH2 [115]
MIBEFRADIL T-type Ca2+ channels -- [117]
2-APB, SKF96365 SOCs -- [21,118,121]
DIDS CIC-3 CLCN3 [122]
MicroRNA-325-3P AQP5 AQP5 [126]
CAPSAICIN TRPV1 TRPV1 [135]
HC-067047 TRPV4 TRPV4 [137]

Table 2. Ion channel inhibitors as potential therapeutic agents studied in HCC

*When the specific ion channel has been reported to be targeted. HCC: hepatocellular carcinoma

Channel Gene symbol Expression in HCC Association to prognosis Ref.
KCNQ1 KCNQ1 Downregulated Poor prognosis [105]
KCNJ11 KCNJ11 Differentially expressed Poor prognosis [106]
P2X3 P2RX3 Overexpression Poor recurrence-free survival [119]
TRPV1 TRPV1 Overexpression Better prognosis [134]
ASIC1a ASIC1 Overexpression Advanced clinical stage [139]
ITPR3 ITPR3 Overexpression Poor survival [141]

Table 3. Ion channels suggested as HCC prognostic markers

HCC: hepatocellular carcinoma
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CONCLUSION
Ion channels offer a plethora of opportunities for the prevention, diagnosis, and treatment of liver diseases 
[Figure 1], as well as represent potential tools as HCC prognostic markers [Table 3]. This ion-channel-
based approach may help to reduce the mortality of this very poor prognosis disease. 
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Abstract
Hepatocellular carcinoma (HCC) is one of the most common solid tumors with poor clinical prognosis. Novel 
therapeutic regimens are urgently required for patients with advanced HCC. Both pre-clinical and clinical studies 
suggest immunotherapy as an attractive alternative for advanced HCC treatment. Natural killer (NK) cells 
and CD8+ T cells are the most important cytotoxic immune cells involved in cancer treatment and elimination. 
Reinvigorating the anticancer activity of NK and CD8+ T cells is the fundamental guarantee for the success of 
immunotherapy in advanced HCC treatment. Therefore, in this review, we aim to summarize the characteristics 
and roles of NK and CD8+ T cells in HCC development, describe the frontiers of immunotherapy for advanced 
HCC based on immune checkpoint inhibitors and adoptive cell transfer, and discuss their limitations and scope for 
future improvement. 
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INTRODUCTION
Although hepatocellular carcinoma (HCC) is only the fifth-most common cancer worldwide, it ranks second 
in cancer-related mortality[1]. Local regional therapies such as surgical resection, cryoablation, radiofrequency 
ablation, transarterial chemoembolization, and liver transplantation are effective only for patients with early-
stage HCC[2]. Multi-targeted tyrosine kinase inhibitors (TKIs) provide options for systemic treatment of 
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patients with advanced HCC. The first-line agent sorafenib modestly extends the survival in advanced HCC 
by about 3 months[3]. Lenvatinib has been approved for HCC treatment based on the results of a randomized 
phase III trial, in that lenvatinib is non-inferior to sorafenib in overall survival assessment in patients with 
advanced HCC, with similar safety and tolerability profiles as sorafenib[4]. Regorafenib and cabozantinib 
have been approved as second-line options for patients with progressive HCC despite on-going sorafenib 
treatment, in that they improve overall survival in such patients[5-7]. Nonetheless, the survival benefit from 
the TKIs is limited and unexpected. Therefore, novel clinical therapies are urgently required for treatment of 
early-stage and advanced HCC. Recently, immunotherapy with immune checkpoint blockade and adoptive 
immune cell transfer has been clinically tested in various types of cancers, which provides a novel therapeutic 
strategy for difficult-to-treat HCC cases. The present review aims to summarize the characteristics and 
roles of natural killer (NK) cells and CD8+ T cells during HCC development, describe the frontiers of 
immunotherapy for advanced HCC based on immune checkpoint inhibitors (ICIs) and adoptive cell transfer 
(ACT), and discuss their limitations and scope for future improvement.

NK CELLS AND CD8+ T CELLS IN HCC
The liver contains diverse types of immune cells such as T cells, NK cells, B cells, NKT, and Kupffer cells[8,9]. 
However, the liver is a tolerogenic immune organ in the physiological state, in that the liver remains tolerant 
to stimuli from the hepatic artery and portal vein, such as bacterial products, environmental toxins, and 
food antigens, to avoid tissue damage[10,11]. This immune-tolerant microenvironment of the liver contributes 
to the immunoescape of HCC[12]. Studies have extensively discussed the properties and contribution of 
immunosuppressive cells during HCC progression[13]. However, to our best knowledge, the characteristics and 
contribution of the two most important anticancer immune cells in the liver - NK cells and CD8+ T cells - have 
not been well-documented. 

NK cells in HCC
Innate lymphoid cells (ILCs) function as the first line of immune defense against infections and cancers. 
Paralleling with T cell subsets, ILCs comprise NK cells, ILC1, ILC2, and ILC3, amongst which the NK and 
ILC1 cells are abundant in the liver[14,15]. Unlike helper ILC subsets, NK cells are classified as a cytotoxic 
ILC subset because of their direct killing of cancer cells and infected cells via cytotoxicity and cytokine 
secretion[16]. NK cells express activating receptors such as CD16, NKp30, NKp44, NKp46, NKp80, NKG2D, 
CD244, CD226; cytokine receptors such as IL-2R, IL-28R, IL-12R, IFNR, IL-15R, IL-18R, IL-1R8, IL-10R, 
and TGFR; and inhibitory receptors such as NKG2A, KLRG1, KIRs, TIGIT, TIM3, Siglecs, PD-1, LAG3, 
A2AR, LAIRs, and ILTs[17,18]. The activation of NK cells is determined by the net value of activating signal 
strength determined by the competition between activating and inhibitory receptors[17,19]. The abundance 
and activity of NK cells are modulated by multiple signals within the tumor microenvironment, which 
significantly influence cancer development. Compared with healthy controls, HCC patients have a dramatic 
reduction of tumor-infiltrating NK cells; their abundance in HCC tissues is positively correlated with patient 
survival[20]. NK cells in the HCC tissues of patients with advanced HCC show dysfunctional or exhausted 
state[20], suggesting that NK-cell exhaustion contributes to HCC progression. The regulators for NK cell 
exhaustion have been extensively investigated. For example, the up-regulation of inhibitory receptors on 
NK cells leads to NK-cell exhaustion and predicts poor prognosis in HCC patients[21]. TGF-β and IL-10 
promoted NK-cell exhaustion in HCC[22,23]. Hypoxia-induced mitochondrial fragmentation limits NK-
cell anticancer activity[24]. Additionally, immunosuppressive cells such as myeloid-derived suppressor cells, 
monocyte/macrophage, and HCC-associated fibroblasts in intratumor tissues of HCC contribute to NK-
cell exhaustion[25-27]. The plasticity of NK cell activity provides the foundation of NK-cell-based cancer 
immunotherapy. Immunotherapeutic drugs triggering NK-cell activation are being developed and assessed 
in pre-clinical and clinical trials. Nevertheless, it is still crucial to decipher the mechanisms by which NK 
cells undergo exhaustion in patients with advanced HCC, in order to offer more patient benefits in terms of 
effective reinvigoration of NK-cell anticancer activity and precision therapy in HCC. 
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NK cells have been reported to account for 20%-40% of human hepatic lymphocytes and 10%-20% of murine 
hepatic lymphocytes, more than half of which bona fide comprise ILC1 or liver-resident NK cells[28]. The 
observations from the parabiosis model show that the liver contains conventional NK cells and liver-resident 
NK cells[29], further supported by the findings that hepatic irradiation could persistently eliminate liver-
resident NK cells[30]. Early evidence has shown that liver-resident NK cells expressed higher levels of CD160, 
CD69, CD44, CXCR3, CXCR6, TRAIL, FasL, GM-CSF, and TNF-α[29]. CXCR6 is required for the retention of 
liver-resident NK cells within the liver[31]. CD8+ T cells promote liver-resident NK cell maturation through the 
CD70-CD27 axis[32]. Liver-derived TGF-β maintains the property of liver-resident NK cells[33]. Functionally, 
liver-resident NK cells were originally found to mediate skin-contact inflammation[29]. Zhou et al.[34] reported 
that liver-resident NK cells inhibited T cell antiviral activity via PD-L1 during viral infection. Additionally, 
liver-resident NK cells can suppress autoimmune cholangitis by limiting the expansion of CD4+ T cells[35]. 
These findings suggest that liver-resident NK cells play versatile roles in liver diseases. Human liver-resident 
NK cells are CD56bright Eomeshi Tbetlo Hobit+ TIGIT+ CD69+ CXCR6+ CD49e-; express higher levels of 
NKG2D, NKp46, TRAIL, and FasL; and possess cytotoxicity against HCC cells[36]. However, liver-resident 
NK cells within the HCC tissue down-regulate NKG2D[37]. Moreover, liver-resident NK cells express more 
types of inhibitory receptors such as PD-1, CD96, and TIGIT[38]. Therefore, liver-resident NK cells undergo 
exhaustion during HCC progression. Fortunately, IL-15 could recover HCC-induced liver-resident NK-cell 
dysfunction[37]. In addition, the mTOR inhibitor - everolimus - enhances their anticancer activity through 
upregulation of TRAIL[39]. Thus, liver-resident NK cells have the potential for application in HCC therapy, 
although the complete underlying mechanism of liver-resident NK cells’ exhaustion remains unclear.

CD8+ T cells in HCC
The abundance of tumor-infiltrating CD8+ T cells and the frequency of IFN-γ+ CD8+ T cells were 
associated with improved survival of HCC patients[40,41]. CD8+ T cells were enriched in early-stage HCC, 
but progressively reduced with tumor progression, accompanied with increased expression of checkpoints 
on tumor-infiltrating CD8+ T cells[42]. Therefore, CD8+ T cells in HCC tissues progressively underwent 
functional compromise during cancer progression, characterized by high levels of immune checkpoints, 
low effector cytokines, and impaired cytotoxicity and proliferation. In detail, however, CD8+ T cells in HCC 
tissues expressed different PD-1 levels and displayed different anticancer capacity[43]. Among PD-1high CD8+ 
T cells, 4-1BB+ PD-1high CD8+ T cells displayed stronger anticancer activity and proliferative potential[44]. In 
recent times, several studies have reported that TCF-1+ PD-1+ T cells sustained the stemness and response 
to immune checkpoint blockade in certain types of cancers[45,46]. Therefore, the identification of functional 
tumor-infiltrating CD8+ T cells for immunotherapy will likely benefit clinical outcomes and promote 
precision medicine for HCC patients. 

The systemic, local, cellular, and molecular mechanisms of T-cell exhaustion in HCC have been 
extensively investigated. The hepatic inflammatory microenvironment had been confirmed to be critical 
for HCC development[47]. Lim et al.[48] found that HBV-related HCC microenvironment displayed more 
immunosuppression than non-viral-related HCC microenvironment, indicating increased difficulty in 
the immunotherapy of HBV-related HCC. Hepatoma cells, LSECs, suppressive immune cells, inhibitory 
receptors, and cytokines have been found to trigger tumor-infiltrating CD8+ T-cell exhaustion[49]. For 
instance, myeloid-derived suppressor cells and T regulatory cells in HCC tissues had been found to impair 
T-cell functionality[50]. The inhibitory cytokine - IL-35 - dampened CD8+ T cells activity in HCC patients[51]. 
14-3-3ζ, a suppressor of apoptosis, is highly expressed in HCC and promotes epithelial-mesenchymal 
transition of HCC cells[52]. Wang et al.[53] reported that 14-3-3ζ delivered by HCC-derived exosomes 
contributed to impaired anticancer activity of CD8+ T cells. The thymocyte selection-associated high mobility 
group box (TOX) transcription factor belongs to an evolutionarily conserved DNA-binding protein family 
and regulates the development of T cells[54]. Recently, several studies have confirmed that TOX was critical 
for CD8+ T cell exhaustion[55,56]. Moreover, it was found that TOX could promote CD8+ T-cell exhaustion in 



HCC tissues by restraining PD-1 degradation[57]. The complicated immunosuppressive microenvironment 
in HCC tissues severely impairs the efficacy of immunotherapy. Therefore, the mechanisms of CD8+ T-cell 
exhaustion in HCC needs to be further elucidated.

CYTOTOXIC IMMUNE CELL-BASED IMMUNOTHERAPY OF HCC
The increased understanding of CD8+ T cells and NK cells promotes the development of effective 
immunotherapy. These two immune cell populations follow many similar patterns and/or complementary 
patterns to eliminate cancer cells. Moreover, their activities are regulated by common immune checkpoints. 
Here, we discuss the application and outcomes of cytotoxic cell-based ICIs and ACT in HCC treatment. 

Immune checkpoint inhibitors
ICIs have displayed impressive efficacy in treating a variety of cancers. An increasing number of studies 
are being conducted on novel immune checkpoints and their inhibitors. Additionally, studies on ICI-
based immunotherapy for advanced HCC treatment are also increasing, with some showing encouraging 
therapeutic effects.

Anti-PD-1 antibody and anti-PDL1 antibodies
PD-1 is mainly expressed on CD8+ T cells, whose binding with PD-L1/PD-L2 induces CD8+ T-cell 
exhaustion[58]. T cells from HCC tissues express high levels of PD-1[59,60]. Interestingly, PD-1high B cells in HCC 
tissues suppressed CD8+ T-cell anticancer immunity by secreting IL-10[61]. Moreover, PD-1+ dendritic cells 
(DCs) in HCC tissues also suppressed CD8+ T-cell anticancer immunity[62]. In addition, PD-1 ligands are 
associated with aggressiveness and recurrence of HCC[63,64]. Wu et al.[65] reported that PD-L1 on Kupffer cell 
blocks CD8+ T-cell anti-HCC activity. Besides, hepatoma cell-expressed PD-L1 induces apoptosis of CD8+ 
T cells and promotes HCC recurrence[66]. Additionally, PD-L1-expressing monocytes induce polarization 
of Th22 cells through PD-1 in HCC tissues[67]. PD-L1 on intratumoral hepatic stellate cells or peritumoral 
neutrophils also contributes to the impairment of T cell-mediated anti-HCC immunity[68,69]. These 
findings indicate that blockade of PD-1/PD-L might be promising immunotherapy for HCC. Nivolumab 
and pembrolizumab gained approval for treatment of advanced HCC based on encouraging results from 
phase I/II studies in advanced HCC patients with objective response rates of 17%-20%[70,71]. However, 
results from two phase III clinical studies did not reveal statistically significant improvement in survival 
benefit[72,73]. There are several ongoing trials with monoclonal antibodies against PD-1, such as nivolumab, 
pembrolizumab, tislelizumab, and camrelizumab, in HCC patients, either as monotherapy or in combination 
with other treatments. A phase-I/II study reported that the combination of atezolizumab and bevacizumab 
resulted in a 62% response rate in advanced HCC patients[74]. The breakthrough therapy of atezolizumab 
in combination with bevacizumab is recently approved as a first-line treatment for patients with advanced 
or metastatic HCC. Moreover, a randomized phase III study demonstrated superior overall survival and 
progression-free survival compared to sorafenib in the first-line treatment of advanced HCC[75]. In addition, 
another antiangiogenic drug ramucirumab has been approved as a second-line therapy for advanced HCC 
following first-line therapy with sorafenib[76]. The clinical efficacy from the combination of anti-PD-L1 with 
antiangiogenic agents encourages researchers to extensively develop novel combination strategies to improve 
the clinical efficacy of HCC treatment. 

Anti-CTLA-4 antibody 
CTLA-4 is expressed on Treg cells and activated T cells and inhibits T-cell activation by competing for 
CD80/CD86 with CD28[77]. Liu et al.[78] found that CTLA-4 polymorphism may have negative effects on 
HCC. CTLA-4+ Treg cells impair T cell-mediated anti-HCC immunity[50]. HCC-derived Treg cells limit 
DCs function by CTLA-4[79]. Furthermore, CTLA-4+ DCs suppress T cell-mediated anti-HCC immunity by 
IL-10 and IDO[80]. Fortunately, CTLA-4 blockade with glucocorticoid-induced tumor necrosis factor receptor 
family-related protein (GITR) engagement completely abrogates Treg-mediated immunosuppression in 
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HCC[81]. These findings indicate that CLTA-4 is a promising target for HCC treatment. Recently, the 
CTLA-4 blockade agent, ipilimumab, has been tested in clinical trials of HCC treatment, with a partial 
response rate of 18% and a disease control rate of 76%[82]. Duffy et al.’s[83] study demonstrated that 
tremelimumab could achieve a partial response rate of 26% and a disease control rate of 84%. Furthermore, 
the combination therapy of ipilimumab and nivolumab could achieve objective response rates of 31% and 
a median duration of 17.48 months in advanced HCC patients[84]. As with other cancers, the combination 
regimens of nivolumab and ipilimumab led to grade 3-4 treatment-related adverse events occurring in 
37.7% patients, which were more frequently observed with combination regimens than with single-agents, 
especially in patients who received higher dosages of ipilimumab. However, most of the adverse events were 
manageable with timely recognition, steroid treatment, and discontinuation of immunotherapy, with a very 
low rate of liver failure[73,85,86].

Other immune checkpoint inhibitors
The binding of inhibitory killer-immunoglobulin-like receptors (KIRs) expressed on NK cells with HLA 
class I molecules inhibit the activation of NK cells[87]. Antibodies against inhibitory KIRs enhance NK 
cell cytotoxicity. It was reported that KIR/HLA immunogenetic background influenced the evolution of 
HCC[88,89]. Anti-KIR antibodies - IPH2101 and IPH2102 - were well tolerated in patients with relapsed 
multiple myeloma[90,91]. However, little evidence emerged to confirm the efficacy of these anti-KIR antibodies 
against HCC. NKG2A is an inhibitor receptor expressed on both CD8+ T cells and NK cells[92,93]. Therefore, 
anti-NKG2A mAb promoted anticancer immunity of both CD8+ T and NK cells[94,95]. It has been shown that 
NKG2A mediated NK-cell exhaustion in patients with HCC[22]. However, the effect of anti-NKG2A mAb on 
HCC needs to be confirmed in clinical trials. Increasing inhibitory receptors such as IL-1R8, TIM3, TIGIT, 
and CD96 have been found to be important for regulating NK cell activity against tumors[96-100]. Clinical trials 
have been performed to evaluate the efficiency of antibodies against these checkpoints for cancer therapy. 
The efficacy of NK cell-based checkpoint inhibitors in HCC needs further preclinical and clinical studies.

Combination therapy with immune checkpoint inhibitors 
Immune checkpoint blockade leads to recovery of immune response against HCC cells and suppression 
of tumor growth in HCC. However, most HCC patients still do not achieve clinical benefit from ICI 
immunotherapy, highlighting the need for creative strategies to improve therapeutic efficacy. First, novel 
checkpoints need to be identified in HCC. For example, B and T cell lymphocyte attenuator has been 
found to participate in suppressing CD4+ T cell function in HCC[101]. Siglec-15 has been confirmed to be 
an immune suppressor and displays promising efficacy in cancer immunotherapy[102]. The roles of novel 
checkpoints in HCC have not been addressed. Second, novel combinations of checkpoints need to be 
designed. Zhou et al.[42] found that T cells isolated from HCC tissue expressed high levels of PD-1, CTLA4, 
TIM3, and LAG3, suggesting the involvement of multiple checkpoints in T-cell exhaustion in HCC. The 
efficacy achieved by combining blockade of checkpoints was better than that by single checkpoint alone[42]. 
Therefore, a combination of ICIs might achieve better results than just monotherapy for HCC treatment. 
Moreover, the individualized combination for HCC patients can be designed based on omics-data to achieve 
precision medicine. Third, novel comprehensive combination needs to be tested. Wehrenberg-Klee et al.[103] 
reported that combining radioembolization with nivolumab could enhance the ICI-induced anticancer 
immune response. Shigeta et al.[104] found that dual anti-PD-1/VEGFR-2 therapy enhanced CD8+ cytotoxic 
T cell anticancer immune response in HCC. PD-1/PD-L1 double blockade increased anticancer immune 
response of vaccine-induced CD8+ T cells in advanced HCC patients[105]. To improve the benefits of ICI, it 
is necessary to integrate ICI therapy with targeted agents, locoregional therapy, vaccines, or other forms of 
therapy. Of note, the clinical outcomes of such integration require further investigation in future studies.

Adoptive cell transfer
NK cells and CD8+ T cells eliminate cancer cells by direct cytotoxicity. In advanced HCC, the scarcity of 
NK cells and CD8+ T cells in HCC tissues eliminates the ICI-induced anticancer efficacy. In this setting, it is 
absolutely necessary to adaptively transfer cytotoxic immune cells into patients with advanced HCC.
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NK cell therapy
NK cells have potent anticancer capacity. HLA class I molecule-independent activation endows NK cells 
with more potential for extensive applications. HLA class I molecules block the NK cell killing though 
interaction with KIRs or CD94/NKG2A/B on NK cells[106]. Meanwhile, stress-induced ligands on cancer 
cells can activate NK cells by interacting with activation receptors on them[107]. However, NK cell function is 
impaired and hardly restored in advanced cancers. Hence, adoptive transfer of NK cells is a valuable option 
for cancer therapy. However, adoptive transfer of autologous lymphokine-activated NK cells with IL-2 into 
patients with metastatic cancer led to a poor clinical outcome[108], which might be attributed to high levels of 
HLA class I molecules on cancer cells and the exhausted function of patients’ NK cells. To overcome these 
defects, allogeneic NK cells - especially allogeneic haploidentical NK cells - are harnessed to treat various 
malignancies[109]. Encouraging clinical efficacy has been observed in trials of acute myeloid leukemia[110]. 
Moreover, cryoablation combined with allogeneic NK cell therapy markedly improved the progression-free 
survival of patients with advanced HCC[111]. Besides autologous and allogeneic NK cells, NK-92 cells, an 
NK cell line, is also used in clinical trials of cancer therapy, with encouraging results observed in patients 
with advanced lung cancer[112]. To enhance the targetability of NK cells, Chimeric antigen receptor (CAR)-
NK cells have also been developed and pre-clinically evaluated. NK-92 cells with CD19-CAR display potent 
ability to kill CD19+ leukemia cell lines and lymphoblasts from patients with leukemia[113]. NK-92 cells with 
GPC3-CAR show significant in vitro cytotoxicity to GPC3+ HCC cells and potent anticancer activity in 
HCC xenografts[114]. Accumulating evidence indicates that NK cell therapy is a potential approach for HCC 
treatment with technical improvements in the activation and expansion of NK cells. 

Cytokine-induced killer cell adjuvant therapy 
Cytokine-induced killer (CIK) cells generated from blood mononuclear cells cultured with IFN-γ, anti-
CD3, and IL-2 show potent anticancer activity[115]. Jia et al.[116] reported that CIK cells improved overall 
survival in HCC. CIK cell adjuvant therapy also reduces the recurrence in HCC patients undergoing curative 
treatment[117]. Lee et al.[118] found that the efficacy of CIK cells in patients with HCC lasted over 5 years. 
Chang et al.[119] reported that the high number of PD-1+ tumor infiltrating lymphocytes could predict the 
response and clinical benefits of CIK cell adjuvant immunotherapy in HCC patients. Pan et al.[120] reported 
that CIK cell cytotoxicity is a predictive biomarker for adjuvant CIK cell immunotherapy of HCC patients 
after surgery. Collectively, increasing evidence suggests that CIK cell-based adjuvant immunotherapy shows 
modest efficacy in early-stage HCC. Although Wang et al.[121] showed that intraperitoneal perfusion of CIK 
cells with local hyperthermia was safe for patients with advanced HCC, more clinical data on the efficacy of 
CIK cell therapy in advanced HCC is currently lacking. Further detailed studies on the characteristics of CIK 
cells and their recognition and effector function are required to improve the clinical outcomes of CIK cell 
adjuvant immunotherapy in HCC. 

CAR-redirected T cell therapy 
CAR-T cells have shown tremendous clinical efficacy in the therapy of hematological malignancies[122]. 
Moreover, CAR-T cell therapy is expected to convert cold tumors into hot tumors, which represents a 
promising immunotherapeutic option for HCC treatment. Glypican-3 (GPC3) is a membrane heparan 
sulfate and is highly expressed in HCC tissues[123,124]. Unfortunately, the GPC3-targeted antibody - GC33 - 
was unsuccessful in bringing about clinical benefit to patients with HCC[125]. However, the anti-GPC3/anti-
CD3 bispecific antibody - ERY974 - could activate T cells and convert the microenvironment of a cold tumor 
to that of a hot one[126]. Therefore, GPC3 is a promising target of CAR-T cells in HCC. Indeed, GPC3-CAR-T 
cells could eliminate GPC3+ HCC cells and tumors in a patient-derived xenograft model[127]. GPC3-CAR-T 
therapies have been registered for clinical trials. To overcome T-cell exhaustion induced by checkpoints, an 
enhanced version of CAR-T cells is being currently designed. For instance, PD-1 is disrupted via CRISPR/
Cas9 to enhance the activity of GPC3-CAR T cells against HCC[128]. A soluble PD-1-CH3 fusion protein 
is expressed to increase anticancer activities of GPC3-CAR-T cells[129]. Co-expressing GPC3-CAR and co-
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stimulatory molecule ICOSL-41BB promotes CAR-T cell proliferation and tumor rejection[130]. Besides 
GPC3, MUC-1, EpCAM, AFP, and CEA might be potential targets of CAR T cells for HCC treatment, 
which have been registered for clinical trials on the applicability of CAR-T therapy as a treatment strategy 
for HCC[131]. Moreover, these classical tumor-associated antigens and ligands for receptors expressed on T 
cells also act as the targets for HCC recognition. For instance, NKG2D-based CAR-T cells could potently 
eliminate NKG2DL+ HCC cells[132]. A CD147-targeted inducible CAR-T cell system has been developed 
for HCC treatment[133]. Although clinical trials of CAR-T therapy against HCC have not been completed, 
CAR-T therapy might provide effective therapeutic modalities for HCC treatment. Nonetheless, to date, 
the therapeutic efficacy of CAR-T cells remains limited owing to the lack of cancer-specific targets, weak 
expansion, poor infiltration, and induced exhaustion of CAR-T cells. Hence, smarter optimization strategies 
and more clinical trials are required for the confirmation and improvement of clinical outcomes of CAR-T 
cells in HCC treatment. 

T cell receptor-genetically engineered T cell therapy
The success of T cell receptor-genetically engineered T (TCR-T) cells in melanoma treatment has encouraged 
the use of TCR-T cells in HCC treatment. Autologous T cells forced to express an HBV-specific TCR 
recognized HBsAg+ HCC cells and decreased HBsAg levels in a patient who underwent liver transplant[134]. 
T cells genetically engineered with HCV NS3:1406-1415-reactive TCR recognized the naturally processed 
antigen and led to suppression of HCV+ HCC in vivo[135]. T cells genetically engineered with AFP-specific 
TCR specifically recognized and killed AFP+ HepG2 cells, both in vitro and in vivo[136]. Although there 
remain many challenges such as off-target cross-reactivity and low TCR affinity that need to be overcome 
before successful translation into clinical practice[137,138], increasing findings suggest that TCR-T therapy 
might be an attractive alternative immunotherapeutic modality for HCC treatment.

DC-vaccines adjuvant immunotherapy
Briefly, DCs are professional antigen-presenting cells with the capacity to prime antigen-specific T-cell 
immunity. DC vaccines are recognized as promising agents for activating T cells to eliminate cancer cells; 
their role and functions have been evaluated in some malignancies in clinical trials, including HCC. A phase 
II study using intravenous vaccination with DCs pulsed with HepG2 lysate was found to be safe and showed 
evidence of anticancer efficacy in some patients with advanced HCC[139]. Another phase I/II study reported 
that vaccination with DCs pulsed with AFP peptides induced strong T-cell immunity against AFP but no 
clinical responses in HCC patients[140]. Other phase I/IIa studies also reported that subcutaneous vaccination 
with DC pulsed with multiple antigens such as AFP, glypican-3 (GPC-3), and melanoma-associated antigen 
1 (MAGE-1) enhanced anticancer immunity and prolonged time-to-recurrence and recurrence-free survival 
in HCC patients[141-143]. Interestingly, Lu et al.[144] showed that exosomes derived from AFP-expressing DCs 
elicited potent anticancer immune responses and cancer regression in HCC mice, thus providing a novel 
option for vaccine-based immunotherapy of HCC. Pang et al.[145] reported that DCs fused with cancer stem 
cells could efficiently stimulate T lymphocytes to generate specific CD8 T cells against cancer stem cells. 
Collectively, several studies indicate that DC vaccine-based adjuvant therapy enhances anticancer immunity 
and improves the survival of patients with HCC. Nonetheless, further improvements such as specific 
immunogenic neoantigens for HCC, safe and feasible DC source, potent adjuvant, and access to vaccination 
are required for future success of DC-based HCC immunotherapy.

Combination therapy of immune checkpoint blockade and adoptive cell transfer
The existence of cancer immunosuppressive microenvironment limits the effector function of adoptive 
immune cells. Therefore, it is reasonable to improve the cancer immunosuppressive microenvironment to 
enhance the curative efficacy of adoptive immune cells on HCC. Kodumudi et al.[146] reported that adoptive 
transfer of tumor infiltrating lymphocytes from tumors with anti-PD-L1 antibody treatment led to a 
significant delay in tumor growth, suggesting that pretreatment with immune checkpoint blockade could be 

Li et al. Hepatoma Res 2020;6:15  I  http://dx.doi.org/10.20517/2394-5079.2019.34                                                      Page 7 of 13



an effective strategy to improve tumor infiltrating lymphocyte infiltration and function. Moreover, CAR-T 
cell therapy in combination with PD-1 blockade overcomes PD-L1-mediated cancer immunosuppression 
and leads to enhanced therapeutic efficacy[147]. The combination of CTLA-4 blockade with ACT also 
generates greater therapeutic efficacy[148]. Besides systemic delivery of checkpoint blockade, the knockout of 
immune checkpoint in CAR-T cells by gene-editing technologies improves anti-tumor efficacy of CAR-T 
cells in various cancer models by enhancing effector function and survival of T-cells[149]. It is understood that 
the immunosuppressive trait of the HCC microenvironment requires combinational therapeutic modalities 
for effective outcome[150]. These findings support combination immunotherapy with immune checkpoint 
blockade and ACT for cancers, which is expected to result in greater anticancer immune response than with 
either intervention alone.

CONCLUSION 
Following significant therapeutic progress made on the basis of basic research, immunological studies offer 
a new era of clinical application. Immunotherapy brings a new hope to depressed patients with chronic 
infection, autoimmune disease, or cancers. More importantly, cytotoxic immune cell-based immunotherapy 
has markedly improved survival in patients with advanced cancers. The high mortality of patients with 
advanced HCC owing to resistance to chemotherapy highlights the importance and value of immunotherapy 
in HCC treatment, although the clinical efficiency has not been as promising as expected. The development 
of novel ICIs, cytokines, tumor-specific antigens, gene-modified/CAR NK cells, and TCR/CAR CD8+ T cells 
is expected to improve the curative effect. Furthermore, the flexible combination of immunotherapy and 
other therapies might offer the much required breakthrough in clinical efficacy of HCC treatment.
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Abstract
Aim: Despite the high cure rate of interferon-free directly acting antivirals (DAAs) for chronic hepatitis C (CHC) 
patients, the treatment efficacy for patients with preexisting hepatocellular carcinoma (HCC) remains undefined. 
We aimed in the present study to address the issue by using novel DAAs in treating CHC patients who were 
adherent to treatment in Taiwan.

Methods: CHC patients with or without HCC were consecutively enrolled. The primary objective was sustained 
virological response (SVR) defined as undetectable HCV RNA throughout 12 weeks of a post-treatment follow-up 
period (SVR12). Only patients with available SVR12 were enrolled for final analysis. 

Results: A total of 1237 patients (1113 non-HCC, 101 inactive HCC and 23 active HCC) were enrolled. The overall 
SVR12 rate was 98.9%, and was similar between HCV patients with and without pre-existing HCC (98.4% vs. 
98.9%, P  = 0.64). While HCC patients were classified as those who had active or inactive HCC, the SVR12 was 
also similar between patients with and without active HCC (95.7% vs.  99.0%, P  = 0.34). Among the 101 patients 
without viable HCC at the time of DAA initiation, eighty-four patients exhibited curative therapy and the other 17 
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patients experienced HCC recurrence before DAAs. Among the 23 patients with viable HCC at the time of DAA 
treatment, 10 patients had received curative therapy for HCC whereas the remaining 13 patients had HCC that 
was never cured. The SVR12 rates were also similar among the four subpopulations, being 98.8% (83/84), 100% 
(17/17), 90% (9/10) and 100% (13/13) respectively.

Conclusion: CHC patients with HCC who were adherent to potent DAAs achieved similar SVR12 rate compared to 
those without HCC and could be effectively treated.

Keywords: Directly acting antiviral, chronic hepatitis C, hepatitis C virus, hepatocellular carcinoma, sustained 
virological response

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignancies[1], which attributes to the second 
cause of cancer-related death worldwide[2]. Hepatitis C virus (HCV) infection is one of the leading etiologies 
of HCC, which may account for one third of HCC patients[3]. On the other hand, the risk of HCC decreases 
drastically after successful antiviral therapy[4]. Interferon-free all oral directly acting antivirals (DAAs) have 
become a standard of care since 2014, providing ultimately high HCV cure rate and satisfactory safety 
profiles[5,6]. Emerging evidence has also shown the benefit of DAAs in reducing the development of HCV-
related HCC[7].

Recently, the issue concerning whether pre-existing HCC would compromise the sustained virological 
response (SVR) rate in chronic hepatitis C (CHC) patients with DAAs has been raised, although discordant 
results might in part be attributed to different treatment regimens and patient characteristics[8]. In patients 
with pre-existing HCC, a recent meta-analysis has shown that different treatment responses might exist 
between patients with or without viable HCC at the time of initiating DAAs[9]. Some of the earlier studies 
used suboptimal treatment regimens that could not truly reflect the real world situation nowadays[10]. By 
using current DAAs, an SVR rate of > 95% could be accomplished across populations[11,12]. It is therefore 
crucial to revisit the issue by using potent DAAs in daily practice. In addition, HCC patients might have 
more safety concerns and are more likely to have experienced treatment discontinuation[5]. Unequal 
tolerability might further compromise efficacy evaluation in these patients. Herein, we aimed to explore the 
issue by recruiting a well-characterized patient group in terms of HCC status who were adherent to novel 
DAA regimens. 

METHODS
Patients receiving DAAs were consecutively enrolled from Aug 2015 to Mar 2019. The treatment strategies 
were based on regional guidelines[13] and regulations of the Ministry of Health and Welfare of Taiwan. 
Daclatasvir (DCV)/Asunaprevir (ASV) for HCV genotype 1 (HCV-1) and Sofosbuvir (SOF)/ribavirin for 
HCV-2 have been reimbursed in Taiwan since 2017. Due to the previous relatively suboptimal treatment 
responses, patients who used these regimens were excluded in the current study. 

The diagnosis of HCC was ascertained by pathology or clinical judgments based on the guidelines of the 
Asian Pacific Association for the Study of the Liver[14] and the American Association for the Study of Liver 
Diseases[2]. HCC was defined as curative if the initial presentation could be managed by surgical resection, 
local ablation or liver transplantation. The inactive HCC indicated that patients who had non-viable HCC 
were defined as if there were no image evidence of recurrence within 6 months before initiating DAA 
treatment. Other patients were defined with active HCC. The Review Board of the Kaohsiung Medical 
University Hospital approved the protocols that followed the guidelines of the International Conference on 
Harmonization for Good Clinical Practice. All patients provided written informed consent.
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The primary outcome was treatment efficacy defined as undetectable HCV RNA at the 12-week follow-up 
period after completing the anti-HCV therapy (SVR12). Only patients with available SVR12 were enrolled 
for final analysis. 

The HCV RNA and HCV genotypes were tested by using real-time PCR assay (RealTime HCV; Abbott 
Molecular, Des Plaines IL, USA; with the detection limit: 12 IU/mL)[15] defined by any of the following: liver 
histology[16], transient elastography (FibroScan®; Echosens, Paris, France) > 12 kPa[17], acoustic radiation 
force impulse (> 1.98 m/s)[18], fibrosis-4 index (FIB-4, > 6.5)[19] and/or the presence of clinical, radiological, 
endoscopic, or laboratory evidence of cirrhosis and/or portal hypertension.

Statistical analyses
Frequency was compared between groups using the χ 2 test with the Yates correction or Fisher’s exact test. 
Group means (presented as the mean standard deviation) were compared using analysis of variance and 
Student’s t-test or the nonparametric Mann-Whitney test when appropriate. The fibrosis-4 score (FIB-4) 
was calculated as age (years) × AST (U/L)/{platelets (109/L) × [alanine transaminase (ALT) (U/L)]}1/2. The 
statistical analyses were performed by using the SPSS 12.0 statistical package (SPSS, Chicago, IL, USA). All 
the statistical analyses were based on two-sided hypothesis tests with a significance level of P < 0.05. 

Table 1. Basic characteristics and treatment regimens of the patients with or without HCC

All patients (n  = 1237) Non-HCC (n  = 1113) HCC (n  = 124) P  value
Male gender, n  (%) 542 (43.8) 477 (42.9) 65 (52.4) 0.04

Age, years (mean ± SD) 61.8 ± 11.8 61.1 ± 11.8 68.5 ± 9.4 < 0.001

Body weight, kg (mean ± SD) 63.7 ± 12.4 64.0 ± 12.5 61.0 ± 10.7 0.005

Diabetes, n  (%) 273 (22.1) 244 (21.9) 29 (23.4) 0.71

Hypertension, n  (%) 502 (40.6) 446 (40.1) 56 (45.2) 0.27

Platelet count, × 1000/mm3 (mean ± SD) 170 ± 70 173 ± 68 144 ± 84 < 0.001

AST, IU/L (mean ± SD) 68.4 ± 48.0 67.1 ± 45.6 79.6 ± 49.9 0.009

ALT, IU/L (mean ± SD) 77.6 ± 64.4 77.7 ± 65.3 76.8 ± 56.4 0.88

Serum albumin, g/dL (mean ± SD) 4.3 ± 0.4 4.3 ± 0.4 4.0 ± 0.5 < 0.001

Serum bilirubin, mg/dL (mean ± SD) 1.0 ± 0.5 1.0 ± 0.5 1.1 ± 0.6 0.009

FIB-4 (mean ± SD) 3.80 ± 3.47 3.60 ± 3.39 5.62 ± 3.71 < 0.001

HCV RNA, log IU/mL 5.65 ± 1.01 5.67 ± 1.01 5.49 ± 0.99 0.06

HCV genotype, n  (%)

  1 923 (74.6) 824 (74.0) 99 (79.8) 0.16

  Non-1 314 (25.4) 289 (26.0) 25 (20.0)

Liver cirrhosis, n  (%) 597 (48.3) 516 (46.4) 81 (65.3) < 0.001

  Decompensation, n  (%) 28 (4.7) 20 (3.9) 8 (9.9) 0.04

Prior treatment experienced*, n  (%) 335 (27.1) 286 (25.7) 49 (39.5) 0.001

HBsAg (+), n  (%) 83 (6.7) 74 (6.6) 9 (7.3) 0.8

HIV (+), n  (%) 19 (1.5)

PWID 0.64

 Past usage 31 (2.5) 29 (2.6) 2 (1.6)

 Current usage 4 (0.3) 4 (0.4) 0 (0)

Regimen, n  (%) 0.03

PrOD ± RBV 423 (34.2) 370 (33.2) 53 (42.7)

SOF/LDV ± RBV 338 (27.3) 309 (27.8) 29 (23.4)

SOF/DCV ± RBV 122 (9.9) 105 (9.4) 17 (13.7)

ELB/GRZ 157 (12.7) 141 (12.7) 16 (12.9)

GLE/PIB 193 (15.6) 184 (16.5) 9 (7.3)

SOF/VEL 4 (0.3) 4 (0.4) 0 (0)

Sustained virological response, n  (%) 1223 (98.9) 1101 (98.9) 122 (98.4) 0.64

AST: aspartate aminotransferase; ALT: alanine aminotransferase; FIB-4: fibrosis-4 index; HBsAg: hepatitis B surface antigen; PWID: 
patients who inject drugs; HIV: human immunodeficiency virus; PrOD: Paritaprevir/ritonavir/Ombitasvir/Dasabuvir; DCV: Daclatasvir; 
SOF: Sofosbuvir; LDV: Ledipasvir; ELB: Elbasvir; GRZ: Grazoprevir; VEL: Velpatasvir; GLE: Glecaprevir; PIB: Pibrentasvir; RBV: ribavirin; 
HCC: hepatocellular carcinoma. *All interferon-based therapy



RESULTS
Patient characteristics
As shown in Table 1, 1237 patients were enrolled in the current study, with their patient and viral 
characteristics and treatment regimens also shown. The mean age was 61.8 years with 43.8% being males; 
the most common viral genotype was HCV genotype-1 (HCV-1, 74.6%); and the proportion of patients with 
liver cirrhosis was 48.3% (n = 597), whereas 28 patients (4.7%) had decompensated liver cirrhosis. Three 
hundred and thirty-five patients (27.1%) failed previous interferon-based regimens, and 83 patients (6.7%) 
were dually infected with the hepatitis B virus. The most commonly used DAA regimen was Paritaprevir/
ritonavir plus Ombitasvir and Dasabuvir (PrOD) (34.2%), followed by SOF plus Ledipasvir (LDV).

One hundred and twenty-four patients (10.0%) had previous history of HCC before treatment. Of them, 101 
patients (8.2%) had inactive HCC whereas the remaining 23 patients (1.9%) had active HCC at the time of 
DAA initiation. 

Compared to patients without HCC, those with pre-existing HCC were older, had higher pretreatment 
aspartate aminotransferase, FIB-4 and bilirubin levels, lower body weight, albumin and platelet counts, and 
a higher proportion were males, had liver cirrhosis, and interferon-experienced history. Treatment regimens 
differed among patients with or without HCC; HCC patients had a higher proportion of PrOD usage than 
those without. 

Treatment responses
The SVR12 rate was 98.9%, and was 99.3%, 98.7%, 97.9%, 100%, 99% and 100% in patients who received 
PrOD, Elbasvir (EBR)/Grazoprevir (GZR), SOF/LDV, SOF/DCV, Glecaprevir (GLE)/Pibrentasvir (PIB) and 
SOF/Velpatasvir (VEL) respectively. The SVR12 was similar between patients with and without pre-existing 
HCC (98.4% vs. 98.9%, P = 0.64) [Table1]. While HCC patients were classified as those with active or inactive 
HCC, the SVR12 was also similar between patients with and without active HCC (95.7% vs. 99.0%, P = 0.34).

Among the 101 patients without viable HCC at the time of DAA initiation, eighty-four patients were with 
curative therapy and the other 17 patients experienced HCC recurrence before DAAs. Among the 23 patients 
with viable HCC at the time of DAA treatment, ten patients with HCC had ever received curative therapy 
whereas the remaining 13 patients with HCC had never received this. Patient and viral characteristics as well 
as treatment regimens are shown in Table 2. The SVR12 rates were similar among the four populations, being 
98.8% (83/84), 100% (17/17), 90% (9/10) and 100% (13/13) respectively. None of the clinical factor including 
the HCC status was associated with SVR to the DAA treatment [Table 3].

DISCUSSION
In the present study in Taiwanese patients with HCC, in addition to the similar effectiveness compared to 
patients without HCC by high potency DAAs, we demonstrate equivalent effectiveness also in both patients 
with and without HCC. With a relatively high SVR rate by interferon-based therapy in Taiwan compared 
to Western countries[20,21], the Taiwanese National Health Insurance Scheme has reimbursed the cost of the 
PegIFN/RBV therapy since 2013[22]. Due to the adverse effects of the IFN-based regimen, the treatment of 
patients with HCC is quite limited, even though the SVR rate is equivalent in patients with and without 
HCC when patients achieved good adherence, particularly in CHC patients after successful eradication of 
HCC[23]. Since 2017, DAAs have been reimbursed by TNHI (free of charge for DAA medication) in patients 
with limited to advanced fibrosis and cirrhosis. The DAA treatment then became the standard treatment of 
CHC in Taiwan for patients fulfilling the reimbursement criteria, instead of interferon-based therapy. The 
high SVR rate has been reported as more than 97% in patients who completed the duration of therapy by 
ASV plus DCV if the patients had no NS5A mutants, PrOD with/without RBV and GZR/EBR with/without 

Page 4 of 9                                                      Dai et al. Hepatoma Res 2020;6:16  I  http://dx.doi.org/10.20517/2394-5079.2019.40



RBV[24]. Since 2019, patients with all stages of fibrosis have been reimbursed for DAA therapy, and all high 
potency first-line DAAs are available. The treatment of CHC has come to a new era including all subgroups 
of patients including patients with HCC particularly in patients with liver function impairment with the 
administration of new agents with SOF/LDV or SOF/VEL but not protease inhibitors.

The cure for HCV in HCC patients is encouraged by association with increased overall survival in these 
patients by interferon-based therapy, as per reports by Singal et al.[25] and Morgan et al.[26] Recently the benefits 
of the eradication of HCV infection by DAAs have also been elucidated by Kamp et al.[27] and Dang et al.[28] 
Nevertheless, the potentially suboptimal antiviral treatment efficacy by DAAs has been reported by some 
studies indicating treatment inferiority for HCC patients. Beste et al.[29] reported the presence of HCC 
being associated with lower likelihood of SVR with SOF, SOF/LDV, and PrOD with or without ribavirin. 
Saberi et al.[10] have observed a high rate of viral relapse after DAA treatment in patients with a concurrent 
HCC diagnosis in their case series. Prenner et al.[30] have reported that when considering the treatment efficacy, 
presence of active HCC at the initiation of HCV therapy is significantly associated with DAA treatment 
failure. Radhakrishnan et al.[31] reported the presence of HCC was associated with significantly lower odds of 
achieving SVR compared to those who had no HCC. However, HCC treatment status was not associated with 
SVR among those with HCC. 

A recent meta-analysis including 49 studies from 15 countries concluded that compared to those without 
HCC, SVR rates were lower in patients with HCC, especially with active HCC[9]. Patients with HCC treated 
with SOF/LDV had lower SVR rates than patients without HCC (92.6%, n = 884 vs. 97.8%, P = 0.026) and 
active/residual HCC than patients with inactive/ablated HCC (SVR 73.1% vs. 92.6%, P = 0.002). The role of 

Table 2. Characteristics of patient with HCC history and cancer status at the time of DAA treatment 

Inactive HCC Active HCC

Curative & non-viable 
(n  = 84)

Recurrent & non-viable 
(n  = 17)

Once curative & viable 
(n  = 10)

Never curative & viable 
(n  = 13)

Male gender, n  (%) 40 (47.6) 11 (64.7) 6 (60) 8 (61.5)

Age, years (mean ± SD) 68.8 ± 9.9 67.8 ± 7.3 70.2 ± 8.3 66.6 ± 9.7

Body weight, kg (mean ± SD) 60.7 ± 10.5 59.9 ± 10.9 61.9 ± 12.8 63.8 ± 11.1

Diabetes, n  (%) 15 (17.9) 8 (47.1) 2 (20) 4 (30.8)

Hypertension, n  (%) 39 (46.4) 8 (47.1) 5 (50.0) 4 (30.8)

Platelet count, × 1000/mm3 (mean ± SD) 146 ± 94 140 ± 53 152 ± 55 135 ± 65

AST, IU/L (mean ± SD) 82.3 ± 56.1 72.9 ± 36.7 71.5 ± 34.7 77.2 ± 29.8

ALT, IU/L (mean ± SD) 77.3 ± 59.7 71.6 ± 48.8 77.6 ± 59.8 80.3 ± 45.8

Serum albumin, g/dL(mean ± SD) 4.0 ± 0.5 3.9 ± 0.5 4.1 ± 0.3 3.9 ± 0.6

Serum bilirubin, mg/dL (mean ± SD) 1.1 + 0.5 1.0 ± 0.4 1.0 + 0.5 1.3 + 0.9

FIB-4 (mean ± SD) 5.77 ± 3.73 5.31 ± 3.84 4.49 ± 2.47 5.93 ± 4.41

HCV RNA, log IU/mL 5.50 ± 1.00 5.51 ± 0.93 5.48 ± 0.97 5.40 ± 1.07

HCV genotype 1, n  (%) 70 (83.3) 13 (76.5) 6 (60.0) 10 (76.9)
Liver cirrhosis, n  (%) 54 (64.3) 10 (58.8) 6 (60.0) 11 (84.6)

  Decompensation, n  (%) 5 (6.0) 1 (5.9) 0 (0) 2 (15.4)

Prior treatment experienced*, n  (%) 36 (42.9) 4 (23.5) 5 (50.0) 4 (30.8)

HBsAg (+) 3 (3.6) 5 (29.4) 1 (10.0) 0 (0)

  PrOD ± RBV 42 (50.0) 3 (17.6) 5 (50.0) 3 (23.3)

  SOF/LDV ± RBV 22 (26.2) 3 (17.6) 1 (10.0) 3 (23.3)

  SOF/DCV ± RBV 8 (9.5) 4 (23.5) 3 (30.0) 2 (15.4)

  ELB/GRZ 6 (7.1) 6 (35.3) 1 (10.0) 3 (23.3)

  GLE/PIB 6 (7.1) 1 (5.9) 0 (0) 2 (15.4)

Sustained virological response, n  (%) 83 (98.8) 17 (100) 9 (90) 13 (100)

HCC: hepatocellular carcinoma; DAA: directly acting antivirals; AST: aspartate aminotransferase; ALT: alanine aminotransferase; FIB-
4: fibrosis-4 index; HBsAg: hepatitis B surface antigen; PrOD: Paritaprevir/ritonavir/Ombitasvir/Dasabuvir; DCV: Daclatasvir; SOF: 
Sofosbuvir; LDV: Ledipasvir; ELB: Elbasvir; GRZ: Grazoprevir; VEL: Velpatasvir; GLE: Glecaprevir; PIB: Pibrentasvir; RBV: ribavirin. *All 
interferon-based therapy
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the different DAA regimens on the impact of SVR in patients with HCC remains unclear[32]. It is noteworthy 
that in some studies, patients may receive possibly inadequate or low-potency treatments such as simeprevir/
SOF 12 weeks, SOF/LDV 12 weeks in treatment-experienced patients or SOF/ribavirin regimens. It is 
interesting as to whether the regimens influence the SVR rate. In the present study, we observed similar SVR 
rates between patients with and without HCC, or HCC patients with and without active diseases in patients 
with adherence to potent DAAs. The very high SVR rates (> 98%) might prevent negative impact on the 
responses. Our study has emphasized the importance of potent DAAs in addition to good compliance in 
patients with HCC. 

It is not clear why the presence or history of HCC might influence the likelihood of achieving SVR. We 
propose some mechanisms for the suboptimal effects of DAAs in patients with HCC. Firstly, tumor cells 
serve as a sanctuary site for HCV where the replication of the HCV is preserved[33]. Secondly, HCV within 
tumor cells might evade the antiviral effects of DAA therapy due to ineffective blood delivery to the target 
site[34]. Thirdly, poor cancer immunity and altered tumor microenvironment has also been linked to altered 
antiviral efficacy of DAA therapy[35]. Since the SVR is highly related to the effective distribution of the drug, 
different vascularity changes in HCC or the treated HCC might also be causative. In our patients, good 
adherence and sufficient duration and dosage of the DAAs might have possibly overcome the barriers for 
efficacy by HCC.  

Table 3. Factors associated with SVR 

Non-SVR (n  = 14) SVR (n  = 1223) P  value
Male gender, n  (%) 8 (57.1) 534 (43.7) 0.31

Age, years (mean ± SD) 58.8 ± 11.3 61.9 ± 11.8 0.33

Body weight, kg (mean ± SD) 70.9 ± 16.8 63.3 ± 12.3 0.13

Diabetes, n  (%) 3 (21.4) 270 (22.1) 1.00

Hypertension, n  (%) 3 (21.4) 499 (40.8) 0.14

Platelet count, × 1000/mm3 (mean ± SD) 176 ± 79 170 ± 70 0.77

AST, IU/L (mean ± SD) 79.8 ± 58.0 68.2 ± 47.8 0.47

ALT, IU/L (mean ± SD) 86.8 ± 52.9 77.5 ± 64.6 0.53

Serum albumin, g/dL (mean ± SD) 4.3 ± 0.5 4.3 ± 0.4 0.48

Serum bilirubin, mg/dL (mean ± SD) 1.1 ± 0.5 1.0 ± 0.5 0.34

FIB-4 (mean ± SD) 5.08 ± 7.21 3.79 ± 3.41 0.17

HCV RNA, log IU/mL 5.88 ± 0.97 5.65 ± 1.01 0.40

HCV genotype 1, n  (%) 10 (71.4) 913 (74.7) 0.76

Liver cirrhosis, n  (%) 5 (35.7) 592 (48.4) 0.43

  Decompensation, n  (%) 0 (0) 28 (0.2) 1.00

Prior treatment experienced*, n  (%) 4 (28.6) 331 (27.1) 1.00

HBsAg (+) 0 (0) 83 (6.8) 0.62

Regimen, n  (%) 0.44

  PrOD ± RBV 3 (21.4) 420 (34.3)

  SOF/LDV ± RBV 7 (50.0) 331 (27.1)

  SOF/DCV ± RBV 0 (0) 122 (10.0)

  ELB/GRZ 2 (14.3) 155 (12.7)

  GLE/PIB 2 (14.3) 191 (15.6)

  SOF/VEL 0 (0) 4 (0.3)

  HCC history, n  (%) 0.34

    No 12 (85.7) 1101 (90.0)

    Yes, non-viable 1 (7.1) 100 (8.2)

    Yes, viable 1 (7.1) 22 (1.8)

AST: aspartate aminotransferase; ALT: alanine aminotransferase; FIB-4: fibrosis-4 index; HBsAg: hepatitis B surface antigen; PrOD: 
Paritaprevir/ritonavir/Ombitasvir/Dasabuvir; DCV: Daclatasvir; SOF: Sofosbuvir; LDV: Ledipasvir; ELB: Elbasvir; GRZ: Grazoprevir; VEL: 
Velpatasvir; GLE: Glecaprevir; PIB: Pibrentasvir; RBV: ribavirin; HCC: hepatocellular carcinoma; SVR: sustained virological response. *All 
interferon-based therapy
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There are some limitations in the present study. Firstly, a retrospective observational study design may 
possess some selection bias in obtaining the real efficacy of the therapy. Secondly, we did not record the 
real-world withdrawal rate of the HCC patients receiving the DAAs although the treatment duration was 
shortened and the potency increased by the currently widely used DAAs, which may have improved the rate 
of complete treatment and discontinuation significantly. Thirdly, with a high cure rate for HCV, we did not 
observe any impact of the DAA therapy on the natural course of the HCC. The controversies of the influence 
of HCV therapy by DAAs have been discussed with more evidence from the recent systematic reviews and 
meta-analyses disputing the unfavorable effects on the development of more advanced recurrence or early 
recurrence in patients with HCC[35]. Lastly, because of the relatively small number of HCC patients treated 
by DAAs in our study, the statistical non-significance in HCC and non-HCC patients possibly needs further 
large-scale studies for validation.

In conclusion, we have demonstrated similar SVR rates in patients with HCC, either active or inactive, 
receiving a complete course of potent DAAs in Taiwan. With high potent DAAs available and easier and 
more convenient care including shorter duration and less adverse effects during treatment, our results 
suggest the importance of adherence to DAA therapy and the preference of treating HCV aggressively for 
HCC patients in clinical settings in Taiwan.
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Abstract
The estimated number of people with active hepatitis C virus infection worldwide is about 70 million. The 
estimated number of people with active hepatitis C virus infection worldwide is about 70 million. Approximately 
30% of infected individuals develop cirrhosis, whilst some develop liver cancer, the fifth most common cancer 
worldwide. Currently available treatments, high-efficacy antiviral agents mostly short-term (8-12 weeks) and 
pangenotypic, have efficacy rates of over 96%. Some patients, especially those with cirrhosis, develop primary 
liver cancer even after effective hepatitis C virus treatment. In order to diagnose hepatocellular carcinoma early, 
patients at risk should be enrolled in a surveillance program.

Keywords: Hepatitis C virus, direct acting antivirals treatment, oncogenesis

INTRODUCTION
The main causal agents in viral hepatitis are primary hepatotropic viruses: A (HAV), B (HBV), C (HCV), D 
(HDV), E (HEV). There are other secondary hepatotropic viruses that can also cause viral hepatitis.

HCV is caused by the RNA virus of the Flaviviridae family, which has a single strand of 3011 bases and a 
lipid membrane envelope sized 60-70 nm. The virus structure encompasses a genome, core envelope proteins 
(E1, E2) and 7 non-structural proteins (NS1, NS2, NS3, NS4A, NS4B, NS5A and NS5B)[1,2].

Hepatitis C is a blood-borne infection, transmitted as a result of skin impairment with non-sterile medical 
equipment, in particular intravenous drug injections and tattooing, during sex. This is especially the case 
for passive anal intercourse, vertically (from mother onto the child) during childbirth, and less often during 
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organ transplantation. An acute viral infection develops within 14 to 180 days following the exposure. Only 
humans and chimpanzees are affected.

To date, seven HCV genotypes with variable prevalence have been identified worldwide. Genotype 1 HCV 
has 2 subtypes: 1a predominant in North America and 1b predominant in Europe. Genotype 2 HCV is 
fairly rare, occurring in North America. Genotype 3 HCV is the most common among intravenous drug 
users, whilst genotype 4 HCV is the most prevalent in North Africa[3]. The remaining genotypes are very 
uncommon. Individuals infected with genotypes 1a and 1b are more likely to develop chronic hepatitis, 
whereas those with genotype 3 are more likely to develop fatty liver disease. The highest prevalence of HCV 
is noted in Asia, south frontiers of North America and Brazil. The estimated number of people with active 
HCV infection worldwide is about 70 million, with over 100 million testing positive for anti-HCV antibodies 
(serological evidence of past HCV infection), and another 3-4 million people get infected every year. 
Unfortunately, despite ongoing research the HCV vaccine has not been developed to date.

Intravenous drug users, homosexual men, rough sleepers, individuals with HIV co-infection, migrants, 
blood and blood product recipients and prisoners are at particular risk of HCV infection.

Whereas HCV infection can be chronic, the virus does not embed in human genome (just as the HBV does), 
despite long-term persistence in hepatocytes or liver-resident lymphocytes.

NATURAL COURSE OF HCV INFECTION
After an acute infection, spontaneous virus clearance occurs in up to 30% of infected individuals within 
6 months. However, 70% of affected patients develop chronic condition. Up to 80% of infected individuals are 
asymptomatic, so the infection may remain undiagnosed in many cases. About 30% of infected individuals 
develop cirrhosis. Some of them may present with hepatocellular carcinoma (HCC) in a 30-year follow-up 
study[4].

Patients with chronic infection often present with extrahepatic manifestations. Their symptoms are usually 
caused by cryoglobulins, leading to vasculitis and kidney damage. Osteoarticular, cardiovascular, endocrine 
(especially pancreatic and thyroid), central nervous system or skin involvement are also possible. They may 
develop lymphomas. Some patients with extrahepatic manifestations may have no identifiable liver disease.

PRIMARY LIVER CANCER AND HCV INFECTION
In patients with HCV-associated cirrhosis, the annual risk of HCC is 2%-8%, whereas the overall risk of 
cancer in all HCV-infected patients is 14.4%. HCC recurrence within 5 years following effective treatment 
(different therapies) affects 70% of patients. Most HCC cases are found in Japan, Pakistan, Asia, Europe and 
the United States.

In HCV-infected patients, HCC development is associated with the progression of fibrosis and cirrhosis. 
Structural and non-structural viral proteins virus play the key role in malignant transformation inducing 
oxidative stress, aberrant proliferation and apoptosis, chronic inflammation, dysregulated lipid synthesis as 
well as excessive and abnormal angiogenesis. Through methylation, HCV core proteins reduce CDKN2A 
activity, causing telomerase dysfunction (TERT promoter mutations), the most common genetic aberrations 
seen in HCC[5].

Furthermore, NS3 and NS5A proteins may disrupt the p53 synthesis pathway, blocking apoptosis and 
nucleocytoplasmic shuttling of p53[6].
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INTERFERON TREATMENTS
In the 1980s, natural interferon was approved for the treatment of HCV infection, followed by alpha-2a and 
2b interferon, and pegylated alpha-2a and alpha-2b interferon approved in 2002. These were administered 
subcutaneously, offering the efficacy below 50%, even when administered in combination with ribavirin, 
with peginterferons being the most effective. The treatment was associated with numerous adverse effects, 
frequently causing premature drug discontinuation. However, apart from their antiviral effect, interferons 
also exerted antifibrotic and antineoplastic effect. Interferon therapy could not be used in some patients and 
was only limited to those with non-advanced liver disease, without numerous contraindications for the use 
of interferon alpha.

The natural course of HCV infection may lead to the development of HCC in some cases [Table 1]. The risk 
of HCC development in patients with cirrhosis (CTP A) treated with interferon was lower in responders 
(SVR achieved) than in non-responders.

INTERFERON-FREE TREATMENTS
The first interferon-free treatment of HCV infection, sofosbuvir, was approved in 2014. It quickly became 
clear that due to virus variation, monotherapy was ineffective. When combined therapy with direct acting 
antivirals (DAA), different targets had to be used. The currently available interferon-free treatments are 
effective in the majority (over 95%) of patients, regardless of their age, sex, ethnicity, body weight, liver 
disease stage or co-infection with HIV. 

DAA medications act on known HCV replication targets, effectively leading to a complete virion elimination. 
The agents currently used include a pangenotypic combination of (1) sofosbuvir (NS5B polymerase 
inhibitor)/velpatasvir (NS5A inhibitor) with or without voxilaprevir (NS3/4A inhibitor); (2) ombitasvir 
(NS5A inhibitor)/paritaprevir (NS3/4A inhibitor) - ritonavir with or without dasabuvir (non-nucleotide 
NS5A inhibitor), glecaprevir NS3/4A inhibitor/pibrentasvir (NS5A inhibitor); and (3) grazoprevir (NS3/4A 
protease inhibitor)/elbasvir (NS5A inhibitor), which is effective in genotype 1 and 4 HCV infection[7,8].

EASL AND AASLD RECOMMENDATIONS FOR THE MANAGEMENT OF PATIENTS WITH HCV 

AND HCC
EASL guidelines advise against declining antiviral therapy in patients with cirrhosis, including advanced 
cirrhosis. However, continued surveillance is still required following successful antiviral therapy. The risk 
of HCC for patients with HCV-related cirrhosis who develop SVR after DAA treatment is lowered, but not 
eliminated.

Whilst direct-acting antiviral therapies definitely improve survival in patients with cirrhosis previously 
treated for HCC, the impact of HCV eradication by DAAs on the future risk of HCC is uncertain. Therefore, 
patients with HCV-related cirrhosis and history of HCC should be considered for treatment with DAAs but 
should also continue to undergo surveillance.

Table 1. Risk factors of HCC development in patients treated with interferon depending on the time since the end of treatment 

Up to 2 years following the end of treatment Up to 4 years following the end of treatment Over 4 years following the end of treatment
Older age Older age Diabetes

Male sex Diabetes

Advanced fibrosis Advanced fibrosis

Fatty liver disease Elevated AFP levels

Elevated AFP level at the end of treatment

HCC: hepatocellular carcinoma



AASLD pointed out that patients with cirrhosis and HCC have lower SVR rates than those with cirrhosis 
without HCC. Longer regimens may improve treatment response. Patients with compensated cirrhosis 
should be treated with sofosbuvir/ledipasvir or sofosbuvir/velpatasvir (with ribavirin) for 12 weeks. In those 
with decompensated cirrhosis and HCC, the above treatment regimen should be extended to 24 weeks[8,9].

GLOBAL HEALTH SECTOR STRATEGY ON VIRAL HEPATITIS
In 2016, the WHO published the global health sector strategy on viral hepatitis which aims at reducing viral 
hepatitis-related mortality. The strategy aims to identify 80% of HCV and HBV infected patients and start 
treatment in 80% of them, to minimise the risk of infection during blood transfusion and phlebotomy, as 
well as to ensure access to sterile injecting equipment for people who inject drugs by 2030. Available, easy-
to-administer treatments increase the chances to effectively implement this strategy in relation to HCV 
infection. Many countries, such as Georgia and Australia, have already approached the targets set by the 
WHO for 2030.

CARCINOGENESIS IN PATIENTS AFTER DAA TREATMENT - MOLECULAR ASPECTS
As the HCV does not embed in human genome, it does not exert a direct carcinogenic effect.

There is a number of hypotheses to explain the development of primary liver cancer after DAA treatment. 
The first of them assumes that DAA causes rapid virus clearance, which results in immune dysfunction, 
cytokine activation, dysregulation of apoptosis and reactive oxygen species which, in turn, stimulate 
angiogenesis directly involved in tumour growth[9].

DAA treatment is associated with rapid viral clearance and modulating antiviral immunity in favour of 
promoting oncogenesis. DAAs change the risk of HCC by facilitating restoration of innate immunity, 
downregulation of interferone II and III genes and their receptors, as well as reducing the mi-R-122 levels, 
which promotes proliferation[10].

The evidence seems to indicate that carcinogenesis after DAA therapy is associated with HCV-induced 
imbalance between life- and apoptosis-promoting factors. 

Viral clearance is associated with expression of a number of apoptosis-regulating genes, such as TP53, FAS, 
TGF, VEGF, which trigger tumour development and spread. Furthermore, other genes, such as HGF, ROS 
and FGF stimulate and upregulate angiogenesis.

In the case of antiviral drug resistance, natural killer (NK) cell dysfunction leads to virus proliferation and 
reduced expression of interferon genes, disrupting natural defence mechanisms. Decreased interferon gamma 
levels stimulates carcinogenesis, while impaired interferon gene expression results in HCC development.

Another hypothesis postulates that carcinogenesis occurs in response to cytotoxic cell silencing caused 
by transient immunosuppression during viral clearance. As NKG2D expression on NK cells plummets in 
response to DAA treatment, HCC develops. 

The immune markers present at baseline, which are associated with a higher risk of HCC, include the TNF 
alpha, which is constantly secreted in patients with HCC, unlike cancer-free patients, in whom TNF alpha 
suppression has been shown [Table 2].

HCC OCCURRENCE IN PATIENTS TREATED WITH DAA
In 2016 and 2017, shortly after the first DAA approval, first reports of post-SVR development of HCC in 
patients with cirrhosis treated with DAA were published [Table 3]. However, the study groups in these 
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reports were small and there was no control group to provide a comparison. It should be noted, however, 
that safe DAA therapy was first administered to patients with the most advanced liver disease, compensated 
and decompensated cirrhosis, which alone is a risk factor for HCC. 

In 2017, a study in 22,500 American veterans (96.7% of men) with hepatitis C was published. The calculated 
risk of HCC development in 1-year follow up was lower by 72% in patients who achieved SVR than in those 
who were not cured[11].

In 2018, a meta-analysis of an over 2-year follow up of 9895 French patients with hepatitis C, treated with 
interferon or DAAs demonstrated that DAA exposure did not increase the risk of HCC, when the results 
were adjusted for patient age, liver disease stage, diabetes, hypertension, as well as biological variables at 
screening. 

In 2019, the results of almost 3-year follow-up 7344 patients with hepatitis C treated with DAA and 2551 
untreated patients with hepatitis C were published. DAA exposure was associated with a decrease in all-cause 
mortality (HR = 0.48) and de novo HCC occurrence (HR = 0.66) and was not associated with decompensated 
cirrhosis.

MANAGEMENT OF PATIENTS WITH OR AT RISK OF HCC CURRENTLY OR PREVIOUSLY 

TREATED WITH DAA - RECOMMENDATIONS
Patients with advanced fibrosis or cirrhosis should be screened for HCC before the commencement of 
treatment with DAA.

After the end of DAA, patients with SVR should be regularly monitored every 6 months with laboratory 
blood tests, including AFP level, and an abdominal ultrasound.

Antiviral treatment in patients with active malignancy is associated with a worse treatment response, hence, 
radical treatment, if possible, is recommended first, followed by a course of DAAs. 

However, in patients with advanced HCC (BCLC stage C and D) who cannot undergo radical treatment, the 
decision to start DAA therapy should be made on a case-by-case basis, considering patient’s clinical status, 
their potential survival, or individual preferences. 
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Tabel 2. Genes implicated in viral clearance and HCC development 

Genes implicated in viral clearance and HCC development
Toll-like receptor-4 (TLR-4 )

Toll-like receptor-2 (TLR-2 )

MHC class 1 polipeptide-related sequence A (MIC-A )

Cellular tumor antigen p53

SET domain containing-5 (SETD5 )

Retinoblastoma-associated protein RB

Secreted apoptosis-related protein-2 (SFRP2 )

Signal transducer and activator of transcription (STAT )-3  

Glutathione S-transferase Mu 1 (GSTM1 )

Interferone lambda (IFNL3 )

Interferone lambda (IFNL4 )

Hepatocyte growth factor (HGF )

Interleukins 6 and 17 (IL-6 , IL-17 )

Matrix metalloproteinases 2,9

HCC: hepatocellular carcinoma; MHC: major histocompatibility complex 



In patients waiting for a liver transplant because due to HCV-associated cirrhosis and HCC, the moment of 
DAA treatment commencement should be decided depending on the patient’s position on the list, expected 
waiting time, and liver disease stage.

In patients with HCC treated with radical methods: transplantation, resection or embolization, treatment 
with DAAs should be considered after they have remained clinically stable and relapse-free for 6 months.

Patients with cirrhosis and history of HCC, who completed treatment with DAA, regardless of their SVR 
status, should be carefully monitored every 3-6 months, with an abdominal ultrasound and, in some cases, 
also abdominal CT and MRI[12].

HCC RECURRENCE IN PATIENTS TREATED WITH DAA
Recurrence is seen in some patients treated for HCC subsequently treated effectively with DAA [Table 4]. 
At times, it may be aggressive and rapidly lead to death. In 2017 and 2018, a number of often contradictory 
reports from different centres were published.

The main cause of recurrence is a simultaneous rapid clearance of HCV and liver tissue-resident memory 
T-cells, which reduces local immunosuppression and promotes recurrent carcinogenesis[13]. HCC recurrence 
after effective treatment HCV proteins are known modulators of intracellular signalling pathways, which may 
induce carcinogenesis in infected individuals. The expression of treatment-induced, mutated viral proteins 
also plays a role in HCC recurrence. Despite viral clearance, the ongoing oncogenesis does not cease, and the 
tumour develops further spreading to other sites as metastases. 

HCC RECURRENCE IN PATIENTS TREATED WITH DAA - SIGNIFICANT PUBLICATIONS
In a retrospective study by Nagata et al.[14], patients with HCV and a history of HCC were treated either 
with INF (n = 60) or with DAA (n = 83), with the mean follow up of 7.5 years. The recurrence rates were 
comparable in patients treated with IFN and DAA (47% at 5 years post-SVR vs. 22.9% at 3 years post-SVR, 
respectively).

In a prospective study in Italy, Cabibbo et al.[15] studied patients with history of HCC treated with DAA, 
demonstrating HCC recurrence in 20.38% of patients treated with DAA. Previous HCC recurrence prior to 
treatment with DAA and tumour size above 2.5 cm at baseline were associated with higher risk of recurrence.

In 2018, Singal published a large meta-analysis of 793 patients who completed HCC treatment in the USA and 
Canada and were treated for HCV with DAA (n = 304) or untreated (n = 489). There were 128 (42%) cases of 
relapse in patients treated with DAA and 228 (58.9%) cases of relapse in those untreated for HCV infection, 
which clearly indicates the beneficial role of DAAs in preventing HCC relapse in individuals with chronic 
hepatitis C. The only factor significantly correlated with relapse was the baseline HCC stage (BCLC)[16].
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Table 3. Molecular risk factors of carcinogenesis in patients treated with DAA 

Molecular risk factors of carcinogenesis in patients treated with DAA
Cirrhosis

Reduced interferon production

Decreased micro-RNA-122 levels

T-cell dysfunction

Hyporesponsive NK cells

Rapid decrease of chronic inflammation

DAA: direct acting antiviral; NK: natural killer



CONCLUSION 
The natural course of HCV infection may lead to the development of HCC in some cases. DAA therapy 
reduced risk of HCV related HCC and death. But in some cases HCV therapy is related with liver cancer 
development. Patients after DAA treatment, mainly with liver cirrhosis, require HCC surveillance.
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Abstract

Non-alcoholic fatty liver disease (NAFLD) is now the most common cause of liver disease worldwide, and represents 
an increasingly important cause of hepatocellular carcinoma (HCC). As the prevalence of NAFLD has increased, 
the burden of NAFLD-related HCC has been rising in parallel. This is particularly evident in Western countries, 
where NAFLD is estimated to account for 10%-59% of all HCC. NAFLD-related HCC can occur in the presence or 
absence of cirrhosis, and, while those with cirrhosis remain at the greatest risk, factors such as steatohepatitis, age, 
genetic polymorphisms, type 2 diabetes mellitus and obesity also appear have an impact on the risk of developing 
HCC in NAFLD. In this review, we present the epidemiology of NAFLD-related HCC from a Western perspective, 
highlighting gaps in current knowledge and future directions for research in this field.

Keywords: Non-alcoholic fatty liver disease, steatohepatitis, cirrhosis, hepatocellular carcinoma, epidemiology

INTRODUCTION
Over the past two decades, non-alcoholic fatty liver disease (NAFLD) has rapidly become the most 
common cause of liver disease worldwide, affecting approximately a quarter of the global population[1]. It 
is considered to be a hepatic end organ effect of the metabolic syndrome and its rise to prominence has 
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coincided with the onset of the obesity and type 2 diabetes mellitus (T2DM) epidemics[2]. Previously, due 
to the strong association between NAFLD and the metabolic syndrome, NAFLD was considered a disease 
of affluent nations; however, with the epidemiological transition and increasing urbanisation in low and 
middle income countries, prevalence of the metabolic syndrome and NAFLD is now increasing rapidly 
across the globe[3-5]. This high prevalence and subsequent burden of progressive liver disease has resulted 
in NAFLD becoming an increasingly important cause of hepatocellular carcinoma (HCC)[6-8]. This review 
outlines the epidemiology of NAFLD-related HCC, with a focus on Western countries.

METHODS
We conducted a search of the Medline, PubMed and Cochrane databases to identify English language, 
original research articles conducted in adults over the age of 18, and published between 1 January 1990 
and 1 September 2019 using the Medical Subject Headings “Nonalcoholic Fatty Liver Disease” and 
“Hepatocellular carcinoma”. Duplicate results were removed using Endnote X9, before screening by title 
and abstract was performed to find research relating to HCC in patients with NAFLD (single reviewer - 
AF). Original research articles were eligible for selection, including meta-analyses, controlled trials, cohort 
studies and case-series, which clearly described their study population including their diagnostic criteria 
for NAFLD, and described the incidence or prevalence of NAFLD-related HCC.

NAFLD, nonalcoholic steatohepatitis and the natural history of disease
NAFLD is a broad term used to describe a spectrum of liver diseases characterised by excessive hepatic fat 
accumulation with associated insulin resistance, in the absence of a secondary cause or significant alcohol 
consumption[9,10]. More precisely, NAFLD is defined as the presence of steatosis in > 5% of hepatocytes 
histologically or by proton density fat fraction on magnetic resonance imaging (MRI-PDFF), and it can 
be subclassified into nonalcoholic fatty liver (NAFL) or nonalcoholic steatohepatitis (NASH)[9,10]. While 
NAFL refers to simple steatosis, NASH is characterised by hepatic lobular inflammation and is associated 
with an increased risk of progression to fibrosis, cirrhosis and hepatic decompensation[9]. NASH can only 
reliably be differentiated from NAFL histologically, and the prevalence of NASH in liver biopsies from 
NAFLD patients is estimated to be 59.10% (95%CI: 47.55%-69.73%) from pooled NASH prevalence data[1]. 
This estimate is higher than previous estimates, suggesting NASH occurred in approximately one third of 
NAFLD patients; however, retrospective biopsy studies are inherently affected by selection bias of patients 
in whom there is high clinical suspicion for steatohepatitis[11,12].

Fibrosis is an important prognostic factor in NAFLD. Fibrosis stage is independently associated with 
mortality, liver transplantation and liver-related events, with fibrosis occurring at twice the rate in patients 
with NASH compared with NAFL[13,14]. Furthermore, liver-related mortality increases significantly with 
increasing fibrosis stage[15]. In a meta-analysis of 411 patients from 11 cohort studies with biopsy proven 
NAFLD (2145.5 person-years of follow-up), the annual fibrosis progression rate in patients with NAFL 
and stage 0 fibrosis at baseline was 0.07 stages per year (95%CI: 0.02-0.11 stages/year), and 0.14 stages 
per year in NASH (95%CI: 0.07-0.21 stages per year)[16]. This is the equivalent of one stage of progression 
over 14.3 years (95%CI: 9.1-50 years) in NAFL vs. 7.1 years (95%CI: 4.8-14.3 years) for NASH. In patients 
with NASH, approximately 20% of those with advanced (F3) fibrosis will progress to cirrhosis, and 20% of 
compensated NASH cirrhotics will develop hepatic decompensation over a two-year period[17,18].

Current global trends in HCC
Liver cancer, of which HCC is the main subtype, has the sixth highest cancer incidence, and is the fourth 
leading cause of cancer-related death worldwide[19]. There are significant geographic variations in the 
incidence of HCC, reflecting the differences in aetiology of liver diseases in each region[20]. In Asian 
countries where the highest incidence rates of HCC are reported (20 per 100,000 in men and 6.9 in 
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women), viral hepatitis, particularly hepatitis B, accounts for the majority of cases with the population 
attributable fraction due to hepatitis B approximately 51%-57%[21,22]. Comparatively, in high income regions 
of the world such as Western Europe, North America and Australasia, where the predominant aetiologies 
are hepatitis C and alcohol, HCC incidence rates are much lower[8]. In Europe, the age-standardised 
incidence rate is estimated at 6.8 per 100,000 population in men and 2.2 in women, while, in the US, the 
overall incidence is 11.6 per 100,000 population in men and 4.3 per 100,000 in women[21,23]. This is on the 
background of an almost three-fold increase in HCC cases in the United States over the past two decades[24,25]. 
Australia and New Zealand have also demonstrated a significant increase in HCC with a 7.5-fold increase 
between 1982 and 2014[26]. In 2015, the Australian incidence of HCC was 7.6 per 100,000 persons, 
again with higher rates in men (12 per 100,000) than women (3.9 per 100,000), which is expected to 
have increased to 8.6 cases per 100,000 persons in 2019[27]. This increase is likely due in part to an aging 
population, with a high prevalence of hepatitis C; however, the rise of the obesity epidemic, and an 
associated increase in the prevalence of NAFLD-related HCC, may also be contributing[28,29]. Furthermore, 
within these Western countries, particularly in the US, NAFLD, fibrosis and HCC are more prevalent in 
some ethnic sub-populations. This has been seen in Hispanic, Pacific Islander and subcontinental Indian 
groups, whereas other sub-populations, such as African Americans, appear to have lower rates despite 
similar risk factors[30-32]. Whether this difference is due to disparities in socioeconomic status or diet 
remains to be seen; however, there may also be inherent biological differences with a higher prevalence of 
the PNPLA3 genetic polymorphism noted in the Hispanic population[33].

Prevalence of NAFLD-related HCC
NAFLD has become the most rapidly increasing cause of HCC in Western countries, with the proportion of 
HCC attributable to NAFLD increasing significantly over the past two decades[34,35]. This shift has mirrored 
the rise of obesity and the metabolic syndrome, while also coinciding with the development of effective 
treatments for viral hepatitis and greater coverage of hepatitis B vaccination programmes[6]. This increase 
in NAFLD-related HCC is most pronounced in Western nations: in the BRIDGE study, a multiregional, 
large-scale longitudinal cohort study of consecutive newly diagnosed HCC cases, NAFLD accounted for 
10%-12% of HCC cases in North America and Europe, but only 1%-6% in Asian countries[7]. In North 
America, NAFLD is a common cause of HCC. In a large early cohort study of HCC patients identified from 
a healthcare claims database in the USA, NAFLD was found to be the most common aetiology, accounting 
for 59% of their 4406 cases[36]. However, subsequent similar US-based longitudinal cohort studies have 
reported a much lower proportion of NAFLD-related HCC. The Surveillance, Epidemiology, and End 
Results (SEER) cancer registry database found that NAFLD was the predominant aetiology in 14.1% of 
their 4929 HCC cases; this was even lower in the Veteran Affairs (VA) Hospitals cohort, where 8% of 1500 
HCCs were attributable to NAFLD[8,37]. This may reflect differences in the diversity of the groups studied 
here, with the VA group enriched with older males with hepatitis C. NAFLD is now the second leading 
cause of liver transplantation for HCC in the United States after Hepatitis C virus (HCV), and is the most 
rapidly growing indication for HCC-related liver transplantation, having increased from 8.3% in 2002 to 
13.5% in 2012[38]. Moreover, the number of people with NAFLD-related HCC on liver transplant waiting 
lists in the United States has also risen from 2.1% in 2002 to 17.9% in 2017[38,39].

European and Australasian studies have also described an increase in the prevalence of NAFLD-related 
HCC. In the UK, between 2000 and 2010 there was a 10-fold increase in NAFLD-related HCC, with 
histologically or radiologically proven NAFLD accounting for 34.8% of all HCC cases in 2010 in one cohort 
of 633 patients[34]. Data from the European Transplant Registry also show an increase in transplantation for 
NAFLD-related HCC from 0.2% in 2007 to 1.2% in 2017[40]. In Australia and New Zealand, NAFLD is the 
third leading cause of HCC in those who underwent transplantation, and an Australian cohort of 272 HCC 
patients found NAFLD to be the underlying aetiology with 14% of cases[41,42]. A summary of these cohorts 
is outlined in Table 1.
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Incidence of HCC in NAFLD
Although NAFLD represents an increasing proportion of HCC cases, the true risk of HCC in NAFLD 
patients with and without cirrhosis is not clear. As HCC is an infrequent outcome of chronic liver disease, 
there are limited studies with the adequate cohort size and duration of follow up required to accurately 
assess incidence rates. As a result, several meta-analyses have been performed to pool data and increase 
the sample size. A systematic review by White et al.[43] found the risk of HCC in NAFLD patients to be in 
the range of 0%-38% over a median of 5-10 years of follow up. More recently, Younossi et al.[1] performed 
a meta-analysis to evaluate the global prevalence and outcomes of NAFLD, and calculated an annual HCC 
incidence of 0.44 per 1000 person years (95%CI: 0.29-0.66) in patients with NAFLD, with much higher rates 
in those with NASH, 5.29 per 1000 person years (95%CI: 0.75-37.56). These meta-analyses are somewhat 
limited by the heterogeneity of the included studies, with small retrospective cohorts and inconsistent 
methods of defining NAFLD. As a result, a large United States longitudinal study led by Kanwal et al.[32] 
compared 296,707 patients with NAFLD to 296,707 matched healthy controls to determine the incidence 
of HCC in these cohorts. NAFLD was defined by persistently elevated transaminases (> 40 IU/mL for men 
and > 31 IU/mL for women, with a minimum of two results at least six months apart), in the absence of any 
significant alcohol intake or another cause of liver disease. The healthy controls had normal liver function 
tests, no other history of liver disease and minimal alcohol intake. The overall incidence of HCC in the 
NAFLD patients was low, 0.21 per 1000 patient years; however, HCC incidence was much higher in patients 
with NAFLD cirrhosis, 10.6 per 1000 patient years. Overall, cirrhosis in NAFLD appears to be the most 
significant risk factor for HCC [Figure 1], with approximately 6%-13% of patients with NAFLD cirrhosis 
developing a HCC during 3-10 years of follow up in a number of prospective observational cohorts[44-47].

NAFLD-related HCC in the absence of cirrhosis
NAFLD patients without liver cirrhosis are also at increased risk of HCC compared to those without liver 
disease[32,43]. This is particularly concerning given the high population prevalence of NAFLD, and the 
implications for HCC screening and increasing disease burden[1]. In the US, Sanyal et al.[36] found that, 
among patients with NAFLD-related HCC, as many as 54% were not known to be cirrhotic based on 
health care coding information. The proportion of non-cirrhotic patients was similarly high in the smaller 
Cleveland clinic cohort, which found that 43.4% of cases occurred in the absence of cirrhosis[48]. Those 
patients tended to be older (67.5 ± 12.3 years vs. 62.7 ± 8.1 years), and less likely to be obese (52% vs. 83%) 
or have type 2 diabetes (38% vs. 83%), than their cirrhotic counterparts. Similar findings have also been 
reported from European cohort studies, with a high proportion of NAFLD-related HCC occurring in non-
cirrhotic patients: 46.2% in a multicentre Italian study, 41.7% in a single centre German study and 22.7% in 
a UK-based cohort[34,49,50]. In the cohort study by Kanwal et al.[32], the risk of HCC in non-cirrhotic NAFLD 
was higher than in the healthy controls, but the overall incidence rates were low (0.08 vs. 0.02 per 1000 
person years). Despite this, due to the high global prevalence of NAFLD, the absolute burden of NAFLD-
related HCC, including those with and without cirrhosis, remains significant.

Clinical outcomes in NAFLD-related HCC
Patients with NAFLD-related HCC tend to present at an older age compared to patients with HCC due 
to other aetiologies[8,28,31]. In the SEER cohort, NAFLD-related HCC patients were older (73 ± 8 years vs. 
66 ± 11 years), had more heart disease (35.1% vs. 7%-27%) and had a shorter mean survival time (14.17 ± 
17.14 months vs. 17.85 ± 21.47 months), compared to other aetiologies; and 84.3% died of their primary liver 
cancer[8]. This group found higher odds of one-year mortality (OR: 1.21, 95%CI: 1.01-1.45) in those with 
NAFLD-related HCC, although other large HCC cohorts have found no difference in overall survival[34,37,49]. 
Furthermore, a Canadian study of 929 patients who underwent a transplant for HCC, including 60 with 
NAFLD-related HCC, also found that these patients had similar one-, three- and five-year survival 
outcomes (98%, 96% and 80%, respectively) compared to non-NAFLD HCC (95%, 84% and 78%, 
respectively), with no difference in tumour recurrence (13.3% vs. 14%)[51]. As patients with NAFLD-related 
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HCC tend to be older, with greater metabolic and vascular comorbidities than those presenting with HCC 
from other causes, the relative equivalence in survival may be due to the proportion of patients without 
cirrhosis in some of these cohorts (22.8% and 41.7% in the studies by Dyson and Mittal, respectively)[8,34,37].

Although non-cirrhotic and cirrhotic NAFLD-related HCC may present differently, overall survival rates 
between these two groups appear to be the same. A review of NAFLD-related HCC cases at the Cleveland 
clinic found that HCC in non-cirrhotic patients was more likely to present as a single nodule (80.6% 
vs. 52.2%) and with a larger nodule size (> 5 cm) (77.8% vs. 10.6%)[48]. From a treatment perspective, 
they were more likely to receive hepatic resection (66.7% vs. 17%) but less likely to receive loco-regional 
therapy (22.3% vs. 61.7%) or orthotopic liver transplantation (OLT) (0% vs. 72.3%). They also found that 
HCC in non-cirrhotic NAFLD had a higher rate of recurrence than in those with cirrhosis (86% vs. 14%); 
however, after adjusting for age or OLT, there was no difference in overall survival between the two groups. 
This is consistent with data from a large European cohort of NAFLD-related HCC patients in Sweden, 
which found non-cirrhotic patients to be older (median 74 years vs. 70 years), with larger tumours[52]. 
Similarly, in this group, those without cirrhosis were more likely to have a resection (35% vs. 8%), and less 
frequently underwent OLT (0% vs. 11%), but no significant difference was found in the overall mortality 
rates [adjusted hazard ratio (aHR): 0.93, 95%CI: 0.58-1.51, P = 0.78]. On further analysis, parameters 
independently associated with a higher risk for overall mortality in non-cirrhotic patients included; 
Barcelona Clinic Liver Cancer class C or D (aHR compared with class 0:7.03, 95%CI: 2.89-17.11, P < 0.001), 
the presence of four or more tumours (aHR compared with one tumour: 9.26, 95%CI: 3.20-26.81, P < 
0.001), higher serum albumin (aHR 0.29 per increased g/dL, 95%CI: 0.15-0.56, P < 0.001) and the presence 
of T2DM (aHR: 3.65, 95%CI: 1.69-7.89, P = 0.001).
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Figure 1. Increasing risk of HCC with stage of disease[1,7,32,36-38]. NASH: nonalcoholic steatohepatitis; HCC: hepatocellular carcinoma; 
NAFLD: non-alcoholic fatty liver disease; T2DM: type 2 diabetes mellitus



Obesity and type 2 diabetes and HCC risk
Obesity and T2DM are metabolic comorbidities closely associated with NAFLD, which have also been 
independently linked to the development of HCC[53,54]. T2DM has been found to be associated with 
increased HCC risk, particularly in patients with non-viral liver disease. A 2012 meta-analysis including 
17 case-control studies and 32 cohort studies showed a statistically significant increased risk of HCC 
prevalence among diabetic individuals (RR: 2.31, 95%CI: 1.87-2.84)[53]. The pooled risk estimate from 17 
case-control studies (OR: 2.40, 95%CI: 1.85-3.11) was slightly higher than that from the 25 cohort studies 
included (RR: 2.23, 95%CI: 1.68-2.96). This analysis was limited by lower patient numbers, which prevented 
adequate subgroup analysis, and, while there was some adjustment for the presence of viral hepatitis and 
cirrhosis, the possible presence of underlying NAFLD was not accounted for. In a study from the Mayo 
Clinic, the hazard ratio of HCC in cirrhotic patients without HCV infection was found to be two times 
higher in patients with T2DM compared to those without [Hazard Ratio (HR): 2.1, 95%CI: 1.1-4.1][55]. 
Additionally, T2DM has also been found to be an independent risk factor for HCC in patients with 
cryptogenic cirrhosis; however, these patients also demonstrated features of NAFLD based on markers of 
insulin resistance and lipid profiles[56]. Overall, while T2DM does appear to be associated with an increased 
risk of HCC in those with or without known liver disease, current studies are limited by confounding and 
the difficulty of excluding underlying NAFLD as a contributing factor. 

Obesity is associated with an increased risk of many types of malignancy, and several epidemiological 
studies suggest a modest increase in the relative risk of HCC in obese populations[57]. A 2012 meta-analysis 
of 26 prospective cohort studies, including 25,337 individuals, found excess body weight [body mass 
index (BMI) ≥ 25 kg/m2] and obesity (BMI ≥ 30 kg/m2) to be associated with an increased risk of primary 
liver cancer [Summary Relative Risks (SRR) 1.48, 95%CI: 1.31-1.67; and SRR 1.83, 95%CI: 1.59-2.11, 
respectively][54]. While this evidence is somewhat limited by heterogeneity, on subgroup analysis, there was 
an increased risk in males, those with HCV and cirrhosis from any aetiology compared with the general 
population, suggesting that obesity may be an important cofactor in the development of HCC. 

Genetic markers in NAFLD-related HCC
Several host genetic polymorphisms have been linked to the presence of NAFLD, risk of fibrosis 
progression and the development of NAFLD-related HCC[58]. These are particularly relevant as they may 
present novel biomarkers to help triage those at most risk of HCC and therefore in need of screening, 
particularly among those with NAFLD and no cirrhosis. The most studied of these is a single-nucleotide 
polymorphism (SNP) in PNPLA3. The association between PNPLA3 (rs738409) and hepatic steatosis was 
first identified in the genome-wide survey performed on the > 2000 participants of the Dallas Heart Study 
who underwent Magnetic Resonance Spectroscopy of the liver for quantification of liver fat[59]. The presence 
of this SNP has since been found to be associated with an increased risk of advanced fibrosis in all patients 
with liver disease, and a 2014 meta-analysis confirmed that it was also associated with an increased risk of 
HCC in patients with NASH and alcohol-related cirrhosis (OR: 1.67, 95%CI: 1.27-2.21), but not in other 
aetiologies (OR: 1.33, 95%CI: 0.96-1.82)[60]. Moreover, in a large well-characterised Northern European 
cohort of patients with histologically proven NAFLD patients, 100 of whom had NAFLD-related HCC, it 
was shown that PNPLA3 rs738409, especially the C > G polymorphism, was associated with an increased 
risk of HCC independent of other traditional risk factors including age, gender, BMI, presence of T2DM 
or the presence of advanced fibrosis or cirrhosis[61]. Despite this evidence, the potential use of this SNP as 
a predictive biomarker to identify high-risk individuals for HCC screening has not yet been validated in 
larger cohorts, and it is not widely used. 

Other potential genetic risk modifiers of interest include a variant in the MBOAT7 gene, which was 
associated with an increased risk of NAFLD-related HCC in an Italian cohort of NAFLD patients (OR: 
1.65, 95%CI: 1.08-2.55; n = 765), particularly in those without advanced fibrosis (P < 0.001), and TERT 
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promoter mutations that can be found in low and high grade dysplastic lesions, and in increased frequency 
in early HCC[62-64]. The TM6SF2 genetic variant on chromosome 19 has also been shown to be associated 
with an increased risk of NAFLD and NAFLD-related hepatic fibrosis and cirrhosis, independent of other 
known traditional risk factors including PNPLA3 status[65]. In one cohort of 99 biopsy-confirmed HCC 
patients, homozygous carriage of the TM6SF2 rs58542926 minor allele was associated with an increased 
risk of NAFLD-related HCC. However, this was not shown to be significant on multivariate analysis when 
adjusting for traditional risk factors such as age, gender or cirrhosis[66]. Further investigation is required to 
determine the clinical significance of these associations and establish whether they may be of prognostic 
or diagnostic significance in the future. Consideration of cost, access to and acceptability of genetic 
sequencing as a screening or prognostic tool for patients with NAFLD must also be explored. 

Should patients with NAFLD undergo HCC surveillance?
Routine HCC surveillance is recommended for all patients with cirrhosis regardless of the aetiology of 
their liver disease[9,10], and as such all patients with NAFLD cirrhosis should be enrolled in a screening 
program. While HCCs that are detected by surveillance programs are found at an earlier stage than those 
found incidentally, patients with NAFLD-related HCC are less likely to have recognised liver disease, 
and as such have a lower proportion of HCCs detected through screening compared with other causes 
of liver disease[67]. In the UK Newcastle cohort and the HCC NAFLD Italian groups, only 22.8%-47.6% of 
NAFLD-related HCC cases were detected during surveillance compared with 46.2%-63.3% in HCV[34,49]. 
Additionally, even in high risk patients who have NAFLD cirrhosis, screening is less likely to detect early 
stage HCCs compared with other aetiologies[34,37,49]. This is likely attributable to the current recommended 
screening modality of ultrasound, which can be technically challenging in obese patients with excess 
visceral adiposity, and is highly operator dependant[68]. Cross-sectional imaging such as MRI may be used 
as an alternative in patients in whom adequate views of the liver are unable to be obtained via ultrasound, 
however the suitability and cost-effectiveness of this approach has yet to be determined. Concern remains 
regarding whether NAFLD patients without cirrhosis should also be screened, considering that 23%-54% 
of NAFLD-related HCC occurs in non-cirrhotic patients. However, due to the large volume of NAFLD 
patients and low annual HCC incidence of less than 2% in this cohort, routine screening is not currently 
recommended[34,36,37,49]. The development of risk stratification tools may be of use in identifying high-risk 
patients who would benefit from screening, and may include the use of genetic markers.

Limitations in current estimates and Future directions
While these observational studies are informative in reviewing trends, there are several limitations to this 
method of determining the true burden of disease. The largest cohorts have typically identified NAFLD 
using coded registry data, or blood tests, which can be inconsistent and will not always reflect whether 
there is underlying fibrosis or steatohepatitis. Additionally, HCC registry information tends to be more 
representative of tertiary care and patients who have been referred for active management. As NAFLD-
related HCC patients tend to be older and more comorbid, it is possible that not all cases are referred to 
these specialist centres, and they may have remained in community care settings. Similarly, as the SEER 
cohort demonstrated, patients with NAFLD-related HCC are less likely to be transplanted compared to 
HCC due to other causes, thus transplant registry information is also likely to underestimate the true 
burden of disease. Another limitation of cross-sectional retrospective studies is the evolving nature of 
NAFLD and NASH. These are not static disease states, but can progress or regress over time with changes 
in weight, which is often difficult to assess. While these studies have examined the risk associated with 
NAFLD alone, the increasing prevalence of obesity and diabetes in HCC of all aetiologies suggests that 
these metabolic factors including NAFLD could be an important co-factor in hepatic carcinogenesis[34]. 
In the future, the development of a simple, cost-effective population-based diagnostic test would be of 
benefit to improve the detection rate of NAFLD and trigger screening for underlying fibrosis and cirrhosis. 
Additionally, the development of prognostic markers or algorithms to identify high-risk patients for HCC 
surveillance is also an area of ongoing research. Further, as treatment for NAFLD progresses, and weight 
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management becomes a greater focus of therapy, the ongoing risk of HCC in individuals with NAFLD who 
have subsequently lost weight or undergone therapy will need to be evaluated.

CONCLUSION
NAFLD is an important cause of liver disease worldwide and is associated with an increased risk of 
developing HCC, particularly in the presence of liver cirrhosis. While the absolute risk appears to be low, 
prevalence of NAFLD-related HCC is increasing in parallel with the prevalence of NAFLD worldwide, 
particularly in the West. The future global burden of NAFLD-related HCC represents a major public health 
threat and further research to identify cost-effective prevention and treatment strategies are urgently 
required.
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Abstract
The Liver Imaging Reporting and Data System (LI-RADS) provides a stepwise algorithmic approach that is proven 
to be highly accurate in diagnosing hepatocellular carcinoma (HCC) in patients at risk. An essential and early 
step in the algorithm is the diagnosis of malignancies other than HCC, such as cholangiocarcinoma and combined 
tumors, by application of LR-M features and criteria. The LR-M category captures most non-HCC malignancies 
and some atypical HCCs. The exclusion of non-HCC malignancies is important for maintaining the high specificity 
of the LR-5, definite HCC category. This review provides an overview of the approach to diagnosing non-HCC 
malignancies using LI-RADS CT/MRI and contrast enhanced ultrasound algorithms.

Keywords: Magnetic resonance imaging, computer tomography, contrast-enhanced ultrasound

INTRODUCTION
According to most major liver societies, screening/surveillance imaging is recommended for patients with 
cirrhosis to detect early stage hepatocellular carcinoma (HCC). While HCC is the most common primary 
liver malignancy, cirrhosis and chronic viral hepatitis also place patients at risk for non-HCC malignancies 
such as intrahepatic cholangiocarcinoma (iCCA) and combined hepatocellular-cholangiocarcinomas 
(cHCC-CCA)[1,2]. As a result, these non-HCC malignancies are occasionally found on surveillance imaging 
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in high-risk patients. There are substantial differences in the treatment strategy and prognosis between HCC 
and non-HCC malignancies and it is critical to differentiate between the two. 

The Liver Imaging Reporting and Data System (LI-RADS) is endorsed by the American College of Radiology 
and the American Association for the Study of Liver Diseases[3]. LI-RADS provides the most comprehensive 
guidance for imaging in at risk patients, with imaging algorithms covering ultrasound screening/surveillance, 
diagnosis on CT/MRI, diagnosis on contrast enhanced ultrasound (CEUS), and treatment response on CT/
MRI. This manuscript will provide an overview of the imaging appearances and LI-RADS approach to 
diagnosing iCCA and cHCC-CCA in at risk patients, both on CT/MRI and on CEUS. 

CT/MRI
Imaging appearance of iCCA and cHCC-CCA
On CT and MRI, both iCCA and HCC may show arterial phase hyperenhancement (APHE) and washout. 
It is the morphology of the enhancement during the dynamic postcontrast phases that helps differentiate 
between them. These differences in morphology are likely attributable to different histological composition. 
Intrahepatic mass forming cholangiocarcinomas frequently show rim APHE, peripheral washout appearance 
and often delayed central enhancement[4]. It is hypothesized that this targetoid pattern on dynamic imaging 
may reflect the peripheral cellularity, central necrosis and dense fibrous stroma seen in iCCA[5]. This same 
histological constitution likely also explains the targetoid appearance seen on MRI diffusion weighted and 
hepatobiliary phase imaging that has been described in iCCA[6-10]. Other ancillary features reported in iCCA 
include capsular retraction, peripheral biliary duct dilation, and central T2 hypointensity.

On the contrary, HCC tends to have nonrim APHE, nonperipheral washout appearance and delayed 
enhancing capsule (i.e., major features). These features are likely attributable to the changes during 
hepatocarcinogenesis that result in the development of unpaired arteries and loss of portal tracts[5]. Unlike 
iCCA, HCC may be encapsulated by a true fibrous capsule or compressed liver parenchyma, which may 
explain the delayed enhancing “capsule” described on imaging. 

Small iCCAs can have overlaps in imaging appearance with HCC[11,12]. Small iCCAs have a greater propensity 
for showing nonrim APHE and nonperipheral washout appearances, potentially due to a preservation of 
portal tract architecture and the lack of significant central necrosis in smaller, early stage lesions[5,13]. Atypical 
appearances and overlap with HCC may be more commonly observed in patients with risk factors for HCC 
such as background liver cirrhosis[14]. The reason for this is not entirely understood but could relate to 
alterations in background liver blood supply (e.g., in the setting of cirrhosis, the liver receives more arterial 
supply and relatively less portal venous supply). 

LI-RADS approach to diagnosis on CT/MRI
The LI-RADS CT/MRI diagnostic algorithm provides a step-wise approach for arriving at a highly specific 
diagnosis of HCC. The intention of the algorithm is to achieve a greater than 95 percent positive predictive 
value of the LR-5 (definite HCC) category for the diagnosis of HCC. The philosophy behind this approach 
rests in the fact that liver transplantation is considered the optimal cure for patients in the United States and 
Canada with cirrhosis and early stage HCC. In this context, definitive imaging diagnosis of HCC is sufficient 
for assigning priority on the transplantation waitlist and as such, demands a near zero false positive rate. 

The algorithm begins with assessment of imaging adequacy and assignment of LR-NC (not categorizable) if 
imaging is not adequate to narrow in on a final diagnostic category. Second, the radiologist should determine 
if there is advanced disease, such as tumor in vein (LR-TIV). The next step involves identifying definitely 
or probably benign entities (e.g., perfusional shunts or hemangiomas) and assigning them an LR-1 or LR-2 
categorization. Next, the radiologist is tasked with identifying possible or probable non-HCC malignancy 
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(LR-M). This task will be expanded on below. Once TIV, benign entities, and other malignancies have been 
excluded in a step-wise fashion, the radiologist should be left with solid hepatocellular nodules that are 
further classified as intermediate (LR-3), probable (LR-4) or definite HCC (LR-5), according to the presence 
and number of major features. In LI-RADS, the major features include size, APHE, washout appearance, 
delayed enhancing capsule, and threshold growth. 

The LR-M category is a very important step in the algorithm, as non-HCC malignancies must be considered 
to avoid false positives in diagnosing LR-5. The features of LI-RADS LR-M primarily reflect the features 
of iCCA as described above: targetoid patterns in dynamic enhancement, diffusion weighted imaging, and 
hepatobiliary phase appearances[15]. Figure 1 demonstrates a typical non-HCC malignancy with LR-M 
targetoid features. For comparison, Figure 2 shows a typical LR-5, definite HCC, on MRI. The presence of 
any targetoid feature is sufficient for LR-M categorization, even if the observation has some features of HCC. 
Additional features may be applied in malignant observations that do not meet LR-5 or TIV criteria: marked 
diffusion restriction, necrosis, and infiltrative appearances. Beyond the LR-M features described here, 
there are ancillary features that favor malignancy in general (e.g., subthreshold growth, corona appearance, 
hepatobiliary phase hypointensity); however, these ancillary features are not, by themselves, sufficient to 
categorize an observation as LR-M. 

LI-RADS recognizes that imaging features and morphologies are subjective in nature. To help radiologists, 
there are tie breaking rules both for features and final diagnostic categories. When in doubt, the radiologist 
should refer to the category or feature that is less specific for HCC. For example, if there is a question 
of whether APHE is rim or nonrim, the radiologist should assign rim APHE. Likewise, if there is doubt 
between LR-5 vs. LR-M, the radiologist should assign LR-M. 

Figure 1. Gadoxetate enhanced MRI: 55 year-old male with chronic hepatitis B infection. A targetoid observation (65 mm) exhibits 
features of LR-M: rim arterial phase hyperenhancement and peripheral washout (arrowheads). After biopsy, the lesion was diagnosed as 
liver metastasis from colorectal cancer

Figure 2. Gadoxetate enhanced MRI: 65 year-old male with chronic hepatitis C cirrhosis. A 60-mm observation exhibits features of LR-5: 
non rim arterial phase hyperenhancement (arrows), washout and capsule (arrowheads) indicating definite hepatocellular carcinoma. 
Ancillary features seen are a mosaic architecture and hepatobiliary phase hypointensity



How accurate is CT/MRI LI-RADS in differentiating iCCA from HCC?
The LI-RADS approach accurately assigns most non-HCC malignancies, including iCCA, to the LR-M 
category[16-19]. It is important to note that unlike LR-5, the LR-M category is aimed at high sensitivity rather 
than high specificity for non-HCC malignancies. Hence, it is not unexpected that some atypical HCCs 
will be categorized as LR-M. In a systematic review and meta-analysis of 17 journal articles published by 
van der Pol et al.[20], the vast majority (93%CI: 87%-97%) of lesions classified as LR-M were malignant 
and about two thirds were non-HCC malignancies. In other words, about 1/3 of LR-M lesions were in 
fact atypical HCC. Atypical HCC may represent cirrhotomimetic, sarcomatoid, macrotrabeular massive, 
schirrhous or other variants that may show LR-M features[21-24]. Emerging data suggest that LR-M 
categorization may provide prognostic information for HCC and cHCC-CCA tumors, with shorter disease 
free progression and overall survival compared to tumors that are categorized as LR-5[25]. Figure 3 shows an 
aggressive LR-M observation with signs of TIV.

CEUS
Imaging appearance 
On CEUS, both iCCA and HCC often show APHE and washout. CEUS can detect APHE of liver 
observations more sensitively than CT/MRI due to real-time assessment of arterial phase enhancement. 
Therefore, earlier studies raised a concern for misdiagnosis of iCCA as HCC as both often show APHE and 
washout[26]. However, more recent studies have consistently demonstrated that CEUS reliably differentiates 
iCCA from HCC if the pattern of APHE and the degree and timing of washout are considered[27-30]. On 
CEUS, iCCAs commonly show rim APHE which is uncommon in HCC. Early washout within 60 s after 
contrast injection and marked washout are consistently demonstrated in iCCA[31,32]. Very early washout 
within the arterial phase time frame, which is frequently seen in iCCA on CEUS, may explain their frequent 
arterial-phase hypoenhancing appearance on CT or MRI [Figure 4][33]. On the other hand, HCCs typically 
show late (> 60 s after contrast injection) and mild washout[31,32]. 

The LI-RADS approach on CEUS
The LI-RADS step-wise algorithmic approach on CEUS mirrors that of CT/MRI. Similar to CT/MRI, the 
LR-M categorization is an early step in the process intended to identify malignant nodules that may not be 
HCC. CEUS LR-M criteria include: rim-APHE, early (< 60 s) washout, or marked washout visible within 
the first 120 s [Figures 4 and 5][34,35]. The CEUS LI-RADS M criteria, like CT/MRI LR-M, reflect the imaging 
appearance of iCCA on CEUS.

CEUS LR-M criteria differ from CT/MRI LR-M criteria mostly due to the different properties of the contrast 
agents[33,36]. Figure 6 compares the criteria for LR-M and LR-5 between CT/MRI and CEUS. Microbubble 

Figure 3. Contrast enhanced CT: 70 year-old male with chronic hepatitis B. A 120-mm mass in the right liver lobe exhibits a targetoid 
appearance in the arterial phase with central progressive enhancement in the portal venous and delayed phases, indicating a LR-M 
observation. There are also features of tumor in vein (arrows), shown as portal vein expansion with heterogeneous contrast enhancement. 
Biopsy results indicated a cholangiocarcinoma

Page 4 of 10                                               Fowler et al. Hepatoma Res 2020;6:19  I  http://dx.doi.org/10.20517/2394-5079.2020.21



Figure 4. Intrahepatic cholangiocarcinoma in a 51-year-old man with hepatitis-C related liver cirrhosis. CT scans in the arterial (A), 
portal venous (B), and delayed (C) phases demonstrate a hypoattenuating hepatic nodule (arrow); C: the nodule shows a mild central 
enhancement in the delayed phase; D: CEUS in the arterial phase shows a rim arterial-phase hyperenhancement in the nodule (arrow); 
E: CEUS at 42 s after contrast injection demonstrates early washout (arrow); F: CEUS at 104 s after contrast injection shows marked 
washout (arrow). CEUS: contrast enhanced ultrasound

A B C

D E F

A B C

D E F

Figure 5. Intrahepatic cholangiocarcinoma in a 78-year-old man with hepatitis-C related liver cirrhosis. A: CT scans in the arterial 
phase shows a mass with rim arterial-phase hyperenhancement (arrows); CT scans in the portal venous (B), and delayed (C) phases 
demonstrates gradual enhancement of the mass (arrows); C: there is also heterogeneous hyperenhancement in the delayed phase; D: 
CEUS in the arterial phase shows irregular rim arterial-phase hyperenhancement in the mass (arrows); E: CEUS at 48 s after contrast 
injection demonstrates early washout (arrows); F: CEUS at 115 s shows marked washout (arrows). CEUS: contrast enhanced ultrasound
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contrast agents in CEUS are strictly intravascular because the large size of microbubbles does not permit 
them to pass through the vascular endothelium into the interstitial space, whereas the small molecules of 
CT/MRI contrast agents can pass through vascular endothelium. This difference in distribution of contrast 
translates to differences in imaging appearance. On CT/MRI, iCCAs typically demonstrate a gradual 
enhancement over time and often show delayed central enhancement due to hyperpermeability of the 
vascular endothelium and tumor interstitial constituents like necrosis or fibrosis that expand the extracellular 
space [Figure 5]. In contradistinction, the concentration of the microbubbles is uniformly distributed in the 
blood pool in the late phase and the degree of enhancement in the late phase mainly reflects the vascular 
volume on CEUS. The vascular volume in iCCA with fibrosis and absence of sinusoid-like structures is 
particularly low. Therefore, iCCAs invariably show marked washout in the late phase[37]. 

How accurate is CEUS LR-M for differentiating iCCA from HCC?
The main role of the LR-M category is to prevent misdiagnosis of non-HCC malignancy as HCC. Therefore, 
the LR-M category should have a high sensitivity to diagnose non-HCC malignancy. In a large retrospective 
study including 1006 hepatic nodules by Terzi et al.[38], 31/40 iCCAs were categorized as LR-M. The 
remaining 9/40 iCCAs were categorized as LR-3 or LR-4. No iCCAs were categorized as LR-5. However, it 

Figure 6. Schematics illustrating imaging features of LR-M and major imaging features of LR-5 according to CEUS LI-RADS and 
CT/MRI LI-RADS. CEUS: contrast enhanced ultrasound; LI-RADS: Liver Imaging Reporting and Data System; APHE: arterial phase 
hyperenhancement 
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is important to note that 48% (39/82) of LR-M observations were HCCs[38]. Later studies also confirmed the 
high sensitivity of CEUS LR-M criteria for diagnosing non-HCC malignancies[39-41].

MANAGEMENT CONSIDERATIONS 
Histologic diagnosis by biopsy is usually recommended for LR-M lesions. This is both to direct care for 
non-HCC malignancies and to identify the significant minority of atypical HCCs that are categorized as 
LR-M observations[17,18]. While retrospective data suggest that LR-M carries prognostic significance in the 
context of HCC, there is no prospective data to guide management decisions for these radiology-pathology 
discordant lesions. As of now, in the United States and Canada, if a lesion is biopsy proven to be HCC, it may 
be considered for standard HCC therapies including transplantation, despite its LR-M categorization. With 
additional data to support the prognostic significance of LR-M categorization, radiological appearances may 
be incorporated into future treatment algorithms for atypical HCC. 

Challenges and considerations-combined tumors
While LI-RADS accurately differentiates HCC from iCCA, combined tumors (cHCC-CCA) still present a 
challenge. Combined hepatocellular cholangiocarcinomas are relatively rare primary liver carcinomas and as 
a result, the true epidemiology and risk factors are less well known. Several studies have shown some overlap 
in the risk factor profile for cHCC-CCA and HCC[42]. In the latest World Health Organization classification 
of tumors 5th edition, cHCC-CCA are a distinct entity defined by the unequivocal presence of both 
hepatocytic and cholangiocytic differentiation within the same tumor[43]. In a retrospective review of 3103 
adult liver transplantation from database entries by Jung et al.[44], cHCC-CCA constituted 2.7% (32/1173) of 
patients with primary liver malignancies. 

Imaging diagnosis is challenging because cHCC-CCA is not a homogeneous tumor. On CT/MRI, cHCC-
CCA appear to have more similarity with iCCA than HCC, often showing targetoid features[4,45,46]. However, 
there may be overlap in appearance with HCC in a minority of cases[4,45]. CEUS findings inevitably overlap 
with HCC and iCCA, depending on the amount of each component[47]. In a recent study by Zheng et al.[48], 
20/24 (83%) of cHCC-CCA were categorized as LR-M on CEUS [Figure 7] and the remaining 4/24 (17%) as 
LR-5.

Challenges and considerations-reader agreement 
The main philosophy of LI-RADS is to preserve high specificity/PPV for the diagnosis of HCC. LI-RADS 
suggests that the major features of HCC be applied only if unequivocally present, and that when considering 
whether a feature represents a major vs. LR-M feature, it should be classified as LR-M. For instance, if in 

A B C

Figure 7. Combined hepatocellular-cholangiocarcinoma in a 77-year-old man with hepatitis-B related liver cirrhosis. A: contrast-enhanced 
CT or MRI could not be performed due to renal failure. CEUS in the arterial phase shows a mass with homogeneous arterial phase 
hyperenhancement (arrow); B: CEUS at 31 s after contrast injection shows early washout (arrow); C: CEUS at 60 s after contrast injection 
shows marked washout (arrow). CEUS: contrast enhanced ultrasound
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doubt about whether CEUS washout is marked or mild, it should be classified as marked. Likewise, if in 
doubt about rim APHE vs. nonrim APHE, we should call it rim APHE. These rules help direct individuals 
in the application of the LI-RADS algorithm, but do not necessarily address inter-reader variability, which is 
invariably encountered in clinical practice. While the literature suggests that agreement is good to excellent 
for LR-M vs. LR-5 categorization[4,49], its reliability in routine practice is not well known and this remains an 
area of continued research and improvement for LI-RADS. 

FUTURE DIRECTIONS
The prognostic value of LR features and categories is an area of active research with opportunities to 
investigate relationships of features with molecular profiles, immune landscapes, and histological subtypes of 
HCC that may inform individualized therapy. 

As radiology continues to evolve toward big data and natural language processing applications, the LI-RADS 
categorical approach may be replaced or augmented by radiomics or deep learning models that have the 
potential to provide a more granular probability of diagnosing iCCA, cHCC-CCA, and HCC. 

CEUS LI-RADS currently only addresses contrast agents that are FDA approved in the United States. Future 
versions may incorporate hepatocyte specific agents. 

CONCLUSION 
LI-RADS LR-M category is intended to capture all non-HCC malignancies. The criteria differs depending on 
modality. On CT/MRI, targetoid dynamic enhancement, diffusion weight, and hepatobiliary phase imaging 
are the primary features of LR-M. On CEUS, the presence of rim APHE and marked or early washout are the 
primary features of LR-M. When applied, LR-M criteria accurately capture almost all non-HCC malignancies 
and some atypical HCCs. 
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Abstract
Hepatocellular carcinoma (HCC) is the most common cancer associated with chronic liver disease and cirrhosis. 
The most common cause of HCC is chronic hepatitis C virus infection and many studies in Europe, Asia and North 
America have focused on its etiology, epidemiology, diagnostic tools, and therapeutic options. However, little is 
known about these issues in Latin America. The aim of this review is to address these aspects of HCC in Latin 
America. The main risk factors associated with developing HCC in this region are: age, concomitant cirrhosis, 
hepatitis C infection, obesity and hereditary disease such as hemochromatosis. On the other hand, screening tests 
and diagnostic methods of HCC are mostly serum alpha fetoprotein quantification, liver ultrasound, computed 
tomography, magnetic resonance, and histopathology. Novel diagnostic methods include gut microbiota 
analysis and the use of nanotechnology and they continue to be tested. Finally, according to the Barcelona 
Clinic Liver Cancer, curative treatments used in HCC patients are mainly liver resection, liver transplantation, 
and local ablation, each with advantages and disadvantages. In conclusion, clear strategies are urgently 
needed to understand the extent of HCC and related problems in this part of the world. This review provides 
greater knowledge of HCC for the proper design of preventive programs by taking into consideration specific 
characteristics of our population. Also, this review allows for an understanding of individualizing treatments 
according to the patient’s needs.

Keywords: Liver, hepatitis C, epidemiology, diagnosis, treatment, hepatocellular carcinoma, Latin America
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INTRODUCTION
Latin America is one of the most urbanized regions in the world, made up of 20 countries and 13 
departments with an estimated population of 626 million[1].

In this and other regions with large populations, access to health care is the main impediment for early 
diagnosis and correct treatment of HCC; and therefore, for the implementation of surveillance programs[2].  
HCC is the most common cancer associated with chronic liver disease and cirrhosis, and is the second 
leading cause of cancer-related deaths worldwide[3]. Etiology factors for HCC varies according to its 
geographical area[4], being the most reported causes of HCC around the world chronic hepatitis C and B 
viruses (HCV, HBV) infections, and alcohol consumption[5]. Recently, it has been considered that non-
alcoholic fatty liver disease could also be an important risk factor for HCC development[6].

Globally, liver cancer is the sixth cause of incidence and fourth in cancer-related mortality. New cases of liver 
cancer in 2018 were 841,080 that correspond to 4.7% of all registered cancer cases. Worldwide in that same 
year, there were 781,631 deaths caused by liver cancer, number that represent 8.2% of deaths in that year[7]. 

In 2018, Latin America registered an incidence of 38,400 HCC cases; 11,229 of which corresponded to 
Central America, 24,248 to South America and 2,923 to the Caribbean, being more affected the masculine 
gender. Brazil was the country with most patients with HCC, followed by Mexico, Argentina and Peru[7]. On 
the other hand, regarding mortality data, HCC was the main cause of death in Latin America and Caribbean 
countries during 2018, affected mainly masculine gender, Brazil and Mexico were the countries in the LAC 
region with the highest mortality[7]. The incidence, mortality, cumulative risk data and prevalence for the 
countries belonging to Latin America are shown in Table 1. 

At present, many studies have been focused on studying the etiology, epidemiology, diagnosis tools, and 
therapeutic options in Europe, Asia and North America. However, little is known about these issues in Latin 
America. The aim of this work is to provide a comprehensive review about the current situation of HCC 
of viral origin (HCV) in Latin American, showing information about diagnosis and therapeutic strategies 
employed in this region. 

EPIDEMIOLOGY OF CHRONIC HCV INFECTION IN RELATION TO HCC: PREVALENCE AND 

MORTALITY
The main causes of HCC in different geographical areas around the world have been related to infective 
agents such as HCV[8]. Of the total number of cancer cases, HCV caused 160,000 cases of HCC in 2018, 
which is equivalent to 7.1% of cases worldwide caused by infectious agents. Of these, 3900 were reported in 
Central America, 7400 in South America and 782 cases in the Caribbean[7]. 

Other data show that in 2016, of 7.2 million people worldwide who were living with chronic hepatitis C, 57% 
corresponded to Latin America and 3% were from the Caribbean [Figure 1 and Table 2][9,10]. The number of 
people diagnosed and treated for chronic HCV infection in the Americas is very low - only around 25% of 
all cases are diagnosed but just 14% are from Latin America and the Caribbean. Approximately 301,000 were 
treated in 2016, which is equivalent to only 16% of the diagnosed population in America, whereas in Latin 
America and the Caribbean, just 5% were under treatment. Determining the precise number of patients with 
known HCV status and receiving care has been difficult[9].

In 2013 in America, of 125,700 deaths due to HCV and HBV, 80% were attributable to HCV of which 39% 
occurred in the Americas. Compared to 1990, the number of deaths has increased by 134%, and 8% since 
2010[9].
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From the available data, ranking of the prevalence of HCV (% of total population) in the LAC countries in 
2015 were: Puerto Rico (1.0%), Brazil (0.9%), Argentina and Colombia (0.8%), Dominican Republic (0.5%), 
Peru (0.5%), México and Venezuela (0.4%), and Guadeloupe, Panama, Chile and Cuba (0.3%)[10].

RELATIONSHIP BETWEEN HCV CHRONIC INFECTION AND HCC
In 2015, the WHO estimated that viral hepatitis accounted for 1.34 million deaths. These deaths resulted 
from chronic liver disease (720,000 due to cirrhosis) and primary liver cancer (470,000 cases). Each year, the 
number of deaths related to viral hepatitis has been growing and is represented by the increase in mortality 
related to viral hepatitis by 22% since 2000[11]. 

Around 75% of people exposed to HCV infection will not be able to eradicate the virus - 60%-70% of them 
will develop chronic liver diseases and of the remainder, 5%-20% will develop cirrhosis over a period of 
20-30 years and 1%-5% will die from cirrhosis or HCC[12].

Table 1. Incidence, mortality and prevalence of HCC in Latin America and the Caribbean in 2018

Latin American 
Country

New cases Deaths 5-year 
prevalenceNumber Rank (of all types of cancer) Cum. risk Number Rank Cum. risk

Argentina 2343 16 0.43 2113 9 0.38 1599

Bolivia 678 7 0.64 667 5 0.62 505

Brazil 12,463 12 0.54 11,797 7 0.51 8873

Chile 1582 10 0.64 1448 8 0.58 1060

Colombia 2279 13 0.43 2216 6 0.42 1552

Costa Rica 427 8 0.71 395 5 0.61 303

Cuba 837 17 0.44 773 9 0.39 588

Dominican Republic 718 7 0.77 650 5 0.68 560

Ecuador 979 10 0.54 953 4 0.52 686

El Salvador 514 5 0.71 500 3 0.69 358

Guatemala 1787 4 1.72 1741 1 1.69 1359

Mexico 7265 9 0.63 6868 3 0.60 5434

Peru 2317 10 0.73 2239 4 0.70 1709

Puerto Rico 351 11 0.62 375 5 0.64 245

Venezuela 1193 14 0.40 1152 8 0.38 920

The incidence, mortality and prevalence of HCC in countries belonging to Latin America and the Caribbean are shown. In addition to the 
above, the rank that the HCC occupies among all the types of cancer reported for each country is shown. Data obtained from GLOBOCAN 
2019. HCC: hepatocellular carcinoma

Figure 1. Map of the estimated hepatitis C virus viremic population in countries from Latin America and the Caribbean. Countries that are 
not shown or are in white color do not have available data 



Globally, the estimated annual percentage change in liver cancer due to age-standardized HCV incidence 
rate has increased 0.57 (95%CI: 0.48-0.66) between 1990 and 2016. This pattern is heterogeneous across 
regions and countries. This rate was also higher in low- and middle-income countries than in high-income 
countries[13].

In 2016, the percentage contribution of HCV to absolute liver cancer incidence (in both sexes) in Tropical, 
Southern, Central and Andean Latin America were 37.4%, 47.9%, 34.2% and 13.6%, respectively[13]. Deaths 
due to HCC related to HCV infection (in 2013) had the highest incidence in the Dominican Republic at 
3.27 per 100, 000 people, followed by Chile with 3.22, Cuba with 2.96, Argentina with 2.84, and Mexico with 
2.68[9,10] [Figure 2 and Table 3].

DISTRIBUTION OF HCV GENOTYPES IN LATIN AMERICA
Studies on HCV genotypes related to different stages of liver disease have been reported even though the 
results are controversial. Nevertheless, cofactors such as age, sex, obesity, diabetes and alcohol consumption 
must be taken into consideration since they have an impact on the progress of chronic liver disease[14]. 
Worldwide, genotype 1 is the most prevalent, causing 44% of all infections, followed by genotype 3 with 25% 
and then genotype 4 with 15%. HCV genotype 1 is also the most prevalent in Latin America [Figure 3] and 
genotype 1b is predominant in the LAC[15].

According to Maucort-Boulch et al.[16], HCV was the cause of HCC in 58.7% of cases in Mexico, 50.0% in 
Brazil and 35%-38.8% in the rest of the LAC countries that were analyzed[3,10,16] [Figure 3]. 

Table 2. Estimated number of viremic people in Latin America and the Caribbean in 2016

Region Estimated number of viremic (HCV-RNA) people, 2016
Latin America 3.8 million (2.6-4.2 million)

Caribbean 240,000 (180,000-350,000)

Latin America and the Caribbean 4.1 million (2.8-4.6 million)

HCV: hepatitis C virus

A B C

Figure 2. Choropleth maps related to HCV related to disease and death in Latin America. A: HCV prevalence in 2015; B: estimated 
population with cirrhosis related to HCV in 2015; C: HCC mortality rate caused by HCV by 100,000 inhabitants, 2013. HCV: hepatitis C 
virus; HCC: hepatocellular carcinoma
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ETIOLOGY AND RISK FACTORS IN HCC DEVELOPMENT 
The etiology of HCC depends on the geographic location. For example, in countries where HCC is endemic 
such as Africa, Asia and Alaska, the most common cause is HBV infection. In countries where the risk of 
HCC is low, cirrhosis is the main cause of HCC in spite of the etiology[17].

The main risk factors associated with developing HCC are as follows.

Age 
The risk of developing HCC is higher during the seventh decade of life. Nevertheless, HCC tends to affect 
people in their sixties in Mexico[18].

Cirrhosis 
This is the main risk factor for HCC[18]. Several etiologic agents are implicated with cirrhosis development 
including chronic viral hepatitis, alcohol consumption, hemochromatosis, metabolic diseases such as 
nonalcoholic fatty liver disease, etc. In Mexico, the main risk factor for cirrhosis is alcohol consumption[19]. 
Long term studies have reported that 1%-8% of cirrhotic patients will develop HCC (3%-8% in patients 
infected with HCV)[2]. 

Table 3. HCV infections, genotypes and mortality rates in Latin America and the Caribbean

Country
Viremic 

prevalence, 
2015*

Most prevalent 
genotype, 2015

Population living with 
HCV-related liver 

cirrhosis (1000s), 2015

Mortality rates from 
acute and chronic 
hepatitis C, 2013

Mortality rates from 
cirrhosis due to 

hepatitis C, 2013

Mortality rates from 
liver cancer due to 
hepatitis C, 2013

Dominican 
Republic

0.6% 1a (58.9%) 6.80 0.08 6.60 3.27

Chile 0.3% 1b (72.7%) 6.80 0.00 11.38 3.22

Cuba 0.3% 1b (81%) 4.30 0.00 4.19 2.96

Argentina 0.8% 1b (38.1%) 48.20 0.02 6.62 2.84

Mexico 0.4 % 1a (45.4%) 62.70 0.05 12.55 2.68

Brazil 0.9% 1b (33.4%) 267.00 0.04 5.93 2.46

Colombia 0.8% 1b (82.8%) 57.40 0.03 3.78 1.86

Venezuela 0.4% 1a (37%) 0.21 0.05 3.94 1.80

Peru 0.5% 1a (74%) 16.90 0.02 6.68 0.90

*2015 year-end estimate is a model output projection based on historic data. HCV: hepatitis C virus

Figure 3. Choropleth map of the fraction of liver cancer attributable to HCV in some Latin America and the Caribbean countries, 2012. 
Pie charts represent the genotypes present in some of those countries and the proportion of cases that are related to each genotype. 
Genotype distribution data are either taken from the literature or based on regional averages in the absence of country-specific data. 
HCV: hepatitis C virus; AF: attributable fraction
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Hepatitis C 
HCV infection is another important risk factor for developing HCC. New cases of HCC develop in 3%-5% 
of patients with cirrhosis due to HCV per year[20]. HCV Genotype 1b has been identified as a high risk factor 
for HCC development. Studies conducted in Latin America and the Caribbean have reported several other 
risk factors for HCV infection and eventual HCC in specific social minority groups such as drug users[21], 
prison inmates[22], and sex workers[23].

Aflatoxin 
This is an important risk factor related to HCC development, mainly in Africa and Asia. Aflatoxin is 
produced by Aspergillus flavus and is found in maize and peanuts, which causes modifications in the DNA of 
hepatocytes[17]. 

Nonalcoholic fatty liver disease/nonalcoholic steatohepatitis 
Due to the growing obesity epidemic, nonalcoholic fatty liver disease (NAFLD) is the most common form 
of chronic liver disease which includes a clinic-pathologic spectrum of disease ranging from isolated hepatic 
steatosis to nonalcoholic steatohepatitis (NASH), which can progress to cirrhosis or HCC. Once cirrhosis has 
developed, NASH pathology may be difficult to evaluate because fatty deposition and inflammation often 
disappear. Between 40% to 60% of patients with NASH-induced cirrhosis may develop a complication such 
as HCC after a period of 5 to 7 years. A meta-analysis conducted by Singal et al.[24], showed an association 
between the PNPLA3 variant and an increased risk for HCC, especially in patients with NAFLD-related 
cirrhosis. According to the Centers for Disease Control, the incidence of HCC was higher in Latinos than in 
non-Latinos. Latinos with HCC also have shorter survival rates than non-Latinos[25].

Obesity
This is yet another important risk factor that leads to an increase in the incidence of HCC. In subjects with a 
body mass index of 35 or above, tumor development is more frequent[26].

In Latin America and the Caribbean, a heterogeneous obesity pattern across the countries has been found. 
However, the prevalence of obesity has been increasing, not only among rural populations, the poor and least 
educated, but also the urban populations, the rich and highly educated[27]. Chile and Mexico have the highest 
prevalence of overweight and obese boys at 11.9% (9.6-14.3) and 10.5% (8.8-12.4) respectively, while for 
girls, the prevalence in Uruguay and Costa Rica are 18.1% (14.9-21.9) and 12.4% (10.0-15.1) respectively[28]. 
In Mexico, mortality data regarding obesity has been calculated and consequently, NAFLD will be the 
second most important cause of liver disease in the future, around 2050[29]. These data and evidence for the 
association between obesity and NAFLD as the third cause of HCC in Latin America, predict an increase 
in the incidence of HCC incidence in the near future. Thus, the implementation of measures to incorporate 
healthy diets and physical activity in the general population is urgent, in order to achieve healthy body 
weights to reduce the incidence of cancer among other chronic diseases such as diabetes mellitus. 

Hereditary hemochromatosis 
This condition is related with a 200-fold increase in risk for HCC. The formation of free radicals and 
lipoperoxidation products produce iron toxicity in the liver that eventually, can cause cirrhosis and HCC[30].

Wilson’s disease 
This is a heritable disease that is the result of a mutation in the ATP7B gene and causes alterations in plasma 
copper circulation. A high content of free copper in circulation induces cytoplasmic cell damage, cirrhosis, 
and eventually HCC[30].

SCREENING AND DIAGNOSTIC METHODS FOR HCC
The diagnosis of HCC includes screening tests, histopathological and imaging methods. The most widely 
used tests for screening are as follows.
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Serum alpha-fetoprotein 
Produced by the fetal liver and yolk cells as well as regenerating hepatocytes. By itself, serum alpha-fetoprotein 
(AFP) quantification is more sensitive than other markers. AFP has a cut off point of 10.9 ng/mL[31] 
but its sensitivity is low (25%-48%) since its concentration depends on tumor size. It is important to mention 
that some patients with HCC (30% to 50%) do not have high levels of AFP even in advanced stages. Due to 
this, it is not recommended as the only screening test[32].

Liver ultrasound 
Liver ultrasound (LU) is considered the first choice screening test for HCC detection because it has a 
sensitivity between 60%-80%, and its specificity is above 90%[33]. According to international guidelines (EASL 
and AASLD), a LU every six months is suggested for early detection of HCC in cirrhosis patients[34,35]. This 
test is able to detect lesions larger than 1 cm in diameter, is safe, low-cost and does not have secondary 
effects.

LU + alpha-fetoprotein 
Together, both strategies add only 6 to 8% of cases of previously undetected HCC. Combining both markers 
actually increases the number of false positive results. These diagnostic tests are suggested in subjects with a 
high risk of HCC at a frequency of 6 to 12 months.

Others methods used in diagnosing HCC are as follows.

Computed tomography and magnetic resonance imaging 
The diagnosis and prognosis of HCC depends on the stage at which the tumor is detected. If detected at 
an early stage of HCC, long-term patient survival is more probable. Noninvasive imaging tests, including 
computed tomography (CT) and magnetic resonance imaging (MR) have been recommended by several 
clinical practice guidelines as the first-line diagnostic tools for the screening, diagnosis, staging and 
surveillance of HCC[35-37]. One characteristic about a liver nodule that suggests dysplasia is decreased 
hepatic artery flow, and the maintenance of portal venous flow. The presence of new unpaird arteries not 
accompanied by bile ducts is also a classic characteristic for differentiated neoplastic nodules from typical, 
regeneratiing nodules[38,39]. This, and other changes can be evaluated with current imaging techniques. 
The hemodynamic alterations that occur in HCC represent pathological markers for current, noninvasive 
diagnosis of HCC through CT and MR. Through the evaluation of dynamic images, the diagnosis of HCC is 
established by the detection of contrast-hyperenhancement in the arterial phase, and hypoenhancement in 
the portal venous phase. This response is defined as the “HCC radiological hallmark”. This vascular pattern 
allows HCC diagnosis with almost 100% specificity and positive predictive value for nodules with diameters 
of at least 1 cm[40-42]. According to recent meta-analyses, the sensitivity of CT and MR were 63%-73% and 
77%-90% respectively, with a specificity of 87%-98% and 84%-97%, respectively[43-46]. Today, new imaging 
techniques have been developed to improve the non-invasive evaluation of HCC. The most significant 
techniques are diffusion weighted imaging (DWI) and hepatobiliary contrast agents.

DWI is a functional magnetic resonance technique that consists of quantifying proton diffusion in tissues[44]. 
There is cellular increase in HCC and this cellular proliferation restricts water proton diffusion[47]. It is 
important to mention that DWI quantification demonstrates restricted specificity for HCC because some 
lesions can show restricted diffusion on DWI[48,49].

On the other hand, hepatobiliary contrast agents such as gadobenate dimeglubine (Gd-BOPTA) and 
gadoxetate disodium (Gd-EOB-DTPA) can provide information about tumor vasculature and hepatocyte 
function in a single examination[50]. 
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Histopathology 
This diagnostic method can only be considered when evaluating nodules greater than 2 cm, or if radiological 
findings are not compatible with HCC. However, liver biopsies can yield false negative results[51]. Histological 
evaluation is considered positive if the sample is positive for at least two of glypican 3, heat shock protein 70 
and glutamine synthase, which represents a sensitivity of 72% and a specificity of 100%[52]. 

Finally, we will review two novel, unconventional, diagnostic methods of HCC.
 
Gut microbiota analysis 
The gut microbiota has an important role in the maintenance of homeostasis in humans. Evidence 
demonstrates connections between gut microbiota and HCC development. Ponziani et al.[53] demonstrated 
that translocated bacterial elements from the gut to the liver can start an inflammatory process through 
toll-like receptors (TLRs). Lipopolysacharides from Gram (-) bacteria can bind TLR-4; TLR-2 recognizes 
the bacterial triacylated lipopeptide, and TLR-5 can recognize flagellin, a protein component of bacterial 
flagella[54,55]. In all cases, the final effect is the production of inflammatory cytokines such as TNF-a, IL-1b 
and IL-6 from the NF-kB pathway[56]. The gut microbiota and the development of HCC is also linked directly 
via the JAK or STAT3 pathway, which are mainly activated by IL-6[57]. Due to this, gut microbiota evaluation 
could improve diagnostic reliability. Pre- clinical and clinical trials have shown a direct correlation between 
Gram (-) bacteria and inflammatory changes related to the development of HCC. All these observations 
suggest that evaluation of the proportion of harmful and beneficial bacteria could be considered as a 
promising tool for the early diagnosis of HCC. Some limitations have been considered for these purposes 
as sometimes, HCC patients are subjected to antibiotic treatment, which may alter the composition and 
function of their microbiota, limiting diagnostic use.

Nanotechnology for HCV diagnosis 
HCV infection is the main etiologic agent of hepatic cirrhosis and HCC. There are 8 main genotypes and 
86 subtypes described in the last few years[58]. These antiviral agents are effective in reducing the probability 
of developing cirrhosis and HCC. However, these are highly expensive drugs and inaccessible to most 
patients, especially in low-income countries. Another important aspect to consider is that only a few highly-
specialized laboratories perform molecular diagnosis for HCV, which is essential for the best diagnosis and 
treatment[59].

Nanotechnology is a new, interesting and promising diagnosis tool for infectious diseases that uses 
nanoparticles and specific nanoscale tests directed at the pathogen genome[59]. There are different types 
of nanoparticles and gold is suitable for efficient diagnosis. It has been used to identify pathogens such as 
Mycobacterium tuberculosis[60], Helicobacter pylori[61], the dengue virus[62], and influenza A[63]. On the other 
hand, RNA aptamers are single-stranded RNA oligonucleotides that specifically bind to a target molecule, 
which makes them good alternatives for the development of HCV serological tests[59]. Nanoparticles and 
aptamers, can be used as biosensors for diagnosis as the fusion of both can be bound to the HCV core 
protein, enabling easy detection of this protein[64].

There are several reasons that can lead to diagnostic failure in early HCC and as a consequence, failure in 
the correct selection of therapies. First, the absence of early identification of the at-risk population; second, 
no application of routine surveillance (e.g., performance of ultrasound twice a year); and finally, mistakes in 
the interpretation of screening tests[1]. There is no evidence to suggest that HCC screening improves survival 
in high-risk groups, although many medical professionals do use several diagnostic strategies such as AFP 
and liver ultrasonography for HCC screening[65]. Nevertheless, screening tests for HCC are very important 
to increase survival and quality of life. For example, when detected early, 5-year survival is greater than 50% 
but when diagnosed late and patients are symptomatic or the cancer is late stage, 5-years survival is less than 
10%[18].
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THERAPY
The Latin America Association for the Study of the Liver (ALEH) published the clinical guidelines for the 
management of HCC in the region. The ALEH indicates the staging procedures that should be carried out. 
Also, one of its main objectives is to define the best therapeutic strategy for each patient. The most widely 
used staging system is the Barcelona Clinic Liver Cancer (BCLC) system since it relates each stage of HCC 
with the most appropriate treatment according to scientific evidence[5,66]. Generally, HCC can be approached 
by curative or systemic treatments. Curative treatment is possible if HCC is diagnosed at an early stage.

Curative treatment
According to the BCLC classification, three curative treatments are available: liver resection, liver 
transplantation, and local ablation[67].

Liver resection is the best therapeutic option for HCC patients with or without cirrhosis, when the liver is 
still functional[18]. The aim of this surgical procedure is to obtain at least 2 cm margins through anatomic 
resection, except when the cirrhotic patient’s healthy residual liver is compromised[70-73]. Liver resection and 
liver transplantation are the only curative treatments for HCC patients, but unfortunately only 5% to 10% 
of patients are candidates because most have advanced disease and poor liver function[68]. This option has 
shown good results with up to 60% 5-year survival and low perioperative mortality (0.8%-3%)[69]. If liver 
transplantation is contraindicated, the alternative is locoregional therapy. To select the ideal candidate, CT 
or MR evaluation of tumor size, presence of satellite lesions and vascular involvement are very important[5]. 
In some Latin American regions, HCC resection is recommended in patients classified as intermediate stage, 
when the liver has not completely lost its function, and survival of 5 years can still be achieved (patients with 
Child-Pugh A)[66,74].

Liver transplantation is the best option for treatment taking into account the tumor and the concomitant 
disease. In Latin America, the main problem is the absence of a organ donation culture[18]. Liver resection 
and transplantation are curative surgical treatments for HCC by removing both the tumor and cirrhosis. It is 
important then, to considerer: (1) the candidate according to their tumor stage, liver function, physiological 
status, (2) the experience of the medical staff performing the surgery[75]. BCLC guidelines are the most 
widely accepted for assessing a HCC patient’s prognosis[76]. According to Mazzaferro et al.[77, a patient could 
be eligible for liver transplantation when its expected survival is at least 70% at 5 years; this survival also 
depends of lesions size. In Mexico, liver transplantation is the first choice treatment for patients with Child-

Table 4. Liver transplants in Latin America and the Caribbean in 2016

Country Number of transplants PMP Waiting list*
Argentina 368 8.4 2008

Bolivia 1 0.1 4

Brazil 1880 9.0 4673

Chile 93 5.1 256

Colombia 240 4.9 74

Costa Rica 13 2.7 60

Cuba 20 1.8 32

Dominican Republic 3 0.3 20

Ecuador 31 1.9 34

El Salvador - - -

Guatemala 0 0.0 -

Mexico 178 1.4 681

Peru 23 0.7 40

Puerto Rico 42 12.0 32

Venezuela 2 < 0.1 19

*Total number of patients who were active on the waiting list in 2016; -data not found. PMP: per million population

Galicia-Moreno et al. Hepatoma Res 2020;6:20  I  http://dx.doi.org/10.20517/2394-5079.2019.36                               Page 9 of 18



Pugh C score and HCV co-infection. Currently, Latin America has transplant programs and more than 2500 
liver transplants are performed in the region every year[8]. Worldwide, in 2017, an estimated total of 32,348 
liver transplants were performed with 2894 in Latin America. Table 4 shows the number of liver transplants 
performed as well as the number of patients on the waiting list in the LAC countries[78,79]. 

Loco-regional therapy 
Several minimally invasive treatment options for patients with unresectable HCC have been developed 
including (1) curative therapies such as radiofrequency ablation (RFA), percutaneous ethanol injection (PEI), 
microwave ablation (MWA), cryoablation (CA), irreversible electroporation (IRE), and (2) palliative 
therapies such as chemoembolization transcatheter-arterial chemoembolization (TACE) or trans-arterial 
radioembolization (TARE). 

Curative options: liver ablation 
These are ablative techniques that use chemical or thermal energy. EASL clinical practice guidelines 
recommend the use of this ablative therapy in very early (single lesion < 2 cm) and early stage (2-3 nodules 
< 3 cm) HCC. Ablation is recommended when resection or transplantation are not an option for HCC 
patients[80]. Tumor cell destruction can be produced through chemical substance injection (PEI) or through 
temperature alteration (radiofrequency, microwave, laser or cryotherapy). Although there are several options, 
RFA is the first choice[5]. 

RFA is uses an alternating electric current between 460-500 kHz which is applied to the lesion via a 
radiofrequency electrode. It induces the electromagnetic field to produce an oscillation of tissue ions and 
frictional heating, leading to coagulative necrosis and cell death a temperatures of 60-100 °C[80]. RFA is more 
beneficial than PEI in patients with early stage HCC. It offers 5-year-survival rates up to 76% when used as 
the main therapy in patients with resectable HCC. Based on BCLC criteria[81], it is important to note that 
results of RFA are optimal in patients with tumor > 3 cm[82]. In Mexico, PEI and RFA are available treatment 
options with successful results[18]. 

On the other hand, PEI is a good option for nodular HCC. This is the most widely used method for chemical 
ablation but has the disadvantages of non-uniform diffusion and uncontrollability of injected alcohol in 
large tumors. Hence, PEI is applied for the treatment of small HCC. It produces complete necrosis in 90% 
of tumors < 2 cm, and in 50% of tumors measuring 3-5 cm[83,84]. The main drawback of PEI is the high 
local recurrence rate, which is 43% in lesions > 3 cm[85]. In Brazil, percutaneous ablation of early HCC is 
recommended more frequently than in other LAC countries[74].

Regarding MWA, it was initially developed to work around the heat sink and tissue impedance limitations 
of RFA in the liver. RFA and MWA have similar mechanism of inducing cell death through increasing tissue 
temperature by the continuous realignment of polar molecules within a microwave field at frequencies of 
915/2450 MHz[86]. Microwaves radiate throughout all tissue without impedance, allowing a larger tissue to be 
heated with each application. This technique is less invasive than hepatic resection and may be considered 
for patients for whom resection may be contraindicated because of age or comorbidities such as portal 
hypertension[87].

Other modalities of ablation currently employed in clinical practice are CA and IRE. CA destroys tissue, 
causing necrosis of the tumor by freezing at temperatures between -35 °C to -20 °C using the Joule-Thomson 
theory in the thawing process. This theory describes the temperature change of a gas when it is forced 
through a valve while it is kept insulated so that no heat is exchanged with the environment[80]. Tissue 
destruction is carried out through two mechanisms, a direct cellular injury and a vascular related injury. 
With respect to patient selection, it is necessary to consider: (1) patients with a single HCC < 5 cm in 
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diameter, or up to three HCCs with each < 3 cm in diameter; (2) absence of portal venous thrombosis; (3) 
Child-Pugh A or B, and (4) no significant coagulopathy[88]. 

Finally, IRE is a novel, non-thermal form of tumor ablation that produces less collateral damage. IRE relies 
on short pulses of high frequency energy to induce pores in the lipid bilayer of cells, leading to cell death 
via apoptosis[89]. Patients who are candidates for RFA or MWA, but have tumors adjacent to structures that 
would cause either heat sink or collateral damage, can therefore be treated with IRE. 

Palliative options, chemoembolization 
This treatment consists of the administration of a chemotherapeutic agent into the tumor followed by an 
embolizing agent. This process increases the survival rate to 41% in 2 years[90]. TACE is the gold standard 
in patients unsuitable for surgery and for percutaneous ablation techniques with multinodular HCC, but 
have preserved liver function without vascular invasion or extrahepatic spread. This technique is based 
on occlusion of the arterial blood supply of the target neoplastic lesion by embolizing microparticles, in 
combination with an injection of chemotherapeutic drugs[80]. A variety of chemotherapeutic agents have been 
used, including monotherapy with doxorubicin or cisplatin, or a mixture with cisplatin, doxorubiicn and 
mitomycin C. Contraindications to TACE include decompensated cirrhosis (Child-Pugh C), encephalopathy, 
active infection and uncorrectable bleeding diathesis. Other relative contraindications include serum 
bilirubin of 3-7 mg/dL, advanced cancer stage, portal vein thrombosis, iodinated contrast allergy, biliary 
obstruction and renal insufficiency[90].

TARE is an important loco-regional treatment,used in patients with intermediate or advanced stages of 
HCC who are not candidates for TACE or Sorafenib. TARE, also known as selective internal radiation 
therapy, consists of intra-arterial delivery of a radioactive material to the tumor to limit systemic irradiation 
and preserve healthy liver. Ytrium-90 (90Y) has suitable characteristics for the treatment of tumors. It is a 
pure b emitter characterized by a short half-life (64.2 h) and has limited tissue penetration. Two types of 
microspheres are available, TheraSphere which is made of glass, and SIR-Spheres made of resin, and both 
have been demonstrated effective and safe in treating primary and secondary liver cancers[91]. Emission of 
a b particle with decay 90Y to 90Zr (zirconium) enables delivery of targeted radiation to the lesion, limiting 
radiation exposure to normal parenchyma while reducing the risk of radiation exposure induced liver 
disease[92]. 

According to the clinical practice guidelines for the management of HCC by the Latin American Association 
for the Study of the Liver (LAASL), chemoembolization is an option for patients, particularly those who are 
not candidates for resection, liver transplantation, or percutaneous ablation[5].
 
Systemic therapies
These are options for patients with the diagnosis of advanced stage HCC or in patients with tumor 
progression after loco-regional therapy[93].

Sorafenib 
This is considered and approved as first-line treatment for patients with advanced HCC[93]. It is a multi-
kinase inhibitor that targets Raf-1, B-Raf, vascular endothelial growth factor receptor, platelet derived growth 
factor receptor, and c-kit receptors. It inhibits tyrosine kinase activity and serine-threonine kinase receptor, 
acting as an antiproliferative and anti-angiogenic agent. Its efficacy has been demonstrated in phase II and III 
clinical trials[93].

HCC patients with Child-Pugh category A and advanced disease and with an Eastern Cooperative Oncology 
Group score of 0-2 are eligible to receive Sorafenib[35]. However, the main disadvantage is its high cost that 
makes it non-affordable to most patients. A retrospective analysis of 127 HCC cases treated with sorafenib in 
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8 medical centers in 5 South American countries between January 2010 and June 2017, showed that 38% of 
cases was due to HCV and the median survival after initiation of treatment was 7.5 months (IQR 2-17) in all 
subjects[94]. 

According to current guidelines established by ALEH, Sorafenib is standard systemic therapy for HCC in 
patients categorized as Child-Pugh C, or with underlying cirrhosis and advanced tumor (stage C according 
to BCLC guidelines), or with tumor progression even after loco-regional therapy. However, there are no 
other therapeutic alternatives in the event of treatment failure with Sorafenib[5].

Levantinib 
This is a tyrosine kinase inhibitor that blocks VEGFR1-3, fibroblast growth factor receptors (FGFRs) 
1-4, PEGFR, RET, and KIT. The overall mean survival time after treatment is 13.6 months and the rate of 
objective response (according to response evaluation criteria in solid tumors) is 18.8% for patients receiving 
levantinib (< 1% complete response and 18% partial response). The most common adverse events for this 
treatment are hypertension, diarrhea, decreased appetite, and weight loss[95]. 

Sorafenib and levatinib are approved as first-line therapy while regorafenib and cabozantinib are indicated in 
patients who have progressed or are intolerant to sorafenib[96].

Regorafenib 
This is a multi-target inhibitor of VEGFR1, TIE-2, RETRAF-1, BRAF, PDGFR, FGFR, and CSF1R. It 
improves overall survival with a hazard ratio of 0.63, and the median duration of overall survival of patients 
who received it is 10.6 months. Adverse events include hypertension, hand and foot skin reactions, and 
diarrhea[97]. 

Cabozantinib 
This targets the mesenchymal-epithelial transition factor (c-Met) pathway, as well as the VEGF and RET 
receptors. Compared to placebo, cabozantinib increased the median overall survival (10.2 months vs. 
8.0 months). The hazard ratio for death by treatment is 0.76; (95%CI: 0.63-0.92). However, grade 3 or 4 
adverse events occurred in 68% and 36% of patients in the cabozantinib and placebo groups respectively. The 
most common high-grade adverse events include palmar-plantar erythrodysesthesia, hypertension, increased 
aspartate aminotransferase level, fatigue and diarrhea[98].

Ramucirumab 
This is a fully humanized IgG1 monoclonal antibody directed against the extracellular domain of VEGFR-2. 
It has shown clinical efficacy either alone or in combination with chemotherapy in the treatment of a number 
of malignancies. It can be given on a twice or thrice weekly schedule and binds with much higher affinity to 
VEGFR-2 than its natural ligands, thus preventing the VEGF-VEGFR-2 interaction. Ramucirumab has also 
shown an advantage in delaying the worsening of disease-related symptoms and prolonging overall survival 
compared with placebo[99].

Nivolumab 
This is a fully human immunoglobulin G4, anti-PD-1 monoclonal antibody that has been approved for the 
treatment of multiple advanced malignancies. In the phase I/II trial Checkmate-040, nivolumab showed 
response across all cohorts in 14%-20% of patients. The most common adverse events were fatigue, pruritus 
and rash, but manageable. Grade 3/4 serious adverse events occurred in 4%[100].

Doxorubicin 
This is the most studied and widely used chemotherapeutic agent for HCC treatment and is chosen when the 
patient’s disease is critical. It is a DNA intercalating agent and its mechanism of action is related to inhibition 

Page 12 of 18                              Galicia-Moreno et al. Hepatoma Res 2020;6:20  I  http://dx.doi.org/10.20517/2394-5079.2019.36



of topoisomerase II[101]. Its use though is not recommended by many clinical guidelines such as AASLD or 
EASLD. In Latin America, patients receiving doxorubicin with arterial embolization have a 58% survival 
rate at 2 years[5]. In patients with advanced HCC however, doxorubicin administration failed to improve 
survival[5]. The combined effects of doxorubicin and sorafenib have been studied but favorable results were 
not obtained because of higher toxicity, mainly cardiotoxicity and neutropenia[102]. 

Interferon 
These are agents with an immunomodulatory and antiproliferative effect on tumor cells in HCC. Adjuvant 
interferon (IFN) therapy has been demonstrated to reduce the recurrence of HCC, but does not improve 
the survival of HCV-related HCC patients. IFN is effective in intermediate and advanced HCC patients[103]. 
In terms of survival, tumor response and toxicity, IFN administration is superior to doxorubicin in patients 
with HCC.

IFN has several properties including antiviral, anti-tumor, and immunomodulatory effects[104]. Three IFN 
subtypes have been identified: type 1 (IFN a and b), 2 (IFN-g), and 3 (IFN-λ), but only IFN-type 1 is used in 
the treatment of chronic viral hepatitis to reduce the risk of HCC in patients infected with HCV[103]. Evidence 
was first obtained from a randomized controlled trial with 90 patients where IFN treatment was effective 
in decreasing the incidence of HCC[105]. In patients with HCV-related cirrhosis treated with IFN, there was 
a sustained virological response (SVR) after treatment that in turn, resulted in improved clinical outcomes 
including a lower risk of decompensation and HCC development[106].

In Latin America and according to the LAASL, the preventive effect of antiviral therapy in patients with 
HCV is more effective when using pegylated IFN plus ribavirin, which achieves higher SVRs. It is important 
to note however, that chronic administration of low dose pegylated IFN, without achieving SVR, fails to 
reduce the risk of HCC[5].

Direct acting antivirals 
As previously mentioned, chronic HCV is the leading cause of HCC worldwide. The implementation of 
in vitro replication models using sub-genomic replicons and the cell culture system of HCV enabled the 
discovery and development of direct-acting antivirals (DAAs) for the treatment of chronic HCV. These 
antivirals have considerably improved the sustained viral response in the treatment of all HCV genotypes, 
with cure rates of more than 95%[107]. Treatment with DAAs in Latin America lagged behind Europe, Asia 
and North America but results have been really good in terms of viral eradication. Nevertheless, this must 
still be interpreted with caution since the number of studies in Latin America are still scarce. 

In a multicenter study performed in Latin America to evaluate the association between DAAs and HCC 
waitlist progression or its recurrence following liver transplantation (LT) between 2012 and 2018, 503 patients 
without chronic HCV and 481 patients with chronic HCV were recruited (197, 19, 24, 180, 18, 5, 45 and 3 
patients each from Argentina, Uruguay, Chile, Brazil, Mexico, Peru, Colombia and Ecuador respectively). 
From these HCV+ patients, 327 were not treated with DAAs while 164 were. The most commonly used DAA 
regimen was sofosbuvir/daclatasvir in 68.3% (112) of patients, followed by peritaprevir/ritonavir/ombitasvir/
dasabuvir in 12.2% (n = 20), and sofosbuvir/ledipasvir in 6.7% (n = 11). The overall SVR was 89.8% 95%CI 
(81.0-97.1), which was not statistically different between patients treated before 90.6%CI (83.9-94.1) or after 
transplantation 89.2%CI (80.4-94.9). While the patients were on the waiting list period, 13.4% (n = 66) of HCV 
patients received DAA treatment and 86.6% (n = 425) did not. The cumulative incidence of HCC progression 
was 24.2% (n = 222). Patients treated with DAAs before LT presented a similar cumulative incidence of 
tumor waitlist progression when compared with the HCV+ untreated DAA group (26.2% vs. 26.9% P = 
0.47); both had a similar HCC drop-out rate [12.1%CI (0.4-8.1) vs. 12.9 %CI (3.8-27.2)]. A non-significant 
but numerically higher proportion of patients with pre-LT DAAs presented with extrahepatic progression 
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or vascular invasion when compared to those without DAAs (4/66, 6.1% vs. 17/425, 4%; P = 0.12). A lower 
incidence of post-transplant HCC recurrence among HCV+ patients treated with pre- or post-LT DAAs was 
observed [0.7%CI (0.2-4.9)]. Although some patients with DAA treatment developed HCC, DAA treatment 
was neither associated with increased HCC recurrence after LT nor with waitlist tumor progression[108].

A prospective, multicenter cohort study was performed in 23 hospitals (from Argentina, Brazil, Chile, 
Colombia and Uruguay) from Latin America with 1760 patients treated with DAAs, in order to evaluate 
disease progression during a median follow-up of 26.2 months. Results showed an overall, cumulative 
incidence of disease progression of 8.3 in non SVR vs. 3.9 after SVR achievement. Disease progression 
was seen with the development of liver fibrosis (HR = 3.4; 95%CI: 1.2-9.6), clinically significant portal 
hypertension (HR = 2.1; 95%CI: 1.2-3.8) and de novo HCC (HR = 0.2; 95%CI: 0.1-0.8) in the overall cohort. 
SVR was associated with an 80% reduction in disease progression when compared with DAA failure, which 
supports significant reduction in the risk of new liver-related complications[109] after treatment of HCV 
infection with DAAs.

CONCLUSION
HCC is the second leading cause of cancer related-deaths worldwide according to the WHO in 2015. This 
global health problem has caused the death of about 1.34 million people. Governments worldwide have 
implemented strategies to reduce this mortality but critical issues such as early diagnosis and appropriate 
treatment in at risk populations remain to be addressed. In Latin America, it is imperative that clearer 
strategies to understand the extent of the problem in this region be implemented. One possible strategy could 
be conducting annual epidemiological studies to identify high-risk populations and the main etiological 
causes. The updated data might then provide health authorities with more effective preventive approaches 
and enable implementation of the most effective treatments on time.
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Abstract
The increased incidence of hepatocellular carcinoma (HCC) in the last several decades in the United States 
and worldwide has partly resulted from an increase in hepatitis C virus (HCV) infection. HCV carcinogenesis is 
speculated to be indirectly related to multiple steps from inflammation to fibrosis and advanced fibrosis/cirrhosis 
over 20 or more years. However, the direct carcinogenic potential from HCV may explain HCC occurring in non-
cirrhotic HCV patients. Highly potent direct-acting antivirals (DAAs) in recent years have changed hepatitis C 
treatment significantly and have resulted in the sustained virologic response (SVR) rate exceeding 90%. Although 
initial reports concerned the increase in de novo and recurrent HCC associated with DAAs, more recent studies 
showed that DAA-induced SVR on the contrary reduced risk of HCV-associated HCC without increasing its 
recurrence. The International Consortium of Hepatitis C Therapeutic Registry and Research Network (HCV-
TARGET) database and other resources of HCV patients treated with DAA collectively in the near future most 
likely will be able to show definitive evidence on the risk of HCC occurrence and recurrence after DAA with 
SVR. The long-term risk of HCC in chronic hepatitis C patients with advanced fibrosis or cirrhosis remains high 
after DAAs with SVR. Thus, HCC surveillance on this sub-group of patients is important for early detection and 
intervention of HCC. 

Keywords: Direct-acting antivirals, hepatitis C virus infection, risk of hepatocellular carcinoma

INTRODUCTION
Liver cancer was predicted to be the sixth most commonly diagnosed cancer and the fourth leading cause of 
cancer death worldwide in 2018. Statistically, hepatocellular carcinoma (HCC) comprises 75%-85% cases of 
liver cancer[1].
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The sharply increased incidence of HCC in the last several decades in the United States and worldwide has 
partly resulted from an increase in hepatitis C virus (HCV) infection[2]. In the United States, chronic hepatitis 
C accounts for approximately 20%-31% of HCC deaths[2,3].

HCV AND HCC
HCV carcinogenesis is speculated to be indirectly related to multiple steps from chronic inflammation 
to fibrosis, advanced fibrosis and cirrhosis with somatic genetic/epigenetic alterations, and malignant 
transformation of hepatocytes over 20 or more years[4,5]. Patients with HCV cirrhosis had a three-fold higher 
adjusted risk of HCC than those with cirrhosis from other etiologies, implying direct carcinogenic effects of 
the virus[6-9]. HCC may develop in non-cirrhotic HCV patients, suggesting a direct HCV oncogenic effect[10]. 
Additionally, HCV core protein was shown to have oncogenic potential by using transgenic mouse models, 
indicating its direct involvement in carcinogenesis[11]. 

HCV-infected patients with advanced fibrosis or cirrhosis and older age are well-established risk for HCC 
development[4,12-14]. The prevalence of HCC is especially high in cirrhotic HCV patients with an estimated 
annual risk of 2%-4%[14].

HCV ERADICATION BY INTERFERON-BASED THERAPY AND HCC RISKS
Long-term eradication of HCV reduced HCC risk, which was initially demonstrated in patients who 
achieved SVR by interferon (IFN)-based therapies[14-18]. An analysis from 12 observational studies 
demonstrated that IFN-induced SVR led to nearly four-fold HCC risk reduction irrespective of liver disease 
stage[19].

Van der Meer et al.[20] found that the 10-year cumulative HCC incidence with SVR was 5.1%, vs. 21.8% in 
those without SVR (P < 0.001). 

Although IFN has potential anti-inflammatory and/or immunomodulatory effects for the prevention 
of HCC, HCV eradication does not eliminate the risk of HCC[21,22]. El-Serag et al.[22] reported an overall 
incidence rate of 0.33% in new HCC development, which could occur more than 10 years after HCV 
eradication by IFN-based therapy. 

HCV ERADICATION BY DAAS AND HCC RISKS
DAAs for HCV infection directly targeting viral protease, polymerase, or non-structural proteins have 
replaced IFN-based therapy over the past few years. They have changed the management of hepatitis C virus 
infection significantly, as the treatment is easy to administer, well-tolerated, safe, and highly effective with an 
SVR rate exceeding 90%[23-25]. 

DAAs can be used in HCV infection with advanced and complicated liver disease[25-31]. Multiple large cohort 
studies have shown that DAA-induced SVR is associated with a reduced risk of HCC[14,32-35]. Kanwal et al.[33] 
reported a significantly reduced risk of HCC (0.9 vs. 3.45 HCC/100 person-years) in 22,500 hepatitis C 
patients treated by DAAs with SVR compared to those without.

Piñero et al.[35] showed an overall 73% relative risk reduction for de novo HCC in DAAs-treated HCV patients 
with SVR, but the risk remained high in patients with advanced fibrosis and cirrhosis. Furthermore, reduced 
HCC risk by DAAs with SVR was demonstrated in patients with or without cirrhosis by Ioannou et al.[34].

HCC RISK IN CHRONIC HEPATITIS C TREATED BY DAA COMPARED TO THAT OF IFN 

THERAPY
IFN, an immune modulator, inhibits proliferation and may prevent the development of HCC. IFN-based 
HCV antiviral therapy due to its potential side effects was used mostly on patients without cirrhosis. 
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On the contrary, DAAs have been used on HCV patients with advanced fibrosis and cirrhosis who are at 
high risk of HCC. It was speculated that there would be more HCV -associated HCCs after DAA with SVR 
than those post-IFN with SVR ones in the United States, given that the largest cohort of chronic hepatitis 
C patients in the United States are baby boomers with advanced age, cirrhosis[36], and rising prevalence of 
metabolic syndrome-associated co-morbidities[37]. 

Waziry et al.[38] reported a random-effects meta-analysis comparing HCC occurrence and recurrence in 
patients treated by DAA and IFN therapy and showed no evidence of difference in HCC risk between the 
two groups after meta-regression adjustment of age and study follow up duration. Ioannou et al.[34] published 
a large VA cohort study of 21,498 chronic hepatitis C (CHC) patients with DAA-induced SVR, showing that 
it is associated with reduced risk of de novo HCC compared to treatment failure and that the risk for HCC 
after DAA therapy is similar to the risk after IFN therapy. 

Singer et al.[39] using administrative claims data demonstrated that the risk of HCC was lower in DAA-treated 
patients (adjusted HR = 0.69; 95%CI: 0.59-0.81). 

DAAS AND DE NOVO HCC
Earlier studies of first-generation DAAs showed increased risk for de novo and recurrent HCC, which 
brought concerns that DAAs might have carcinogenic effects[40-43]. A retrospective multicenter study from 
Spain reported a short-term HCC incidence of 3.73 HCC/100 patient-years (95%CI: 2.96-4.70), within a 
median 10.3 months after starting DAA therapy on 1123 HCV patients with cirrhosis[44].

HCC risk with DAAs is related to the severity of liver histology[33,45,46]. The annual incidence of HCC after 
SVR was higher in those with cirrhosis than those without cirrhosis (1.82 vs. 0.34/100 person-years)[14,33]. 

Ioannou et al.[47] reported that an increased risk for HCC in hepatitis C patients with baseline cirrhosis or high 
FIB-4 treated with either IFN-based therapy or DAAs could persist up to 10 years after SVR. Kanwal et al.[48] 
also showed that an increased risk for HCC after DAAs with SVR remained for up to 3.6 years of follow up, 
and it was particularly high in patients with cirrhosis.

DAAS AND RECURRENT HCC
Hepatitis C virus stimulates immune response. HCV-specific T cells produce cytokines including IFN with 
anti-HCC effects[49-52]. The recurrence of HCC was speculated to be due to reduced immune surveillance, 
cytokine imbalance, and angiogenesis[50-53].

A meta-analysis by Singal et al.[54] demonstrated that IFN-based treatment for HCV patients after curative 
HCC therapy reduced HCC recurrence and improved the outcomes. Nishibatake Kinoshita et al.[55] reported 
no significant difference of HCV-related early HCC recurrence after HCC treatment between 156 patients in 
the IFN-based group and 147 patients in the DAA group.

Several earlier studies showed different results regarding DAAs and the risk of HCC recurrence[56-58]. Some 
studies that reported an increased risk for HCC recurrence with use of DAAs correlated earlier HCC 
recurrence with a shorter interval between complete response to HCC treatment and the DAA agent[40,59]. 

A meta-analysis of HCC recurrence after DAAs by Saraiya pointed out that some studies lacked a 
comparison cohort or had different patient selection criteria, timing of DAA therapy, and follow up 
schedules. Nevertheless, they found no significant difference in HCC recurrence among the study groups[60]. 

The benefits of DAA therapy including regression of fibrosis, decrease in portal hypertension, and hepatic 
failure are weighed against potential risk for HCC recurrence. A large retrospective study of 793 patients in 



North America (304 received DAA therapy vs. 489 received no HCV therapy) published by Singal et al.[61] 
showed no association between DAA therapy and HCC recurrence (HR = 0.90; 95%CI: 0.70-1.16).

Dang et al.[62] reported a 60%-70% improvement in 5-year all-cause and liver-related mortality in HCV-
related HCC patients after DAAs with SVR, compared to patients untreated for HCV. Singal et al.[14] 
hypothesized that, by decreasing HCV viral load and slowing or preventing liver decompensation, DAA 
therapy could reduce the risk for late HCC recurrence. 

ACTIVE HCC EFFECT ON SVR, AND TIMING OF DIRECT-ACTING ANTIVIRAL THERAPY
Lower HCV SVR rates were reported in the presence of HCC[63-69]. It is speculated that the low HCV SVR 
rates were due to altered inflammatory state in the tumor microenvironment, DAA uptake into hepatocyte, 
resistant profiles in the context of HCC, immune escape mechanism, HCC reservoir, and penetration of 
DAAs to HCV-infected HCC tissue[63,69].

Although Ahmed et al.[70] showed that pre-liver transplant HCV treatment with DAAs provided great 
outcomes and the most cost-effective management for CHC patients with HCC or decompensated cirrhosis 
while waiting for liver transplant in the US, a study on US veterans with HCV observed an SVR rate of 74.4% 
in patients who received DAAs during active HCC compared to 91.1% in patients without HCC[64]. Deferring 
DAA therapy until six months after completion of either liver resection or ablation is recommended in HCC 
patients who are eligible for curative HCC treatment[14]. 

Radhakrishnan et al.[71] using HCV-TARGET database demonstrated a 50% reduced SVR in HCV patients 
with HCC, but SVR was not different among patients who received complete, partial, or no treatment at all.

Median wait time, availability of hepatitis C-positive organ, and severity of liver decompensation are 
the determinants of timing of DAA therapy in HCV-associated HCC patients who are on the liver 
transplantation (LT) list. DAA therapy for patients awaiting LT is usually deferred until after transplant so 
patients will be eligible to receive an HCV positive donor[14]. 

Reduced liver-related deaths on LT waiting list and decreased progression of liver disease from post-
transplant HCV reinfection by DAA have been observed[72,73]. Some patients treated by DAAs with SVR 
while awaiting LT had sufficient improvement in liver function to receive other curative therapies or forego 
transplant[73-75]. Although Yang et al.[76] suggested DAAs might be associated with a higher rate of HCC 
recurrence post-LT in a small group of patients, Emamaullee and colleagues demonstrated that HCV 
eradication pre-LT did not impact rates of delisting for HCC progression or rates of HCC recurrence post-
LT in a larger retrospective study[77].

DAA THERAPY IN PATIENTS WITH UNTREATED ADVANCED HCC
Limited data are available regarding the use of DAAs in hepatitis C patients with untreated advanced HCC. 
A theoretical benefit from DAAs in this setting is that it may improve liver decompensation and allow 
continued HCC therapy. Tumor burden, life expectancy, and patient preference need to be considered for 
DAA therapy since it is palliative[14].

SUMMARY 

Highly potent DAAs in recent years have revolutionized hepatitis C treatment and have high SVR rate 
exceeding 90%. Numerous studies have shown that DAA-induced SVR reduces risk of hepatitis C-associated 
HCC. Although recent research demonstrated no increased risk of HCC in HCV patients after DAA 
with SVR, the HCV-TARGET database and other resources, such as DAA manufacturers’ database and 
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Surveillance, Epidemiology and End Results Program in the United States, collectively are most likely to 
show definitive evidence on the risk of HCC occurrence and recurrence after DAA with SVR.

Nevertheless, the risk of HCC in chronic hepatitis C patients with advanced fibrosis or cirrhosis remains 
after DAAs with SVR. The concerns of DAA-associated de novo HCC and its recurrence in HCV patients 
warrant further investigation. Clinical parameters and/or potential molecular biomarkers in the near future 
may enable better identification of HCC in high-risk HCV patients treated by DAAs with SVR. Thus, this 
subset of patients will benefit from proper surveillance, early detection, and intervention of HCC. 
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Abstract
Hepatocellular carcinoma (HCC) is the fifth most common malignancy and the second leading cause of cancer-
related death. Hepatitis C virus and mainly hepatitis C virus-related cirrhosis is the chief risk factor for HCC. Many 
direct-acting antivirals are available for the eradication of hepatitis C virus with remarkable results in terms of 
virological response and with optimal safety profile. Notably, some authors have suggested that viral eradication 
due to these new drugs might favor both occurrence and recurrence of HCC. The exact biological mechanisms of 
carcinogenesis in this specific setting have not been well identified, but it has been suggested that adjustments 
in immune surveillance and increase in vascular endothelial growth factor expression could have a chief role. 
Remarkably, after publication of many large studies and meta-analyses, we can affirm that there is no increased 
risk on a population basis. Nonetheless, on an individual basis, sustained virological response due to direct-acting 
antivirals may facilitate HCC onset in some specific subgroups of patients. Among them, we could point out 
patients with activated neoangiogenesis but also subjects with particularly severe metabolic imbalance. 

Keywords: Direct-acting antivirals, hepatocellular carcinoma, carcinogenesis

INTRODUCTION
Hepatocellular carcinoma (HCC) represents about 5.6% of cancers worldwide[1]. It is the fifth most common 
malignancy and its incidence has grown in the last two decades[2]. Notably, HCC has a strong impact on 
patients’ outcome, being the second leading cause of cancer-related death[3]. Hepatitis C virus (HCV) and 
particularly HCV-related cirrhosis, is the main risk factor for HCC[4].
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HCV leads to chronic hepatitis C and cirrhosis in about 20% of subjects within 20 years of infection[5] and 
HCC occurs in around 3.5% of cases per year[6].

For many years, interferon (IFN)-based protocols have represented the cornerstone of antiviral therapy[7]. 
Achievement of sustained virological response (SVR) with IFN is infrequent (especially in cirrhotics), and 
the drug leads to low compliance and high toxicity. However, viral clearance due to IFN is associated with 
decreased incidence of HCC and overall reduction of other liver-related events[8].

In the last few years, new antiviral molecules with a direct action against the virus have been developed[9]. 
Today, many direct-acting antivirals (DAAs) are available with amazing results in terms of SVR and safety[10].

A few years after the introduction of DAAa, two noteworthy and innovative studies reported first that SVR 
due to DAA might increase the risk of both HCC occurrence and recurrence[11,12].

Later, other authors suggested the unexpected high incidence of HCC after DAA treatment, describing the 
onset of extraordinarily aggressive tumors a few weeks after the end of antiviral therapy[13]. 

Following the publication of these studies, many other groups reported the increased occurrence of HCC 
after DAA use[14], whereas others rebutted this notion[15-17].

The exact biological mechanisms by which oral DAAs might enhance the risk of HCC are largely 
unknown[18]. Modifications in immune surveillance may potentiate the risk of HCC by accelerating the 
process of regeneration. Moreover, DAAs seem to increase levels of vascular endothelial growth factor 
(VEGF) and to modify the balance between pro- and anti-inflammatory reactions[19].

The aim of the present review was to analyze the main evidence about the relationship between DAA and 
HCC onset, privileging meta-analyses and original real-life controlled trials. Moreover, we tried to identify 
high-risk subpopulations that can benefit from personalized post-eradication follow-up. We analyzed the 
state-of-the-art about this debated matter offering a critical point of view and underlining potential future 
perspectives. 

HCC RECURRENCE AFTER SVR DUE TO DAA THERAPY 
In the last years, there has been particular concern about the rates of HCC recurrence following DAA 
treatment[11,12,20].

Notably, many studies about HCC recurrence are single-arm and retrospective cohort studies. Moreover, 
they show relevant heterogeneity in the following patterns: tumor burden, HCC treatments leading to whole 
response, and follow-up periods[21]. Indeed, it is questionable whether HCC recurrence might be part of 
the natural history of patients with advanced liver disease or whether DAAs can have a chief role in cancer 
pathogenesis. Fortunately, in the last 2 years, some meta-analyses have been proposed, and these are the ideal 
instruments to obtain solid answers.

In 2017, Waziry et al.[22] compared, using systematic review, meta-analysis, and meta-regression approaches, 
15 studies on HCC recurrence after SVR. Seven studies included patients treated with IFN-based therapy 
and 10 comprising patients cured with DAA. The incidence of HCC recurrence was 9.21/100 per year and 
12.16/100 per year in IFN and DAA subgroups, respectively. Through a meta-regression analysis and an 
adjustment for age and follow-up length, the authors demonstrated that patients in the DAA group did not 
show higher HCC recurrence in comparison with those treated with IFN.
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Sometime later, Saraiya et al.[21] conducted a further meta-analysis examining data from 1820 patients 
with SVR due to DAA treatment. A vast part of the studies considered involved less than 100 patients with 
consequent inexact estimates of HCC recurrence. Notably, many but not all patients were treated for HCC 
with radical therapy (surgical resection or ablation). In fact, a substantial percentage of subjects (25%-50%) 
received non-curative therapies such as transarterial chemoembolization, showing by definition a high risk 
of recurrence regardless of antiviral therapy. 

The authors correctly underlined other methodological differences among the studies analyzed. The extent of 
follow-up to evaluate HCC recurrence varied among the studies (from 3 to 36 months). Furthermore, some 
groups defined HCC recurrence from date of cancer treatment, while others assessed recurrence from start 
of DAAs. 

According to reported data, the HCC recurrence rate was 21.9% (with high statistical heterogeneity). Nine 
studies compared HCC recurrence in DAA-treated (n = 947), IFN-treated (n = 210) and/or untreated (n = 
641) patients. The authors demonstrated that DAA-treated patients displayed lower pooled recurrence risk 
than did untreated patients and similar rate in comparison with subjects treated with IFN-based protocols.

In the same year (2018), another meta-analysis was published[23]. The authors selected studies better with 
respect to the previous meta-analysis, since they restricted patient enrollment to those with HCC previously 
treated with a curative approach (surgical resection or percutaneous ablation). The authors subdivided 
uncontrolled and controlled studies. The pooled proportion of recurrent HCC in uncontrolled cohorts was 
16.7% (with evidence of substantial statistical heterogeneity) with follow-up that highly varied (from 12 
to 280 weeks). Considering controlled cohorts, the pooled proportion was 20.1% (again with substantial 
statistical heterogeneity) with a follow-up range that was up to 416 weeks. Remarkably, the authors 
themselves reported that the global quality of the evidence was low for each of the outcomes considered, 
suggesting the need for further studies with longer follow-up periods.

Recently, Rutledge et al.[24] made strong suggestions about the complex matter of HCC recurrence after DAA 
therapy. The meta-analysis conducted by these authors is not only the widest among the available studies 
but is also particularly solid from a methodological point of view. In fact, the authors included only patients 
with previous curative cancer therapy and excluded studies with less than one year of follow-up. Notably, 
this rigorous approach allowed avoiding any rise in early HCC recurrence that could definitely be associated 
with the presence of small subclinical HCC at the beginning of antiviral therapy. The authors analyzed and 
compared 57 studies, which involved 16 IFN-treated, 33 DAA-treated and 8 untreated patients. DAA-treated 
patients who achieved SVR displayed a recurrence rate of 18.17/100 per year. Patients with SVR due to IFN 
therapy showed a similar recurrence rate (11.01/100 per year). The rate of HCC recurrence was comparable 
between untreated patients (25.69/100 per year) and IFN-treated patients without virological response 
(16.89/100 per year); subjects not responding to DAA showed a higher rate of recurrence, but the small 
number of patients made the value not statistically significant (44.16/100 per year). 

Notably, the authors performed a subanalysis adjusting data according to HCC consolidated risk factors such 
as age and cirrhosis. They demonstrated that the DAA-treated group showed a lower rate of recurrent HCC 
(although without statistical significance).

Since overall mortality represents the most important clinical outcome, the recent findings of Singal et al.[25] 
should be pointed out. The authors demonstrated with a multicenter cohort study (n = 797), that patients 
who achieved both complete response to any HCC treatment (resection, local ablation, transarterial chemo- 
or radioembolization, or radiation therapy) and SVR due to DAAs, showed a significant reduction of 
mortality risk in comparison with non-responders and untreated subjects.



HCC OCCURRENCE AFTER SVR ASSOCIATED WITH DAA THERAPY 
Chronic viral hepatitis is the most important predisposing factor for the occurrence of HCC[4]. Indeed, viral 
eradication is a main goal to decrease the incidence of HCC and, more in general, to lessen liver-related 
mortality[3,8].

Considering the IFN era, Van der Meer et al.[26], compared long-term outcomes of IFN monotherapy, IFN + 
ribavirin and PEG IFN + ribavirin, in 5 Liver Units. Recruited patients displayed advanced fibrosis and were 
followed up for a mean period of 8.4 years. Ten-year cumulative HCC incidence rate was 5.1% for the SVR 
subgroup and 21.8% for non-responders. 

Ogawa et al.[27] conducted a prospective national multicenter study on the effect of PEG IFN + ribavirin 
treatment on chronic HCV infection, focusing on HCC occurrence. The authors enrolled 1013 patients 
and demonstrated that 5-year cumulative incidence of HCC was 1.7% in the SVR and 7.6% in the non-SVR 
group with a weakening of this effect considering only cirrhotic subjects (18.9% vs. 39.4%). 

Morgan et al.[28] carried out a meta-analysis including 30 observational studies, with 31,528 patients enrolled. 
The authors confirmed that patients with SVR due to IFN-based protocol showed a lower HCC occurrence 
with respect to the others: 0.33 per person-year in SVR and 1.67 in non-responders.

Regarding the role of DAA therapy in favoring HCC occurrence, Conti et al.[11] published in 2016 a regional 
multicenter study of 344 consecutive cirrhotic patients treated with DAAs, including 285 subjects who did 
not show previous HCC. The authors reported that after the end of DAA treatment (follow-up of 24 weeks), 
9 patients (3.16%) developed HCC in a higher percentage than IFN responders. The key point of discussion 
should be about the main clinical patterns of enrolled patients who displayed more advanced liver disease in 
comparison with the classical IFN cohort. Additionally, enrolled patients were screened for HCC exclusively 
by ultrasound with a certain probability of small undiagnosed HCC nodules at the beginning of antiviral 
therapy.

Some of the previously cited meta-analyses examined the whole risk of HCC occurrence after DAAs.

Waziry et al.[22], comparing IFN regimens and DAAs, demonstrated that HCC occurrence following SVR was 
1.14/100 per year for patients treated with IFN and 2.96/100 per year in subjects receiving DAAs. Notably, 
the authors showed that occurrence rate decreased with longer follow-up and was lower in younger subjects. 
Finally, the authors proposed a meta-regression after adjusting data for follow-up and age, demonstrating 
that SVR due to DAA was not related to significantly more HCC occurrence.

Singh et al.[23] analyzed a total of 39,145 patients treated with DAA (data from uncontrolled studies). Among 
them, 542 developed de novo HCC after achievement of SVR. Incident HCC showed an overall occurrence 
of 1.5% with substantial statistical heterogeneity among the studies included. The authors examined the 
HCC occurrence rate associated with DAA considering only controlled cohorts. Among five studies, the 
proportion of HCC occurrence was 3.3%, again with considerable statistical heterogeneity. Therefore, authors 
concluded that data derived from their study should be considered non-conclusive regarding the possible 
relationship between DAAs and increased risk of HCC occurrence.

A recently published meta-analysis[24] examined 81 studies of HCC occurrence after DAA. In particular, 
the authors compared the following subgroups of studies: 31 involving 71,443 IFN-treated subjects, 44 
comprising 91,249 of DAA-treated patients and 6 on 9944 untreated subjects.

The authors reported that, considering only patients with SVR due to DAA and not all the DAA population, 
HCC occurrence rate was 3.57 per 100 per year vs. 0.70 per 100 per year in the IFN-treated SVR group 
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(without statistical significance). Afterwards, the authors carried out an additional smaller meta-analysis 
evaluating only studies with multivariate-adjusted hazard ratios (for gender, baseline cirrhosis and age). 
With this approach, these authors did not find augmented hazard of HCC occurrence in subjects treated 
with DAA compared to the IFN-treated subgroup. Notably, the authors also sub-analyzed data according 
to follow-up length. Considering occurrence rates in the second year after treatment with DAAs, similar 
incidence rates were found (0.88 per 100 per year in the DAA group and 0.55 in the IFN group). Finally, 
the authors conducted a sub-analysis excluding any cases of HCC occurrence within six months after end 
oftreatment, where they found an incidence rate of 1.12 per 100 per year for the DAA group and 3.01 for the 
IFN group (again without statistical significance).

HIGH RISK PATIENTS: POTENTIAL ROLE OF GENETIC SIGNATURE
The data outlined in the previous paragraphs underlined the concepts that on the whole, the risk of 
developing HCC after DAAs is small and DAAs represent an extraordinary option for curing hepatitis C. 
There is already consistent evidence that on a population basis, DAAs improve survival and decrease long-
term complications such as decompensation. On an individual basis, however, DAAs might constitute a 
stimulus associated with higher risk of developing HCCs. In a series of patients with liver cirrhosis enrolled 
in a prospective study of HCC development, liver tissue of patients who subsequently developed HCC were 
already primed towards neoangiogenesis well before DAA treatment and ensuing HCC development[29]. 
Expression levelsof angiopoietin-2, evaluated by immunohistochemistry, differed significantly in tumor 
tissue among patients with recurrent, de novo, and non-recurrent HCC after DAAs (P < 0.0001, Kruskal-
Wallis test). Likewise, hepatic stiffness, spleen size, variceal size, and hepatic venous pressure gradient were 
related to HCC risk but only angiopoietin-2 was independently related to both risk of HCC occurrence and 
recurrence. Our hypothesis was that the events occurring during the progression of chronic liver disease, 
with occurrence of increasing portal hypertension, could be critical in activating angiopoietin-2 expression 
in splanchnic vascular bed hyperplasia[29]. Of further interest, HCC developing after DAAs was often 
biologically aggressive, as indicated in a large proportion of them by the presence of five-gene neoangiogenic 
signature identified as a marker of rapidly growing and clinically aggressive HCC[30].

The intriguing relationship between severe portal hypertension and DAA-mediated carcinogenesis could 
already be glimpsed in a few previously published papers. Conti et al.[11] identified more severe liver fibrosis 
as independently associated with risk of HCC recurrence. Ravaioli et al.[31] recently showdc that the decrease 
in spleen stiffness in patients who developed HCC after DAAs was significantly less than in patients who did 
not develop HCC. Similar results were obtained by Ioannou et al.[32] who showed that when FIB-4 remains 
higher than 3.25 after SVR, the risk of HCC is so consistent to merit HCC surveillance. This highlights that 
severe portal hypertension is a critical predisposing factor for HCC.

IMPACT OF METABOLIC RISK FACTORS ON HCC RISK
Both diabetes and obesity represent consolidated risk factors for HCC exerting a strong carcinogenic effect 
directly by disrupting the insulin-IGF pathway or indirectly by promoting steatosis[33]. 

In a large retrospective cohort study, El-Serag et al.[34] showed that SVR due to effective IFN-based treatment 
led to a noteworthy drop in HCC risk. Nevertheless, the authors reported that the annual risk of HCC among 
responding patients was not insignificant (overall 0.33%). Interestingly, residual HCC risk was associated 
not only with advanced stage of fibrosis and age but also with diabetes and HCV genotype 3. Relative to this 
point, other authors also suggested that HCV genotype 3 was correlated not only with higher rates of liver 
steatosis (being the more “metabolic” genotype) but also with greater HCC risk in comparison with the other 
genotypes[35,36]. These data indicate that metabolic disorders might have a significant role also in determining 
HCC occurrence after DAA therapy.
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Regarding the possible relationship between metabolic disorders and risk of HCC in the specific setting 
of DAA therapy, Nahon et al.[37] reported interesting results. These authors retrospectively analyzed data 
from 1270 cirrhotic patients comparing the incidence of HCC in patients treated with IFN-based protocols 
or DAA therapy. First of all, authors demonstrated that patients treated with DAA were older and had 
higher rates of diabetes, suggesting that these patterns might explain the reported higher percentages of 
HCC occurrence in this subgroup of patients in comparison with the IFN group. However, the authors 
conducted a multivariate analysis, demonstrating that DAA therapy itself did not emerge as a predictor 
of HCC occurrence. Other factors such as increased age, past excessive alcohol consumption, virological 
parameters [genotype 1 (in contrast with previously reported data)], decreased platelet count and increased 
gamma-glutamyl transferase (GGT) levels were independently associated with post-treatment HCC onset. 
Concerning the metabolic issue, neither diabetes nor obesity was directly associated with HCC occurrence, 
but it is well known that GGT increase is a sign of altered metabolism[38] or higher inflammatory activity[39]. 
In fact, elevated GGT activity is coupled with traditional cardiovascular risk factors and particularly with 
metabolic syndrome[38].

CONCLUSIONS AND FUTURE PERSPECTIVES
DAAs have constituted an extraordinary breakthrough in the therapy of hepatitis C. With an 8- to 12-week 
course of treatment, SVR occurs in more than 95%-99% of patients, depending on degree of liver fibrosis. 
These results were beyond any reasonable expectation until a few years ago. It is therefore quite conceivable 
that the report of an increased occurrence or recurrence of HCC during or shortly after stopping DAAs 
initiated a series of reactions of concern. With more data accumulating, it is now clear that there is no 
such risk on a population basis. In fact, as summarized in Table 1, the available high-quality meta-analyses 
categorically demonstrated that the risk of both HCC recurrence and occurrence after SVR is comparable 
between patients treated with “old” IFN-based protocols and new DAAs. As recently stated by the American 
Association for the Study of Liver Diseases[40], SVR due to DAAs determine a decrease in all-cause mortality, 
cirrhosis, hepatic decompensation and HCC, an improvement in extra-hepatic manifestations of HCV, and 
an amelioration of both productivity and quality of life. Summarizing, we must treat with DAA all patients 
without history of HCC and all subjects with complete response to HCC treatment. Notably, as strongly 
demonstrated in a recently published meta-analysis[41], patients with HCC show, for unknown reasons, lower 
pooled SVR rate in comparison with subjects without cancer (88.2% vs. 92.4%).

Although DAAs represent a great therapeutic option, it is possible that some subgroups of subjects may be 
at increased risk of HCC onset after DAA treatment. In fact, on an individual basis, administration of DAAs 
might be associated with facilitated HCC development in subjects who already have a predisposing hepatic 
condition, namely activated neoangiogenesis, as shown by increased levels of angiopoietin-2 in cirrhotic 
tissue[29]. In these patients, a careful evaluation of risk-benefit of DAA treatment should be done, also in 
view of the aggressive features of DAA-associated HCC[29]. Finally, in the long-term management of HCV-
positive patients, it has to be considered that subjects with severe metabolic impairment seem to maintain a 
significant risk of HCC despite antiviral treatment and viral eradication[37]. 

Concerning the possible identification of subpopulations at higher risk of HCC, some authors have analyzed 
the change in inflammatory balance due to DAAs as a determinant of cancer development[19,42].

Table 1. Available meta-analyses analyzing the possible association between DAA therapy and HCC 

Ref. Year Country N of studies N of patients Increased risk of occurrence Increased risk of recurrence 
Waziry et al. [22] 2017 Australia 41 13,875 DAA comparable to IFN DAA comparable to IFN

Saraiya et al. [21]  2018 USA 24 1820 / DAA comparable to IFN

Singh et al. [23] 2018 USA 44 39,145 no conclusive data no conclusive data

Rutledge et al. [24] 2019 USA 138 177,512 DAA comparable to IFN DAA comparable to IFN

DAA: direct-acting antiviral; HCC: hepatocellular carcinoma; IFN: interferon
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In particular, Villani et al.[19] studied 103 patients treated with DAAs. Changes in levels of VEGF, epidermal 
growth factor, and several interleukins were evaluated. Interestingly, the authors demonstrated that 
VEGF increased 4-fold from baseline to week 4 of treatment. VEGF level continued to increase until the 
end of treatment and returned to the pre-DAA level afterwards. Of note, VEGF induces angiopoietin-2 
expression and can therefore promote DAA-induced carcinogenesis as described in[29]. On the other hand, 
interleukin-10 and tumor necrosis factor-alpha significantly decreased with HCV clearance. The authors of 
the cited study concluded that DAAs can alter the balance between inflammatory and anti-inflammatory 
processes, affecting antitumor surveillance of the host and favoring HCC onset after DAA therapy. 

In conclusion, available data indicate that DAAs represent a great option for both patients without cancer 
and subjects with effectively treated HCC. Further studies may confirm whether or not some high-risk 
subgroups exist, which deserve a personalized surveillance approach.
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Abstract
Hepatocellular carcinoma (HCC) is a deadly malignancy which typically occurs in the context of chronic liver 
inflammation. Chronic hepatitis B virus (HBV) infection is considered a major global cause of HCC development. 
At the moment, liver transplantation is the only curative modality for HBV-associated HCC. However, some 
patients develop HBV-HCC recurrence after liver transplantation, leaving them with very limited therapeutic 
options. Adoptive cell therapy with HBV-specific T cell receptor (TCR) that redirects T cells against HCC relapses 
has shown promising results in such HBV-HCC patients. In this mini-review, we discuss the application of this 
personalized T cell therapy, and highlight mRNA electroporation as an efficient tool for engineering safe and 
efficient TCR-redirected T cells for the treatment of liver transplant patients with HBV-HCC metastasis. 

Keywords: HBV, TCR-T cells, mRNA, HCC metastasis, adoptive cell therapy

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common form of adult liver cancer and third leading cause 
of cancer-related mortality globally. Different etiological factors are involved in the pathogenesis of HCC 
and hepatotropic viruses like hepatitis B (HBV) and C (HCV) represent the major cause[1,2]. In regions with 
a high incidence of HBV (i.e., South East Asia, China, and Sub-Saharian Africa), chronic HBV infection 
accounts for 80% of HCC[3]. A peculiar feature of HBV-related HCC is the HBV DNA integration which 
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can be detected as early as 3 days post hepatocyte infection[3,4]. As such, HBV-HCC nodules can express 
either all or a portion of HBV antigens which can then be employed as a tumor-specific antigen to develop 
HBV-redirected T cells. We and other groups have recently developed immunotherapeutic approaches by 
engineering T cells equipped with chimeric antigen receptor (CAR)[5] or classical T cell receptors (TCRs)[6,7] 
against HBV antigens/epitopes expressed on healthy HBV-infected hepatocytes, or in HCC cells with HBV-
DNA integration. Engineered TCRs or CAR redirected-T cells are able to lyse HCC cells expressing HBV-
specific antigens in vitro, and showed anti-viral and anti-tumor activity in animal models[5,7,8]. In this mini-
review, we will discuss the use of such immunotherapies in the treatment of HBV-HCC relapses occurring 
post curative liver transplantation (LT). These patients will be under lifelong immunosuppressive regimens 
which in turn, create both obstacles and opportunities for the use of T cell therapy. 

LIMITATIONS OF EXISTING THERAPEUTIC MODALITIES FOR HBV-HCC RELAPSES
Recurrent HCC after LT is deadly and difficult to manage. Treatment options include resection, 
radiofrequency ablation, percutaneous ethanol injection and transarterial chemoembolization in LT 
cases with solitary, intrahepatic HBV-associated HCC recurrence[9,10]. However, most of these HBV-HCC 
recurrences post-LT are systemic[11-14], which limits treatment options. In such a scenario, currently available 
therapies are ineffective and first-line systemic treatment with the tyrosine kinase inhibitor, Sorafenib, can 
only increase survival by a few months[15]. As a new form of systemic immunotherapy, checkpoint inhibitors 
have shown promising outcomes in the treatment of primary HCC[16]. Checkpoint inhibitors are designed to 
rejuvenate immune cell function through blocking co-inhibitory receptors (e.g., PD-1, CTLA-4) expressed 
on exhausted immune cells. In transplant patients, this strategy can lead to undesirable and uncontrollable 
immune responses against the transplanted organ[17]. Indeed, attempts to use PD-1 inhibitors for the 
treatment of HCC relapses in LT patients led to graft rejection[18]. Therefore, at present, checkpoint inhibitors 
are contraindicated in LT patients with HBV-HCC. 

Over the past few years, new forms of immunotherapy have been developed to specifically target HCC 
relapses[5,7]. In such strategies, T cells are engineered to express TCRs or CARs that are able to recognize 
HBV epitopes in an human leukocyte antigen (HLA)-restricted manner, or detect hepatitis B s antigen 
(HBsAg) respectively[6]. We focused our efforts on engineering TCR-redirected T cells as a potential 
treatment for HBV-associated HCC patients. The unique features of HBV-HCC metastasis render TCR 
modified-T cells a better option than CAR engineered T cells[19-21]. In particular, HLA matching is rarely 
taken into consideration for liver transplantation, hence engineered TCR-T cells could only be employed to 
target HBV-specific antigens associated with HLA-class I molecules expressed on HCC relapses but not on 
the transplanted liver[6]. As a result, engineered TCR-T cells will not recognize HBV peptides present on the 
transplanted liver that has been re-infected by HBV and therefore, reduce the risk of possible graft rejection. 
Furthermore, HLA-restricted TCR-T cells would not bind to circulating soluble HBV antigens, which may 
instead, occur with HBV-specific CAR T cells[6]. However, in animal models, which are characterized by 
lower quantities of serum HBsAg than in HBV infected patients, HBsAg did not suppress the ability of 
CAR-T cells to recognize HBV-producing hepatocytes[5,19,20]. 

TREATMENT OF HBV-RELATED HCC RELAPSES WITH HBV-SPECIFIC TCR-REDIRECTED T 

CELLS
The feasibility of utilizing HBV-TCR-redirected T cells for treating HBV-associated HCC was first shown in 
a patient who had widespread extrahepatic HBsAg+ HCC relapse[21]. In this scenario, HBV-specific TCR-T 
cells were engineered to recognize HBV-specific epitopes obtained from HBsAg+ HCC nodules. This patient 
was an ideal candidate for HBV-TCR T therapy due to multiple clinical features[21]. In this unique scenario, 
HBsAg was secreted exclusively by the HCC metastasis while the transplanted liver was HBsAg negative. 
HBsAg expression in the HCC relapses was due to integration of HBV-specific envelope DNA into the 
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genome of HCC cells. Since the patient was HLA-A0201 positive, autologous T cells were engineered with 
a HLA-A0201-restricted TCR specific for an envelope epitope (HBs183-91). These HBV-specific TCR-
redirected T cells can specifically recognize the HBsAg+ HCC relapses, thereby reducing the risk of affecting 
healthy hepatocytes during treatment [Figure 1]. Using retroviral gene editing, the coding sequences of 
alpha and beta TCR were introduced to the T cells in vitro. Following infusion of a single dose of autologous 
retroviral transduced TCR-T cells (~2 × 104 TCR-T cells/kg), HBV-specific T cells expanded efficiently, 
reaching up to ~2% of blood-circulating CD8 T cells and reduced serum HBsAg levels by up to 90% within 
30 days post-infusion without notable side effects. Unfortunately, the patient’s treatment started at a very late 
stage when there were already multiple metastases in the lungs, bones and neck. The patient was monitored 
for ~8 months post-T cell infusion and despite reduction of HBsAg levels, the patient’s general medical 
condition subsequently declined and he succumbed to his medical complications. The reduction of serum 
HBsAg together with the expansion of the infused HBV-specific TCR-redirected T cells strongly suggest that 
HCC relapses expressing HBV antigens can be targeted by HBV-redirected T cells.

We therefore expanded our research efforts to better understand the treatability of HBV-related HCC 
relapses with this new form of immunotherapy. 

Figure 1. Schematic illustrating the development of mRNA electroporated HBV-specific TCR redirected T cells. A: identification of HBV-
specific antigens expressed on metastatic tumor through molecular approaches; B: activation and expansion of autologous T cells for T 
cell engineering; C: in vitro  production of mRNA encoding HBV-specific TCRs; D: developing HBV-specific TCR-redirected T cells through 
electroporation activated T cells with desired mRNA; E: evaluation of TCR expression and functionality of modified T cell using tetramer 
staining and immune assays; F: modified TCR-T cells reinfused back to LT patient to specifically target and lyse HBV-infected HCC in 
a HLA restricted manner with no off-tumor side effects on the HBV-infected graft. TCR: T cell receptor; HBV: hepatitis B virus; LT: liver 
transplantation; HCC: hepatocellular carcinoma; HLA: human leukocyte antigen; MHC: major histocompatibility complex 



ABILITY OF HBV-SPECIFIC TCR REDIRECTED T CELLS TO RECOGNIZE HCC CELLS WITH 

SHORT HBV-DNA INTEGRATION
As described above, the feasibility of T-cell immunotherapy was first demonstrated in the scenario wherein 
HBsAg was expressed and secreted only by the HCC metastases and not by the transplanted liver. However, 
unlike that patient, HBV-DNA integrations in HCC cells do not always involve the complete open reading 
frame of HBV antigens. Although HBV-DNA integration could be seen in 60%-80% of HCC cases, most 
HCC cells appear HBsAg negative when tested with antibodies targeting the whole HBsAg[22,23]. This is easily 
explained by the detection of HBV-DNA integration that is often incomplete in normal and transformed 
hepatocytes and hence generate HBV-human chimeric protein[24-26] and not whole HBV proteins. 

Antibody-based techniques, which depend on the recognition of conformational epitopes, are unable 
to detect these chimeric proteins and therefore these HBV-HCC tumours are often negative for HBV 
antigens[22,27]. This explains why utilizing HBV-related antigens as a tumor-specific antigen was highly 
controversial and thought to be applicable only for a minority of HCC patients presenting whole HBV 
antigens in their HCC relapses. However, unlike antibodies, TCRs detect short linear sequences of 
HBV antigens (9-10 amino acid long) that can be derived from HBV-human chimeras present in HBV 
serologically negative HCC cells. We have recently tested this possibility in vitro utilizing HCC cells negative 
for HBV antigens when assayed using antibody based techniques[12]. We utilized HBV-specific CD8 T cells 
and antibody specific for HLA-class I/HBV epitopes and were able to demonstrate that the production and 
presentation of HBV-specific CD8 T cell epitopes can take place in naturally HBV serologically negative 
HCC cells with short HBV-DNA integration[12]. This in vitro demonstration showed the possibility of 
utilizing short sequences of HBV-DNA integration present in the majority of HBV-related HCC as a robust 
tumor-associated antigen which can then be applied for HBV-specific T cell engineering. Furthermore, 
despite the high genetic diversity between HCC cells in the same patient[28-30], single-cell genome sequencing 
of HBV-HCC cells showed remarkable homology of HBV integration across multiple single tumor cells[31]. 
This suggests that TCR-redirected T cells specific for single epitopes should be able to target the majority of 
HCC cells present in a patient. 

To show feasibility of this strategy, HBV integration profiles of HCC metastases from two LT patients with 
undetectable HBsAg in the serum were analyzed[12]. HBV-specific TCR-redirected T cells targeting the 
epitope encoded by the detected HBV integrations were engineered. Following adoptive T cell therapy, 
significant volume reduction of several pulmonary metastases has been seen in one patient. 

Importantly, in these patients, TCR-T cells were engineered through mRNA electroporation and not virally 
transduced. This approach offers inherent safety features due to the labile nature of mRNA [Figure 1]. 
Unlike viral DNA, mRNA transfection has no risk of causing random integration in the human genome. 
More importantly, controlled pharmacokinetics of the therapy allows for dose escalation by multiple repeat 
injections which can be personalized for each patient. Multiple infusion of mRNA TCR-T cells (~up to 
600 million TCR-T cells) showed no significant increase in serum cytokine levels as well as no evidence 
of graft inflammation in both patients after receiving this therapy[12]. Although this therapy was not able 
to completely eliminate HCC relapses in both patients, one had a dramatic reduction in size of multiple 
metastatic lesions in the lung without the detection of new lesions and he was clinically well for almost 2 years 
during treatment[12]. Unfortunately, abdominal and retroperitoneal HCC relapses that were already present 
in the patient at the time of TCR therapy did not show any response, progressively expanded and ultimately 
led to the patient’s death (Personal communication). Even though we were unable to investigate the real 
cause of the unresponsiveness of HCC relapses in different anatomical locations, such data suggests that 
a tumor’s anatomical location together with its inflammatory status, could have a negative impact on 
TCR-T therapy outcome.
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FUTURE DIRECTIONS IN HBV-HCC T CELL THERAPY
Despite encouraging results from the initial trials of TCR-redirected T cell therapy in LT patients with HCC 
relapses, there is still a clear need for improvement of such therapies. Multiple factors present in the LT 
sera could have an impact on the outcome of TCR-T immunotherapy[32]. The impact of such variables also 
remains largely unexplored and needs to be addressed. One of the main obstacles of T cell therapy post-LT 
is the pharmacological immunosuppression started after transplantation to prevent graft rejection[33]. Long-
term maintenance immunosuppression typically achieved by Tacrolimus alone, or in combination with 
mycophenolate mofetil continues throughout the patient’s life. These drugs were designed to broadly impair 
T effector function, therefore potentially impacting the adoptively transferred HBV-specific TCR-T cells 
in vivo. With regard to that, in vitro experiments in a 3D model clearly showed that the mTOR inhibitor, 
Rapamycin, could impair TCR-redirected T cell migration and cytotoxicity[34]. Engineering T cells to be 
resistant to such drugs or using different subsets of T cells with inherent resistant features could allow 
engineered TCR-T cells to function effectively even in the face of strong immunosuppression. For instance, 
knock-down of FK506-binding protein 1a, tacrolimus-specific binding protein, markedly recovers T cell 
function in the presence of clinically-relevant concentrations of Tacrolimus, therefore the same strategy 
could be employed to develop drug-resistant TCR T cells for the treatment of LT with HBV-HCC relapses[35]. 
Furthermore, at this moment, only αβ TCR T cells are used to engineer therapeutic HBV-specific TCR T 
cells. Alternatively, the desired αβ TCR can also be introduced into other immune cells to provide extra 
benefits. For example, mucosal-associated invariant T cells are non-conventional T cells representing 20%-
45% of the liver T cell repertoire[36,37]. These cells express a high level of multi-drug resistant pump called 
ATP-Binding cassette subfamily b member 1 (ABCB1) which allows mucosal-associated invariant T cells to 
retain their function in the face of chemotherapeutic intervention[36,38]. This drug-resistant feature, together 
with liver specificity make these cells a highly promising candidate for developing new therapeutic T cells for 
the treatment of liver associated cancers. Altogether, developing drug-resistant therapeutic TCR T cells could 
have the potential for clinical application in the treatment of HBV-HCC relapses after curative LT, where 
immunotherapeutic TCR T-cell function can still be exerted in the presence of obligate immunosuppression. 
In our opinion, implementing these immunosuppressive drug resistant armored -TCR T cells could improve 
current immunotherapy outcomes in HBV-associated HCC relapses and would most likely increase survival 
rates by slowing down tumor progression. 
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Abstract
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors of the liver, with poor prognosis 
and high mortality. Traditional treatments for patients with HCC have shown poor efficacy especially for advanced 
liver cancer. Compared with other organs, the liver has more natural immune cells such as Kupffer cells, natural 
killer cells and natural killer T cells. Immunotherapy for liver cancer has become the focus in current research. The 
theoretical basis of immunotherapy rests on immune tolerance and suppression in the tumor microenvironment. 
Common immunotherapy methods include vaccines, cytokines, adoptive cell therapies, immune checkpoint 
inhibitors, and oncolytic viruses. Compared with traditional treatment, immunotherapy can enhance the body’s 
immune function, delay tumor progression, and prolong survival. This article reviews the HCC microenvironment 
and immunotherapy both in the clinical and basic research aspects.

Keywords: Immunotherapy, hepatocellular carcinoma, microenvironment, immune

INTRODUCTION
Epidemiological data indicate that hepatocellular carcinoma (HCC) ranks fifth among malignancies, but it 
is the third most common cause of cancer-related death in the world. One of the major causes of HCC is 
persistent infection with hepatitis B virus (HBV) or hepatitis C virus (HCV). Aflatoxin exposure is also a 
crucial risk factor. In addition, excessive drinking, smoking, obesity, genetic factors and dietary habits are 
also important factors that promote the occurrence of HCC[1].
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With the development of surgical techniques, HCC may be cured by surgical resection or liver 
transplantation in the early stage. In addition, some early malignancies may be cured by prompt local 
treatment such as radiofrequency ablation (RFA) or percutaneous ethanol injection treatment. Unfortunately, 
due to the concealed and rapid progress of HCC, most patients have lost the chances of best treatment 
by the initial visit. Only a fraction of patients with HCC have the opportunity for these treatments. As 
for the patients who are not suitable for surgery or RFA, stereotactic body radiation therapy, portal vein 
embolization and other liver-directed therapies have become the standard treatment means[2]. In recent 
years, with the great scientific and technological advances, systemic therapy has been adopted by most 
hepatobiliary surgeons under conditions of appropriate liver function and good physical condition.

In the past several decades, many genetic alterations in HCC have been confirmed by previous mechanism 
studies, such as aberrant activation of oncogenes and the inactivation of anti-oncogenes. Apart from gene 
mutations, changes in epigenetics such as chromatin modification, DNA methylation, gene recombination, 
histone modification, RNA interference and copy number variation have been proven to play a critical part 
in the development of primary liver cancer[3].

The tumor microenvironment plays a vital role in tumorigenesis and cancer development and metastasis, 
which can be divided into an immune microenvironment characterized by immune cells and non-
immune microenvironment characterized by fibroblasts. The majority of immune cells of the tumor 
microenvironment include T lymphocytes, B lymphocytes, macrophages, natural killer (NK) cells and 
antigen-presenting cells (APCs)[4]. In the microenvironment of the liver tumor, the composition and 
proportion of immune cells play vital roles in the progress of tumorigenesis [Figure 1]. Compared to other 
organs, the liver is richer in immune cells, including natural killer T cells (NKT cells), Kupffer cells and 
NK cells[5]. Moreover, inactivation of immunosuppressive cytokines (such as IL-4, -5, -8, -10, etc.) and 
immune activating cytokines (such as TNF, IL-1, etc.) tends to produce an immunosuppressive environment. 
Constant exposure to antigen at higher concentrations from the gastrointestinal tract induces the liver to 
develop intrinsic immune tolerance and immune evasion to ward off autoimmune injury[6]. Since intrinsic 
immune tolerance and immune escape are often connected with HCC tumorigenesis, a growing number of 
studies point to immunotherapies (such as vaccines, adoptive cell therapies, immune checkpoint blockade, 
cytokines, etc.) targeting the microenvironment as a new strategy against hepatic cancer to bring new hope 
to patients with HCC. In this article, we reviewed the important role of the microenvironment in HCC 
tumorigenesis and the recent advances of immunotherapy in HCC.

ROLE OF IMMUNE CELLS IN LIVER TUMOR MICROENVIRONMENT
The tumor microenvironment contains a series of immune cells including NK cells, dendritic cells (DCs), 
macrophages, regulatory T cells (Tregs), neutrophils, T cells and eosinophils [Figure 1]. The function and 
number of immune cells both matter in the liver immune microenvironment, and related changes are 
frequently observed in the development of HCC. Multiple immune cells will promote tumor occurrence and 
development by activating or inhibiting various complex signaling pathways.

Tumor-associated macrophages
Previous works have established that there are monocyte-derived macrophages divided into M1 and 
M2 phenotypes[7]. Tumor-associated macrophages (TAMs) are a significant component of the liver 
microenvironment, being very important to tumor development and thus resulting in the poor outcome of 
HCC patients. Preclinical studies have shown that TAMs suppress the immune system and promote tumor 
progression through the expression of chemokines and cytokines[8,9]. It has been reported that CCL17, 
CCL18 and CCL22 can block the activation of cytotoxic T cells by attracting Tregs to tumor sites[10-12]. TAMs 
interact with bone myeloid-derived suppressor cells (MDSCs) to lower major histocompatibility complex 
II (MHCII), IL-6 and IL-12 levels and increase IL-10 production[13]. IL-10 produced by TAMs increases the 
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expression of FoxP3+ Tregs and then blocks CD4+ CD25− T cell expression, at least promoting the progression 
of HCC[14]. 

The chemotactic migration and selective activation functions of TAMs are achieved by osteopontin expressed 
by HCC cells through the CSF1-CSF1R pathway[15]. Many studies indicate that TAMs release many important 
cytokines, including TNF-α, IL-6, IL-1β, and IL-23 and that they promote the expansion of Th17 cells, which 
protects against antitumor immunity by activating several markers[16,17]. In addition, TAMs are able to induce 
angiogenesis by producing angiogenic factors and matrix metalloproteinases[18]. Recently, more studies have 
determined that autophagy plays a key role in the functional control and immunosuppression of TAMs[19]. 

Tumor-associated neutrophils
Similar to macrophages, tumor-associated neutrophils (TANs) have different effects on the biological 
behavior of tumors due to different degrees of polarization[20]. Recent evidence suggests that TANs can be 
classified into N1 (suppress tumor development) and N2 (promote tumor development) phenotypes on 
the basis of TGF-β expression[19,20]. Some cytokines such as type I interferons and TGF-β can modulate 
the activity of TANs[21]. Studies have confirmed that the impact of neutrophils on tumor development is 
regulated by CD8+ T cells[22].

Figure 1. HCC microenvironment components and linkage. A variety of immune-related cells in the tumor microenvironment can promote 
or inhibit the development of hepatocellular carcinoma through various mechanisms. HCC: hepatocellular carcinoma; VEGF: vascular 
endothelial growth factor; NK: natural killer; DC: dendritic cell; PDGF: platelet-derived growth factor; TGF: transforming growth factor; 
HGF: hepatocyte growth factor; EGF: epidermal growth factor; FGF: fibroblast growth factor; MPPs: matrix metalloproteinases; NO: nitric 
oxide; TNF: tumor necrosis factor; NKT: natural killer T cells; ROS: reactive oxygen species



TANs are one of the key factors for HCC progression and poor prognosis, and neutrophil-lymphocyte ratio 
closely correlates with tumor progression, which is a significant independent factor predicting survival 
after hepatectomy in patients with liver cancer[23,24]. In peripheral blood, the highest levels of the cytokines 
CCL17 and CCL2 are produced by peripheral blood neutrophils activated by HCC cells and TANs. The 
newest discovery shows that TANs mediate the intratumoral infiltration of TAMs and regulatory T cells 
by overproducing CCL2 and CCL17, which then contributes to HCC progression and metastasis[25]. 
Zhou et al.[25] collected and analyzed HCC patients’ clinical and pathological data, and the results showed that 
the number of CCL2+ or CCL17+ TANs was related to tumor progression and differentiation. Moreover, these 
authors also found that TANs triggered the secretion of microRNA 301b-3p by releasing bone morphogenic 
protein 2 and transforming growth factor beta 2 (TGFβ2) in HCC cells, and then increased the expression of 
HCC stem cell-like cells by inhibiting the expression of the limbic system-associated membrane protein and 
CYLD lysine 63 deubiquitinase genes. From this research, a positive feedback loop governing cancer stem-
like cells and TANs in HCC were identified[26]. TANs play a significant role in immunosuppression in HCC, 
unfortunately, the exact underlying mechanisms between TANs and other molecules in HCC are not quite 
clear.

Innate lymphocytes
The liver is a non-lymphoid organ although possessing anti-tumor capabilities, due to containing large 
populations of natural lymphocytes including NK cells, NKT cells, etc.[27-29]. The activation of NK cells rely 
on a cascade of multiple activated and inactivated receptors[30]. In the oxygen-deficient liver environment, the 
function of NK cells will be impaired due to hypoxia-inducible factor 1α (HIF-1α), which induces changes 
in MHC class I polypeptide-related sequence A (MICA)[31]. HIF-1α is important for regulates metabolism, 
cell proliferation and apoptosis of in HCC microenvironment[31,32]. In the presence of HIF-1α, proangiogenic 
genes including vascular endothelial growth factor (VEGF) gene are frequently overexpressed in immune 
cells[33].

It is reported that α-fetoprotein (AFP) can directly influence the functions of NK cells. Short exposure of 
NK cells to AFP can promote the IL-2 hyperresponsive phenotype and contribute to the release of IL-6, 
IL-1β and TNF-α, which is related to a low recurrence rate and better overall survival of HCC patients with 
HBV[34,35]. Moreover, NK cell functions can be impaired via TGF-ß1, IL-8 and IL-10 released by Tregs[36].

Tregs 
Tregs belong to the subset of CD4+ T cells, which do not merely suppress autoimmune response, but 
also impair the immune response against tumors[37,38]. Gao et al.[39] demonstrated that Tregs represent an 
independent predictor of HCC recurrence and survival, and is related to invasiveness and intratumoral 
homeostasis. They also found that the combination of Treg removal and simultaneous stimulation of 
effector T cells was an effective immunotherapy to decrease recurrence and prolong postoperative survival. 
CD4+ CD25+ Tregs were used to contribute to tumor prevention in HCC patients through various contact-
dependent and contact-free mechanisms. Fu et al.[40] further demonstrated that CD4+, CD25+ and FoxP3+ 
Tregs impaired the function of CD8+ T cells effector and that the number of circulating Tregs correlated with 
progression in HCC patients. In addition, another study showed that that compared with normal tissues, 
where CD4+ CD25+ T cells were significantly increased in the area around the tumor[41].

CD8+ cytotoxic T lymphocytes 
CD8+ T cells are critical for pathogen clearance, where they contribute to the resolution of HBV and HCV 
infections in the liver[42,43]. Guo et al.[42] study confirmed that Fas/FasL interactions might suppress antitumor 
immune responses via turnover of CD8+ T cells. In addition, a series of immunoregulatory elements such 
as IL-10, IL-2, VEGF and indoleamine-2,3-dioxygenase (IDO) play an important role in inhibiting tumor-
associated antigen (TAA)-specific CD8+ T cell responses[42,44,45]. It has been proven that CD14+ DCs inhibit 
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the in vitro response of CD8+ T cells by affecting IL-10 and IDO[46]. Furthermore, CD4 helper T cells are 
substantially important in generating functional memory CD8 T cells by inducing costimulatory molecules 
and promoting the expression of extracellular cytokines in DCs[47,48]. 

DCs
NK cells are another participant in innate immunity, capable of initiating T cells against TAAs that are 
specialized APCs involved in HCC progression[49]. 

In HCC, DCs can produce chemotactic cytokines, and take the initial T cells as the point of action to 
promote their aggregation and proliferation[50]. Moreover, DCs can promote the maturation of B lymphocytes, 
enhance the immune response mediated by antitumor antibodies, and suppress immune escape[51]. The 
available evidence suggests that DC maturation disorder, function decrease and reduction in peripheral 
blood are often observed in the HCC microenvironment, often leading to tumor development[52,53].

In HCC, DC function is inhibited due to the production of some factors (IL-10, IL-6, etc.) in the tumor 
microenvironment[54]. Beckebaum et al.[55] confirmed that IL-10 has a considerable immunosuppressive 
effect on circulating DCs in HCC patients. In addition, previous studies have shown that DCs can promote 
immunosuppression by producing IL-10 and IDO in HCC, but that depends on the expression of CTLA4[46].

In general, in recent years, DCs have been widely used as new vaccines in the treatment of solid tumors such 
as liver cancer, prostate cancer, kidney cancer, melanoma, etc.[56,57].

MDSCs
Myeloid-derived suppressor cells MDSCs comprise a mixture of macrophages, monocytes, granulocytes 
and DCs, which are a heterogeneous population of immature myeloid cells[58]. Some previous investigations 
revealed that MDSCs participate in immunosuppressive networks and are potential immunotherapy targets 
for HCC[59-62]. A study by Zhou et al.[63] showed that immunosuppressed CD11b+ CD33+ HLA-DR− MDSCs 
were stimulated and amplified by hepatic CCRK by increasing IL-6 expression in human peripheral blood 
mononuclear cells. In addition, they also found that tumor-infiltrating CD11b+ CD33+ HLA-DR− MDSCs 
potently inhibited autologous CD8+ T cell proliferation in HCC patients. MDSCs express galectin-9 and bind 
to TIM-3 on T cells to induce T cell apoptosis[64].

In HCC patients, MDSC can also impair function of NK cells by inhibiting their cytotoxicity and cytokine 
release[65]. Furthermore, Hu et al.[66] showed that MDSCs can inhibit the production of IL-12 induced by 
TLR-ligand via the expression of IL-10 and can inhibit T lymphocyte activity. In summary, MDSCs play a 
variety of immunosuppressive roles in HCC. 

Given that MDSCs play a variety of immunosuppressive roles in HCC, the immunotherapy targeted MDSC 
has become a research hotspot. Some previous research has shown that the combination of radiotherapy 
and IL-12 (RT/IL-12) may reduce accumulation of tumor-infiltrating MDSCs and reverse the intratumoral 
immunotolerant state and improve the immune level in HCC[67]. In addition, targeting MDSCs and 
combining anti-PD-1/PD-L1 can synergistically enhance the cure of HCC[63,68].

Hepatic stellate cells, endothelial cells and kupffer cells
In addition to that described above, hepatic stellate cells (HSC) are an important element in the 
microenvironment of liver tumor. Previous research has shown that HSC can secret hepatocyte growth 
factor/cytokines, which lead to decreased antitumor immunity function[69]. In addition, hepatocyte growth 
factor (HGF) secreted by activated HSC promotes the invasiveness and tumorigenicity of HCC[70,71]. 

Compared with normal tissues, the endothelial cells of HCC are significantly different in molecular and 
functional aspects. Endothelial cells are involved in tumor neovasculature and play a significant role in 
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malignant invasion and metastasis. Previous studies have shown that various angiogenic receptors are 
expressed in endothelial cells, such as epidermal growth factor homology domains-2 (Tie-2), VEGF 
receptors, platelet-derived growth factor receptor, epidermal growth factor receptor and C-X-C chemokine 
receptors, which promote the formation of new blood vessels[72,73]. Liver sinus endothelial cells are special 
endothelial cells that can collect sample portal venous blood and act as APCs to cross-prime T cells[74]. In 
addition, the synergistic induction of tumor-derived VEGF-A and prostaglandin E2 (PGE2) can reduce 
antitumor immune response through excessive turnover of CD8+ T cells[45]. 

Kupffer cells are hepatocyte macrophages that form the first line of defense against pathogens and promote 
local tolerance[75]. When stimulated by inflammatory cytokines, Kupffer cells are also stimulated (TNF-α, 
IL-1, PDGF) to produce excess osteopontin, which plays an important part in different cellular signaling 
pathways, promoting inflammation, tumor invasion and metastasis[76]. Kupffer cells produce large amounts 
of IL-6 in response to hepatocyte death, which contributes to compensatory proliferation of hepatocytes[77]. 
In addition, IL-10 inhibits the expression of Kupffer cell-derived inflammatory TNF-α, and works in concert 
with NO to reduce liver inflammation[78].

CURRENT STAGES OF IMMUNOTHERAPY
In view of the important role of the immune microenvironment in liver tumors, immunotherapy for liver 
cancer has become the focus in current research. According to the present study, immunotherapeutic 
approaches are divided into vaccines, cytokines, adoptive cell therapies, immune checkpoint inhibitors, and 
oncolytic viruses [Table 1].

Vaccines in HCC management
The essence of cancer vaccination is the body’s own immune system activated by an antigenic substance 
and then attacks the tumor. With the progress of immunology and technology, tumor vaccine therapy has 
become the frontier in tumor treatment research. Recently, some studies showed that HCC vaccines mainly 
include vaccines based on antigen peptides, DCs, cancer cells and DNA. 

Antigen peptide vaccines
Antigen peptide vaccines are accurate targets for HCC and are based on TAAs. Recently, the most frequently 
reported peptide vaccines have been AFP peptide vaccines[79,80]. AFP is a glycoprotein belonging to the 
albumin family, and is normally expressed in abundance in fetal blood while aberrantly expressed on the 
surface of HCC cells. However, due to the immune tolerance of the liver, the immune response to AFP 
is limited[81]. It is difficult for AFP to produce an effective immune response when it is synthesized in the 

Table 1. Major immunotherapeutic approaches for HCC

HCC: hepatocellular carcinoma; CIK: cytokine induced killer; NK: natural killer; CAR-T: chimeric antigen receptor T cell; CTLA-4: cytotoxic 
T lymphocyte-associated antigen-4; CVV: cowpox virus; RFA: radiofrequency ablation; TILs; tumor-infiltrating lymphocytes; DCs: 
dendritic cells; TACE: transcatheter arterial chemoembolization

Approach Subject Agent
Vaccines Antigen peptide AFP, GPC3, SSX-2, Htert

Dendritic cells Tumor antigens on DCs and tumor lysate on DCs

HCC cells HCC cells or lysates

Oncolytic virus CVV, JX-594, GLV-1h68 and G47delta

Checkpoint inhibitors CTLA-4 Tremelimumab, tremelimumab with TACE or RFA

PD-1 Nivolumab, pembrolizumab and pidilizumab

PD-L1 Atezolizumab

Adoptive cells CAR-T GPC3, GPC3 and ASGR1

TILs

NK cells NK with K562-mb15-41BBL, sorafenib and NKG2D

CIK CD3+/CD56+ T cells, CIK combination with TACE + RFA
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liver. Some clinical trials based on AFP have been initiated[82]. Zhang et al.[82] showed that cellular immune 
responses may be responsible for the antitumor activity against AFP-positive tumor cells in the mouse HCC 
model. Unfortunately, the AFP peptide vaccine also has certain limitations, where it only targets the AFP-
specific immune response.

Carcinoembryonic antigen glypican-3 (GPC3) is another important antigen that targets liver cancer[83]. In 
2012, a phase I clinical trial was been initiated. Thirty-three advanced HCC patients were injected with 
GPC3 peptide, and nineteen HCC patients showed stable disease after 2 months treatment. The study results 
showed that the GPC3-derived peptide vaccination not only has good immune tolerance, but also has a clear 
immune response and antitumor efficacy[84].

Studies indicate that human telomerase reverse transcriptase (hTERT) is a catalytic enzyme necessary for 
telomere extension[85,86]. Mizukoshi et al.[87] showed that hTERT is an important target for T cell-based 
immunotherapy in HCC. Another study found that 71.4% of liver cancer patients acquired TERT-specific 
immunity and 57.1% of patients had no HCC recurrence after vaccination with hTERT461 peptide-specific T 
cells[88]. SSX-2, a cancer-testis antigen, has been shown to be overexpressed in HCC patients. Recent evidence 
suggestw that a large number of SSX-2- and MAGE-A-specific CD8+ T cells can be found in HCC[89].

DCs 
DCs are the immune cells with the strongest antigen-presenting ability in the human immune system. 
Some cytokines such as recombinant human interleukin 4 (rhIL-4) and recombinant human granulocyte 
macrophage colony stimulating factor (rhGM-CSF) can activate the function of DCs, and DCs can be 
sensitized via the lysis of liver cancer cells. Some research has shown that immature DCs do not cause 
serious immune response but suppress CD8+ T cell immunity[90]. CD8+ T cells and polarized CD4+ T cells are 
induced by mature DCs. Therefore, mature DCs should be selected as the tumor vaccine and their maturity 
should be evaluated[91]. In the body’s immune system, the CD4+ T/CD8+ T ratio is used to evaluate the 
antitumor immunity. Encouragingly, the proportion of CD4+ T/CD8+ T has been shown to be significantly 
increased after DC-based immunotherapy. In addition, the latest study demonstrated that the survival 
rate and survival time of HCC patients were increased after DC-based immunotherapy when analyzing 
1276 cases in 19 clinical trials[92]. In addition, DC-derived exosomes are a novel class of vaccines for cancer 
immunotherapy. AFP-rich derived exosomes can elicit a strong antigen-specific antitumor immune response, 
providing a cell-free vaccine option for HCC immunotherapy[93].

However, there are many challenges in immunotherapy with DC vaccines. To resolve the problems better, some 
researchers combine DC-based vaccines with checkpoint inhibitors to improve efficacy. Wilgenhof et al.[94] 
combined DC vaccines with an immune checkpoint cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) 
inhibitor for advanced melanoma in phase II clinical studies. The experimental results showed that the 
combination of tumor vaccine and immune checkpoint inhibitor has significant advantages over single drug 
treatment. Furthermore, a phase I/IIa clinical study achieved encouraging results showing that the adjuvant 
DC vaccine for HCC was safe and well tolerated[95]. 

HCC cell vaccines 
HCC cells or lysates that are physically or chemically disposed to eliminate pathogenicity could be used as 
immunogens for tumor-specific immune responses. Nemunaitis et al.[96] conducted a phase I trial of cellular 
immunotherapy using autologous whole-cell tumors (FANGTM). They observed that FANG manufacturing 
was successful in 7 of 8 attempts in this study. However, HCC vaccines are still in the early stage of clinical 
research and more studies are needed to prove their efficacy.

Oncolytic virus vaccines 
The basic principle of antitumor oncolytic viruses is to expand them inside cancer cells and lyse them, 
eventually killing the cancer cells, and can selectively replicate and lyse in tumor cells without damaging 
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normal tissue. Pexa-vec (Jx-594) is an oncolytic vaccinia virus that selectively replicates in tumor cells that 
overexpress thymidine kinase, thereby ensuring that the virus specifically infects HCC cells, avoiding damage 
to normal cells. Moreover, the combined application of JX-594 and nivolumab in the treatment of liver cancer 
is also being evaluated (NCT03071094). Unfortunately, the phase III trial of Pexa-Vec/Nexavar combined 
therapy for liver cancer failed to show efficacy (NCT02562755)[97]. Moreover, the combined application of 
JX-594 and nivolumab in the treatment of liver cancer is also being evaluated (NCT03071094)[98]. 

The efficacy of cowpox virus (CVV) with an evolutionary tendency for cancer was studied in an animal 
model of metastatic HCC. The results showed that CVV may be a promising virus against metastatic HCC[99]. 
In addition, GLV-1h68 and G47delta have also been used for the treatment of HCC[100,101]. 

Twumasi-Boateng et al.[102] commented, “As key control points in the antitumor response continue to be 
deciphered, OVs will provide an increasingly important platform for bioengineers to re-wire antitumor 
immunity”.

Immune checkpoint inhibitors in HCC management
Previous studies confirmed that immune checkpoints are frequently activated in tumor tissues compared 
with normal tissues and contribute to evasion of immune surveillance by tumor cells to[103]. Tumor-associated 
T cells are reactivated by immune checkpoint inhibitors, and their antitumor function is increased. At 
present, the immune checkpoints PD-1, CTLA-4, TIM-3, VISTA and LAG-3 are most studied[104-109]. Among 
them, inhibitors of PD-1 and CTLA-4 have been approved for treating melanomas by the FDA. In addition, 
in the treatment of HCC, great progress has been made in recent years [Table 2].

CTLA-4 inhibitors 
CTLA-4 is a transmembrane receptor for T cells, and its expression is closely related to T cell activation. 
CTLA-4 has a higher affinity with CD80 and CD86 compared with CD28. CTLA-4 can suppress the 
activation of T cell by competitive antagonism of CD28 binding to CD80 and CD86[110-112]. Blocking the 
binding of CTLA-4 to its ligands can stimulate the activation and proliferation of immune cells to induce or 
enhance the immune response. 

Tremelimumab is a monoclonal antibody that targets CTLA4. In 2013, a clinical trial of tremelimumab 
enrolled 21 patients with chronic hepatitis C with Child-Pugh A or B cirrhosis and advanced HCC[105]. In 

Table 2. Representative clinical trials of immune checkpoints inhibitor in hepatocellular carcinoma

Antibody features Antibody name Enrollment NCT number Status
CTLA-4 Tremelimumab 433 NCT02519348 Ongoing

20 NCT01008358 Completed

PD1 Nivolumab 530 NCT03383458 Recruiting

1097 NCT01658878 Completed

1723 NCT02576509 Ongoing

Pembrolizumab 450 NCT03062358 Ongoing

150 NCT02702414 Ongoing

60 NCT03163992 Recruiting

30 NCT03419481 Recruiting

60 NCT02595866 Recruiting

Tislelizumab 228 NCT03419897 Ongoing

674 NCT03412773 Ongoing

PD-L1 Durvalumab 1310 NCT03298451 Ongoing

433 NCT02519348 Ongoing

Atezolizumab 1732 NCT03170960 Recruiting

740 NCT03755791 Recruiting

480 NCT03434379 Recruiting

CTLA-4: cytotoxic T lymphocyte-associated antigen-4; PD-L1: programmed cell death-ligand 1; PD1: programmed cell death-1
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this study, the HCC patients were administered tremelimumab intravenously at 15 mg/kg every 90 days 
until tumor development or severe toxicity. The results showed a partial response rate of 17.6% and disease 
control rate of 76.4%, and 45% of the patients had stable disease for more than 6 months after treatment with 
tremelimumab[105]. In a phase I/II trial, tremelimumab combined with TACE or RFA were used to treated 
HCC. Thirty-two patients with HCC were enrolled, patients received different doses of tremelimumab (3.5 
and 10 mg/kg i.v.) every 4 weeks for 6 doses and infusion for the 3 months until non-treatment criteria were 
reached. Subtotal RFA or chemical ablation was performed after tremelimumab. The results showed that 
tremelimumab combined with RFA can result in the accumulation of intratumoral CD8+ T cells, and dose-
limiting toxicities were not observed[113].

PD-1 and PD-L1 inhibitors
Some investigators have found that DCs, NK cells, B cells and mononuclear cells often show increased 
expression of PD-1[114]. PD-1, a member of the CD28 superfamily plays a key role in delivering co-inhibitory 
signals to TCR receptors[115]. Receptor binding to PD-L1 and PD-L2 were blocked by PD-1 inhibitors, 
resulting in T cells exerting normal efficacy against tumors[116]. In cancer cells, PD-L1/PD-1 signals are 
activated by PD-L1 or PD-L2, allowing them to evade immune surveillance[117]. 

Nivolumab, a monoclonal antibody targeting PD-1, has been investigated for HCC treatment. Recently, a 
phase 1/2 study in patients with HCC was used to assess the safety and efficacy of nivolumab in treating 
HCC. A total of 212 patients received nivolumab, 3 mg/kg every 2 weeks. The statistical results showed that 
the objective response rate was 16%, while disease control rate was 68%, and the 6-month survival rate was 
82.5%[118]. In advanced HCC patients, the safety and effectiveness of nivolumab were also assessed. In the 49 
advanced HCC patients involved in a clinical trial, an objective response rate of 10% and disease control rate 
of 55% were seen after treatment with nivolumab for 7 months[119]. Therefore, nivolumab shows good safety 
for patients with advanced HCC and has the potential to treat patients with advanced HCC. In view of those 
results, nivolumab was approved for the treatment of HCC patients with poor treatment after sorafenib.

Pembrolizumab is an IgG4 monoclonal antibody that targets the PD-1 receptor. In a phase II trial 
(KEYNOTE-224), 104 advanced HCC patients were enrolled, who were given 200 mg pembrolizumab 
injected every 3 weeks for about 2 years or until inappropriate. The results showed that there was objective 
response in 18 patients and stable disease rate of 44%, in the 104 patients studied. Statistical analyses 
indicated that pembrolizumab was also effective in advanced HCC patients treated with sorafenib[120]. A 
randomized phase III trial was conducted in 413 patients with advanced HCC[121]. In this study, improvement 
of overall survival, progression-free survival (PFS), overall response rate, and duration of response were 
observed in patients with pembrolizumab compared with the KEYNOTE224 study. The results showed that a 
good risk-benefit ratio for pembrolizumab in advanced HCC was also supported. 

In 2008, 26 HCC patients who could not be resected or who showed metastasis were studied to determine 
the safety of atezolizumab, which targets PD-L1[122]. Atezolizumab (1200 mg) and bevacizumab (15 mg/kg) 
were injected via i.v. every 3 weeks. The results demonstrated a response rate of 62% and that this 
atezolizumab + bevacizumab combination was safe and well tolerated. The basic finding of this research was 
that the effects of atezolizumab were enhanced by anti-VEGF therapy. In addition, MEF2D can increase the 
expression of PD-L1 and inhibit antitumor immunity mediated by CD8+ T cells[123].

Although immune checkpoint inhibitors have shown good efficacy in the treatment of HCC, they have 
limited efficacy in advanced HCC patients. The combined use of immune checkpoint inhibitors is expected to 
produce a synergistic effect and achieve better results. Selective clinical trials of combination immunotherapy 
agents in HCC are described in Table 3. In HCC patients with chronic HCV infection, the amount of CD8+ 

T cells increased, but cell activity remained unchanged after blocking PD-L1/PD-1 or CTLA4. However, 
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combined use of CTLA4 and PD-L1 inhibitors can reverse the instability of CD8+ T cells and enhance 
intrahepatic HCV-specific CD8 and CD4 T cell cytokine response. Moreover, in the acute hepatitis C 
phase, the combination of PD-1/CTLA-4 inhibitors can reverse HCV-specific CD8+ T cell dysfunction[124]. 
Interestingly, after the clearance of HCV, CD8+ T cell proliferative ability can be restored preferentially 
under the action of immune checkpoint inhibitors[125]. In addition, Stein et al.[126] combined the PD-L1 
monoclonal antibody atezolizumab and bevacizumab to treat patients with advanced HCC (NCT02715531). 
Moreover, the efficacy of immune checkpoint inhibitors (ipilimumab and nivolumab) combined with liver 
resection is being evaluated (NCT03682276, NCT03510871)[98]. As new adjuvant therapies, the curative 
effect of checkpoint inhibitors is also being evaluated in HCC patients undergoing surgical resection (e.g., 
NCT03859128 and NCT03847428)[98].

Although many studies have reported that immune checkpoint inhibitors are showing encouraging results 
in the treatment of HCC, there are still potentially serious adverse reactions. PD-1 inhibitors block the 
interaction between PD-1 and PD-L1 and also inhibit T cells and APCs. PD-1/PD-L1 monoclonal antibodies 

Table 3. Selective clinical trials of combination immunotherapy agents in HCC

Antibody features Antibody name Enrollment NCT number Status
CTLA-4 and PD1 Nivolumab, ipilimumab 45 NCT03222076 Recruiting

50 NCT03203304 Recruiting

CTLA-4 + chemoembolization Tremelimumab, TACE 61 NCT01853618 Completed

CTLA-4 + PD-L1 Durvalumab, remelimumab 433 NCT02519348 Ongoing

CTLA-4 + PD-1 + anti-OX40 CTLA-4, PD-1, INCAGN01949 52 NCT03241173 Completed

CTLA-4 + PD1 + ablative Durvalumab, tremelimumab, ablative 90 NCT02821754 Recruiting

PD-1 + TIL  TIL, PD-1 332 NCT01174121 Recruiting 

PD-1 + neoadjuvant Nivolumab, cabozantinib 15 NCT03299946 Ongoing

Pembrolizumab, sorafenib 27 NCT03211416 Recruiting

PD-1 + oncolytic Nivolumab, Pexa Vec 30 NCT03071094 Ongoing

PD-1 + radiation Nivolumab, SIRT 40 NCT03380130 Ongoing

PD-1 + TGF-β receptor I kinase inhibitor Nivolumab, galunisertib 75 NCT02423343 Ongoing

PD-1 + TKI  Nivolumab, lenvatinib 30 NCT03418922 Ongoing

Pembrolizumab, lenvatinib 104 NCT03006926 Ongoing

Nivolumab, cabozantinib 15 NCT03299946 Ongoing

Pembrolizumab, regorafenib 57 NCT03347292 Recruiting

PD-1 + radioembolization Nivolumab, yttrium-90 35 NCT02837029 Recruiting

Yttrium-90, nivolumab 40 NCT03380130 Ongoing

40 NCT03033446 Recruiting

Pembrolizumab, SBRT 30 NCT03316872 Recruiting

Pembrolizumab, yttrium-90 30 NCT03099564 Recruiting

PD-1 + chemotherapy Nivolumab, sorafenib 40 NCT03439891 Recruiting

PD-1 + immunomodulator Nivolumab, CC-122 (avadomide) 21 NCT02859324 Ongoing

PD-1 + transarterial chemoembolization Nivolumab, Ddeb-TACE 14 NCT03143270 Recruiting

PD-1 + anti-CCR4 antibody Nivolumab, mogamulizumab 114 NCT02705105 Completed

PD-1 + anti-VEGF Nivolumab, bevacizumab 1 NCT03382886 Terminated

PD-1 + curative resection Toripalimab, surgery 402 NCT03859128 Recruiting

PD-1 + curative resection or ablation Pembrolizumab 950 NCT03867084 Recruiting

PD-L1 + small molecule DNA Durvalumab, guadecitabine (SGI-110) 90 NCT03257761 Recruiting

PD-L1 + anti-VEGFR2 Durvalumab, ramucirumab (LY3009806) 114 NCT02572687 Ongoing

PD-L1 + anti-VEGF Atezolizumab, bevacizumab 430 NCT02715531 Ongoing

PD-L1 + TKI Avelumab, regorafenib 362 NCT03475953 Recruiting

Avelumab, axitinib 22 NCT03289533 Completed

HCC: hepatocellular carcinoma; SIRT: selective internal radiation therapy; VEGF: vascular endothelial growth factor; VEGFR: VEGF 
receptors; SBRT: stereotactic body radiation therapy; CTLA-4: cytotoxic T lymphocyte-associated antigen-4; TIL: tumor infiltrating 
lymphocytes; OX40: tumor necrosis factor receptor superfamily member 4; TGF: transforming growth factor; TKI: tyrosine kinase 
inhibitor; PD-L1: programmed cell death-ligand 1; PD-1: pro-grammed cell death-1; CCR4: CC-chemokine receptor 4; TACE: transcatheter 
arterial chemoembolization
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cannot promote T cells to attack tumor cells[127,128]. Existing studies suggest that it is only effective for some 
patients, and a part of patients will get worse after this kind of treatment, so the treatment strategy for 
advanced HCC also needs to be optimized.

Adoptive cell immunotherapy
Adoptive cell immunotherapy is a special therapy including active specific immunotherapy and passive 
immunotherapy. In this type of therapy, cancer cells are killed by using patients’ own lymphocytes. Chimeric 
antigen receptor T cell immunotherapy (CAR-T), NK cells, tumor-infiltrating lymphocytes (TILs) and 
cytokine induced killer (CIK) cells constitute adoptive cell immunotherapy in HCC.

CAR-T
CAR-T cells are a special type of transgenic T lymphocytes that specifically recognize TAAs and improve 
the targeting of effector T cells and break host immune tolerance[129]. A previous study confirmed that 
an intracellular signaling domain, extracellular antigen-binding domain, and an extracellular hinge area 
constitute the basic structure of CARs[130]. The intracellular signaling domain and extracellular antigen-
binding domain are connected by the extracellular hinge area. It is the hinge area that confers high activity 
on the extracellular antigen-binding domain. Although CAR-T cell immunity has become a research hotspot 
in the application of solid tumors, more studies on HCC are still in the basic research stage, and the key 
point of technology lies in the selection of tumor-specific antigens. GPC3 is located on the cell surface and 
is a member of the glypican family of heparan sulfate. A previous study reported that GPC3 is a TAA and 
overexpressed in HCC compared with normal tissues. Gao et al.[131] found that GPC3-positive HCC cells 
could be lysed by GPC3-targeted CAR-T cells and that the number of lysed tumor cells correlated with the 
expression of GPC3. Liu et al.[132] recently stated, “The inducibly expressed IL-12-armored GPC3-CAR-T cells 
could broaden the application of CAR-T-based immunotherapy to patients intolerant of lymphodepletion 
chemotherapy and might provide an alternative therapeutic strategy for patients with GPC3+ cancers”.

Asialoglycoprotein receptor 1 (ASGR1) mediates the transport of targeted therapeutic molecules to the liver, 
specifically expressed on liver parenchymal cells. GPC3 and ASGR1 make a suitable target combination 
for dual-targeted CAR-T cells. Chen et al.[133] surveyed data and found that the risk of on-target, off-tumor 
toxicity may be reduced when using T cells with two complementary CARs against GPC3 and ASGR1. 
Recently, 13 GPC3+ HCC patients were enrolled a phase I trial, where all patients who received GPC3 CAR-T 
treatment had no dose-limiting toxicity and tolerated the treatment well. The study results showed that GPC3 
CAR-T treatment was feasible and safe for Chinese patients with GPC3+ HCC (NCT02395250)[134]. With 
the application of CAR-T cells in the clinic, the safety of CAR-T cells has begun to attract people’s attention. 
MacKay et al.[135] noted, “Immune-cell failure is a major challenge for CAR therapies, and its mechanism 
remains to be investigated”. In addition, immune rejection and off-target effects of CAR-T cells also need to 
be resolved[136].

CIK cells
CIK cells are a new type of non-MHC-restricted immunocompetent cells mainly including CD3+/CD56– 
cells, CD3–/CD56+ NK cells, CD3+/CD56+ T cells, etc., among which CD3+/CD56+ T cells are the main 
effector cells[137,138]. Preclinical trials have shown that CIK cells have high activity against HCC cells in vitro. 
In addition, Pan et al.[139] investigated the effect of CIK as adjuvant therapy on overall survival and relapse-
free survival of HCC patients who received surgical treatment. Survival analysis showed that compared 
with hepatectomy alone, median overall survival and PFS were clearly prolonged in the hepatectomy/
CIK combination group (41, 16 months vs. 28, 12 months, respectively). The safety and efficacy of CIK cell 
immunotherapy were investigated in a phase III clinical trial in which 230 HCC patients treated with RFA, 
surgical resection or percutaneous ethanol injection were randomly injected with 6.4 × 109 autologous CIK 
cells (16 times during 60 weeks) or had no immunotherapy. The median time of recurrence-free survival in 
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the immunotherapy group was clearly longer than control group (44 months vs. 30 months). Cancer-related 
death was also lower in the CIK group than in the no immunotherapy group (P = 0.02); 17% of patients 
experienced adverse reactions related to CIK cytokines, but there was no difference in severe adverse 
events[140].

In addition, the efficacy and safety of the combination of CIK cells with liver-directed therapies in HCC were 
also evaluated. In a study that evaluated CIK cells combined with TACE + RFA in HCC patients. overall 
efficacy in the TACE + RFA + CIK group was better than in the TACE + RFA group (76.5% vs. 79.8%). 
Kaplan-Meier analysis indicated that the overall survival rate of the TACE + RFA + CIK treatment group was 
significantly prolonged (56 months vs. 31 months, P = 0.001)[141]. In another study, HCC patients with Child-
Pugh scores of A or B and without prior treatment were enrolled. One group (n = 66) received CIK treatment 
and standard treatment, while another group (n = 66) received standard treatment only. The results showed 
that overall survival and PFS were significantly prolonged after treatment with CIK cells in patients who 
were not suitable for surgery[142]. Furthermore, one study found that targeting MDSCs is a good strategy to 
enhance the antitumor efficacy of CIKs for the treatment of patients with HCC[143].

Although more and more studies have shown that CIK cells makes up a significant part of HCC treatment, 
only a portion of T cells can provide a full antitumor function because of immune escape mechanisms and 
lack of specific tumor antigens.

TILs 
TILs are isolated from tumor tissue and induced by IL-2 in vitro. TILs are relatively rare in HCC, but they 
play an important role in tumor recurrence in patients. A phase I clinical trial indicated that immunotherapy 
with autologous TILs could be successfully performed with low toxicity[144]. In another randomized clinical 
trial, 76 HCC patients were enrolled and the ratio of postoperative recurrence was significantly lower in the 
group using IL-2 to activate lymphocytes compared to the control group[145]. Furthermore, the functions of 
tumor-infiltrating T cells were restored via the antibodies targeting immune checkpoints[146]. Until now, the 
widespread use of TIL immunotherapy has been limited, mainly because of difficulties in purification and 
amplification.

NK cells
NK cells belong to innate immune cells, and the main feature is that they can directly destroy tumor cells 
without prior stimulation. Preclinical experiments showed that CXCR6 can inhibit hepatocarcinogenesis 
by promoting natural killer T cell- and CD4+ T cell-dependent control of senescence[147]. Another study 
also confirmed that expanded activated NK cells are highly cytotoxic to HCC cells. The function of NK 
cells against HCC were enhanced by the expression of NKG2D-CD3ζ-DAP10[148]. Tan et al.[149] reported 
that LrNK cells were observed to be present in liver cancer, often showing abnormal function. Moreover, 
this dysfunction is caused by Tim-3-mediated PI3K/mTORC1 interference. However, there is still a lack of 
clinical trials of NK cells in the treatment of HCC, so more clinical studies are urgently needed.

SUMMARY AND FUTURE EXPECTATIONS OF IMMUNOTHERAPY IN HCC
With the development of molecular biotechnology and tumor immunology, immunotherapy has been an 
important part in the mode of combined therapy of tumors. Along with the gradually deepened study of 
molecular biology and molecular immunology, T cells have an important influence on tumor immunity in 
the hepatic microenvironment. Recently, there have been a large number of studies on HCC immunotherapy, 
and some of them have achieved important positive results. At present, many preclinical studies demonstrate 
that vaccine therapy, adoptive cell therapy and immune checkpoint inhibitors make up a significant part 
in inhibiting the growth and development of HCC. Moreover, more clinical trials of immunotherapy for 
liver cancer are being conducted. In early clinical trials, tremelimumab, nivolumab, pembrolizumab and 
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atezolizumab are targeting PD-1/PD-L1 or CTLA-4, and there have been encouraging results for a variety of 
tumors. However, phase III clinical research is still lacking, and more clinical research is urgently needed.

In addition, the results of the present study indicate that the effect of single immunotherapy on liver 
cancer remains limited. The indication of immunotherapy in HCC may depend on combination therapies. 
Combination of liver-targeted therapy and immunotherapy can enhance tumor and systemic immune 
response. In conclusion, the advent of immunotherapy revolutionized cancer therapy and brought treatment 
for HCC to a brand-new period.
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Abstract
Most patients diagnosed with hepatocellular carcinoma (HCC) present with advanced or metastatic disease. 
The lack of therapeutic options in the treatment of advanced HCC accounts for its high mortality and recurrence 
rate. HCC is known as an immunogenic tumor, which develops in chronically inflamed livers. Anti-PD-1/PD-L1 
antibodies (immune checkpoint inhibitors, ICB) were approved by the FDA to treat advanced HCC in patients 
previously treated with sorafenib as a second line. This has opened up a new era of anticancer treatment, although 
the response rate of HCC to anti-PD-1/PD-L1 antibodies is only around 20%. Other than ICB treatment, adoptive 
cell transfer, dendritic cell-based vaccines and oncolytic therapy are currently under clinical trials. In this review, 
different immunotherapy approaches for HCC is presented. Current knowledge on the mechanisms of action 
for each approach is discussed and relevant, ongoing clinical trials are presented. We also discuss the future of 
immunotherapy and combination treatment for HCC patients.

Keywords: Hepatocellular carcinoma, immunotherapy, anti-PD-1/PD-L1 antibodies

INTRODUCTION 
Hepatocellular carcinoma (HCC) is the most common primary liver cancer, and the second most common 
cause of cancer-related death worldwide. The incidence of HCC is higher in China and may account for 
50% of new cases globally each year[1]. Most HCCs in China and South-East Asia are caused by the hepatitis 
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B virus while in the West, nonalcoholic-associated steatosis seems to be one of the main causes[2]. In the 
early stages of HCC, hepatic resection or liver transplantation is first-line treatment with a high probability 
of a recurrence-free postoperative course. Sorafenib, a broad tyrosine kinase inhibitor, is standard treatment 
for advanced or metastatic HCC[3]. HCC is also known as an immunogenic tumor, which develops in 
chronically inflamed livers from both viral and non-viral causes. This inflammation promotes tumor 
development and is related with increased tumor immunogenicity[4]. As such, immunotherapy might be a 
more appropriate treatment strategy for HCC. 

The liver, however, plays a pivotal role in host defense and the maintenance of immune competence. It is 
known to have an intrinsic,immunosuppressive microenvironment, which may serve as a major barrier 
to cancer immunotherapy[4]. Moreover, the low expression levels of tumor-associated antigens result in 
weaker T cell activation and in turn, tumor infiltration, which results in less efficient tumor control and 
consequently, a poorer clinical outcome. Thus, therapeutic strategies need to be developed against the HCC 
tumor suppressive microenvironment, which is involved in lowering the efficacy of immunotherapy[5].

Although treatment strategies for patients with intermediate and advanced HCC are quite limited, an 
attractive option is immunomodulation therapy[6]. Current HCC immunotherapy approaches include 
immune checkpoint inhibitor antibodies (ICB), adoptive cell transfer (ACT), dendritic cell-based vaccines 
and oncolytic therapy but only ICB (anti-PD-1/PD-L1 antibodies) have been approved by the FDA as 
second-line treatment for HCC patients[7]. The major impediment to the development and success of 
immunotherapy in HCC patients is the intrinsic immunosuppressive microenvironment[6]. In this review 
article, we summarize recent advances in, and the future of immunotherapy for HCC and discuss their 
combination for the treatment of HCC patients.

TUMOR MICROENVIRONMENT 
The tumor microenvironment (TME) is widely studied for the identification of novel therapeutic targets. 
The HCC TME consists of cancer and stromal cells, including hepatic stellate cells, cancer-associated 
fibroblasts, immune cells and endothelial cells, which interact with and affect the growth of the tumor[8]. 
The immune landscape of HCC is heterogeneous. By using 10×-single cell RNA-sequencing, Zhang and 
colleagues found that intratumor LAMP3+ mature dendritic cells (DCs) had the capacity to migrate from 
tumors to lymph nodes[9]. LAMP3+ DCs also expressed diverse immune-relevant ligands and possessed the 
ability to regulate several types of lymphocytes. Macrophages in tumors displayed distinct transcriptional 
states and tumor-associated macrophages (TAMs) were correlated with a poor prognosis. Myeloid cells 
in ascites were predominantly of tumor origin while lymphoid cells originated from blood[9]. Through 
time-of-flight mass cytometry, Chew et al.[10] found that the HCC TME was enriched in regulatory T cells, 
tissue resident memory CD8+ T cells, resident natural killer cells, and TAMs. Tissue resident memory 
PD-1+CD8+ T cells were the major T cell subset responsive to PD-1 blockade. Zhang et al.[11] found that 
B cell infiltration of tumors was significantly impaired during tumor progression but tumors with a high 
density of B cell infiltration correlated with better clinical outcomes. It was also found that there was a 
high number of TIM-1+ Breg cell infiltrating the tumors of HCC patients[12,13]. These infiltrating Breg cells 
expressed IL-10 and had high suppressive activity against CD8+ and CD4+ T cells. B cells, except Breg 
cells, may contribute to tumor regression. Thus, using a selective reagent to inhibit suppressive B cells may 
be a viable strategy. By improving understanding of the immunologic components of the TME and its 
corresponding interactions at the biological and molecular levels, more effective immunotherapies for HCC 
can be designed. 

ADVANCEMENT OF ICB
The mechanism of action of ICB is to stimulate or normalize the immune system of cancer patients by 
targeting negative regulators of T cell signaling pathways. FDA approved PD-1/PD-L1 inhibitor antibodies 

Page 2 of 12                                                      Ni et al. Hepatoma Res  2020;6:25  I  http://dx.doi.org/10.20517/2394-5079.2020.14



can be used to treat advanced HCC in patients previously on sorafenib as second line treatment[7]. HCC 
however, shows relatively low responsiveness to PD-1/PD-L1 inhibitor antibodies with an objective 
response rate of only around 20%[14]. 

Factors regulating and predictive of the response to anti-PD-1/PD-L1 immunotherapy in HCC are still 
largely unknown. To test whether PD-L1 expression on tumor cells can serve as a biomarker for PD-1 
blockade therapy, Ou et al.[15] used a mouse liver cancer cell line BNL-MEA transfected with a PD-L1 
plasmid to establish an orthotopic HCC model. Wild-type (WT) and PD-L1-expressing tumor-bearing 
mice were then treated with PD-1 inhibitor antibodies. PD-L1-expressing tumors showed better response 
to anti-PD-1 therapy than WT tumors. In addition, depletion of CD8+ T cells abolished the anti-tumor 
responses. Thus, PD-L1 expression in HCC cells may contribute to tumor immune evasion by suppressing 
T cell function. In turn, PD-L1 expression on tumor cells can be a biomarker for PD-1 ICB in this rodent 
model of HCC. However, the use of PD-L1 expression on human HCC cells as a biomarker needs to 
be investigated further. In a study of HCC patients treated with anti-PD-1 antibodies, the responders’ 
(responding to PD-1 ICB) fecal samples exhibited higher taxa richness and more gene counts compared 
to those from non-responders. During PD-1 inhibitor immunotherapy, dynamic analysis showed that 
the dissimilarity of beta diversity displayed was obvious between patients from as early as Week 6. 
Proteobacteria increased from week 3 and became predominant at week 12 in non-responders. The 
dynamic variation in characteristics of the gut microbiome may predict immunotherapy outcomes in HCC, 
which is important for disease-monitoring and treatment decision-making[16]. 

Due to the low response rate to anti-PD-1 monotherapy, combining immunotherapy has become a new 
direction for future exploration in HCC treatment. Combination therapy of PD-1 ICB with targeted 
therapy, CTLA-4 ICB, oncolytic immunotherapy, epigenetic modulation and radiotherapy are all worthy of 
attention.

Recently, anti-PD-L1 therapy in combination with anti-VEGF antibodies demonstrated success based 
on the Phase III IMbrave150 trial in 501 patients with unresectable HCC who had not received previous 
systemic therapy. Participants were split 2:1 to receive the combination of anti-PD-L1 and anti-VEGF 
antibody versus sorafenib. Both anti-PD-L1 and anti-VEGF were administered intravenously whereas 
sorafenib is an oral medication. Patients in both arms received treatment until unacceptable toxicity 
developed or when there was no longer any clinical benefit. The trial met its co-primary endpoints, 
showing statistically significant and clinically meaningful improvements in overall survival (OS) and 
progression-free survival compared to the standard-of-care, sorafenib. Safety were consistent with those 
known for both anti-PD-L1 and anti-VEGF antibodies (ClinicalTrials.gov Identifier: NCT03434379). These 
findings indicate that the PD-L1/VEGF inhibitor combination can improve the efficacy of ICB.

The combined immunotherapy of anti-PD-1 with anti-CTLA-4 is now in a phase II trial on treating 
patients with resectable HCC (ClinicalTrials.gov Identifier: NCT03222076). Recently a case that achieved 
complete response with such combined therapy was reported. There was correlation of clinical response 
with increased CD8+ T cell infiltration, as well as increased effector T cell clusters. The study is ongoing and 
final results may contribute to a paradigm shift in the perioperative treatment of HCC[17].

Enhancer of Zeste Homolog 2 (EZH2) and DNA Methyltransferase 1 (DNMT1) are two components 
of epigenetic modulation. In a mouse HCC model, combining anti-PD-L1 therapy with either DZNep 
(EZH2 inhibitor) or 5-Azacytidine (DNMT1 inhibitor) resulted in significantly increased tumor regression 
compared to epigenetic therapy or immunotherapy alone, which suggests that epigenetic modulation 
might be a potential, novel strategy to enhance immunotherapy for HCC[18]. Mechanistically, epigenetic 
modulators can activate transcriptionally repressed chemokine genes and stimulate T cell trafficking into 
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the TME. In addition, these modulators can also induce previously silent neoantigens and elicit neoantigen-
specific T cell responses to control tumors[18].

Combination therapy with yttrium-90 radioembolization and PD-1 ICB for HCC treatment was also 
studied[19]. 26 consecutive HCC patients who received PD-1 ICB and radioembolization from April 
2015 to May 2018 were included in a single-center, retrospective study. The results indicate that PD-1 
ICB combined with yttrium-90 radioembolization in cases of HCC appears to be well-tolerated. Future 
prospective studies are needed to optimize treatment protocols and evaluate the efficacy of combination 
therapy[19].

ADVANCEMENT OF DENDRITIC CELL-BASED HCC VACCINES
The response of HCC to ICB has been disappointing and new strategies are being explored. Tumor-
associated antigen-loaded DCs are a potential immunotherapy for cancer, since DCs are the strongest 
professional antigen-presenting cells, which can orchestrate the innate and adaptive immune systems. 
Sipuleucel-T, the first FDA-approved DC vaccine, was observed to be effective in the treatment of human 
prostate cancer to some extent[20]. In the context of HCC, DC-based immunotherapy has recently been 
reported. Although HCC in China develops from chronic hepatitis B virus (HBV) infection, most HCC 
cells containing HBV-DNA fragments do not encode entire HBV antigens, but HBV epitopes can be 
encoded. To date, several tumor-associated antigens have been identified for DC-based vaccines for the 
treatment of patients with HCC including alpha-fetoprotein, glypican-3, melanoma associated antigen-1 
and aspartate β-hydroxylase.

Alpha-fetoprotein (AFP) is a glycoprotein derived from embryonic endoderm tissue. Expression levels of 
AFP in fetal serum are high and decrease over time. While mature hepatocytes lose the ability to synthesize 
AFP, liver cancer cells can synthesize AFP after transformation. Hence, AFP has been detected in several 
malignant tumors, including that of the stomach, pancreas and liver. The majority of human HCC cells 
express high levels of AFP in Eastern populations[21]. Therefore, HCC patients with negative or weakly 
positive AFP in serum are associated with highly differentiated cancers. Glypican-3 (GPC3), another 
tumor-associated antigen, is a heparan sulfate proteoglycan, which binds to glycosylphosphatidylinositol-
anchored proteins and can be detected in the liver and kidneys of healthy fetuses. Adults express low or 
no GPC3, except in the placenta. GPC3 is also specifically expressed in several types of cancers including 
HCC, ovarian clear cell carcinoma, melanoma, squamous cell carcinoma of the lung, hepatoblastoma, 
nephroblastoma (Wilms tumor), yolk sac tumors, and some pediatric cancers. In some trials, HLA-A24- 
and A2-restricted GPC3-derived peptide vaccines elicited GPC3-specific cytotoxic T cells in most 
vaccinated patients and in turn, improved outcomes[22]. Melanoma antigen 1 family contains a lot of 
chromosome X-clustered genes, including MAGE-1, MAGE-B and MAGE-C groups. Most of them 
cannot be detected in normal adult tissues except in the testis[23]. However, various types of cancers highly 
express it, including HCC. MAGE-1 protein-derived peptides are currently being studied as targets for the 
development of cancer vaccines[24]. Aspartate β-hydroxylase (ASPH), a type II transmembrane protein, is 
a highly conserved dioxygenase enzyme, which is overexpressed in a variety of cancers, including HCC. 
Normal adult tissues rarely express ASPH, except in placental trophoblastic cells. In HCC patients, ASPH 
overexpression was significantly correlated with higher relapse and lower survival rates after surgery, and 
could also predict worse surgical outcomes in early-stage HCC patients[25]. The expression pattern of ASPH 
makes it a potential biomarker and therapeutic target in cancer.

In phase I/IIA[26] and phase II[27] trials, Lee et al.[26,27] showed that autologous DC vaccines prepared by 
loading with the three most common HCC TAAs (AFP, MAGE-1, and GPC-3) in order to cover HCC 
heterogeneity were safe and well tolerated in HCC patients. In addition, DC vaccination led to enhanced 
tumor-specific immune responses. Therefore, adjuvant immunotherapy with DC vaccines decreases the 
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risk of tumor relapse in HCC patients who have undergone standard treatment.

ASPH was also utilized to make DC-based HCC vaccines. An adenovirus vector encoding the ASPH gene 
(Ad-ASPH-IRES2-EGFP) was constructed and bone marrow-derived DCs were infected by Ad-AAH-
IRES2-EGFP to prepare ASPH-DC vaccines. After infection, DCs showed a mature phenotype with higher 
expression of CD11c, CD80, and MHC-II. Co-culture of ASPH-DCs and T cells resulted in enhanced 
killing capacity of T lymphocytes on the HepG2 HCC cell line. In addition, this ASPH-DC vaccine also 
improved the killing function of cytotoxic T lymphocytes (CTLs) compared to controls in an animal 
model. Therefore, this finding indicates that the ASPH-DC vaccine may be a potential candidate for DC-
based immunotherapy of HCC[28]. However, for the ASPH-DC vaccine, only one molecule, ASPH, can be 
targeted, which cannot account fully for HCC heterogeneity.

From these studies, Chen et al.[29] conducted a systematic review and meta-analysis to evaluate the clinical 
efficacy of DC-based vaccines in treating HCC. In total, there were 1276 cases from 19 clinical trials. 
They found that DC-based vaccines not only improved tumor control and increased the survival rate of 
HCC patients, its toxicity was also well-tolerated. These findings will provide new insight towards further 
development of DC-based vaccines as an adjuvant treatment strategy. However, the sample size, publication 
biases, varied study designs, pre-treatment and therapeutic processes of DCs have to be taken into 
consideration when evaluating DC-based immunotherapy.

ADVANCEMENT OF ACT
Cellular immunotherapy appears to be a promising modality for the treatment of malignant tumors. The 
mechanism of action in adoptive cell transfer is to treat cancer patients with their own naturally occurring 
or genetically modified anti-tumor lymphocytes to control tumors. Several meta-analyses have confirmed 
the evidence that adjuvant ACT for HCC patients after curative treatment reduces the risk of mortality and 
tumor relapse[30,31]. 

Chimeric antigen receptor T cells
Chimeric antigen receptor T cells (CAR-T cells) are T cells that have been engineered to express an artificial 
T cell receptor. The FDA has approved CAR-T cells that target CD19 to treat myeloma, a hematological 
malignancy derived from plasma cells[32]. However, the use of CAR-T cells to treat solid tumors is limited 
due to the scarcity of tumor-specific antigen targets and the poor infiltration of CAR-T cells into tumor 
tissue. In the context of HCC, CAR-T cells are still under investigation. Currently, these targets include 
GPC-3, CD133, NKG2D and CD147.

GPC3-targeted CAR-T cells could be a promising therapeutic option for HCC[33-35]. Gao et al.[33] found 
that GPC3-CAR-T cells could efficiently eliminate GPC3 positive HCC cells but not GPC3 negative cells 
in vitro, and their cytotoxic activities might be positively associated with the expression levels of GPC3 
on target cells. Moreover, third-generation GPC3-CAR-T cells could eliminate HCC xenografts with high 
GPC3 expression and potently impair HCC xenograft growth with low expression levels of GPC3 in vivo. 
Treatment with third-generation GPC3-targeted CAR-T cells also significantly prolonged the survival of 
mice bearing established orthotopic Huh-7 xenografts. In addition, in order to reduce on-target, off-tumor 
toxicity by GPC3-CAR-T cells, CAR-T cells targeting GPC3 and asialoglycoprotein receptor 1 (ASGR1) (a 
liver tissue-specific protein) were prepared. Dual-targeted CAR-T cells carry anti-GPC3-CD3 ζ for primary 
signal transduction and anti-ASGR1-28BB for co-stimulatory signal transduction. The results showed that 
dual-targeted CAR-T cells had no cytotoxic effect on ASGR+GPC3- tumor cells but killed GPC3+ASGR1- 
and GPC3+ASGR1+ HCC cells in vitro. Moreover, the dual-targeted CAR-T cells potently suppressed the 
growth of GPC3+ASGR1+ HCC tumor xenografts while no obvious growth inhibition was seen with either 
single or double antigen-negative tumor xenografts. Additionally, the dual-targeted T cells showed higher 
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anti-tumor capacity and persistence than single-targeted T cells in two GPC3+ASGR1+ HCC xenograft 
models. Taken together, dual-targeted CAR-T cells may decrease the risk of on-target, off-tumor toxicity 
while maintaining relatively potent antitumor capacities in GPC3+ASGR1+ HCC[36].

The combination of CAR-T cell therapy and knockout of endogenous inhibitory immune checkpoints 
on T cells might be a promising immunotherapeutic approach for cancer treatment. The PD-1 gene in 
GPC3-targeted CAR-T cells was knocked out via the CRISPR/Cas9 gene-editing system. In vitro, PD-1-/- 
GPC3-CAR-T cells demonstrated higher anti-tumor activity against PD-L1-expressing HCC cell PLC/
PRF/5 than WT CAR-T cells in a CAR-dependent manner. Moreover, PD-1 deficiency did not affect T 
cell subsets and activation status of CAR-T cells. Notably, co-culture of PD-1-/- GPC3-CAR-T cells with 
native PD-L1-expressing HCC did not induce CAR-T cell exhaustion. Furthermore, the knockout of PD-1 
led to enhanced anti-tumor activity of CAR-T cells against HCC in vivo, and improved persistence and 
infiltration of CAR-T cells in tumor-bearing NOD-SCID IL-2receptor gamma null (NSG) mice. These 
findings suggest the improved anti-tumor capacity of PD-1-/- CAR-T cells in HCC and the potential of 
precise gene editing on immune checkpoints to increase the efficacy of CAR-T cells[37]. In another study, 
Pan et al.[38] introduced a fusion protein composed of a PD-1 extracellular domain and CH3 from IgG4 into 
GPC3-specific CAR-T cells (GPC3-28Z). GPC3-CAR-T cells carrying the PD-1-CH3 fusion protein (sPD1) 
specifically recognized and lysed GPC3+ HCC cells, while secreting soluble PD-1 to impair PD-1/PD-
L1 signaling. The incorporation of soluble PD1 protected CAR-T cells from exhaustion when combating 
target cells. More importantly, GPC3-28Z-sPD1 T cells suppressed tumor xenograft growth significantly 
when compared with GPC3-28Z T cells in two HCC tumor xenograft models. The treatment of mice with 
GPC3-28Z-sPD1 T cells resulted in a higher number of CD3+ T cells in the circulation as well as in tumors, 
enhanced granzyme B expression and reduced Ki67 expression in tumors. These findings suggest that 
GPC3-targeted CAR-T cells carrying soluble PD-1 hold great potential for the treatment of HCC.

The combination of GPC3-CAR-T cells and targeted therapy (angiogenesis inhibitor) in the treatment of 
HCC has been investigated. In an immunocompetent mouse model, mouse GPC3-CAR (mCAR) T cells 
showed potent growth suppressive activity against small tumors, but did not show suppressive activity 
against large, established tumors. Sorafenib (angiogenesis inhibitor), at a subpharmacologic but not a 
pharmacologic dose, enhanced the anti-tumor activity of mCAR-T cells, partially by increasing IL-12 
expression by TAMs and cancer cell apoptosis. Sorafenib, at both subpharmacologic and pharmacologic 
doses, had a weak effect on the function of human CAR (huCAR) T cells in an immunodeficient mouse 
model. However, huCAR-T cells and sorafenib together showed synergistic activities against tumor cells 
in vivo. Collectively, these findings suggest the potential of combining sorafenib with GPC3-targeted 
CAR-T cells in the treatment of HCC[39].

Other than GPC3, CD133 is another promising therapeutic target for CAR-T cells, for it is expressed by 
stem cells of different cancer types. CD133-targeted CAR-T cells were prepared and its anti-tumor activity 
and toxicity were tested in a phase I clinical trial. In total, 23 patients with advanced and CD133+ tumors (14 
HCC, 7 pancreatic carcinomas, and 2 colorectal carcinomas) were enrolled and received CD133-CAR-T 
cell infusion. Of 23 patients, 3 achieved partial remission, and 14 achieved stable disease. Repeat CAR-T 
cell infusions might provide a longer period of disease stability, especially in patients who have achieved 
tumor regression after the first ACT treatment. Of note, 91.3% of patients had not developed detectable 
de novo lesions during treatment. CD133+ cells were eliminated after CD133-CAR-T cell infusion and 
toxicity is well tolerated. This trial suggests that the infusion of CA133-CAR-T cells may be of value in 
treating CD133+ advanced cancers[40].

NKG2D-NK group 2 member D (NKG2D) ligands (NKG2DL) are not expressed on the surface of normal 
cells but are overexpressed on malignant cells, thereby providing targets for CAR-T therapy. The expression 
levels of most NKG2DLs are higher in tumors than that in normal tissues. Due to this reason, NKG2D-
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based CAR-T cells were designed and prepared. NKG2D-CAR-T cells had an efficient killing effect in vitro 
on HCC cell lines SMMC-7721 and MHCC97H, which express high levels of NKG2DLs. However, they 
were less efficient in eradicating NKG2DL-silenced SMMC-7721 cells or NKG2DL-negative Hep3B cells. 
The overexpression of NKG2DL (MICA or ULBP2) in Hep3B resulted in enhanced killing capacity of 
NKG2D-CAR-T cells. Importantly, T cells expressing the NKG2D-BBz CAR effectively killed SMMC-7721 
HCC xenografts. Taken together, these findings imply that NKG2D-CAR-T cells might hold great promise 
for future therapeutic intervention of NKG2DL-positive HCC[41].

Zhang et al.[42] prepared CD147-CAR-T cells that were inducible. Since CD147 is expressed at a low level on 
non-tumor cells, the Tet-On 3G system was introduced to induce CD147CAR expression to minimize the 
on-target, off-tumor toxicity. Specifically, Tet-On-CD147-CAR lentiviral plasmid (LV-Tet-CD147CAR) was 
constructed, of which CD147-CAR was controlled by the Tet-On 3G system. The presence of doxycycline 
(Dox) resulted in enhanced proliferation, cytotoxicity, and cytokine secretion of Tet-CD147-CAR-T cells. 
Notably, (Dox+) Tet-CD147-CAR-T cells significantly suppressed tumor growth in nude mice through 
multiple intra-tumoral administrations. Collectively, these findings suggest that CD147-CAR expression 
and activity were inducible, which reduced the toxicity of CAR-T cell therapy. Furthermore, the study 
offered evidence to support the potential benefits and translation of CD147-CAR-T cells for the treatment 
of HCC patients.

Cytokine-induced killer 
Adjuvant cytokine-induced killer (CIK) cell-based immunotherapy is a promising therapeutic approach 
that increases overall survival and decreases relapses in HCC patients. Yoon et al.[43] performed a trial to 
investigate the efficacy of adjuvant immunotherapy with activated CIK cells for treating HCC patients. 
59 patients with stage I or II HCC who had undergone surgery or radiofrequency ablation, followed by 
adjuvant CIK cell immunotherapy at two large-volume centers in Korea were paired with 59 matched 
control subjects. They found that adjuvant immunotherapy with autologous CIK cells after curative 
treatment prolonged relapse free survival (RFS) of patients with HCC. In a follow-up study of 226 patients 
with 114 in the immunotherapy group (treated with 6.4 × 109 CIK cells) and 112 controls (no treatment) 
after potentially curative treatment for HCC, the immunotherapy group was observed to have a significantly 
lower risk of relapse or death. The RFS rate was 44.8% in the immunotherapy group compared to 33.1% in 
the control group at 5 years. The risk of all-cause death was also decreased in the immunotherapy group vs. 
the control group. Furthermore, the significant increase in RFS and OS in the immunotherapy group lasted 
over 5 years[44].

Yu et al.[45] performed a systematic review and meta-analysis of published studies in order to evaluate the 
safety and efficacy of CIK cell-based immunotherapy as adjuvant therapy. This included eight randomized 
controlled trials (RCTs), six prospective studies, and three retrospective studies. The overall analysis 
indicated that CIK cell therapy resulted in an increased survival rate. CIK cells in non-RCTs resulted in 
improved progression-free survival, but in RCTs, had similar progression-free survival rates as those of 
controls. CIK cell-treatment also led to lower rates of relapse in RCTs and similar results were observed 
when non-RCTs and RCTs were combined. Collectively, these findings suggest that adjuvant CIK cell-based 
immunotherapy can enhance OS and decrease relapses in HCC patients.

PD-L1 expression may imply the presence of endogenous host immune responses to tumor. In one 
retrospective study including 448 HCC patients, 217 cases underwent hepatectomy and 231 were treated 
with both hepatectomy and post-operative CIK cell transfusion. CIK treatment led to a significantly 
improved prognosis compared to surgery alone. Higher expression levels of PD-L1 were observed in 
patients with long-term survival benefit in the CIK treatment group. Patients with more than 5% PD-L1 
expression also had better OS and RFS than those with < 5% PD-L1 expression, particularly in the 

Ni et al. Hepatoma Res  2020;6:25  I  http://dx.doi.org/10.20517/2394-5079.2020.14                                                     Page 7 of 12



subgroup with high hepatitis B viral load. PD-L1 expression however, did not correlate with patient survival 
in the surgery alone group[46]. These findings suggest that PD-L1 expression can serve as a biomarker for 
predicting survival benefit from adjuvant CIK cell immunotherapy in HCC patients.

T cell receptor gene-engineered T cells 
Genetic engineering of TAA-specific T cell receptor (TCR) could be an option to yield AFP-specific 
CTLs. AFP is overexpressed in HCC and serves both as a TAA as well as a potential target for adoptive 
immunotherapy. However, the low percentage and exhausted AFP-specific T cells in vivo impedes adoptive 
immunotherapy. Genetic modification with TCRs that are specific for HCC-associated antigens, such 
as AFP, strongly redirect human T cells to specifically eliminate HCC tumor cells. Using lentivector and 
peptide immunization, Zhu et al.[47] identified a population of CD8+ T cells in HLA-A2 transgenic AAD 
mice that recognized the AFP158 epitope on human HCC cells. Adoptive injection of the AFP158-specific 
mouse CD8+ T cells killed HepG2 tumor xenografts in immunocompromised NSG mice. T cell hybridoma 
clones from the AFP158-specific mouse CD8+ T cells were then established and three sets of paired TCR 
genes were identified out of five hybridomas. The murine TCR-expressing primary human T cells can 
bind to HLA-A2/AFP158 tetramer. TCR gene-engineered T (TCR-T) cells also specifically recognized and 
eliminated HLA-A2+ AFP+HepG2 HCC tumor cells, but had no toxic effect on normal primary hepatocytes 
in vitro. Notably, AFP-specific TCR-T cells could kill HepG2 tumors in NSG mice. These findings suggest 
that AFP158-specific TCRs have the ability to engineer HLA-A2-positive autologous T cells to treat 
patients with HCC[47]. Sun et al.[48] used AFP158-166 peptide-loaded autologous DCs to stimulate AFP-
specific CTLs. TCR genes of AFP-specific CTLs were then cloned into a lentiviral vector, which in turn 
infected nonspecific activated T cells. The specific cytotoxic activity against HpeG2 in vitro and in tumor-
bearing NOD/SCID mice was significantly enhanced in engineered CTLs than that in AFP-specific CTLs 
stimulated by peptide-loaded DCs or controls. TCR gene transfer is thus a promising strategy to yield AFP-
specific CTLs for HCC[48]. 

In China, around 85% of HCC is associated with HBV infection. Cells from most HBV-associated HCCs 
contain HBV-DNA fragments that fail to encode entire HBV antigens, but do encode epitopes of HBV-
specific T cells. Given that, autologous TCR-T cells that recognize epitopes from HBV-DNA in patients’ 
metastases were infused into two patients without notable toxicity. This strategy might be exploited for 
a wider population of patients with HBV-related HCC[49]. Qasim et al.[50], also showed HBV antigen 
expression in HCC metastases. T cells were then genetically engineered to express an HBsAg specific 
TCR to treat chemo-resistant extrahepatic metastases. Genetically-engineered T cells reduced HBsAg 
levels without exacerbation of liver inflammation or other adverse effects. This study further supports this 
approach in treating patients with HBV-associated HCC[50].

Gamma-delta T cells 
Gamma-delta (gd) T cells have been found to be promising as cellular immunotherapy in HCC patients[51]. 
The amplifying ability of circulating gd T cells was related with the clinicopathological characteristics of 
patients, such as clinical stage, levels of AFP and albumin, duration of disease, size and number of tumors, 
numbers of Tregs and gd T17 cells, and levels of IL-17A. Notably, the frequency of gd T cells that were 
positive for IFN-g, TNF-a, granzyme B, perforin, and lysosome-associated membrane protein remained 
unchanged both before and after amplification. More importantly, the in vitro cytotoxicity of gd T cells 
remained unchanged, which may render them feasible for HCC immunotherapy. However, adoptive 
transfer of gd T cells should be individualized based on the clinicopathological features of patients[51].

Natural killer cells
Natural killer (NK) cells play a pivotal role in eradicating virus-infected and transformed cells in the 
innate immune system. Kamiya et al.[52] successfully expanded NK cells from peripheral blood of healthy 
donors by using the K562-mb15-41BBL cell line as a stimulus. Following expansion, NK cells showed great 
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cytotoxic activity against HCC cell lines in vitro. In immunodeficient NOD/scid IL2RG null mice engrafted 
with Hep3B, adoptive transfer of expanded NK cells resulted in markedly decreased tumor growth and 
enhanced overall survival. Expanded NK cells can further enhance the sorafenib-mediated anti-tumor 
effect on HCC cells. In addition, CAR-NK cells (NKG2D-CD3zeta-DAP10) were prepared and found to 
have increased cytotoxicity in vitro and in immunodeficient mice. CAR-NK cells have now been adapted 
for clinical-grade conditions[52].

In one retrospective study, autologous mononuclear cells were induced into NK cells, gd T cells, and 
CIK cells and then infused intravenously to HCV-associated HCC patients (study group treated with a 
combination of ACT and conventional therapy). Compared to controls (conventional therapy), the study 
group showed improved prognosis and decreased virus load in HCV-related HCC patients, without 
impairment of liver function[53].

ADVANCEMENT OF ONCOLYTIC IMMUNOTHERAPY
Oncolytic immunotherapy is another strategy for cancer treatment which utilizes live or heat-inactivated 
viruses, replicating within and destroying tumor cells. Pexastimogene devacirepvec (Pexa-Vec) is a vaccinia 
virus-based oncolytic immunotherapy that can destroy tumor cells and enhance anti-tumor immunity by 
expressing GM-CSF. A phase IIa trial in predominantly sorafenib-naïve HCC showed an OS benefit. In 
order to investigate whether the combination of Pexa-Vec with best supportive care (BSC) could increase 
OS compared to BSC alone in HCC patients who did not respond to sorafenib therapy, 129 patients were 

Figure 1. An overview of the different immunotherapy approaches for the treatment of hepatocellular carcinoma, which includes 
immune checkpoint inhibitor antibodies, adoptive cell transfer, dendritic cell-based vaccines and oncolytic therapy. CIK: cytokine-
induced killer; NK: natural killer; TCR: T cell receptor; CAR: chimeric antigen receptor
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recruited and divided into the experimental (combination of Pexa-Vec with BSC) and the control (BSC 
alone) groups. Although Pexa-Vec was generally well-tolerated and could induce immune responses to 
vaccinia and HCC associated antigens, it failed to enhance OS as a second-line treatment after sorafenib 
failure. This class of oncolytic immunotherapy may benefit cancer patients with earlier disease stages and 
the combination of this approach with other therapeutics needs to be investigated[54].

NCT03071094 is another trial to evaluate the safety and efficacy of Pexa-Vec plus PD-1 inhibitors as first-
line therapy for advanced HCC. However, no results have been released. 

CONCLUSION
We have summarized the immunotherapy approaches for the treatment of HCC patients [Figure 1]. 
Increasing data provide evidence that HCC patients can benefit from different immunotherapies. Currently, 
only anti-PD-1/PD-L1 antibodies have been approved to treat advanced HCC as a first-line therapy, while 
other immunotherapy approaches are still in clinical trials. However, given that only a proportion of HCC 
patients respond to anti-PD-1/PD-L1 antibodies, combination therapy will likely be the future. Final 
results of ongoing trials are crucial for the design and development of further combination therapy in HCC 
according to its efficacy and safety profile. In addition, future studies should explore biomarkers to predict 
one’s response to immunotherapy in HCC, other than PD-L1 expression in terms of ICB therapy, novel 
target antigens (neo-antigens) to prepare DC-based vaccines and CAR-T cells. Future clinical trials are 
necessary. Indeed, we have opened the doors to immunotherapy and complete control of HCC may not a 
dream.
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Abstract
The recurrence rate after primary resection for hepatocellular carcinoma (HCC) has been reported to be up to 
80%. There is no consensus or guideline about the best treatment option for such recurrent HCC (rHCC). It is 
therefore of paramount importance to select patients for suitable treatment due to the high risk of associated 
morbidity and mortality. In this paper, we review the literature on treatment for rHCC and propose a strategy 
based on the best evidence available. Even in rHCC, it is still possible to achieve cure and good survival rates 
through careful patient selection. Repeat hepatectomy is recognized as a feasible and safe procedure even in 
cirrhotic patients and should be considered as the best option with curative intent when the patient is fit enough. 
Greater adoption of minimally-invasive liver surgery could have the potential to increase the number of candidate 
patients with rHCC for repeat resection in the next few years. Liver transplantation offers longer disease-free 
survival compared to repeat resection, curing the underlying cirrhosis, but is not widely available due to organ 
shortage. When surgery is not feasible, locoregional treatments such as radiofrequency ablation and transarterial 
chemoembolization have an important role for patients who cannot tolerate repeat hepatectomy and are not 
suitable for transplantation. For advanced cases, systemic therapy could be considered.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most common cause of cancer related death worldwide[1] 
and its incidence in Western countries has increased by 75% in the last three decades[2]. Liver resection 
represents first-line treatment in patients with early tumors and preserved liver function, with a 5-year 
overall survival ranging from 60% to 80%. Nonetheless, HCC frequently arises from chronic liver disease 
and the recurrence rate in the remnant liver, even after R0 resection, has been reported to be up to 80%[3]. 
Although guidelines from European, American and Eastern societies recommend hepatic resection as 
first-line treatment with curative intent for primary HCC[3-5], none exist for recurrent liver cancers. Liver 
transplantation, in the case of recurrent HCC (rHCC), would offer the best chance at disease-free survival, 
by treating both the cancer and the underlying cirrhosis at the same time, but the scarcity of deceased 
organs limits its application. Furthermore, surgical treatment may not always be feasible and non-surgical 
options should then be considered. 

To date, many papers have been published on the treatment algorithm for rHCC but evidence and 
consensus are still lacking. These studies are mainly from Eastern centers and almost all are retrospective 
data. 

In this paper, we reviewed the literature on treatment for rHCC and propose our personal strategy based 
on the available evidence.

TREATMENT OPTIONS FOR RECURRENT HCC
Repeat hepatectomy
Liver resection is recognized as the mainstay of treatment in patients with HCC. In both Eastern and 
Western countries[6], it is the first choice option in non-cirrhotic patients who can tolerate resections with 
low morbidity and mortality[7,8]. On the other hand, HCC resection in cirrhotic livers requires careful 
patient selection and adequate surgical skills. Patient selection relies mainly on the preoperative assessment 
of reserve liver function and portal hypertension. Traditionally, liver function is evaluated through 
standard liver biochemical tests integrated into several scores such as the Child-Pugh or MELD score[9], 
but nowadays, more sophisticated quantitative liver function tests such as indocyanine green retention 
(ICG) test[10,11] or hepatobiliary scintigraphy[12,13], are used in predicting post-hepatectomy liver failure. The 
presence of clinically relevant portal hypertension can be ruled out by measuring the hepatic vein pressure 
gradient, or indirectly by liver stiffness, to decrease the risk of postoperative decompensation[14-16]. 

According to the BCLC algorithm, patients with a single, very early- or early-stage HCC and preserved liver 
function should be offered liver resection[4]. While international guidelines tend to reserve resection for 
patients harboring early stage HCC, expert institutions have shown good outcomes even in patients with 
multinodular, large, and macrovascular, invasive HCC[17], thus justifying expansion of HCC resectability 
criteria. However, even after potentially curative resections with negative margins, early recurrence 
accounts for more than 70% of rHCC and occurs within 2 years in 30%-50% of patients. The recurrence 
rate at 5 years has been reported to range from 50% to 70%[18-20]. The key parameters related to recurrence 
include tumour size, multinodular tumours, serum alpha-fetoprotein and microvascular invasion[21].

Currently, there are no guidelines or clinical algorithms for the best treatment option in rHCC[22,23] except 
for expert opinion and local policies. Many authors agree with re-resection as the best therapeutic option 
for rHCC, when feasible. Improvement in surgical technique and implementation of the use of energy 
devices have led to a lower incidence of complications. Liver resections are therefore safer in patients with 
previous resection. Concern still exists however and is mainly related to poor remnant liver function and 
adhesions caused by previous surgery that could lead to iatrogenic injuries. Many studies have addressed 
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this topic, showing that repeat hepatectomy (RH) can be performed safely with complication rates 
comparable to the first resection[24]. Another issue is the risk of further recurrence, which is dependent on 
the presence of multinodular cirrhosis in the remnant liver[25,26]. 

Most case series of rHCC treated with RH are from Eastern Asia. Since none were randomized trials 
and patients were selected for resection according to different clinical criteria and hospital policies, 
comparison is difficult. Nagasue et al.[27] first reported a small series of RH carried out in 9 of 31 patients 
who experienced tumor recurrence after initial resection of primary HCC. They reported that the survival 
rate of resected patients was significantly better than that of patients treated with palliative methods. 
Hu et al.[28] described a retrospective analysis of 59 patients who were treated with RH. 43 had a second 
recurrence (median follow up 19 months) and survival at three years was 44%. Another paper from the 
same institution[29] compared RH to TACE for rHCC and advocated for aggressive surgical treatment after 
recurrence in selected patients. 

Larger series have since been published in the last 20 years, again mainly from Eastern institutions, with 
5-year overall survival (OS) ranging from 30% to 60%[30-33]. In 2011, Roayaie et al.[34] presented the first and 
largest Western series of RH (n = 35), showing an overall 5-year survival rate of 67%. Only patients with a 
single recurrent tumor on imaging, Child’s A liver disease and a platelet count > 100,000/ll underwent RH. 

Several studies have been published in recent years and have established RH as safe in referral centers 
[Table 1]. The largest Eastern series by Zou et al.[35] reported 635 consecutive patients who received a second 
resection for rHCC. The median OS was 54.8 months and the 1-, 3-, and 5-year OS rates were 96.9%, 
74.8%, and 47.8%, respectively. Post-recurrence survival (i.e., calculated from the date of reoperation) 
rates were 75.8%, 45.7% and 37.6%, respectively. In this large, single institution series, a perioperative 
complication rate of 22.8% was reported with a median blood loss of 303 mL (range 100-5300). With regard 
to postoperative complications, a systematic review by Chan et al.[36] reported a median mortality rate of 
0% (ranging from 0% to 6%) and a postoperative bleeding rate (with need for transfusions) of 1%. Other 
postoperative complications (ascites, bile leak, liver failure) were in line with those reported in the literature 
for patients without preoperative liver surgery. 

ROLE OF MINIMALLY-INVASIVE SURGERY 
The adoption of laparoscopic liver resection (LLR) has increased over the past decade. Laparoscopy for 
HCC has been shown in studies to produce superior short-term and equivalent long-term outcomes 
compared to the open approach. However, due to the formation of intra-abdominal adhesions, LLR for 
rHCC after previous hepatic resection may represent a challenge. For this reason, there are only a few 
studies reporting a laparoscopic approach to treat liver recurrence. However, this number is believed to 
rise in the next few years since liver resection will increasingly be approached laparoscopically. A recent 
meta-analysis showed that LLR for rHCC offered a benefit in terms of lower in-hospital complication rates, 
blood loss and a shorter hospital stay compared to open resection, although similar 90-day mortality was 
observed between the two groups[45]. This could be partially explained by the fact that, unlike conventional 
laparotomy, the laparoscopic approach does not require a wide surgical field, thus minimizing the freeing 
of adhesions and consequently, bleeding as well as other intraoperative complications. Even the scoring 
system for predicting complications in LLR proposed by Halls et al.[46] showed that a previous open liver 
resection was the strongest among all independent risk factors (β coefficient = 1.401) of having high blood 
loss or conversion to an open approach during surgery. This finding should prompt us to at least consider 
more patients for minimally-invasive surgery at the time of primary resection so as to increase the number 
of eligible patients who may benefit from a RH in the event of of rHCC. LLR has been also demonstrated 
to facilitate liver transplantation (LT) in terms of decreasing blood loss and transfusion requirements. 
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Nevertheless, we acknowledge that this important aspect surely requires further dedicated study and every 
effort should be made to minimize blood loss and the associated transfusion requirements to improve 
outcomes in both liver surgery and LT. 

Liver transplantation (salvage)
Many transplant centres recommend LT as salvage for rHCC. Salvage LT (SLT) was proposed as an ideal 
treatment for patients fulfilling the Milan criteria, treating both the cancer and the underlying cirrhosis 
at the same time[47]. However, many authors have questioned whether RH could be performed instead of 
LT. A recent meta-analysis[48] comparing SLT with RH showed that SLT was inferior to RH with regard 
to operative and postoperative short-term results, but had better results in terms of overall- and disease-
free survival. In fact, in SLT, a more complex operation has to be accounted for, especially in patients who 
are thought to have more advanced liver cirrhosis. A recent study by Lim et al.[49] showed, in particular, 
that 90-day mortality was significantly higher in the SLT group compared to the RH group. The negative 
impact of resection on subsequent LT was also demonstrated in other studies comparing SLT and primary 
liver transplantation (PLT). Adam et al.[50] first showed that LT after prior liver resection was associated 
with higher operative mortality and risk of intraoperative bleeding than PLT. Similarly, a recent meta-
analysis has demonstrated a significantly higher rate of postoperative bleeding and operative mortality 
in the SLT group. However, despite the higher perioperative risk, SLT may still achieve better disease-
free survival (DFS) rates compared to RH. This has to be expected, given that resection of existing distant 
micrometastases and removal of the underlying liver disease may prevent de novo HCC development in 
the remnant liver. A recent meta-analysis[51] comparing SLT to curative locoregional treatments among 
seven retrospective studies showed better outcomes with SLT. In particular, SLT was associated with higher 
5-year OS and DFS; when compared to RH alone, subgroup analysis still indicated a significantly higher 3- 
and 5-year DFS for the SLT group. Nevertheless, the authors stated that the feasibility of SLT is impaired 
due to donor organ shortage.

The decision to proceed with either strategy is clearly biased by institutional practices and for this reason, 
any comparison between SLT and RH may not be completely reliable. However, it is our opinion that 
patients should be listed for LT in case of worsening liver function, or any other case such that a second 
liver resection will not be tolerated. When feasible, any attempt to rescue these patients without affecting 
the donor pool should be made[52]. 

Locoregional treatments
Radiofrequency ablation (RFA), applicable both via the percutaneous or open approach, is considered a 
safe procedure and as effective in achieving long-term survival as surgical resection, in selected patients[53]. 

Ref. Year No of pts Mortality (%) 5-year OS (%)
Zou et al .[35] 2016 635 7 47
Huang et al .[37] 2012 85 1 22
Faber et al .[38] 2011 27 0 42
Roayaie et al .[34] 2011 35 0 67
Kubo et al .[39] 2008 51 0 48
Itamoto et al .[40] 2007 84 0 50
Tralhão et al .[41] 2007 16 1 31
Kobayashi et al .[42] 2006 80 0 53
Sun et al .[31] 2005 57 0 31
Minagawa et al .[33] 2003 67 0 56
Sugimachi et al .[43] 2001 78 0 48
Shimada et al .[30] 1998 41 NR 45 (3-y)
Hu et al .[44] 1996 59 0 44 (3-y)

Table 1. Review of the literature on the surgical treatment of recurrent hepatocellular carcinoma

OS: overall survival
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In particular, RFA is proposed for small primary HCC up to 3 cm in diameter[54,55]. However, some authors 
have also proposed RFA for rHCC because of its low morbidity compared to surgical treatments, negligible 
blood loss and sparing of adjacent normal liver parenchyma[56]. Furthermore, in patients not amenable to 
surgical resection due to liver dysfunction, multifocal nodules, tumour location or postsurgical adhesions, 
RFA represents a potentially curative alternative. In a recent metanalysis, Gavriilidis et al.[57] demonstrated 
similar 5-year OS and DFS between RFA and RH in treating rHCC although a significant difference in 
morbidity was reported (2% for RFA vs. 17% for RH). However, a systematic review of 18 previous studies 
published by Thomasset et al.[58] concluded that RFA for rHCC had a very low rate of complications but 
was still less efficacious than RH and thus, should be offered only to patients who cannot tolerate surgical 
resection. 

A further treatment option for rHCC is trans-arterial chemoembolization (TACE), although it is not 
applied with curative intent[26,59]. A median survival of 30 months and a 3-year survival of 29% has been 
reported in the treatment of primary HCC with TACE[60,61]; outcomes reported for rHCC are arguably 
poorer[26]. This interventional radiology procedure should be offered to patients who are not candidates for 
surgical resection, SLT or RFA. Although a recent study reported TACE to be superior to RH and RFA in 
cases of microvascular involvement[62], the majority of the literature consider TACE to be palliative[63] so it 
is widely used as a treatment for tumours with greater sizes or number of nodules which cannot be treated 
with RH or RFA. A review from Erridge et al.[64] reported a 5 year survival of 15.5% in patients with rHCC 
treated with TACE.

Systemic therapies 
When recurrence presents beyond the limits of transplantation criteria and is not amenable to locoregional 
treatment, survival rates are dismal but systemic therapies can still be considered in selected cases. Effective 
systemic treatment for HCC have been available only in recent years - since sorafenib was introduced, it 
has become the standard of treatment for advanced HCC[4,65]. Several compounds have since been tested 
in this setting but few have proven to be effective: regorafenib was approved as a second-line treatment for 
patients with HCC disease progression on sorafenib[66] and levatinib recently showed non-inferiority as 
first-line therapy[67]. Since good cardiovascular status and preserved liver function are both necessary for 
chemotherapy to be tolerated, most reports are on the use of sorafenib in patients with rHCC after LT[67], 
given the poor results obtained in the adjuvant setting after resection[68]. On the contrary, when no clinical 
benefit is expected from chemotherapy, the management of end-stage rHCC is symptomatic and only 
supportive care should be offered[68].

SUMMARY
Herein, we propose our recommendations for selecting the best candidate, and limiting the risk of re-
recurrence in cases of rHCC, based on the above literature review, available guidelines on primary HCC 
and our personal experiences. 

RH 
Patients presenting with a single rHCC should undergo repeat resection whenever possible. Candidates 
for RH are required to have preserved liver function and no or limited signs of portal hypertension. The 
laparoscopic approach should be considered for RH in rHCC when the requisite expertise is available. 

RFA 
Patients with preserved liver function and a single rHCC ≤ 3 cm can be considered for RFA. RFA should be 
preferred over RH, especially in cases of patients with high surgical risk.
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TACE
Patients with deteriorated liver function can be treated with TACE. Patients planned for LT should also be 
considered for TACE as bridging. 

SLT
Patients with decompensated liver function, severe portal hypertension and single or even multiple liver 
recurrences, but still fulfilling LT criteria, may be referred for SLT.

Systemic therapies 
In the setting of rHCC not amenable to other treatments due to disease that is far too advanced, systemic 
therapies can be employed in selected cases. 

CONCLUSION
Recurrent HCC may occur after liver resection in up to 80% of cases. A standardized treatment algorithm 
for rHCC does not exist but surgical resection should be attempted whenever possible, since it may provide 
favourable long-term outcomes with acceptable perioperative risk comparable to primary resection. In 
experienced hands, laparoscopic liver resection for both primary and recurrent HCC should be considered. 
LT should be considered in all cases where surgical resection cannot be performed, especially in the 
context of underlying cirrhosis, if conventional transplantation criteria are met. The use of RFA or TACE as 
a bridge to LT, or for palliation represent alternatives for these patients. 
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Abstract
Hepatitis B virus (HBV) infection remains the most important risk factor for hepatocellular carcinoma (HCC) 
worldwide and nonalcoholic fatty liver disease (NAFLD) has developed as major etiology of chronic liver diseases, 
cirrhosis and eventually HCC in the last decades. Although nucleos(t)ide analogs are recommended as the 
first-line drug for patients with chronic hepatitis B, incomplete eradication of HBV serves as an obstacle for 
effective cure of chronic hepatitis B and even HCC. NAFLD refers to a spectrum of hepatic metabolic disorders, 
compromised with multi-system diseases. Considering the specificity of hepatocytes and enrichment of immune 
cells in liver, this review aims to summarize the mechanisms of direct pro-tumorigenesis to hepatocytes induced 
by HBV infection and abnormal lipid metabolism, and indirect oncogenic processes mediated by immune cells. We 
also discuss similarities and differences of immune cells between HBV- and NAFLD-HCC and finally focus on the 
novel immunotherapies concerning preclinical and clinical studies for liver cancer.

Keywords: Hepatitis B virus, nonalcoholic fatty liver disease, hepatocellular carcinoma, immune cells, immunotherapy

INTRODUCTION
Liver cancer is one of the most common causes of cancer-related deaths worldwide, with an estimated of 
1.1 million new cases to be diagnosed in 10 years (GLOBOCAN, 2018). Hepatocellular carcinoma (HCC) 
accounts for nearly 80% of primary liver cancer and the occurrence is globally gender and geography 
biased. The estimated age-standardized incidence rates in men are mostly 3 times than that of women 
(13.9/1,000,000 vs. 4.9/1,000,000) in 2018. The high rates in Pacific Asia, West and Central Africa have 
persisted for decades, although declining trends have been observed in China and Japan in the past two 
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decades due to therapy advancement and control of etiology. In contrast, incidence and mortality rates in 
North America have been increasing since 1978, for which the main reasons are cumulative emergence of 
new risk factors and lack of efficient therapy strategies.

HCC is prominently induced by chronic hepatitis B virus (HBV)/hepatitis C virus (HCV) infection, 
alcoholic or nonalcoholic fatty liver disease, aflatoxin intake and parasitic infection, the incidence of which 
are related with geographic variance. About 80% of HCC arises from persistent HBV infection in Asia-
Pacific and Africa countries, while non-alcoholic fatty liver disease (NAFLD) is the major contributor in 
North America, followed by HCV infection. The direct-acting antiviral therapy with high rates of safety and 
sustained virologic response (> 95%), is considered as the contributing factor for eliminating HCV[1,2], which 
helps decrease the pathogenesis of HCC. However, HBV-associated HCC remains to be a global problem, 
because current nucleos(t)ide analogue therapy functionally reduces HBsAg level and suppresses HBV DNA 
but fails to control remission[3,4]. Since obesity has emerged as a new global burden, NAFLD, which is one of 
the most common metabolic syndrome manifesting in liver with estimated prevalence of 20%~30% in many 
countries, will rank as the leading cause of HCC in future decades[5-9].

Although patients diagnosed with early stage of HCC undergo surgical resection or radiofrequency ablation 
for curative intent, up to 70% of them are susceptible to recurrence within 5 years[10]. During the last decades, 
conventional chemotherapy and combination of transarterial chemoembolization and sorafenib have been 
developed for patients at intermediate and advanced stages, however, therapy efficacy and adverse effects 
should be further assessed. Although sorafenib has been approved for treatment of HCC, the tyrosine kinase 
inhibitors-induced adverse events and drug resistance still remain an issue during clinical management[11]. 
Therefore, more novel target agents and immunotherapies are being investigated and incorporated to achieve 
better outcomes[12,13]. Here, this review mainly discusses the current progress in molecular and cellular 
mechanisms of HBV- and NAFLD-related HCC respectively, specifically the immune responses in liver, 
along with current immunotherapy options.

DIRECT PRO-ONCOGENIC MECHANISMS
HBV
Genomic features are significantly different in the group of HBV-HCC compared with non-infected patients. 
These results suggest that HBV-related HCC use alternative mechanisms for tumorigenesis to some extent. 
A high frequency of p53 inactivation and stem cell genes overexpression provide a potential pathogenic 
link between impaired cell reprogramming and HBV infection. Notably, these observations have clinical 
implication since TP53 mutations were associated with poor prognosis only in HBV-related tumors.

Virally oncogenic proteins
HBV genome contains four overlapping open reading frames, including preS1/preS2/S, preCore/Core, 
X and Pol, encoding viral proteins. Among them, hepatitis B X protein (HBx) is the most important 
oncogenic protein. Mutated or deleted HBx is frequently detected in HCC and plays critical role in liver 
carcinogenesis[14-16]. Although it is still debated, a growing body of evidence suggests that both wild type HBx 
and truncated HBx promote tumorigenesis by abrogating cell-cycle arrest and apoptosis inhibition[17-19]. HBx 
promotes HCC progression mainly through interaction with host factors including proteins and non-coding 
RNAs. HBx mutants interact with Bcl-2 and farnesoid X receptor leading to enhanced carcinogenesis[20-22]. 
HBx-cortactin (CTTN) interaction promotes HCC progression by up-regulating expression of CREB1 
and its downstream targets, cyclin D1 and MMP9[23]. As a major conserved cellular pathway that controls 
critical cell processes, the ubiquitin proteasome system is often hijacked by HBx, leading to dysregulated 
ubiquitination. HBx stabilizes critical transcriptional oncoproteins Myc and PAX8 via blocking Skp2-
mediated ubiquitination[24,25]. Silencing lncRNA-MALAT1/miR-124 axis or miR-5188-FOXO1/β-catenin-
c-Jun feedback loop significantly block HBx-mediated upregulating stemness markers and reprogramming 
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proteins in HCC[26,27]. Besides, HBx targets genes at transcriptional level. HBx complexed with HDAC1 binds 
to glycogen synthase 2 (GYS2) and transcriptionally inhibit the expression[28] [Figure 1].

As the most abundant proteins, HBV surface (HBs) proteins are composed of three proteins, the large (L), 
middle (M), and small (S) HBs, encoded by the preS1/preS2/S gene respectively[29-31]. Particular deletion 
mutants in preS2 have been reported to be associated with progression of chronic liver diseases. Mutated HBs 
accumulated in hepatocytes induce endoplasmic reticulum (ER) stress and initiate multiple cellular signal 
pathways, leading to cell growth advantages[32,33]. Intrahepatic LHBs induce DNA damage and up-regulation 
of Plk1 to provoke hyperploidy, which disrupts the genomic stability of host cells[34]. Pre-S2 deletion mutant 
also promote carcinogenesis by up-regulating expression of various oncogenes, including hTERT, TAZ in 
hippo pathways, and GPC3[35-38] [Figure 1].

As the major capsid protein and important viral replication mediator, HB core-related antigen (HBcrAg) 
is reported to be an independent risk factor for HCC development[39]. Mechanistically, hepatitis B core 
protein (HBc) function as an immunogen as well as an important mediator of hepatocarcinogenesis via 
several mechanisms. HBc mutations P5T/H/L stimulate ER response, further increasing production of 
radical oxidative species (ROS) and activating NF-κB signaling pathway, which directly promote infected 
hepatocytes to malignant transformation. Furthermore, HBc promotes proliferation, glycolysis and amino 
acid metabolism or suppress apoptosis via regulating Src/PI3K/Akt pathway, blocking TRAIL/Fas pathway or 
expression of p53 in transcriptional/post-transcriptional manner[40-44] [Figure 1]. 

Figure 1. Direct oncogenic mechanisms of HBV- and NAFLD- HCC. HBV-encoded proteins lead to cellular heterogeneity via multiple 
manners. HBx stabilizes oncoproteins by suppressing ubiquitination or regulates transcription of host genes through transactivation. 
Cytoplasmic accumulation of HBs induces ER stress and thereby initiates cellular hippo pathways. Besides ER response, NF-κB, Src/
PI3K/Akt and TRAIL/Fas pathways are involved in HBc-induced abnormal proliferation and metabolism of hepatocytes. Furthermore, 
HBV DNA integration and viral protein result in DNA damage and genomic instability, which drive cellular heterogeneity. Excessive lipid 
accumulation stimulates ER stress and dysregulates apoptosis and fibrogenesis via STAT3 and hippo pathways. The STAT5 and Akt 
pathways are involved in upregulation of the lipogenetic genes and downstream targets. Moreover, gene polymorphism is significantly 
related with NAFLD progression. HBV: hepatitis B virus; NAFLD: nonalcoholic fatty liver disease; HCC: hepatocellular carcinoma; ER: 
endoplasmic reticulum 



HBV DNA integration
HBV DNA integration occurs early once HBV entering into hepatocytes and remains stable throughout 
tumor progression, which explains the existence of monoclonal or polyclonal origins of HCC from the 
view of virus infection[45,46]. HBV DNA susceptibly integrates into rare fragile sites or functional genomic 
regions, which are proximate to protein coding or non-coding genes. Functionally, the protein-coding genes 
are deeply associated with tumorigenesis and the non-coding genes are involved in telomere maintenance, 
protein modification processes, and chromosome localization[47-49]. For example, integration drives mutation 
in tumor suppressor gene ZNF717 and over-expression of critical oncogene c-MYC. Meanwhile, integration 
into intron of cyclin A2 generates a pseudo-exon forming a chimeric fusion with CCNA2, which encodes 
protein promoting cell cycle progression[46,50,51]. Moreover, HBV DNA integration is closely correlated with 
gender-bias and recurrence of HCC. Androgen receptor, but not estrogen receptor, enhances transcription 
responsive of TERT promoter with HBV integration to sex hormones via hepatocyte nuclear factor 4 alpha 
(HNF4α)- dependent manner[52]. Multiple studies have identified fragile integration sites more in non-
cancerous tissue than those in neoplastic tissues, which implies tumor recurrence[48,53].

Genomic instability
In infected hepatocytes, both HBV DNA integration and viral proteins lead to genomic instability. 
Sequencing analysis of 373 liver cancer samples demonstrated ultra-high structural instability and preserved 
un-methylation in HBV integrated regions[54]. HBx directly induces genomic instability via inhibiting mono-
ubiquitylation of an evolutionarily conserved E3 ligase and impairing homologous recombination, which 
contribute to tumorigenesis[55]. LHBs are the major viral protein leading to genomic instability. By inducing 
DNA damage and G2/M checkpoint failure, LHBs promote formation of hepatocyte aneuploidy and further 
self-propagating cycles of chromosomal instability, which drives cellular heterogeneity and clonal cancer 
evolution[56,57].

NAFLD
NAFLD and its complication nonalcoholic steatohepatitis (NASH) are becoming the leading cause of 
HCC. Multiple pathways, such as abnormal metabolism, dysbiosis of gut microbiota and dysregulated 
immune responses, are involved in NAFLD initiated hepatocarcinogenesis and have been well summarized 
recently[58]. Here, we mainly focus on dysregulated pathway mediated by lipid accumulation which is 
fundamental in progression of NAFLD related HCC. The abnormal intrahepatic lipid metabolism invokes 
insulin resistance, alteration of signaling pathways and oncogenes, followed by inflammation, fibrogenesis 
and hepatocarcinogenesis. In clinical samples, level of p-STAT5 is positively correlated with expression of 
sterol regulatory element binding protein-1 (SREBP1) and further in vivo and in vitro essays demonstrate 
that mTORC1 interacts and phosphorylates STAT5 to upregulate expression of lipogenetic genes, including 
SREBP1, fatty acid synthase (FASN) and acetyl-CoA carboxylase (ACC)[59]. Both oxidative and ER stress 
caused by chronic lipotoxicity play critical roles in NAFLD-HCC. Oxidized LDL (oxLDL) uptake triggers 
CEBPβ expression to directly upregulate Nogo-B, an ER-residential protein, and promote lipophagy leading 
to lysophosphatidic acid-enhanced YAP oncogenic activity[60]. In addition to hippo signaling pathway, 
STAT3-mediated pathways are frequently involving in pathogenesis of NAFLD-HCC, which mediated lipid 
accumulation, apoptosis and fibrogenesis[61-66].

Other than metabolic disorder, gene polymorphism is significantly responsible for NAFLD. Recent genome-
wide association studies (GWASs) in European ancestry suggest a robust relationship of PNPLA3 gene cluster 
with NAFLD activity, progression to HCC and liver-associated death[67-69]. This study also demonstrated 
an association of novel loci near IL17RA and ZFP90-CDH1 with NAFLD disease severity and fibrosis[67]. 
rs368234815 variant in IFNL4 and FNDC5 rs3480 polymorphism are respectively identified to be associated 
with liver damage and fibrosis in patients with NAFLD[70,71]. In addition, gender-bias is as well  observed in 
NAFLD-HCC. As the confirmed risk factor for male HCC, androgen receptor (AR) transcription activity is 
enhanced by key enzymes and specific unsaturated fatty acid produced in lipogenesis via activation of Akt 
kinase[72] [Figure 1]. 
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ALTERATION OF IMMUNE MICROENVIRONMENT
Multiple resident or migratory immune cells, including innate and adaptive immune cells, are responsible 
for maintaining immune homeostasis in the liver. In addition, the dysregulation of hepatic immune cells 
play critical roles in liver cancer pathogenesis. Liver is rich of innate immune cells including myeloid cells 
and innate immune cells. The myeloid cells contain macrophages, dendritic cells and myeloid-derived 
suppressor cells (MDSCs). Liver innate lymphocytes are represented by natural killer (NK) cells, NKT cells, 
mucosal associated invariant T cells and γδT cells. CD4+ T, CD8+ T and B cells comprise major adaptive cells 
in liver[73]. Both virus infection and metabolic disorder invoke the immune environment from tolerogenic 
status to active inflammation, leading to further cellular injury, fibrosis and eventually hepatocarinogenesis. 
Moreover, various subtype immune cells and related markers in tumor microenvironment are significantly 
predictors for clinical outcome of patients[74]. Here, this part will discuss the similarities and differences of 
immune cells responses between HBV and NAFLD-associated HCC [Figure 2].

Macrophages
Macrophages compromise almost 20% of overall immune cells in liver, containing residential Kupffer 
cells (KCs) and migratory monocyte-derived macrophages. Hepatic macrophages are extremely plastic 
and accommodative to signals from the microenvironment. Both inflammatory stimuli and viral proteins 
reprogram macrophages towards M2-like tumor macrophages, which in turn promote HCC progression[75-77]. 
In chronic HBV-infected tissue, macrophages are manipulated by HBV for persistent maintenance in liver. 

Figure 2. Alteration of immune cells in HBV- and NAFLD- HCC and corresponding immunotherapies. In HBV-infected liver 
microenvironment, MDSCs are recruited and macrophages are educated to polarization of pro-tumor phenotype, which constitute 
immunosuppressive microenvironment. However, excessive lipid accumulation and lipotoxic hepatocytes induce macrophages to 
pro-inflammatory phenotype which promotes liver damage. In both etiologies- associated HCC, cytotoxic T cells and NK cells inhibit 
progression of tumor formation through cytokines secretion or phenotype switch. B cells control progression of HBV infection by 
antibodies production and cytokines secretion, whereas promote NAFLD development towards fibrosis via inducing CD4+ T cells. 
Overall, activation and function of effector immune cells are suppressed by MDSCs and macrophages through interaction of checkpoint 
molecules, such as PD-1, PD-L1, CTLA-4, TIM-3 and LAG-3. Furthermore, several drugs blocking inhibitory checkpoint receptors have 
been developed and approved for treatment of cancer diseases. Collaboratively, CAR-T and CAR-NK cell therapy are investigated to be 
promising in treatment of liver cancer. HBV: hepatitis B virus; NAFLD: nonalcoholic fatty liver disease; HCC: hepatocellular carcinoma; 
MDSCs: myeloid-derived suppressor cells; CAR: chimeric antigen receptor; NK: natural killer; Mφ: macrophage; Arg1: arginase 1; MMP9: 
matrix metallopeptidase 9; IL: interleukin; IFN: interferon; TNF-α: tumor necrosis factor-alpha; TCR: T-cell receptor; BCR: B-cell receptor 
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HBV suppresses pattern recognition receptors (PRRs) sensing or downstream interferon (IFN) response 
in hepatocytes but activate macrophages to secrete cytokines at high titer[78]. Furthermore, HBc protein is 
detected within macrophages in liver tissues from HBV-infected patients. Macrophages exposed to HBV or 
HBV-producing cells are prone to secrete more IL-10, which subsequently impairs lymphocyte activation, 
but less pro-inflammatory cytokines such as IL-6 and IL-1β with property of inhibition on HBV infection[76]. 
Accordingly, HBV drives macrophages to be suppressive immune cells. In offspring with horizontal 
transmission of HBV, HBeAg induces up-regulation of checkpoint molecular PD-L1 on macrophage and 
polarization to M2 protumor subtype, which impairs responses of CD8+ T cell to HBV and lead to virus 
persistence[79]. Moreover, macrophages produce matrix metalloproteinase 9 (MMP9) and IL-23 under 
the stimulation of HBV, which blocks binding of IFN-α to IFNAR1 and facilitate tumor angiogenesis and 
progression[80,81].

Contrarily, pro-inflammatory macrophages are essential for progression of NASH-associated HCC. In a 
high-fat diet (HFD) zebrafish model, hepatic macrophage morphology is changed and number of TNF-α 
positive positive macrophages is increased, and liver size is subsequently reduced in macrophage-ablation 
NAFLD/NASH associated HCC larvae but not in HCC or NAFLD alone[82]. The process from NAFLD to 
HCC is proximately accompanied by inflammation and fibrosis, in which, innate and adaptive immune cells 
are enriched and trafficking in liver. A recent study demonstrates that KCs induce recruitment of platelet in 
early stage of NAFLD, which is associated with hepatic injury. Furthermore, antiplatelet treatment abrogates 
infiltration of CD8+ T cells, Ly6G+ granulocytes, especially CD11b+ F4/80+ monocyte-derived macrophages 
and KCs, which alleviates the progression of carcinogenesis[83].Mechanistically, excessive toxic lipids and 
cholesterol crystals accumulate in macrophages, forcing cells polarization to pro-inflammatory phenotype, 
and depletion of KCs dampens release of pro-inflammatory cytokines and liver damage[84-87]. Meanwhile, 
lipotoxic hepatocytes activate macrophages polarization via releasing exosomes containing miR-192-5p[88]. 
Generally, NF-κB and JNK signaling pathways mainly mediate the activation of macrophages towards 
the pro-inflammatory phenotype. Stimulator of interferon genes (STING) invokes the polarization of 
macrophage to produce TNF-α and IL-1β via JNK/NF-κB pathways, which further modulate increase lipid 
deposition in hepatocytes and exacerbate progression of NAFLD[89]. 

MDSCs
MDSCs, generated as immature myeloid cells from bone marrow, are the major immunosuppressive cells 
which inhibit T cells proliferation and function and enhance induction of Treg cells and tumor-associated 
macrophages in chronic inflammation and cancers. Multiple studies have reported that MDSCs are closely 
related with HBV persistence and HCC. In patients with chronic HBV infection (CHB), HBeAg induces 
expansion of monocytic MDSCs (mMDSCs) via indoleamine-2,3-dioxygenase (IDO), to suppress autologous 
T cell proliferation and IFN-γ production, favoring the establishment of tolerant immune environment[90]. 
Similarly, HBsAg promotes differentiation of mMDSCs through activation of ERK/IL-6/STAT3 signaling 
feedback[91]. Mechanistically, cell cycle-related kinase (CCRK), as a direct AR-regulated oncogene, 
mediates virus-host signaling to promote progression of HBV-associated HCC[92], and further induces 
polymorphonuclear (PMN) MDSCs in HCC[93]. Moreover, AR-CCRK pathway is consistently shared by 
tumorigenesis in NASH-related HCC. Induction of CCRK activates mTORC1/4E-BP1/S6K/SREBP1 cascades 
and recruits PMN MDSCs to initiate metabolic reprogramming and immunosuppressive microenvironment 
to facilitate the progression of HCC[94]. Concordantly, hepatic lipid deposit promotes accumulation of 
MDSCs and further enhances the cellular production of ROS in NASH-model mice[95,96].

NK cells
Lymphocytes represent another crucial population in intrahepatic innate immune cells, including NKT cells, 
ILCs (NK cells and other ILC subpopulations) and γδT cells. NKT and NK cells, which mainly contain 
conventional circulating NK and liver-resident NK cells, comprise about 50% of lymphocytes in liver. 
Generally, hepatic NK cells recognize and restrain virus-infected cells via direct cytotoxicity or secreting 
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immunoregulatory cytokines, such as IFN-γ and TNF-α, to activate T cells[97,98]. Recent studies demonstrate 
that liver-resident CD56 (bright) NK cells, which show increased expression of NKG2D and TRAIL and 
low production of IFN-γ, represent a cell population adapted for tolerogenic liver microenvironment and 
inducible anti-viral immunity[99,100]. Accumulating evidence illustrates that function of NK cells is impaired in 
CHB and HBV progressed diseases. NK cells in blood from CHB patients express higher level of suppressive 
cell surface molecules and cytokines, such as Tim-3, PD-1 and IL-10, which is induced by HBsAg-mediated 
increase of monocytes[101,102]. Besides, HBV nucleic acids-contained exosomes entering into NK cells inhibit 
expression of pattern-recognition receptors and thus NF-κB and p38 MAPK pathways, which results in 
dysfunction of NK cells[103]. Furthermore, intrahepatic NK cells-mediated apoptosis of hepatic stellate 
cells (HSCs) is reversed via blockade of TGF-β in HBV-infected liver cirrhosis patients, which leads to 
impairment of anti-fibrosis capacity in NK cells[104]. In HBV-associated HCC, LINC01149 variant upregulates 
MICA expression through serving as miR-128-3p sponge to recruit NK cells to lyse infected cells, which 
process releases highly soluble MICA and thus induces exhaustion of NK cells[105].

IL-15 is crucial for homeostasis of NK cells. Deficiency of IL-15 or IL-15Rα inhibits high fat diet-induced 
accumulation of lipids and inflammation in liver[106], which probably suggests dysregulation of NK cells 
involving in NAFLD progression. Although NK cells is a cell population with cytotoxicity in infected 
tissues, these cells convert to less cytotoxic ILC1-like phenotype in NAFLD, which probably protect obese 
liver from severe NAFLD but dampened capability to kill cancer cells[107]. In advanced stages of fibrosis in 
NAFLD accompanied by insulin resistance, the ability of NK cells to restrain HSCs is impaired, mediated by 
low expression of insulin receptors, which leads to deterioration of the liver and fibrosis[108]. Furthermore, 
NKp46+ NK cells, as immunoregulatory cells, induce polarization of hepatic macrophages towards M1-like 
phenotype via IFN-γ, which prevents NASH progression to fibrosis[109].

T cells
T cells represent the major adaptive lymphocytes in transformation from inflammation to cancer. CD8+ 
T cells frequently show restricted proliferation and exhausted function with high expression of inhibitory 
checkpoint molecules such as CTLA-4, PD-1 and TIM-3 in CHB and HBV-HCC. High expression of PD-1 
on HBV-specific T cells or B cells induces exhaustion of T cells or reduced antibodies production, which is 
partially reversed by PD-1 blockade[110-112]. In HCC tissue, there exist CD8+ T cells expressing different levels 
of PD-1. The population with high-level PD-1 expresses TIM-3 and/or LAG-3 and produce limited IFNγ and 
TNFα when exposed to anti-CD3[113]. Beyond, thymocyte selection associated high mobility group box (TOX) 
in CD8+ T cells promotes PD-1 translocation to cell surface by regulating endocytic recycling of PD-1[114]. 

Abundant exhausted CD8+ T cells and Tregs exist and potentially clonally expand in cancerous tissues 
from HCC patients[115], contributing to evasion of tumor cells from immune surveillance. However, several 
studies illustrate that CD8+ T cells potentiate to promote persistent hepatic inflammation susceptible to HCC 
development when HBV-specific CD8+ T cells stay in activation but lack of capability to constrain virus 
replication[116]. Consistently, CD8+ T cells possess dual functions in progression of NAFLD-related HCC. 
In diet-induced obese mice, CD8+ T cells are recruited to liver to promote insulin resistance and glucose 
metabolism, leading to steatohepatitis[117]. Meanwhile, another study demonstrates that activation of CD8+ T 
cells is suppressed by liver-resident immunoglobulin-A-producing (IgA+) cells, which express high levels of 
PD-L1 and IL-10[118]. 

Compared to CD8+ T cells, HBV-specific CD4+ cytotoxic cells in PBMCs from HBV-associated HCC present 
at the similar level, but display weaker cytolysis capability and suppress cytotoxicity of CD8+ T cells in the 
absence of Tregs[119]. The antigen-experienced T cells, CD4+ follicular helper T (Tfh) cells diminish HBV via 
response to HBsAg, which is impaired by CTLA-4-mediated Treg suppression[120]. Contrary with CTLA-4, 
increased expression of co-stimulatory molecule OX40 on peripheral CD4+ T cells is associated with HBV 
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clearance[121]. Furthermore, combined OX40 stimulation and PD-L1 blockade effectively activate IFN-γ 
producing Th1 cells and IL-21 producing Tfh cells, which potentiates the application of immunotherapeutic 
approaches[122]. Consistent with anti-tumor function in HBV-related HCC, surveillance from CD4+ T 
cells are crucial for NAFLD[123,124]. However, selective loss of CD4+ T cells has been recently detected in 
NAFLD, which promotes hepatocarcinogenesis[125]. Mechanistically, linoleic acid (C18:2) is released from 
dead hepatocytes caused by lipotoxicity into CD4+ T cells. C18:2 then co-localizes within mitochondria, 
upregulating expression of carnitine palmitoyltransferase, which further promotes production of ROS and 
cell apoptosis[124].

B cells
HBV viral load as well as HBsAg and HBeAg levels differed with progression of distinct phases of chronic 
HBV infection, accompanied by alteration of immune cells. Immunoglobulin-encoding genes and B cell 
function-related genes are more enriched in immune active patients than those in immune tolerant and 
inactive carrier patients[126]. B-cell response and humoral immunity are essential for controlling progression 
of chronic HBV infection[127,128]. However, differentiated HBsAg-specific B cells from patients with CHB are 
defective in antibody production and express high levels of inhibitory receptors, such as PD-1, FcRL4 and 
FcRL5[112,129]. Blockade of PD-1 on B cells effectively reverses cellular dysfunction to maturation and cytokines 
secretion[111]. Mechanistically, HBsAg inhibit toll-like receptor (TLR) promoter activity by suppressing 
phosphorylation of CAMP responsive element binding protein (CREB), thereby comprehensively inhibits 
expression of TLR9 in B cells, leading to reduced proliferation of B cells and decreased proinflammatory 
cytokines secretion[130].

Intrahepatic B cells are highly associated with NAFLD. CD20+ B cells are increased in liver tissues from 
NAFLD patients with activity score higher than 5, compared with those of 0 or 1~4[131]. Consistently, hepatic 
B cells account for more in HFD-induced NAFLD mice than in control mice. Moreover, the B cells in 
NAFLD liver tissues potentiate to produce higher levels of IL-6 and TNF-α, and promote differentiation 
of CD4+ T cells to Th1 cells[132]. Functionally, the maturation of hepatic B2-cells and the increase of IgG 
in circulation targeting oxidative stress-derived epitopes predict the onset of steatohepatitis, and B cells-
mediated activation of Th1 cells contributes to NAFLD progression toward fibrosis[133].

IMMUNOTHERAPIES
As discussed above, a long duration is taken for both HBV- and NAFLD-related HCC, therefore, treatments 
aiming at eliminating HBV infection or blocking NASH progression and fibrogenesis can prevent the 
development of tumors. Abundant alterations of hepatic immune cells during liver carcinogenesis provide 
wide-range targets. Several immunotherapies have been approved for clinical application, nonetheless, the 
induced resistance and adverse events remain to be further investigated. The following sections will discuss 
immunotherapies in HCC, such as immune checkpoint inhibitors, virus or tumor vaccines, and adoptive 
cells transfer.

Immune checkpoint blockade
Inhibitory checkpoint receptors (ICRs) including CTLA-4, PD-1 and PD-L1, are recognized as master 
regulators for anti-tumor immunity. Immune checkpoint inhibition (ICI) therapy using antibody against 
PD-1, PD-L1 and CTLA-4 have been since been approved by the Food and Drug Administration[134]. 
Moreover, function of exhausted CD8+ T cells is restored through implementation of anti-PD-1 therapy 
and even combined blockade of ICRs[113,114]. In a cohort study with 262 patients enrolled between 2012 and 
2016, nivolumab, a monoclonal antibody against PD-1, showed a decent safety profile, including acceptable 
tolerability[135]. Consistently, safety and efficacy of nivolumab was comparable in Asian patients, compared 
to intent-to-treat overall population[136]. However, a phase III trial showed that pembrolizumab, another 
PD-1 inhibitor, did not display significant increase in overall survival (OS) and progression-free survival 
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(PFS), compared with control groups[137]. Since medicines based on anti-PD-L1 monoclonal antibodies have 
been validated to be effective for several cancer diseases, a phase Ib clinical trial of atezolizumab combined 
with bevacizumab, the anti-PD-L1 antibody and VEGF blocking antibody respectively (ClinicalTrials.gov 
NCT02715531), has announced an overall response rate of 32% among 73 patients with advanced HCC[138]. 
Moreover, this combined therapy-based IMbrave150 phase III trial (ClinicalTrials.gov NCT03434379) is 
currently implemented and significant improvements in OS and PFS compared with sorafenib have been 
reported by the sponsor[139,140] [Figure 2].

CTLA-4 is another inhibitory molecule that attenuates activation and function of T cells. Upregulation of 
CTLA-4 promote the apoptosis, secretion of anti-inflammatory cytokines and exhaustion of CD4+ Th and 
CD8+ T cells in liver tissues from CHB and HCC patients[141-144]. Tremelimumab, which is the monoclonal 
antibody blocking CTLA-4, was administered in HCV-related HCC patients and assessed to possess 
antitumor and antiviral activity, along with good safety profile. The disease control rate was 76.4% and time 
to progression was 6.48 months (95%CI: 3.95-9.14)[145]. The similar efficacy displayed in another cohort with 
32 HCC patients enrolled. Combinational administration of Tremelimumab and tumor ablation results in 
accumulation of intratumoral CD8+ T cells and median OS of treated patients was 12.3 months (95%CI: 
9.3 to 15.4 months), which is a potential new therapy for patients with advanced HCC[146]. Furthermore, a 
preclinical study of durvalumab combined with tremelimumab was analyzed in patients with unresectable 
HCC (11 HBV+, 9 HCV+, 20 uninfected). Among 40 patients, 60% (24/40) had discontinued treatment. The 
uninfected patients after treatment showed predominantly clinical activity and no unexpected safety signals 
were observed. The phase II portion of this study is still ongoing[147] [Figure 2].

Adoptive cells transfer
Chimeric antigen receptor (CAR) therapy is a promising strategy for cancer immunotherapy. Accumulating 
evidence has demonstrated CAR-T cell therapy as effective strategy against lymphoid leukemia and multiple 
myeloma[148-150], whereas, efficacy and safety of CAR-T therapy for treatment of solid tumors remain elusive. 
Glypican-3 (GPC3) is broadly expressed on liver cancer cells, but minority on normal hepatocytes. GPC3-
targeted CAR-T cells efficiently kill GPC3-positive hepatoma cells and the T cells expressing third-generation 
CAR potentiate to suppress growth of xenografts with even low GPC3 expression level in mice[151]. Moreover, 
GPC3-specific CAR-T therapy combination with sorafenib could effectively promote apoptosis of liver 
cancer cells[152] [Figure 2]. 

However, side effects to CAR-T therapy contain high manufacturing and fatal toxicities, such as cytokine 
release syndrome[153]. CAR-NK therapy is under investigation and probably provide better options. Similar to 
CAR-T, FLT3- and CS1-targeted CAR-NK cells respectively suppress proliferation of cancer cells in myeloid 
leukemia and multiple myeloma[154,155]. Furthermore, DAP12-targeted CAR-NK cells efficiently suppressed 
tumor cells in ascites and proliferation of liver-metastatic tumors in colorectal cancer patients[156]. In vivo 
studies have shown that injection of ErbB2-specific NK-92/5.28.z cells possess the ability to prolong survival 
of glioblastoma-xenograft mice[157] [Figure 2].

CONCLUSION
Chronic HBV infection-induced progression of HCC mainly depends on direct intrusion of viral 
components in hepatocytes, which disturbs its normal cellular metabolism and function. This subsequently 
stimulates immune imbalance in liver. Frequently accompanied by systemic metabolic syndrome, 
advancement of NALFD- associated HCC encompasses excessive lipid accumulation in hepatocytes 
and immune cells, insulin resistance and inflammation induced malignant transformation. The hepatic 
complexity of immune cells mediates tumorigenesis in situation of anergy of cytotoxic cells and enhancement 
of immunosuppressive cells. Cytotoxic T cells are the major factor which eradicates HBV-infected cells or 
malignant cells. The exhaustion mediated by MDSCs or Tregs leads to persistence of HBV and evasion of 
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cancer cells. Flexibility of macrophages facilitates themselves to polarize according to different signals from 
microenvironment. Macrophages mostly function as suppressive cells to inhibit proliferation and activation 
of CTLs in HBV-related HCC, while promotes liver damage and fibrosis via releasing pro-inflammatory 
cytokines.

Since there still remains lack of effective drug specifically targeting eradication of HBV or controlling 
development of NAFLD, illustrating molecular mechanisms of immune cells and establishing novel 
immunotherapies will provide promising options for treatment of HCC. Unbridling cytotoxic cells (ICI) and 
stimulating the cells specifically engineered with tumor-associated antigens (CAR-T and CAR-NK) mutually 
contribute to effectively restrain progression of HBV- and NAFLD-induced HCC. Taken together, the drug 
resistance and adverse effect induced by immunotherapies should be further recorded and investigated in 
future studies.
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Abstract
The COVID-19 pandemic has led to the greatest worldwide health crisis in decades. The number of infected 
patients with severe SARS-CoV-2 (COVID-19) disease has overwhelmed the capacity of almost all health care 
systems around world. Hypoalbuminemia has now been reported in patients with severe disease seeking help 
in the emergency room because of COVID-19 infection. In the past, hypoalbuminemia was considered to be a 
negative prognostic marker, not only in patients with chronic liver disease, but also in patients with SARS and MERS 
infections. Albumin is the major serum protein synthesized by the liver. A low serum albumin level is an ominous 
clinical sign. Introduction of amino acids to a patient’s diet is of fundamental importance to hepatic albumin 
synthesis in different clinical situations. This highlights the importance of nutritional support during the early phases 
of COVID-19-infection. Furthermore, albumin synthesis in the hepatocyte is downregulated at a pretranslational 
level by the direct interaction of the major acute-phase cytokines which are released into the circulation during the 
cytokine “storm” induced by the viral effects on the lungs. Both mechanisms contribute to severe hypoalbuminemia 
which, combined with massive fluid losses due to the fever, is responsible for severe hypovolemia and shock 
commonly observed in patients with COVID-19 in critical care settings.

Keywords: Severe acute respiratory syndrome cornonavirus 2, SARS-CoV-2, COVID-19, albumin synthesis, nutrition, 
acute-phase reaction, cytokines, liver, extrahepatic organs

COVID-19 INFECTION AND THE CLINICAL RELEVANCE OF HYPOALBUMINEMIA
Severe acute respiratory syndrome, cornonavirus 2 (SARS-CoV-2), formally CoV-19, is a recently recognized 
RNA-virus which belongs to a larger family of pathogenic human viruses. Severe acute respiratory syndrome 
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cornonavirus-1 and Middle East respiratory syndrome coronavirus caused primarily pulmonary diseases. 
HuCoV 229E, 0C43, NL63 and HKU1 are mainly responsible for the common cold, but can also cause lethal 
nonspecific pneumonias[1]. However, SARS-CoV-2 has a wide range of clinical presentations, with acute 
respiratory distress syndrome being the often fatal pulmonary complication[2-4].

Most of the publications reporting clinical characteristics for patients with SARS-CoV-2-infection originate 
from China, many from the city of Wuhan. These publications are descriptive retrospective case series about 
patients hospitalized with the virus or who died in intensive care units (ICU)[5,6]. The symptoms reported 
mainly concern the reason for hospitalisation. The spectrum of all symptoms, and key timings from when 
patients first felt unwell is less well reported[7,8]. In fact, far less is known about the symptomatology at the 
time of first appearance of the disease in hospitalized patients and in infected persons who remained at 
home, and who may had even died there.

Parameters indicating liver damage include prothrombin time, serum transaminase and bilirubin levels, 
acute-phase response markers such as leukocyte count. C-reactive protein, procalcitonin, and several 
serum cytokine levels have been reported in patients with SARS-CoV-2, together with changes in serum 
albumin levels[2-5,9,10]. Previous experiences in patients with SARS or MERS suggested that hypoalbuminemia, 
lymphopenia, a serum CRP level greater than 4 mg/dL, plus elevated lactate dehydrogenase on hospital 
admission were predictive for pneumonia progressing to respiratory failure[11-14]. Low serum albumin levels 
have now been found to be an important predictor of progression to severe disease and increased mortality 
in hospitalised SARS-CoV-2 positive patients of older age[15,16].

PATHOPHYSIOLOGICAL ASPECTS OF HYPOALBUMINEMIA AND CLINICAL RELEVANCE OF 

ALBUMIN INFUSION
Albumin is a single chain protein with a molecular weight of 66 kDa made of 585 amino acids which 
represents more than 50% of the serum proteins and represents an important component of interstitial 
fluid. The albumin fraction was first separated from the other components of the plasma in 1944 by 
Edwin Cohn[17], who also appreciated its strong oncotic properties. This characteristic of albumin was 
also confirmed by Scatchard et al.[18] in 1944. Serum albumin levels are used as useful surrogates of liver 
function[19]. Soon after the fractionation studies, intravenous albumin administration was performed in 
patients with advanced liver disease. This was done in the United States during the 1940’s[21,22] and also in the 
United Kingdom at the beginning of the 1960’s by Wilkinson and Sherlock et al.[22]. 

The beneficial effect of prolonged administration was first demonstrated in a clinical trial by the group of 
Paolo Gentilini in Florence[23], and more recently by Caraceni et al.[24] in Bologna. 

The positive diuretic effect of albumin infusion in three patients with liver cirrhosis was published by 
Patek et al.[25]. This finding was subsequently corroborated in a group of ten patients[26,27], showing that 
albumin infusion in patients with liver cirrhosis and ascites (without spontaneous bacterial peritonitis) 
increased sodium excretion in the urine, and led to weight reduction and a reduction in diuretics required.

It was shown that repeated daily intravenous administration of albumin was able to avoid the requirement 
for transjugular stent placement into the portal tract trough the hepatic vein (TIPS)[28]. A similar experience, 
in a larger patient numbers, was published by Trotter et al.[29].

The positive effects of albumin infusion in cirrhotic patients with low levels of serum albumin was shown by 
Bajaj et al.[30] who observed a normalisation in serum sodium concentration in patients with liver cirrhosis 
and hyponatriemia. Infusion of intravenous albumin solution in decompensated cirrhotic patients was also 
able to reduce encephalopathic episodes and associated mortality[31].
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The prognostic importance of serum albumin levels in patients with liver disease is demonstrated by the 
inclusion of this parameter in the Child-Turcotte-Pugh score, used to assess the prognosis of chronic liver 
disease, mainly cirrhosis. This score was introduced by surgeons in 1963[32].

In addition, serum albumin level is a key nutritional parameter used to estimate the grade of malnutrition, and 
to predict survival in patients with liver cirrhosis. Malnutrition is an independent risk factor for transplantation, 
and improves the prognostic value of the Child-Turcotte-Pugh score, reported by Alberino et al.[33].

While administration of albumin in patients with advanced liver disease and hypoalbuminemia is now a 
standard therapy, albumin administration in critically ill patients with or without liver disease in the ICU is 
controversial[34-36].

Figure 1. Panel A shows the results of in-situ-hybridisation analysis performed in slices of embrional liver at different stages of 
developement in NB and Ad rats. The intensity of the reaction demonstrates an abundance of albumin-specific mRNA. NB: newborn; Ad: 
adult. Histochem Cell Biol  2007;128:431-43. (reprinted with permission)[37]



The liver is the sole source of serum albumin[37] [Figures 1 and 2] which represents more than 50% of all 
proteins synthesized in the liver. Under normal conditions albumin synthesis in the hepatocytes is regulated 
by the amount of proteins reaching the intestine after each meal, and the amount of amino acids transported 
into the liver through the portal system.

During fasting, reduced albumin synthesis is due to a reduced uptake of amino acids into the hepatocytes[38], 
which may be in part compensated by using amino acids from muscle proteins.

During acute phase situations, characterised by tissue damage induced by different insults such as trauma, 
bacterial infection, or viral infections such as SARS-CoV-2, the defence mechanisms of the body concentrate 
on eliminating the aggressive agent at the site of tissue entry and/or the damaged tissue. The main systemic 
reactions during the COVID-19 illness are fever, weakness and loss of appetite. In addition vomiting, 
diarrhea and abdominal discomfort[39], which may be accompanied by loss of taste[40] and loss of smell 
(anosmia)[41,42], may be also be present. At the beginning of the illness a dry cough and sometimes dyspnoea 
may be present. The systemic defence reaction may last for a few days and the consequences may not be 
clinically noted if the person continues to stay home and recovers promptly. If the symptoms last for a week 
or longer, two major consequences have to be considered: (1) severe fluid losses leading to dehydration and 
ultimately hypovolaemic shock; (2) reduction in caloric intake which worsens symptoms of weakness, and 
accelerates a rapid loss in body weight[43].

These changes may be aggravated by the simultaneous intake of antihypertensive medication, including 
diuretics, as might be encountered in older patients and/or those patients with multiple comorbidities[44].

The systemic reaction, a major component of body defence strategy, is induced by different cytokines 
that originate the main site of injury, e.g., the lungs. The so called “major acute-phase mediators” are 
Interleukin-6, Interleukin-1, TNF-alpha, and IFN-gamma, which are all synthesized in different amounts, 
depending on the quality (organ and damaging agent) and the quantity of tissue damage.

The acute phase cytokines are responsible for the central regulation of body temperature[45], reduction in 
appetite, and associated adynamia and mental confusion[46].

The reduction of appetite (anorexia) on the one hand, and abdominal discomfort on the other, can also be 
attributed to the direct action of the cytokines on the intestinal neurons, with alterations in the mobility 

Figure 2. Autoradiograph of a SDS-PAGE-analysis of immunoprecipitates from cell culture supernatants (hepatoblasts and hepatocytes). 
Radioactively labelled albumin was immunoprecipitated with a specific antibody. The strong speed of the release of the newly synthesized 
protein is an explanation for the difficulty to detect albumin (as a protein) in the liver sections by using immunostaining techniques. 
Histochem Cell Biol  2007;128:431-43. (reprinted with permission)[37]
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of the large and small bowel[47,48]. The liver, as the source of the majority of the serum proteins, is the main 
target of the acute phase cytokines. These cytokines induce pretranslational modification of gene expression 
through direct interaction with the hepatocytes[49] [Figure 3]. There are positive and negative acute phase 
proteins[45]. 

According to the variations of their serum level, the positive acute-phase proteins are defined “major”, not 
because of the volume of their serum level, but because of the magnitude (up to 1.000 fold) of the increase in 
their serum level.

CRP, Serum Amyloid A, Serum Amyloid P, lactoferrin[50], Lipocalin-2[51], hepcidin[52-55], Interleukin-8[56], 
and Erythropoietin[57] all belong to the “major” acute-phase secretory protein group, while hemoxygenase-1 
belongs to the positive[58] intracellular acute-phase proteins. “Minor” acute-phase proteins are fibrinogen, 
fibronectin, ceruloplasmin, alpha-1-antitrypsin, complement fraction 3, Factor B, and many others.

As most of the major acute-phase proteins have a low molecular weight, measurement of their serum level 
may not correspond to a real increase in hepatic synthesis. This is due to the rapid elimination via the urine. 
Hepcidin was first identified in the urine[59].

Albumin is the main negative secretory acute phase protein [Figure 4][49], whilst ferroportin-1 and 
hemojuvelin belong to the negative intracellular acute-phase protein group[52-55]. In a rat model, albumin 
mRNA in the liver was reduced by 50%, while total mRNA was increased by 50%, 2 days after infection with 
live Escherichia Coli[60]. During the 2 days rats ate only 5%-10% of the amount of food consumed prior to 
injection by the bacteria. This was followed by a further aggravation of the reduction of albumin synthesis[60], 
further demonstrated in isolated liver perfusion studies[61], and in humans under caloric restriction[62]. The 
amount of the acute-phase cytokines released into the circulation, and the concentration needed for the 
systemic appearance of the symptoms and of the metabolic changes, are different in different patients. They 
may be regulated differently by the drug administered, especially in the acute diseases. However, the response 
is mainly proportional to the extent of the tissue damage.

Figure 3. Autoradiograph of a SDS-PAGE-analysis of radioactively labelled albumin from the supernatants of hepatocytes treated with the 
first recombinant IL-1 for different time lengths (panel A). Panel B demonstrates that the inhibitory effect of IL-1 on albumin synthesis is 
reversible (kinetic of release of the effect of the cytokine). J Exp Med  185;168:930-42. (reprinted with permission)[49]
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In summary, two main mechanisms act in reducing albumin serum concentration in patients with severe 
COVID-19-infection: (1) reduction in albumin synthesis due to reduced food intake; (2) inhibition of 
specific mRNA-synthesis in the hepatocellular nuclei induced by the direct interaction of the cell with the 
acute-phase cytokines.

The acute-phase cytokines induce up-regulation of gene-expression of several positive hepatic acute-phase 
proteins, and in extrahepatic organs[63] [Figure 5], but the changes in serum level are influenced by their 
synthesis in liver cells[45]. This mechanism is not only active in cases of tissue damage caused by bacterial, but 
also by viral infections[64]. The order of magnitude of variations in the serum level of the acute-phase proteins 
caused by viral infections is lower than that induced by bacterial infections.

Figure 4.  Autoradiographs of SDS-PAGE-analysis of a biosynthetically, radio-actively labelled major positive acute-phase-protein (SAA), 
a minor positive acute-phase (factor B) and of the major negative acute-phase protein (albumin) immunoprecipitated from the same 
sample of supernatant from hepatocyte cultures treated with different amounts of recombinant IL1. Line 5 in panel A and lines 7-9 are 
negative controls. The relative abundance of the different proteins released into the supernatant is demonstrated by the time of exposure 
of the film to the filter containing the immunoprecipitated radioactive protein. The shortest time of exposure time was for albumin (24 h) 
and the longest was SAA (21 days). While synthesis of albumin was inhibited by increasing doses of human recombinant IL-1, synthesis 
of factor B and of SAA were increased at the same time in the hepatocyte reproducing the process taking place in the liver in vivo during 
an acute phase situation. It is understandable that the serum concentrations of the acute-phase cytokines produced at extrahepatic sites 
has to be quite high to induce changes of protein synthesis in the liver until these can become measurable. This is also the case for those 
proteins whose constitutive gene-expression is almost undetectable, as is the case for SAA or CRP in humans. SAA: serum amyloid A. 
1985;162:930-42. (reprinted with permission)[49]
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Physical examination results obtained in hospitalized patients are not reported in the different publications, 
but most of the patients who were transferred from the emergency room to the ICU will likely have 
presented with clear signs of exsiccosis, hypotension and eventually malnutrition as testified by the low 
serum albumin levels. This should be highlighted in the guidelines for the initial supportive management 
of patients with COVID-19. If not recognized and promptly treated, progression to the second stage of the 
disease, with deterioration in respiratory function, will likely occur.

Patients suffering from mild disease who presented with normal serum albumin levels, even those who have 
developed a deterioration, maintained normal serum levels and could be released from the hospital[15,16,65].

Although albumin administration is not recommended in patients with low serum albumin levels being 
treated in the ICU[35,36], previous positive experiences[66] with repeated administration of 200-400 mL of 
convalescent plasma showed positive effects in some critically ill COVID-19-patients[67-70]. The positive effect 
of convalescent plasma infusion could be attributed not only to the COVID-19-specific immunoglobulins, 
but also to the other components of the plasma e.g., albumin[71].

Figure 5. Autoradiograph of results of analysis of RNA (Northern) from organs of mice treated intraperitoneally with different amounts of 
E. Coli  LPS as a model to induce an acute-phase reaction. The filters containing the tissue-RNA were hybridised with radio-actively labelled 
cDNAs specific for factor B, for SAA and for actin as control. In all organs factor B- and SAA-gene-expression was up-regulated in a dose-
dependent manner. The different time of exposure of the x-ray film demonstrate the different abundance of gene-expression of factor B and 
SAA in the different organs. SAA: serum amyloid A; LPS: lipolysaccharide. J Immunol 1985;135:3645-7. (reprinted with permission)[63]
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Abstract
Nonalcoholic fatty liver disease and its evolutive form nonalcoholic steatohepatitis (NASH) are nowadays the 
second/third cause of chronic liver disease worldwide, and their prevalence and incidence are rapidly increasing 
in parallel to the burden of diabetes and obesity. Hepatocellular carcinoma (HCC) due to NASH (HCC-NASH) has 
become the major cause of HCC and is now one of the major indications for liver transplant in Western countries, 
after that due to HCV infection. NASH occurs both in the presence and absence of liver cirrhosis. In this review, we 
describe the epidemiology of HCC related to metabolic liver disease: not only NASH-HCC but also type 2 diabetes 
mellitus and obesity-related HCC. Some new practical guidelines for screening and surveillance of patients with 
metabolic diseases at risk for HCC are also discussed.

Keywords: Nonalcoholic steatohepatitis, hepatocellular carcinoma, metabolic syndrome, obesity, type 2 diabetes 
mellitus

INTRODUCTION
The prevalence of nonalcoholic steatohepatitis (NASH)-related hepatocellular carcinoma (HCC) is 
increasing in parallel with the prevalence of nonalcoholic fatty liver disease (NAFLD), type 2 diabetes 
mellitus (T2DM) and obesity worldwide, particularly in Western countries[1]. HCC develops in patients 
with NASH and without cirrhosis in 40% of cases[2,3]. In patients with NASH and advanced (F3) fibrosis 
or Child A cirrhosis, approximately 20% of patients progress to decompensated cirrhosis over a 2-year 

Received:     First Decision:     Revised:     Accepted:    Published:  

Science Editor:     Copy Editor:     Production Editor: Jing Yu 



period[4,5]. There are significant geographic variations in the incidence of NASH and NASH-HCC[6,7]. 
HCC, in general, has the sixth highest cancer incidence, and is the fourth leading cause of cancer-related 
death in the world[8]. It is already known that the most prevalent cancer in obesity and T2DM is HCC, 
and that the prevalence of NAFLD/NASH in obesity and T2DM is significantly higher than in the general 
population, being 75%, 95% and 25%, respectively[9,10]. Obesity and high-fat diet are increasingly recognized 
as major risk factors for HCC-NASH, but the exact molecular mechanisms integrating these events remain 
unclear[11]. Furthermore, the etiology and pathogenic link between obesity, T2DM and NASH-HCC is not 
completely understood, at least in humans. It could be related to STAT-1/STAT-3 intracellular signaling[12] 
or, according to new pathogenetic interpretation, also to alteration of the gut microbiota[11]. We also know 
that a substantial proportion of patients with NAFLD/NASH will never develop HCC, and thus, it is very 
important to understand the exact relationship between NASH-cirrhosis and NASH-HCC and metabolic 
diseases to program good prevention and treatment measures for these patients.

We try to unravel these still less known diseases in the following section. 

THE NATURAL HISTORY OF NASH
NAFLD is still interpreted as a negative definition used to describe a spectrum of metabolic liver 
diseases due to excessive hepatic fat accumulation with associated insulin resistance, in the absence of 
significant alcohol consumption or other causes[13,14]. While NAFLD can refer to simple steatosis, NASH is 
characterized by inflammation and is associated with an increased risk of progression to fibrosis, advanced 
fibrosis, cirrhosis, hepatic decompensation and HCC[13,14]. NASH can only be reliably differentiated from 
NAFLD histologically, and the prevalence of NASH among biopsied NAFLD patients is estimated to 
be 59.1% (95%CI: 47.55%-69.73%) from pooled NASH prevalence data[15]. Fibrosis is an important bad 
prognostic factor in NAFLD/NASH and in patients with NASH and advanced (F3) fibrosis or compensated 
cirrhosis, and it has been shown that approximately 20% of them will progress to cirrhosis/HCC, or hepatic 
decompensation over a 2-year period[4,5]. As shown in Figure 1 and as reported by Goah and McCollough[5], 
the natural history of NASH and its passage to advanced fibrosis, and then to cirrhosis and to HCC, 
depends on different risk factors such as sex, age, obesity, T2DM, genetic factors, and fibrosis stage. The 
first steps are also driven by a genetic predisposition contributing by itself to the development of insulin 
resistance and hepatic steatosis. Other co-factors could determine the lower or higher rate of progression 
from NASH to advanced fibrosis and to cirrhosis or HCC [Figure 1].

It must also be considered that NAFLD and NASH prevalence and incidence are different according 
to sex, usually higher in men than in premenopausal women (or age ≤ 50-60 years), while they tend to 
become more common in women after menopause (or age ≥ 50-60 years)[16]. This is probably due to sex 
hormone levels that might influence hepatic lipid and carbohydrate metabolism; particularly, it seems that 
estrogens may protect the liver from fibrosis in NAFLD/NASH. Estrogen seems to protect also from liver 
tumorigenesis, and theoretically, prolonging estrogen depletion (i.e., premature menopause) may lead to 
increased HCC risk in women with NASH[16].

OBESITY, GUT MICROBIOTA AND NASH-HCC
Mechanisms of obesity induced HCC
Obesity is a major driver of cancer, especially HCC.

The prevailing view is  that NASH and fibrosis or cirrhosis are required for HCC in obesity. However, 
they can also be dissociated in obesity. A recent work by Grohmann[11] in mice showed a strict correlation 
between STAT-1 signaling in inducing NASH and fibrosis and STAT-3 in promoting HCC formation. The 
authors were able also to demonstrate that STAT-3 signaling can drive tumor development in a context 
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of obesity with NAFLD, independently of the presence of NASH and fibrosis. Their studies reveal how 
obesity-associated hepatic oxidative stress can independently contribute to the pathogenesis of NASH, 
fibrosis and HCC, but again in mice.

Furthermore, HCC exhibits several characteristic lipid metabolic changes, especially in fatty acid (FA) 
metabolism, which is linked to NASH and associated with the status of other metabolic pathways, such as 
glucose metabolism. 

Accumulating evidence supports the importance of lipid metabolic reprogramming in various situations of 
hepatocarcinogenesis. In a recent review, the latest findings regarding the role of FA metabolism pathways 
in the development of HCC, focusing on reprogramming lipid metabolism, have been discussed in 
depth[17].

Another recent study reported[18] that unconventional prefoldin RPB5 interactor (URI) induces DNA 
damage in hepatocytes and triggers inflammation via T helper 17 (Th17) lymphocytes and interleukin-17A 
(IL-17A). This induces neutrophil infiltration into white adipose tissue, mediating insulin resistance (IR) 
and FA release, stored in liver as triglycerides, causing NASH and subsequently NASH-HCC, suggesting 
that IL-17A blockers may prevent IR, NASH, and HCC in high-risk patients.

Mechanisms of gut microbiota-induced obesity and HCC
Alterations of intestinal microbiota seem to play a key role in this pathogenetic mechanism. Yoshimoto et al.[19] 
studied hepatocarcinogenesis in obese mice, showing that the administration of antibiotics and gut 
sterilization could decrease the development of HCC in treated mice, modulating the dysbiosis and the 
subsequent secretion of pro-inflammatory and pro-carcinogenetic factors. Their data suggested that gut 
sterilization and antibiotic treatments could prevent the development of HCC, but these treatments did 
not lead to the regression of already established tumors. Several other lines of research showed that the 
gut microbiota is also involved in the development of HCC, in particular by increasing lipopolysaccharide 
levels and creating a subsequent pro-inflammatory microenvironment in the liver. Another mechanism 
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Figure 1. Natural history of NASH and risk factors for progression of NASH to HCC. Adapted from study[5]. NASH: nonalcoholic 
steatohepatitis; HCC: hepatocellular carcinoma; NAFLD: nonalcoholic fatty liver disease 



could be the one discovered recently by Loo et al.[20] involving lipoteichoic acid, a gram-positive gut 
microbial component that seems to promote HCC development by creating a tumor-promoting 
microenvironment. Lipoteichoic acid enhances the senescence-associated secretory phenotype of hepatic 
stellate cells (HSC) collaboratively with the obesity-induced gut microbial metabolite deoxycholic acid to 
upregulate the expression of senescence-associated secretory phenotype factors and COX2 through Toll-
like receptor 2. Interestingly, COX2-mediated prostaglandin E2 (PGE2) production suppresses antitumor 
immunity through a PTGER4 receptor, thereby contributing to HCC progression.

Moreover, COX2 overexpression and excess PGE2 production have been detected in HSCs in patients with 
NASH-HCC. The gut microbiota-driven COX2 pathway produces the lipid mediator PGE2 in senescent 
HSCs, which plays a pivotal role in suppressing antitumor immunity, suggesting that also PGE2 and its 
receptor may be novel therapeutic targets for noncirrhotic HCC-NASH[18].

All these new experimental findings discovering links between lipid metabolism, inflammation, insulin 
resistance, gut microbiome and HCC-NASH are still to be confirmed in humans, but they demonstrate that 
the pathogenetic pathway of NASH-HCC is multifactorial, very complex and still far away from leading to 
an efficacious treatment for this increasingly prevalent cancer. 

T2DM AND NASH-HCC
T2DM was also found to be an independent factor associated with HCC among patients with cryptogenic 
NASH-cirrhosis since 2002[21]. However, the association between diabetes and the risk of HCC in NASH 
patients with cirrhosis is not well quantified and completely understood. Diabetes increases the risk of 
liver disease progression to cirrhosis in patients with NASH. Only recently, Yang et al.[22] investigated the 
association between diabetes and HCC in patients with NASH cirrhosis in an large cohort with a longer 
follow-up and were able to demonstrate, even also in humans, that T2DM is associated with an increased 
risk of HCC in patients with NASH cirrhosis. Their secondary aim was to investigate the association 
between other metabolic risk factors (body mass index, hypertension, and hyperlipidemia) and HCC. 
However, the above metabolic risk factors were not associated with HCC risk[22].

Unfortunately there are not many other studies in humans that help to elucidate the molecular mechanisms 
underlying the pathogenesis of NASH-HCC related to T2DM. Progress in this field depends on the 
availability of reliable preclinical models amenable to genetic and functional analyses and exhibiting robust 
NASH-to-HCC progression. 

GENETIC, LIVER METABOLIC DISEASE AND NASH-HCC
Only recently was the association between NASH and genetic predisposition investigated, especially in 
young adults with NASH without any metabolic diseases. The most recent and important study is the one 
by Unalp-Arida and Ruhl[21]. They examined the relationships of liver disease markers, including patatin-
like phospholipase domain-containing protein 3 (PNPLA3) I148M,w ith mortality in a very large series 
(13,298 viral hepatitis-negative adults) belonging to the United States National Health and Nutrition 
Examination Survey, 1988-1994, with 27 years of linked mortality data. They found that PNPLA3 I148M 
was associated with increased liver disease mortality, and they suggested that the genetic variant PNPLA3 
I148M may be used as a marker in patients with NAFLD/NASH for HCC surveillance. 

SCREENING AND SURVEILLANCE OF HCC IN PATIENTS WITH NASH-CIRRHOSIS OR 

METABOLIC DISEASES
There is now substantial evidence that NAFLD/NASH-associated HCC may arise either in the presence 
or absence of cirrhosis[3,4,13,14,22-24]. Limited data are available to address the clinician’s need to know who is 

Page 4 of 6                                                   Bellentani. Hepatoma Res  2020;6:29  I  http://dx.doi.org/10.20517/2394-5079.2020.10



the NASH patient or patients with metabolic disease who should undergo screening and surveillance for 
HCC, and many questions remain to be answered, including new and efficacious strategies for targeting 
high-risk subjects in the general population[25]. A recent evidence-based expert review[24] tries to clarify 
this matter, and summarizes the American Gastroenterology Association practical update on screening 
and surveillance for HCC in patients with NAFLD/NASH[24]. In this review, different practical guidelines 
are suggested for 3 groups of patients: 1- patients with NASFLD/NASH and without advanced fibrosis; 
2- patients with advanced fibrosis, and finally, 3- patients with NASH-cirrhosis[24]. In the first group, based 
on a recent national Veterans Affairs study in the USA, HCC incidence rates of patients with NASFLD/
NASH and not advanced fibrosis were 0.21/1000 person-years (0.02% annual risk) in NAFLD and 
0.02/1000 person-years (0.002% annual) in controls[26,27]. Although there was a higher risk of developing 
HCC in patients with earlier stages of NAFLD and low fibrosis than in those without NAFLD, the authors 
concluded that the risk estimate is likely to be too low to justify routine screening in those who have early 
NAFLD with no evidence of advanced fibrosis[24].

Considering the second group, HCC screening in patients who have NAFLD/NASH with advanced 
fibrosis, as determined by combining at least 2 noninvasive score testing modalities suggestive of cirrhosis 
(in the absence of biopsy-confirmed cirrhosis or overt cirrhosis on imaging), associated with diagnosis of 
cirrhosis at elastography examination (i.e., with fibroscan or share-wave elastography, or quantitative MRI), 
patients in whom both tests are concordant for advanced fibrosis or cirrhosis should be, on the contrary, 
considered for HCC screening[24]. Finally, in the third group, the incidence rate of HCC in NAFLD cirrhosis 
is estimated to be > 1.5% per year, and therefore, screening for HCC in this group is justifiable, based on 
cost-effectiveness considerations. Therefore, the best practice guidance recommendation[24] is to consider 
and offer HCC screening and surveillance to all patients with NAFLD/NASH compensated cirrhosis, in 
patients with NAFLD/NASH and advanced fibrosis, but not in patients with simple NAFLD or NASH and 
non-advanced fibrosis[24].

CONCLUSION
NAFLD/NASH is an important cause of liver disease worldwide and is associated with an increased risk 
of developing HCC, either in the presence or absence of liver cirrhosis. The prevalence of metabolic liver 
disease and of NASH-HCC is increasing in parallel with the prevalence of obesity and T2DM worldwide. 
The future global burden of NAFLD-related HCC is going to become a major public health issue, so further 
research to identify the factors involved in promoting inflammation and hepatocarcinogenesis in NAFLD/
NASH and to program cost-effective prevention and treatment strategies are urgently needed. 
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Abstract
Hepatocellular carcinoma (HCC) is a primary malignancy of the liver with a high mortality rate. Heterogeneity 
is the main biological characteristic of HCC, which manifests through the different biological behaviors of 
each phenotype and ultimately, affects patient prognosis and treatment efficacy. Various aggressive biological 
behaviors are considered to be associated with the poor prognosis of HCC patients including poor differentiation, 
microvascular invasion, intracellular fat accumulation, invasive growth, bile duct invasion or tumor thrombosis, 
and tumor spread and metastasis, and have been reported as prognostic biomarkers. In addition, HCC 
results from multifactor synergistic damage, and various factors related to genetics, molecular pathology and 
immunohistochemistry such as β-catenin, Ki67, cytokeratin-19, and epithelial cell adhesion molecule have an 
impact on HCC differentiation and prognosis. This article is an overview of the biological behaviors that lead to 
poor prognosis of HCC, and the roles of morphological and quantitative noninvasive imaging biomarkers in the 
evaluation and prediction of these behaviors. Some common biomarkers related to genetics, molecular pathology 
and immunohistochemistry are also briefly summarized. It is hoped that this review will provide clinicians and 
radiologists with an update on the development of liver imaging, and provide directions for the combination of 
radiology, genetics, molecular pathology and histopathology to better predict the prognosis of HCC patients.

Keywords: Hepatocellular carcinoma, poor prognosis, biological behaviors, imaging biomarkers, genetics, molecular 
pathology, immunohistochemistry
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INTRODUCTION
Liver cancer is the sixth most prevalent cancer and the fourth leading cause of cancer-related death 
worldwide. Hepatocellular carcinoma (HCC), mostly due to liver cirrhosis, accounts for 75%-80% of all liver 
cancers[1]. Heterogeneity is the main biological characteristic of HCC, which manifests through different 
biological behaviors of each phenotype and ultimately, affects patient prognosis and treatment efficacy. 
Various aggressive biological behaviors including poor differentiation, microvascular invasion (MVI), 
intracellular fat accumulation, invasive growth, bile duct invasion or tumor thrombosis, and tumor spread 
and metastasis, have been reported to have an impact on clinical outcomes and the prognosis of HCC 
patients[2-6]. 

Liver imaging, a noninvasive method for visualizing tumor morphology and function, can provide a clear 
diagnosis and assessment of HCC in the presence of risk factors, and has flourished in recent decades with 
the potential to better depict the complex biological behaviors of HCC with relevant morphological and 
quantitative biomarkers[7-13]. Traditional imaging, including contrast-enhanced ultrasound, multi-phase 
dynamic enhanced computed tomography (CT) or magnetic resonance imaging (MRI), and fluoro-deoxy-
glucose/positron emission tomography (FDG/PET), play significant roles in the characterization of HCC as 
most have a typical blood supply and morphological characteristics. Functional imaging, including diffusion-
weighted imaging (DWI), chemical-shift MRI, magnetic resonance elastography (MRE), and MRI with liver-
specific contrast, can provide cellular and metabolic information for the grading and staging of HCC[14]. 
Furthermore, improvements in advanced imaging analysis, including radiomics and artificial intelligence 
(AI), have introduced enormous potential for assessing the aggressiveness of HCC and prognostication of 
patients. Table 1 shows the aggressive biological behaviors associated with poor prognosis of HCC patients 
and their pathological basis, as well as morphological and qualitative imaging biomarkers that can be used to 
evaluate and predict biological behaviors. In addition, HCC is the result of multifactor synergistic damage, 
and various factors related to genetics, molecular pathology and immunohistochemistry also have an impact 
on HCC differentiation and prognosis[15].

This article reviews the imaging biomarkers for aggressive behaviors associated with a poor prognosis 
in HCC patients, and the roles of different imaging methods and related biomarkers in the evaluation 
and prediction of these behaviors [Table 2]. A better understanding of these imaging features and their 
correlation with pathology can help clinicians to design the most appropriate treatment plans for HCC. In 
addition, a combination or confrontation of imaging signs with other biomarkers may be a direction for 
future research to better predict the prognosis of HCC.

POOR DIFFERENTIATION
Differentiation refers to the dedifferentiation of premalignant nodules until the development of HCC 
itself. The degree of differentiation of HCC is the key to prognosis of HCC patients[16]. Several pathological 
alterations are involved in loss of differentiation in HCC such as neoangiogenesis, disordered cellular 
structure, impairment of Kupffer cells and hepatocytes, and increased glucose metabolism in tumor cells. 

NEOANGIOGENESIS
Neovascularization provides the basis for oxygen and nutrition for tumor growth, progression and 
metastasis. The unpaired arteries are new vessels which form through neovascularization, and play a crucial 
role both in the occurrence and development of HCC[17]. 

As most HCCs show a typical enhancement pattern such as hyperenhancement in the hepatic arterial phase, 
and washout appearance in the portal venous and/or delayed phases relative to the surrounding tissue, 
traditional imaging technologies such as contrast-enhanced ultrasound (CEUS), dynamic contrast-enhanced 
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Aggressive 
biological behaviors Pathological basis Morphological imaging biomarkers Quantitative imaging biomarkers

Poor differentiation

Neoangiogenesis Formation of unpaired 
arteries

Hyperenhancement in the hepatic arterial 
phase and washout appearance in the portal 
venous and/or delayed phases relative to the 
surrounding tissue. (Contrast enhanced-US, 
dynamic contrast enhanced-CT or MRI)

Enhancement values of tumor tissue (Dynamic 
contrast enhanced-CT); Wash-out rate: the 
interval time of wash-out after injection of 
contrast agent. (Time-intensity curve analysis 
of Contrast enhanced-US); Microvascular 
density: Ktrans, Kep, Ve, iAUC (Free-breathing 
DEC-MRI using gadoxetic acid)

Restricted diffusion 
movement of water 
molecules within 
tumor cells

Disordered cellular 
structure

High-intensity on DWI images Value of ADC (DWI, inconsistent); Value of D 
and ADC (DWI, IVIM); Values of MK and ADC 
(DKI); Tumor stiffness (MRE)

Decreased uptake of 
liver-specific contrast 
agents

Impairment of Kupffer 
cells; decrease in 
OATPs transporters

High-intensity on contrast enhanced-MRI with 
SPION; low-intensity on the HBP of contrast 
enhanced-MRI with Gd-EOB-DTPA

High-intensity on contrast enhanced-MRI with 
SPION; low-intensity on the HBP of contrast 
enhanced-MRI with Gd-EOB-DTPA

FDG concentration Glucose metabolism 
increased in tumor 
cells

Uptake of fluorine-18 fluorodeoxyglucose on PET 
imaging

Increase of SUV 

Microvascular invasion Tumor thrombi 
invading microvessels

Larger diameter and tumor size, multiple 
lesions, incomplete capsule, non-smooth 
tumor margins, irregular rim-like arterial phase 
hyperenhancement, tumor multifocality, and 
“mosaic” architecture; hypo-intensity on the HBP 
of contrast enhanced-MRI Gd-EOB-DTPA

Higher MK value of DKI; radiomics signatures 
related to tumor size and intra-tumoral 
heterogeneity; texture analysis

Intracellular fat 
accumulation

Steatosis occurs in the 
context of ischemia 
and hypoxia as a result 
of decreased portal 
vein and nontumoral 
artery flow and 
insufficient unpaired 
arteries

Intra-tumoral fat infiltration on in/out of phase 
(Chemical-shift MRI)

Intra-tumoral fat infiltration on in/out of phase 
(Chemical-shift MRI)

Invasive growth 
pattern

Invasion of cancer cells 
into adjacent tissues 
and the vascular 
lymphatic system

Infiltrative appearance; portal vein tumor 
thrombosis; mass with ill-defined with 
heterogeneous attenuation/signal intensity;

/

Bile duct invasion or 
tumor thrombosis

Bile duct invasion or 
tumor thrombosis

Frequently associated with obstructive jaundice, 
cholangitis, biliary bleeding; a soft tissue 
mass with proximal bile duct dilatation and a 
similar enhancement pattern to HCC; filling 
defect in the bile duct, unexpected obstruction 
of the bile duct, and cholangiectasis in MR 
cholangiopancreatography 

/

Tumor spread and 
metastasis

Cell proliferation and 
colony formation, EMT 
program start-up

Intrahepatic micrometastasis; extrahepatic 
metastasis; [Imaging features of metastasis, 
(Contrast enhanced-US, dynamic contrast 
enhanced-CT or MRI, PET imaging)]

/

Table 1. The aggressive biological behaviors associated with poor prognosis in HCC and related imaging biomarkers

HCC: hepatocellular carcinoma; US: ultrasonography; CT: computed tomography; MRI: magnetic resonance imaging; DWI: diffusion-
weighted imaging; IVIM: intravoxel incoherent motion; D: diffusion coefficient: ADC: apparent diffusion coefficient; MK: mean apparent 
kurtosis coefficient; DKI: diffusion kurtosis imaging; MRE: magnetic resonance elastography; OATPs: organic anionic transporting 
polypeptides; SPION: superparamagnetic iron-oxide nanoparticles; HBP: hepatobiliary phase; Gd-EOB-DTPA: gadolinium-ethoxy 
benzyl-diethylenetriamine penta-acetic acid; FDG: fludeoxyglucose; 18F-FDG: fluorine-18 fluorodeoxyglucose; PET: positron emission 
tomography; SUV: standardized uptake value; MRCP: magnetic resonance cholangiopancreatography; EMT: epithelial-mesenchymal 
transition; /: none

CT or MRI are used for the diagnosis of HCC[18,19]. Although the typical enhancement patterns are helpful in 
the diagnosis of HCC, they do not provide information for the degree of differentiation in HCC. Recently, 
time-intensity curve analysis, a quantitative CEUS analysis method, has been used to predict the degree 
of HCC differentiation[20,21]. Wash-out rate, one of the time-intensity curve-related parameters, is defined 
as the interval time of wash-out manifestation after injection of a contrast agent, which is recommended 
to identify tumor differentiation of HCC. As reported by Feng et al.[20], the cut-off value of 120 s after 
contrast agent injection shows high accuracy for distinguishing well-differentiated HCC from poorly and 



Table 2. Different imaging methods and biomarkers for predicting poor prognosis of HCC

Biological 
behaviors

Imaging 
methods Related imaging biomarker Roles and characteristics

Neoangiogenesis CEUS Typical enhancement features; wash-out rate (time-
intensity curve analysis)

Surveillance and rapid diagnostic, reveal morphologic 
changes, convenient and radiation-free

DCE-CT Typical enhancement features; enhancement values 
of tumor tissue

Diagnosis and differential diagnosis, CT values 
indicate the degree of enhancement

DCE-MRI Typical enhancement features; microvascular 
density (Ktrans, Kep, Ve, iAUC)

Diagnosis and differential diagnosis, provide 
quantitative information of blood perfusion of tumor

Restricted 
diffusion 
(disordered 
cellular structure)

DWI Value of ADC Provide information regarding physiological tissue 
characteristics and heterogeneityIVIM Value of D and ADC 

DKI Values of MK and ADC 

MRE Tumor stiffness Measuring the viscoelastic properties of the liver and 
assessing tumor stiffness, might be associated with 
the grade of the tumor

Decreased uptake 
of liver-specific 
contrast agents

SPION enhanced-
MRI 

High-intensity (impairment of Kupffer cells) Diagnosis and differential diagnosis; low sensitivity of 
characterization of HCC; can be used as a means of 
evaluating treatment response of HCC

Gd-EOB-DTPA 
enhanced-MRI 

Low-intensity on the HBP images (decrease of 
OATPs transporters)

Early diagnosis, precise characterization, follow-up 
and monitoring of HCC; High sensitivity

FDG 
concentration

PET imaging Standardized uptake value A sensitive indicator of tumor viability; limited to the 
level of diagnosis of HCC

Microvascular 
invasion

CEUS; DCE-CT/
MRI 

Larger diameter and tumor size, multiple lesions, 
incomplete capsule, non-smooth tumor margins, 
irregular rim-like arterial phase hyperenhancement, 
tumor multifocality, and ‘mosaic’ architecture

Diagnosis and assessment. Detection and 
assessment of multiple morphology imaging features 

DKI Higher MK value Provide quantitative information of the presence of 
MVI

Gd-EOB-DTPA 
enhanced-MRI 

Hypo-intensity on the HBP images Assistant diagnosis; auxiliary feature (in conjunction 
with other clinical indicators)

AI Radiomics signatures related to tumor size and 
intra-tumoral heterogeneity; texture features

Intelligent and noninvasive means for the prediction 
of tumor heterogeneity

Intracellular fat 
accumulation

Chemical-shift 
MRI

Intra-tumoral fat infiltration on in/out of phase Monitor the presence of intra-tumoral fat infiltration 
in tumor; related to the histological degree of HCC; 
optimize disease management

Invasive growth 
pattern

CEUS; DCE-CT/
MRI

Infiltrative appearance; PVTT; mass with ill-defined 
and heterogeneous attenuation/signal intensity

Diagnosis and differential diagnosis; detection and 
assessment of multiple morphology imaging features

Bile duct invasion 
or tumor 
thrombosis

CEUS; DCE-CT/
MRI

A soft tissue mass with proximal bile duct dilatation 
and a similar enhancement pattern to HCC

Rapid diagnosis and differential diagnosis 

MRCP Filling defect in the bile duct, unexpected obstruction 
of the bile duct

Noninvasive diagnosis and characterization without 
contrast agents

Tumor spread and 
metastasis

CEUS Imaging features of metastasis Limited to intrahepatic metastasis, convenient and 
radiation-free

DCE-CT/MRI Imaging features of metastasis Intrahepatic and extrahepatic metastasis

PET imaging Standardized uptake value Show advantages in detecting distant metastasis and 
lymph node metastasis

HCC: hepatocellular carcinoma; CEUS: contrast enhanced ultrasonography; DCE-CT: dynamic contrast enhanced computed tomography; 
DEC-MRI: dynamic contrast enhanced magnetic resonance imaging; DWI: diffusion-weighted imaging; IVIM: intravoxel incoherent 
motion; D: diffusion coefficient: ADC: apparent diffusion coefficient; MK: mean apparent kurtosis coefficient; DKI: diffusion kurtosis 
imaging; MRE: magnetic resonance elastography; SPION: superparamagnetic iron-oxide nanoparticles; Gd-EOB-DTPA: gadolinium-ethoxy 
benzyl-diethylenetriamine penta-acetic acid; HBP: hepatobiliary phase; AI: artificial intelligence; PVTT: portal vein tumor thrombosis; 
MRCP: MR cholangiopancreatography; PET: positron emission tomography
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moderately differentiated HCC. Time-intensity curve analysis is advantageous in showing the perfusion-
related characteristics of different grades of HCCs, and providing quantitative indices for the assessment of 
hemodynamics in tumors, which is convenient and radiation-free. 

Microvascular density, as assessed by immunohistochemistry, is generally considered as an indicator of 
angiogenesis in malignant tumors, and is an effective prognostic marker in patients with HCC[22]. The 
DCE-MRI derived Ktrans, Kep and Ve, and the semi-quantitative parameter such as the initial area under the 
gadolinium concentration-time curve of the free-breathing DCE-MRI using gadoxetic acid, are highly 
associated with histological grades and microvascular density of HCC. The lower value of Ktrans indicates the 



histological grades of HCC, and the values of Kep and Ve have proved to be significantly related to the tumor 
microvascular density. There is no difference among these DCE-MRI deprived parameters for discriminating 
low- from high-grade HCC in terms of their performance. This means that DCE-MRI using gadoxetic acid 
has great potential for the qualitative assessment of tumor neoangiogenesis and aggressiveness of HCC[23].

RESTRICTED DIFFUSION MOVEMENT OF WATER MOLECULES WITHIN TUMOR CELLS
HCC is easier to recognize pathologically because of its distinctive cytological atypia and architectural 
abnormalities compared with other cirrhotic nodules[24]. The early HCC nodule is well differentiated with an 
indistinct appearance, while HCC nodules that have progressed are mostly moderately differentiated with a 
distinct pattern and often, with a more disordered cellular structure[25,26]. 

DWI is a noninvasive technique for visualizing the 3D microscopic movement of water molecules within 
cells to provide information regarding physiological tissue characteristics. HCC and other cancers usually 
possess higher cellularity, tissue disorganization, and less extracellular space, resulting in impedance of 
water diffusion; therefore, DWI shows a high-intensity signal[27,28]. In the past few years, many studies have 
investigated the apparent diffusion coefficient (ADC) value of DWI in predicting the differentiation of 
HCC[29-31]. The conclusions however, were not consistent. This might be due to the fact that DWI cannot 
simply reflect the diffusion of water molecules in living tissues and capillary perfusion affects the stability of 
DWI performance as well. 

Intravoxel incoherent motion (IVIM), as a DWI-derived novel technique, enables monitoring of tissue 
diffusivity and microcapillary perfusion independently[32]. IVIM-derived parameters such as perfusion 
fraction (fp) and diffusion coefficient (D) combined with ADC of DWI, are reported to correlate with 
HCC histological grade[33-35]. In the study by Granata et al.[33], ADC (2.11 × 10-3 mm2/s), fp (47.33%) and D 
(0.94 × 10-3 mm2/s) values were considered as the optimal cut-off points in distinguishing high- from low-
grade HCCs. However, the study only included Edmondson-Steiner grade 1 to 3 HCC nodules and did not 
include Edmondson-Steiner grade 4 HCC, which made identification of high-grade HCCs non specific. 
Woo et al.[34], explored the relationship of ADC and D values with the histological grade of HCC. The results 
showed that there was a significant negative correlation between ADC and D values with the histologic grade 
of HCC. Moreover, the D value had better diagnostic performance than the ADC value for differentiating 
low- and high-grade HCC. Similar results were reported by Sokmen et al.[35], Therefore, both studies 
improved the design of the experiments, and further confirmed the results on the basis of the findings by 
Granata et al.[33], which indicated that the combination of DWI and IVIM could be used to determine the 
degree of HCC differentiation rather than using DWI alone. However, due to defects in the study design (i.e., 
retrospective study), insufficient sample size and an unclear gold standard, further prospective studies are 
needed.

Diffusion kurtosis imaging (DKI) is an attempt to provide a more accurate model of diffusion, and to reflect 
tissue heterogeneity in non-Gaussian diffusion behavior[36]. Recently, our team validated the performance of 
DKI in predicting the degree of differentiation of HCC[37]. The results showed that mean apparent kurtosis 
coefficient (MK) and ADC values are significantly correlated with the grade of HCC [Figure 1]. In addition, 
the MK value represents a higher specificity than the ADC in differentiating high-grade from low-grade 
HCCs. We speculated that this might be due to the fact that increased tumor cellularity results in decreased 
extracellular space and the restricted diffusion of water molecules, which is visually presented as decreased 
ADC and MD in higher-grade HCC. Furthermore, a higher MK value may be an independent risk factor for 
early tumor recurrence and poor prognosis in HCC patients, which might be related to the higher-grade of 
HCC that often tend to be more proliferative, aggressive and heterogeneous, and result in a more irregular 
tumor microstructure[38].
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MRE is a noninvasive imaging technology for measuring the viscoelastic properties of the liver, and is 
reported to be capable of quantitatively assessing tumor stiffness, in addition to effectively identifying 
focal liver lesions[39]. A preliminary study reported that tumor stiffness detected by MRE might be able 
to differentiate HCC tumor grade[40]. However, further research is needed to verify the value of MRE in 
determining the degree of HCC differentiation.

DECREASED UPTAKE OF LIVER-SPECIFIC CONTRAST AGENTS
Kupffer cells, a type of macrophage that reside in the sinusoidal endothelial cells of the liver, are more 
likely to be distributed in early-stage or well-differentiated HCC than advanced HCC[41,42]. In addition, 
approximately half of the administered dose of gadoxetic acid, a hepatobiliary contrast agent, is taken up 
by hepatocytes through the organic anionic transporting polypeptide (OATP) family and subsequently 
excreted into bile[43]. Since there is progressive depletion of OATP with dedifferentiation, moderate to poorly 
differentiated tumors do not take up gadoxetate, and thus appear hypointense on hepatobiliary phase (HBP) 
of MRI.

Based on the above physiological mechanisms, liver-specific contrast agents such as superparamagnetic 
iron-oxide nanoparticles (SPION) and gadolinium-ethoxy benzyl-diethylenetriamine penta-acetic acid 

Figure 1. A 48-year-old male with a pathologically confirmed HCC with MVI. A 7.8 cm × 6.0 cm tumor in the right posterior hepatic 
section shows slight hyperintensity on T2-weighted image (A), hypo-intensity relative to the surrounding liver parenchyma in 
hepatobiliary phase (B), and restricted diffusion on the DWI with a b-value of 700 s/mm2 (C). MK map (D) shows higher signal intensity 
of tumor compared with that of background liver parenchyma. ADC (E) and MD (F) maps show lower signal intensity compared with 
that of liver parenchyma. The calculated mean values of MK, ADC, and MK for the tumor were 0.99, 1.10 × 10-3 mm2/s, and 1.28 mm2/s, 
respectively. The pathological results after tumor resection demonstrated HCC [Edmondson-Steiner (III) with positive MVI (G)]. 
HCC: hepatocellular carcinoma; DWI: diffusion-weighted imaging; ADC: apparent diffusion coefficient; MD: mean diffusion; MK: mean 
apparent kurtosis coefficient
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(Gd-EOB-DTPA) have been produced and used in HCC diagnosis and characterization. However, SPION-
enhanced MRI has lower sensitivity than Gd-EOB-DTPA-enhanced MRI, especially for early HCCs without 
early enhancement; thus, SPION-enhanced MRI is rarely used as the contrast agent of choice in Western 
countries. However, SPION-enhanced MRI is still used in the East as a means of evaluating treatment 
response in HCC[44]. 

Decreased expression levels of OATP during multi-step hepatocarcinogenesis are inversely correlated with 
HCC tumor grade and aggressiveness[45,46]. However, some well-differentiated HCCs and approximately 
5%-12% of moderately differentiated HCCs overexpress OATP8, which is thought to be associated with a 
genetic alteration or of a different cellular origin[45]. A consensus report has been reached on the application 
and prospects of developing Gd-EOB-DTPA enhanced MRI for the early diagnosis, follow-up and outcome 
monitoring of HCC patients[47]. The report indicated that hypervascularity on the arterial phase and the low 
signal on HBP images of Gd-EOB-DTPA-enhanced MRI is more sensitive to the diagnosis of HCC when 
compared with CT. Moreover, HBP imaging provides critical information during the follow-up of cirrhosis-
related nodules, especially for those with a diameter less than 2 cm, for predicting the histological grade of 
the tumor[46,48]. The above research suggests that functional MRI technologies, especially the HBP scan of 
Gd-EOB-DTPA-enhanced-MRI, will gradually become an essential means for predicting the differentiation 
of tumors and precise characterization of HCC.

FDG CONCENTRATION
The upregulation of glycogen metabolism is a prominent feature of tumor cells and it promotes survival, 
proliferation, and resistance to antitumor therapy[49]. Previous studies have identified that aberrant tumor cell 
metabolism was associated with the expression of genes encoding enzymes leading to glycogen metabolic 
reprogramming and promoting HCC progression[50]. 

Uptake of fluorine-18 FDG (18F-FDG) based on increased glucose metabolism in tumor cells is considered 
as a sensitive indicator of tumor viability[51]. PET imaging provides the metabolic status of tumor tissues 
with high sensitivity and specificity. Therefore, 18F-FDG/PET, as a product of the combination of the above 
two mechanisms, is often used as an effective means for tumor characterization and evaluation of tumor 
response. Standardized uptake value, a semi-quantitative index of FDG/PET, is reported to be related to 
HCC-histological grade and poor prognosis of patients, with poorly differentiated or high-grade tumors 
showing higher intensities on FDG-PET[52]. Moreover, the advent of novel radiopharmaceuticals recently 
such as 11C-choline has improved the diagnostic performance of HCC characterization and tumor grade 
assessment[53].

In comparison with PET/CT, PET/MRI shows a higher sensitivity for displaying composition and structure 
of tissues. PET/MRI in combination with DWI has an advantage in the differentiation of tumor tissue from 
non-tumor liver parenchyma, and is also helpful for understanding tumor characteristics[54]. However, 
FDG-PET/MRI is mostly limited to the diagnosis of HCC and research on the value of FDG-PET MRI in 
predicting poor differentiation and prognosis of HCC is still lacking. 

MVI
MVI is typically correlated with aggressive biological behaviors of HCC, and is generally considered as a 
risk factor for early recurrence of HCC in patients[55]. Tumor characteristics, such as a larger diameter and 
tumor size, multiple lesions, incomplete capsule, and an irregular tumor margin, can be used as biomarkers 
in predicting the presence of MVI[56,57]. Moreover, significantly increased serum levels of parameters such as 
α-fetoprotein, PIVKA-II, and cytokines (e.g., interleukin-35, phospho-beta1 integrin, transforming growth 
factor-beta1, p-Smad-2, and E-cadherin) suggest the possibility of MVI[58-61].
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Multiple morphological imaging biomarkers including non-smooth tumor margins, irregular rim-like 
arterial phase hyperenhancement, tumor multifocality, and “mosaic” architecture, are reported to be highly 
correlated with MVI in HCC[62-64]. DWI and its-derived technologies have also shown great potential in 
detecting MVI in HCC. The mean and minimum ADC values of HCCs with MVI are reported to be lower 
than those of HCCs without MVI[65]. In addition, a higher MK value on DKI and irregular rim enhancement 
pattern are highly correlated with the presence of MVI[66]. Similar results were reported in our previous 
study[37] [Figure 1]. The mechanism underlying these results may be associated with the formation of a more 
complex microenvironment induced by MVI, such as the presence of tumor cell proliferation, necrosis, 
or inflammatory damage[67].Therefor, a greater packed cell structure and more irregular, heterogeneous 
environments are likely to occur in HCC with MVI, resulting in increased tissue diffusion, which manifest 
as increased MK[66,68]. Furthermore, hypo-intensity on HBP images on Gd-EOB-DTPA enhanced-MRI in 
conjunction with other clinical indicators has been proven to further improve the prediction of MVI in 
HCC, and is superior in predicting early recurrence and the survival rate in HCC patients[69,70]. 

AI, a branch of computer science, has emerged as a new technology to study and develop the theory, 
technology and application systems for simulating, extending and expanding human intelligence. In recent 
years, AI has had huge potential in medical imaging and attracted considerable attention in a range of fields 
from tumor diagnosis to outcomes prediction. Radiomics, and its derived analyses such as texture analysis, 
are noninvasive methods for the prediction of tumor heterogeneity, and have shown favorable predictive 
accuracy of MVI status in patients with HCC[71-74]. Radiomics signatures associated with tumor size and 
intra-tumoral heterogeneity were reported to be the top-ranked indicators for MVI prediction. In addition, a 
radiomics nomogram incorporated with the clinical and radiological features outperform the combination of 
clinical and radiological features for predicting MVI and the clinical outcomes of HCC patients[73].

INTRACELLULAR FAT ACCUMULATION 
Intracellular fat accumulation, a common morphological characteristic of HCC, occurs in the context of 
ischemia and hypoxia dueto decreased portal vein and nontumoral artery flow, and insufficient unpaired 
arteries[75]. Thus, intracellular fat accumulation is gradually increased in low-grade dysplastic nodules, high-
grade dysplastic nodules, and early-stage HCC[76,77]. However, with regard to intra-tumoral fatty infiltration 
in poorly differentiated HCC, controversy exists[75,78]. 

Chemical-shift MRI is the most commonly used technique to monitor the presence of intra-tumoral fat 
infiltration [Figure 2]. There is a close relationship between intracellular fatty change and MVI in HCC. MVI 
is more likely to occur in non-containing fatty HCCs, which means intra-tumoral fat infiltration suggests 
a lower risk for MVI in HCC[79]. Moreover, Kubota et al.[80], reported that macro-vesicular steatosis HCC 
has a better prognosis with less portal vein invasion and a lower cumulative risk of recurrence than micro-
vesicular steatosis HCC. More related research is necessary for detecting intra-tumoral fat infiltration, 
and predicting the prognosis of HCC with different histopathological characteristics in the early stage of 
hepatocarcinogenesis, so as to optimize disease management and promote personalized treatment.

INVASIVE GROWTH PATTERN
Invasive growth, defined as the invasion of cancer cells into adjacent tissues and the vascular lymphatic 
system, is correlated with tumor metastasis and poor prognosis. Aberrant regulation of cell migration 
contributes to the progression of cancer cell invasion[81].

Tumors with a permeative growth pattern on CT/MRI images are frequently termed “infiltrative”, which 
manifest as lesions with indistinguishable margins on CT/MRI images. The Liver Imaging Reporting and 
Data System was developed to standardize the interpretation, reporting, and evaluation of patients at risk 
of developing HCC, and provides an explicit interpretation of the features of “infiltrative appearance” in 
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the latest version. It classifies a mass with infiltrative appearance as LR-M, which is probably or definitely 
malignant but not HCC specific. As the majority of tumors with infiltrative appearance in at-risk patients are 
HCC, the description of “infiltrative” is likely to indicate HCC in practice[82]. Portal vein tumor thrombosis is 
the most helpful clue in the identification of infiltrative HCC, with accuracy ranging from 68% to 100%. The 
characteristic imaging manifestation of portal vein tumor thrombosis is the solid mass in the vascular cavity, 
which has similar enhancement features to the tumor itself on triphasic dynamic contrast-enhanced CT scan, 
especially with arterial phase enhancement and wash-out in the portal venous phase[83,84]. Clinically, it is vital 
to distinguish portal vein tumor thrombosis and portal vein thrombus accurately for the intervention and 
treatment of patients with HCC[85]. Imaging provides key evidence that portal vein thrombus is not enhanced 
in the arterial phase and occasionally, disappears after anticoagulant therapy[86]. An ill-defined mass with 
heterogeneous attenuation/signal intensity is also highly indicative of the presence of an infiltrative growth 
pattern, which is pathologically characterized by the fusion of tumor tissue with liver parenchyma[87].

BILE DUCT INVASION OR TUMOR THROMBOSIS
HCC with bile duct invasion has a poorer prognosis since these lesions are frequently associated with 
obstructive jaundice, cholangitis, and biliary bleeding, in addition to portal vein thrombosis[88-90]. Imaging 
characteristics are often used to indicate the presence of tumor thrombosis in the bile duct, including a soft 
tissue mass with proximal bile duct dilatation and a similar enhancement pattern to HCC, since there is a 
possibility of necrosis and bleeding[91]. Tumor thrombi are characterized as a filling defect in the bile duct, 
unexpected obstruction of the bile duct, and cholangiectasis in MR cholangiopancreatography; however, the 
diagnosis of both bile duct and portal vein microthrombi remains difficult[92]. Moreover, HCC with bile duct 
thrombi are poorly differentiated, unencapsulated, and invasive[93]. These findings indicate that the timely 
diagnosis of bile duct invasion is crucial for the management of HCC patients. 

TUMOR SPREAD AND METASTASIS 
Tumor metastasis accounts for the main cause of death in some cancer patients. A central pivot event of this 
process is the start-up of a program termed the epithelial-mesenchymal transition, which plays an important 
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Figure 2. A 54-year-old female with hepatocellular carcinoma in segment VII of the liver. The 4.2-cm-sized mass shows focal fatty 
infiltration (white arrows) on opposed phase image (A) and unenhanced T1-weighted image (B), marked enhancement in arterial phase 
(C), wash-out appearance in portal venous phase (D) and delay phase (E), and hypo-intensity on 20 min hepatobiliary phase (F)
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regulatory role in embryogenesis. 

Treatment approaches for cancer are largely depended on both the stage of disease at diagnosis, and 
the patient’s performance status[94]. Therefore, early detection of tumor spread or metastasis allows for 
the most appropriate treatment plans and to strive for more survival opportunities for HCC patients. 
Contrast-enhanced CT or MRI ensure implementation of one-step inspection and display the distinct 
enhancement features of metastasis better compared to ultrasound[12]. MRI with liver-specific contrast 
agents improves diagnostic efficiency in the early identifification of intrahepatic micrometastasis, as well as 
follow-up surveillance of disease development and outcomes[95]. PET/CT has emerged as a useful modality 
in diagnosing extrahepatic lesions in patients with advanced HCC and assessing tumor grading[96,97]. 
Furthermore, newly developed dual-tracer PET/CT improve and complement the advantages compared to 
single-tracer imaging in the evaluation of HCC metastasis, and has gradually become an alternative modality 
to PET/CT for detecting extrahepatic metastasis in HCC patients[98].

FACTORS RELATED TO GENETICS, MOLECULAR PATHOLOGY AND 

IMMUNOHISTOCHEMISTRY 
HCC is the result of a multifactorial, synergistic damage from various biological factors related to genetics, 
molecular pathology, and immunohistochemistry that impact upon HCC differentiation and prognosis. With 
the development of liver imaging technologies, some have been detected by imaging methods and proved to 
be associated with imaging biomarkers [Table 3].

β-catenin mutation
β-catenin (CTNNB1) has been recognized as the most frequently mutated oncogene during liver cancer. 
Its mutation accounts for around 20%-40% of all HCC cases, and is strongly associated with larger tumors, 
invasive growth, and vascular invasion. In addition, HCCs with the CTNNB1 mutation show a higher 
grade of differentiation with frequent pseudoglandular patterns and bile production[99]. Moreover, the 
subgroup of hepatocellular adenomas with an active β-catenin gene shows a high probability of malignant 
transformation[100]. Recently, several studies reported that gadoxetic acid-enhanced-MRI could be used 
to detect the presence of CTNBB1 mutations in HCC, because the mutation of CTNNB1 would promote 
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Table 3. Genetics, molecular pathology and histopathology markers related to poor prognosis in HCC 

Biomarkers Role in occurrence, development and prognosis of HCC Imaging biomarkers
CTNNB1 Its mutation accounts for 20%-40% of HCC; play pivotal role in 

the poor prognosis of HCC; HCCs with CTNNB1 mutations show 
a higher grade of differentiation with frequent pseudoglandular 
patterns and bile production. The subgroup of hepatocellular 
adenomas with an active β-catenin gene show high probability of 
malignant transformation

A high enhancement ratio on HBP images of Gadoxetic acid-
enhanced-MRI; a high value of ADC on DWI images

Ki-67 Highly correlated with staging, grading and recurrence rate 
of HCC; high possibility of adverse pathological features and 
invasive behaviors

The parameter Ktrans of free-breathing DCE-MRI using gadoxetic 
acid; T1 rt-20 min, tumor-to-muscle SI ratio, ADC value, and 
arterial inhomogeneous enhancement on gadoxetic acid-
enhanced MRI; texture analysis on gadoxetic acid-enhanced-MRI

CK-19 Correlated with some clinicopathological features of tumors such 
as poor differentiation, metastasis, and early recurrence after 
resection and radiofrequency ablation

The arterial rim enhancement, targetoid appearance, non-
peripheral “washout”, and irregular tumor margin on gadoxetic 
acid-enhanced MRI; lower tumor-to-liver ADC ratio, and lower 
tumor-to-liver SI ratio at HBP images

EpCAM Involved in a series of biological processes such as cell 
proliferation; the overexpression of EpCAM is correlated with the 
angiogenesis and poor outcome of HCC; in addition, EpCAM-
positive HCC is considered to be a subtype of human HCC with a 
poor prognosis

No significant correlation between irregular rim-like 
hyperenhancement on gadoxetic acid-enhanced-MRI and 
EpCAM status in HCC. Whether imaging markers can be used to 
indicate the EpCAM positive HCC is still unclear

HCC: hepatocellular carcinoma; CTNNB1: β-catenin; HBP: hepatobiliary phase; Gd-EOB-DTPA: gadolinium-ethoxy benzyl-
diethylenetriamine penta-acetic acid; MRI: magnetic resonance imaging; ADC: apparent diffusion coefficient; DWI: diffusion-weighted 
imaging; SI: signal intensity; CK-19: cytokeratin-19 (CK-19); EpCAM: epithelial cell adhesion molecule



OATP expression[99,101]. The results showed that a high enhancement ratio on HBP images of Gadoxetic acid-
enhanced-MRI indicate the mutation of CTNBB1, and is closely associated with a higher differentiation 
grade of HCC. Moreover, a high value of ADC on DWI images could also be used as an indicator of HCC 
with the CTNBB1 mutation[101]. 

Ki-67 
Ki-67 is highly correlated with the staging, grading and recurrence of HCCs. The overexpression of Ki-
67 indicates a high possibility of adverse pathological features and invasive behaviors of the tumor[102]. The 
parameter Ktrans of free-breathing DCE-MRI using gadoxetic acid is reported to be highly associated with 
Ki67 proliferation status, and the lower value of Ktrans indicate higher Ki-67 indices and histological grades of 
HCC[103]. In addition, the T1 rt-20 min, tumor-to-muscle signal intensity ratio, ADC value and the arterial 
inhomogeneous enhancement pattern on gadoxetic acid-enhanced-MRI are also correlated with high-Ki-67 
expression[104-106]. Furthermore, texture analysis, on the basis of gadoxetic acid-enhanced-MRI, can be applied 
as a tentative approach to preoperatively predict the Ki-67 status of HCC after curative resection[107]. 

Cytokeratin-19 
Cytokeratin-19 (CK-19) are important keratin proteins expressed in liver tissue and show differential 
expression at different stages of physiological development of the liver. The expression of CK-19 is correlated 
with some clinicopathological features of tumor such as poor differentiation, metastasis, and early recurrence 
after tumor resection or radiofrequency ablation[108]. The arterial rim enhancement, targetoid appearance, 
non-peripheral “washout”, and irregular tumor margins on gadoxetic acid-enhanced MRI are reported to 
be effective imaging markers for evaluating the CK-19 status of HCC[109-112]. Moreover, lower tumor-to-liver 
ADC and signal intensity ratios in HBP images may be helpful for predicting CK19-positive HCC with early 
recurrence[112].
  
Epithelial cell adhesion molecule
Epithelial cell adhesion molecule (EpCAM) is a membrane glycoprotein expressed in most normal epithelial 
cells, and has been proven to be involved in a series of biological processes such as cell proliferation[113]. It 
has been reported that the overexpression of EpCAM is closely correlated with the angiogenesis and poor 
outcomes in HCC[114]. In addition, EpCAM-positive HCC is also considered to be a subtype of human HCC 
with a poor prognosis[115]. However, the imaging biomarkers that can be used to reflect EpCAM-positive 
status in HCC have not been described. Recently, Rhee et al.[63], used the imaging feature of irregular rim-
like hyperenhancement as the poor prognostic index to explore the value of gadoxetic acid-enhanced MRI 
in predicting the overexpression of immunomarkers including EpCAM. However, results showed there is 
no statistically significant association between irregular rim-like hyperenhancement and EpCAM status in 
HCC. Therefore, whether imaging markers can be used to indicate EpCAM positive HCC is still unclear.

CONCLUSION 
Hepatocarcinogenesis is a progressive and multi-stage process of molecular heterogeneity and histological 
dedifferentiation. The poor prognosis of HCC is strongly associated with the presence of aggressive biological 
behaviors in tumors. Modern noninvasive imaging technologies such as CEUS, DEC-CT/MRI and PET 
imaging improve the efficiency of early identification, characterization and assessment of HCC, and have 
been widely used for screening, diagnosis, and improving the survival of HCC patients. The increasing use 
of multiparametric functional methods, including DWI and its derived-technologies (IVIM, DKI), contrast 
enhanced-MRI with SPION or Gd-EOB-DTPA, MRE, chemical-shift MRI, radiomics and AI, for assessing 
tumor morphology, vascularity, cellularity, metabolic capability, texture, radiomics features, OATP function, 
and Kupffer cell function, thereby providing early, accurate and reliable evidence of the aggressive biological 
behaviors of HCC is most encouraging for clinicians and radiologists. Although liver imaging has obvious 
advantages in identifying the poor prognosis of HCC, currently, there is no doubt that multidisciplinary 
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management, including radiology, genetics, molecular pathology and histopathology would result in a more 
accurate and reliable diagnosis for predicting the prognosis of HCC. 
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Abstract
Hepatitis C Virus (HCV) infection constitutes a significant burden to world health, leading to liver cirrhosis and 
hepatocellular carcinoma (HCC). In the past decades, pegylated interferon combined with ribavirin has been 
used extensively for HCV treatment, and interferon (IFN) is thought to have antitumor property. Direct-acting 
antivirals (DAAs) have fundamentally changed HCV therapy, due to their high efficacy and tolerability. However, 
recent studies have reported relatively high rates of HCC occurrence, and recurrence, following successful HCV 
treatment using DAAs. These studies were grossly underpowered due to their retrospective design, lack of 
untreated or IFN controls, small sample size, and limited patient follow-up time. From then, many retrospective 
and prospective cohort studies with larger size and longer follow-up duration after DAAs therapy have been 
published. These studies showed that treatment with DAAs can reduce the risk of HCC compared to no treatment, 
didn’t increase the risk of HCC compared to IFN-based therapy after adjusting for the potential confounders of 
these two groups, and DAAs-induced sustained virological response decreased the risk of HCC compared to 
DAAs treatment failure. In conclusion, DAAs treatment doesn’t appear to increase the development of HCC, even 
in cirrhotic patients. However, cirrhotic patients should be monitored for the development of HCC during and after 
DAAs treatment.
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Received:     First Decision:     Revised:     Accepted:    Published:  

Science Editor:     Copy Editor:     Production Editor: Jing Yu 



INTRODUCTION
It is estimated that 71 million people have chronic hepatitis C virus (HCV) infection, which can lead to 
liver cirrhosis and hepatocellular carcinoma (HCC)[1]. It seems reasonable that HCV eradication would 
reduce the risk of HCV-related complications including HCC. Cirrhosis is the major risk factor of HCC 
and about 3% patients with HCV related cirrhosis develop HCC annually[2]. In the past decades, pegylated 
interferon combined with ribavirin (PR) has been widely used for the treatment of HCV. Despite the 
sustained virological response (SVR) rates associated with PR therapy not being high enough, and 
relatively more adverse events[3] reported, studies have demonstrated that interferon (IFN)-induced SVR 
could reduce HCC incidence[4]. The annual incidence of HCC is mostly less than 2% in cirrhotic patients 
achieving SVR after IFN-based regimens[5,6].

Direct-acting antivirals (DAAs) have fundamentally changed HCV therapy because of their high efficacy 
and tolerability, even in the patients with cirrhosis[7-9]. In these studies, patients with SVR showed 
improvements in disease severity and mortality. In 2016, relatively high rates of HCC occurrence and 
recurrence were reported after the success treatment of HCV using DAAs[10,11]. Since then, this has been a 
highly controversial topic. 

This review article summarizes the relevant articles focusing on the impact of DAAs on de novo occurrence 
of HCC in HCV patients. We searched the MEDLINE electronic database using the search terms [“hepatitis 
C” (MeSH)], (“direct-acting antivirals”), and [“hepatocellular carcinoma” (MeSH)] from the start of the 
database (1996 year) until April 19, 2020. Searches were limited to human studies written in English. 
Eligible study designs included retrospective or prospective observational cohort studies, randomized 
controlled trials and interventional studies. Figure 1 shows the study flow chart.

STUDIES SUPPORTING HIGH RATES OF HCC OCCURRENCE AFTER DAAS TREATMENT
Table 1 summarizes the studies supporting high rates of HCC occurrence after DAAs treatment[11-14]. 
Conti et al.[11] from Italy reported that HCC was detected in 3.2 % (9/285) cirrhotic patients at 24-week 
follow-up after DAAs therapy. Ravi et al.[14] from the United States (US) reported that 9.1% (6/66 patients) 
of cirrhotic patients developed HCC within six months of DAAs treatment. Studies from Portugal[12] and 
Austria[13] also reported high rates of HCC occurrence after DAAs treatment. This data raised concerns that 
DAAs may promote the development of HCC. However, these studies were underpowered because of their 
retrospective design, lack of untreated or IFN controls, small sample size, and limited follow-up time.

POSSIBLE MECHANISMS OF HCC OCCURRENCE AFTER DAAS TREATMENT
There is a complex equilibrium between pro tumor factors such as HCV and inflammation and anti-tumor 
factors such as the immune system. A rapid reduction in the HCV viral load by DAAs treatment might 
impair immune surveillance, resulting in the development of HCC. Serti et al.[15] reported DAAs treatment 
was associated with a rapid decreased activation of natural killer cells. Meissner et al.[16] reported that 
HCV clearance by DAAs treatment was accompanied by down regulation of IFN-stimulated genes and the 
levels of type II and III IFNs. The serum level of microRNA-122, a regulator of HCV replication and tumor 
suppressor against HCC[17], decreased in patients with IFN-free therapy induced SVR[18]. Debes et al.[19] 
reported a panel of cytokines, apoptosis markers, and growth factors with higher levels before DAAs 
therapy in patients with new HCC compared with controls. Interestingly, their results suggested that the 
immune background rather than DAAs mediated immune modulation would lead to HCC development. 

STUDIES AGAINST HIGH RATES OF HCC DEVELOPMENT AFTER DAAS TREATMENT
From 2016, many retrospective and prospective cohort studies with larger sizes and greater follow-up 
duration after DAAs therapy were published. Table 2 summarizes the studies not supporting high rates 
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Figure 1. Study flow chart. HCC: hepatocellular carcinoma

Ref. Nature Patients, n Liver disease stage Median follow-up duration HCC, n Incidence of HCC
Conti et al .[11] Retrospective 285 cirrhosis 24 weeks 9 3.16% in first 6 months
Cardoso et al .[12] Retrospective 54 cirrhosis 1 year 4 7.4% in the first year
Kozbial et al .[13] Retrospective 195 all stages 48 weeks 13 6.60% in the first year
Ravi et al .[14] Retrospective 66 cirrhosis 6 months 6 9.1% in first 6 months

Table 1. Studies in support of high rates of HCC odevelopment after DAAs treatment

HCC: hepatocellular carcinoma; DAAs: direct-acting antivirals
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Other studies compared the risk of HCC in DAAs-cured patients with DAAs-failed patients[22,27,29,30,33-35]. All 
of these studies showed that DAAs-induced SVR decreased the incidence of HCC. The HCC risk reduction 
by DAAs treatment was evident not only in patients without cirrhosis, but also in patients with cirrhosis. 
Romano et al.[27] reported that the incidence of HCC was higher during the first year (0.46% in F3, 1.49% 
in CTP-A and 3.61% in CTP-B cirrhosis, respectively), and declined in the second year (0% in F3, 0.2% in 
CTP-A, and 0.69% in CTP-B cirrhosis, respectively). But some studies reported that in cirrhotic patients 
with DAAs-induced SVR, the incidence of HCC was usually still higher than 1.5% above which HCC 
surveillance is cost-effective. Kanwal et al.[37] reported the quarterly incidence rate of HCC remained stable 
between 1.5 to 2.3 per 100 person-years in patients with cirrhosis, which indicated HCC risk of cirrhotic 
patients cured with DAAs did not progress or regress during follow-up. Ide et al.[38] found the one, two, and 
three-year cumulative incidences of HCC in patients with cirrhosis were 2.5%, 5.2%, and 10.0% respectively. 
Recently, Ioannou et al.[39] reported that in DAAs-treated patients with cirrhosis and a fibrosis index based 
on four factors (FIB-4) with scores ≥ 3.25, the annual HCC incidence decreased from 3.8% in the first year 
after SVR to 2.4% by the fourth year, which was still at high risk of developing HCC. Although these studies 
with more than three years follow-up have confirmed HCC risk is not increased after SVR by DAAs[37-39], 
the changes in HCC incidence over time deserve to be further clarified in longer-term studies.

Physicians are most interested in which patients should undergo HCC surveillance after achieving SVR 
by DAAs. Male gender, older age, alcohol abuse, diabetes mellitus, the existence of advanced fibrosis (F3) 
or cirrhosis, higher alpha-fetoprotein and no SVR are risk factors for HCC occurrence. The existence 
of cirrhosis is the most important risk factor for HCC development. Therefore, guidelines recommend 
patients with advanced liver fibrosis or cirrhosis at the time of DAAs treatment should stay in HCC 
surveillance even after DAA-induced SVR. FIB-4 and aspartate aminotransferase to platelet ratio index 
(APRI) are easily accessible non-invasive indicators which can be used as stratification risk factors for HCC 
development, alongside cirrhosis. Kanwal et al.[37] divided cirrhotic patients who achieved SVR with DAAs 
into three groups: patients who had persistently high FIB-4/APRI over time, patients who experienced 
a decline in FIB-4/APRI, and patients who had persistently low FIB-4/APRI. Annual HCC incidence 
remained below 1.5% in the third subgroup, suggesting that it might be possible to exclude these cirrhotic 
patients from HCC surveillance programs. On the contrary, the annual HCC incidence was between 0.4% 
to 1.6% in non-cirrhotic patients but with high FIB-4/APRI subgroup (FIB-4>3.25/APRI >1.5), which was 
high enough to recommend HCC surveillance in these patients.

Although the impact of DAAs treatment and HCC has been extensively published, our review has some 
strengths. Firstly, we divide the studies not supporting high rates of HCC occurrence after DAAs treatment 
into three categories, which facilitates easy comparison between studies. Secondly, we include the most 
recent published evidence on this topic up to April, 2020, with the majority of studies published in 2019 
and 2020, with follow-up of three to five years. Thirdly, we discuss the changes in HCC incidence over time 
following DAAs-induced HCV eradication. Fourthly, we emphasize FIB-4/APRI as the stratification factors 
besides cirrhosis, which is more useful for the patients with F3 fibrosis. 

CONCLUSION
DAAs treatment doesn’t appear to increase the occurrence of HCC, even in the cirrhotic patients. 
DAAs treatment should be considered in all HCV patients. Cirrhotic patients should be monitored for 
development of HCC during and after DAAs treatment.
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Abstract
Post-hepatectomy liver failure (PHLF) is associated with great morbidity and mortality after resection of 
hepatocellular carcinoma. Previous studies have underlined that advanced age could be a potential factor 
influencing post-operative complications and long-term survival. 

In the past, candidates for resection were based on the Child-Pugh classification, the predictive value of which was 
rather low. The selection of patients undergoing resection in Western countries is based on the assessment of 
portal hypertension (PH), which is clinically assessed by measurement of the hepatic venous pressure gradient, an 
invasive and costly process. Thus, there have been several attempts to identify the best non-invasive test (NIT) to 
accurately predict PHLF. Most biochemical NITs for the prediction of PHLF are focused on evaluation of underlying 
liver cirrhosis and PH. Amongst them, FIB-4, which also includes the patient’s age, seems to have more robust 
supporting results. In Europe and the USA., the most tested and reliable NIT for predicting PHLF is the evaluation 
of liver stiffness measurement, which is also influenced by age. Imaging parameters are promising tools which 
are used only in specialized centers however, and when available. Liver volume parameters, as well as contrast-
enhanced data, demonstrate good accuracy in predicting PHLF. In this scenario, the evaluation of sarcopenia and 
bone mineral density through contextual imaging allows the delineation of PHLF in at-risk elderly patients. Further 
studies focused on parameters for the evaluation of PHLF in elderly patients are needed.

Keywords: Post-hepatectomy liver failure, liver resection, elderly, liver stiffness measurement, indocyanine green 
retention test
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common cause of death in patients with cirrhosis[1]. Despite 
numerous therapeutic options, the only curative treatments are liver transplantation and hepatectomy [2]. 
Patients with a single HCC nodule, Child-Pugh class A, normal bilirubin (< 1 mg/dL) and without portal 
hypertension have the best prognosis and are ideal candidates for liver resection.

The presence of clinically significant portal hypertension (CSPH) (port-hepatic pressure gradient greater 
than 12 mmHg) or clinical manifestation (platelet count < 100,000/mL, associated with splenomegaly 
or esophageal varices) appears to be associated with a worse prognosis, but does not preclude resection 
in selected patients[3,4]. Thus, patients with cirrhosis should be carefully selected to reduce the risk of 
postoperative liver failure and death. Post-hepatectomy liver failure (PHLF) is still a major concern 
for liver surgeons[2]. In the last few years, there has been an increasing need for a simple and accurate 
tool for evaluating liver function before surgery to minimize PHLF and postoperative mortality[5]. It is 
difficult to define PHLF exactly since it manifests with one or more of these features: ascites, jaundice, 
coagulopathy or kidney failure. The most commonly used criteria for defining PHLF are the 50-50 Criteria 
where PHLF is defined as total serum bilirubin > 50 mmol/L 5 days after surgery or thereafter and an 
international normalized ratio (INR) > 1.7[6]. Other diagnostic criteria are the peak bilirubin > 7 mg/dL in 
any postoperative period, in the absence of cholestasis, and the International Study Group of Liver Surgery 
(ISGLS) criteria that define PHLF by an increased INR and concomitant hyperbilirubinemia on or after 
postoperative day 5[7].

In the past, the selection of candidates for resection was based on the Child-Pugh classification but its 
predictive value has been determined to be insufficient. Japanese groups use the indocyanine green retention 
test (ICG), which has proved to be more reliable than Child-Pugh and the Model for End-stage Liver Disease 
(MELD) to predict PHLF[8,9]. In Western countries, the selection of candidates for resection is usually based 
on the assessment of portal hypertension, which is clinically assessed by measurement of the hepatic venous 
pressure gradient (HVPG > 10 mmHg)[10]. However, these methods are invasive and costly. Thus, several 
authors have tried to evaluate other non-invasive methods including biochemical scores, the measurement of 
liver and spleen stiffness (LSM and SSM) and imaging patterns as predictors of PHLF[8,11-14]. 

With an increase in life expectancy and improvement in operative safety and efficacy of hepatic resection 
techniques, surgeons should also evaluate the best surgical option in elderly patients[15]. Indeed, previous 
studies have implicated older age as a potential factor influencing post-resection complications and survival, 
and are summarized in a recent systematic review and meta-analysis[15] which concluded that age > 70 
was associated with increased 30-day and overall mortality when compared with non-elderly cohorts. A 
promising factor that also influences post-operative outcomes is patient frailty, defined as a syndrome 
characterized by decreased physiological reserves. Only one study has reported a specific association between 
frailty and PHLF[16]. However, frailty assessment is based on a self-reporting questionnaire, which could be 
affected by several biases. 

Thus, this review aims to summarize the recent advances on objective parameters such as non-invasive tests 
(NITs) for predicting PHLF, particularly in elderly patients.

BIOCHEMICAL SCORES
Fibrosis and liver functional reserve scores
FIB-4
The Fibrosis (FIB)-4 index was first proposed by Sterling and colleagues[17] and is based on four factors 
included in the following equation: [age(years) × AST(UI/L)]⁄[platelet count × ALT(UI/L)]. It is a non-
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invasive predictor of the progression of fibrosis in patients with chronic viral hepatitis. Over the years, several 
studies have validated its role as a marker of hepatic fibrosis[18,19].

An important study[20] indicated that the Fib-4 index not only demonstrated the best predictive ability for 
cirrhosis, but it was also an independent prognostic factor for postoperative hepatic insufficiency, overall 
survival, and disease-free survival for HCC patients with radical liver resection. They also stratified patients, 
with the cut-off value of 3.15, into Low and High fibrosis-4 groups. The High fibrosis-4 group had a higher 
mean age (56.3 ± 10.4 vs. 47.7 ± 11.7, P < 0.01), higher MELD score (P = 0.001), and more patients with 
Child-Pugh grade B (7.4% vs. 4.0%, P = 0.037). 

These results have also been confirmed by other studies[21]. Other groups have tried to use the ratio of 
the remaining liver volume (FLRVR) and FIB-4 to predict PHLF and showed that FLRVR/FIB-4 was an 
independent predictive factor of outcomes after liver resection in cirrhotic patients[22]. The most recent 
study by Zhou et al.[23] demonstrated that the FIB-4 index was a more accurate predictive factor for PHLF 
and survival than the Child-Pugh score; the authors thus proposed the use of the FIB-4 index to perform 
pre-hepatectomy assessment citing a low incidence of PHLF in patients with FIB-4 ≤ 4.16. On the other 
hand, Zhang et al.[24] showed that FIB-4 was an independent predictor of PHLF only in minor hepatectomy 
patients. Multivariate analysis in this subgroup of patients revealed that age (the older the patient, the more 
the risk), Child-Pugh score and Albumin-Bilirubin score/spleen thickness ratio (ALBI/ST) were predictors 
of PHLF in the APRI model, while Child-Pugh score, FIB-4, and ALBI/ST were found to be significant risk 
factors of PHLF in the FIB-4 model. Thus, it is possible to conclude that FIB-4 is able to predict PHLF since 
it is related not only to the degree of liver fibrosis but also, to the general performance of the patient since it 
includes age.

Lok Index and Forns Index
The Lok Index and Forns Index are two other non-invasive markers of fibrosis. The Lok index is a non-
invasive tool introduced by an American research group[25] as a predictor of cirrhosis development in patients 
with chronic HCV-hepatitis. It is based on simple laboratory parameters and calculated through the following 
formula: log odds (predicting cirrhosis) 5.56 - 0.0089 × platelet count (× 103/mm3) + 1.26 × AST/ALT ratio + 
5.27 × INR. Some studies have correlated the value of the Lok index with the grade of fibrosis. For example, 
Ma et al.[26] showed that FIB-4 and Lok’s model were the most effective models for distinguishing significant 
and extensive fibrosis. Zhou et al.[27] found that a Lok index cut-off value of 0.4531 could further spare 24.2% 
of gastroscopies without missing high-risk varices (HRVs)[27]. Since this is a fibrosis marker, Mobarak et al.[28] 
found that it was also able to predict HCC development. To date, the Lok-index is predominantly used for 
the prediction of fibrosis and cirrhosis but not PHLF. 

The Forns Index was developed by Forns et al.[29] in 2002, before the introduction of transient elastography 
techniques. It was first proposed as a non-invasive tool for the detection of patients with non-significant liver 
fibrosis. It is calculated using four variables (age, gamma glutamyl transferase, total cholesterol and platelet 
count) with the following formula: 7.811 - 3.131 × ln [platelet count (109/L)] + 0.781 × ln [gamma GT (IU/L)] 
+ 3.467 × ln [age (years)] - 0.014 × [cholesterol (mg/dL). The first studies on the Forns Index (FI) highlighted 
its accuracy in identifying patients with different stages of fibrosis and cirrhosis[29,30]. A recent study showed 
that the Forns index is also useful in evaluating liver functionality and the degree of liver fibrosis, so it is able 
to predict HCC recurrence and patient survival[31]. However, to date, little is known on the use of the Forns 
index to predict PHLF.

ALBI score
Another biochemical index used in clinical practice is the Albumin-Bilirubin (ALBI) score, which was 
introduced by Johnson et al.[32] to evaluate liver function in patients with hepatocellular carcinoma. It was 



initially proposed as an alternative to the Child-Pugh score, which has some limitations, such as the inclusion 
of non-objective parameters (ascites, encephalopathy). However, the ALBI score was also able to predict the 
severity and long-term prognosis of patients with chronic liver disease[33]. In particular, it was found to be 
a reliable prognostic tool in assessing short-term outcomes in hepatic decompensation[34], in predicting in-
hospital mortality in patients with acute upper gastrointestinal bleeding[35] and as a prognostic factor in HCC 
patients[36]. The ALBI score is based on serum levels of albumin and total bilirubin and can be calculated 
through the following formula: (log10 bilirubin [µmol/L] × 0.66) + (albumin [g/L] × -0.0852). It was further 
categorized into three different grades: grade 3 (> - 1.39), grade 2 (> - 2.60 to ≤ - 1.39), and grade 1 (≤ - 2.60)[32]. 

The ALBI grade was also a significant prognostic factor for PHLF in HCC patients[5]. In a comparative 
study[37], the ALBI score showed superior predictive value of PHLF over the Child-Pugh score, MELD score 
and ICG R15. The area under the ROC curve (AUC) of the ALBI score (AUC 0.745) for predicting PHLF 
was significantly higher than that of the Child-Pugh score (AUC 0.665), MELD score (AUC 0.649) and ICG 
R15 (AUC 0.668). With a cut-off value of the ALBI score of -2.303, it was possible to reach a sensitivity of 
77.3% and a specificity of 64.0% for predicting PHLF[37]. Another group[24] associated the ALBI score with 
spleen thickness (ST) as a surrogate of portal hypertension. In this study, they compared the predictive 
ability of ALBI/ST with FIB-4 and APRI and found that ALBI/ST had a higher diagnostic accuracy for PHLF 
than FIB-4 and APRI. The AUC for the ALBI/ST ratio (AUC = 0.774, P < 0.001) was larger than that of FIB-4 
(AUC = 0.696, P < 0.001), APRI (AUC = 0.697, P < 0.001), ALBI (AUC = 0.701, P < 0.001), and ST (AUC = 
0.710, P < 0.001)[24]. Also, in this study, multivariate analysis in the minor hepatectomy subgroup revealed 
that age, Child-Pugh score and ALBI/ST and Child-Pugh score, FIB-4, and ALBI/ST were significant 
predictors of PHLF in the APRI and FIB-4 models respectively. However, a study conducted by Zhang et al.[5] 
showed that the ALBI grade was a good predictor of overall survival in BCLC stage 0/A patients but not in 
other BCLC stages. Thus, it is possible to conclude that the novel ALBI score is certainly one of the most 
validated scores for predicting PHLF, as described in Table 1[5,33,45,37-44].

Indocyanine Green Retention Test
The clearance of indocyanine green (ICG) is a test used to assess liver excretory function quantitatively. 
ICG is a water-soluble fluorescent dye, which totally binds to albumin and β-lipoprotein in the blood and is 
exclusively taken up by hepatocytes and excreted unmodified in bile, without entero-hepatic circulation[46,47]. 
Thus, its clearance depends on several factors: hepatic blood flow, the function of the hepatocytes and 
biliary excretion[46,47]. However, this test takes time and is uncomfortable for patients. Thus, a faster sampling 
method was subsequently introduced, the ICG 15-min retention test (ICG‐r15), consisting of an injection 
of an ICG bolus and peripheral venous blood sampling every 5 min for 20 min[48,49]. In the last few decades, 
a noninvasive ICG measurement by spectrophotometry, called LiMON® (Pulsion Medical System, Munich, 

Table 1. Studies evaluating ALBI score in predicting PHLF

Authors Country Population Etiology Outcome Nr. cases ALBI cut-off AUROC
Toyoda et al. [38], 2016 Asia/Europe 1,148 Mixed Death N/A -2.60 N/A

Wang et al. [39], 2016 China 1,242 85% HBV PHLF 166 -2.77 0·723

Ke et al. [40], 2016 China 372 80% HBV Postoperative complications 166 N/A 0.721

Andreatos et al. [41], 2017 USA 2,659 N/A PHLF 149 -2.60/-1.39 N/A

Li et al. [42], 2017 China 491 83% HBV Postoperative complications 270 -2.45 0.647

Russolillo et al. [43], 2019 Italy 400 40% HCV Overall morbidity,
PHLF

176
82

-2.60/-1.39 N/A

Božin et al. [44], 2018 Croatia 38 84% ALD Death 24 N/A N/A

Zhang et al. [5], 2018 China 338 82% HBV PHLF 26 -2.44 0.782

Zou et al. [37], 2018 China 473 85% HBV PHLF 50 -2.303 0.745

Mai et al. [45], 2019 China 1,055 HBV PHLF 151 -2.77 0.717

ALBI: Albumin-bilirubin; ALD: alcoholic liver disease; HBV: hepatitis B virus; HCV: hepatitis C virus; N/A: not available; PHLF: post-
hepatectomy liver failure
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Germany), was developed. The device uses a finger optical probe, which detects, after ICG infusion, the 
fractional pulsatile changes in optical absorption. The device has already been validated in several studies[50,51] 
with good correlation with ICG-r15 results, comparable with correction of a mathematical formula[50].

Since ICG clearance depends on blood flow, it was associated with portal hypertension[48] and liver function 
for its pharmacokinetics (uptake and excretion through the hepatocytes) as well[47,52-54]. Thus, in Eastern 
countries it is considered an accurate method to assess liver functional reserve pre-operatively and has been 
used for almost 30 years[47]; on the other hand, in Western countries, it is not widely used because it is highly 
influenced by hepatic blood flow[47] and thus, by other conditions that could affect it.

The normal ICG-r15 value is about 10%[55]. The ICG-r15 reported cut-off for performing a safe major 
hepatectomy is between 14% and 17%, the latter in younger patients with milder liver disease[56,57]. 
Other authors have reported different cut-offs of 14% and 23% for safe major and minor hepatectomy 
respectively[55,58]. In another previous study[57] with age and sex-matched patients, the authors found no 
difference in terms of PHLF and mortality between patients with ICG-r15 of more than, and less than 
14% who have undergone major hepatectomy. However, to date, the reported upper limit of ICG-r15 for 
considering liver resection is 40%[59]. The accuracy of ICG-r15 in predicting PHLF could be increased with 
the combination of bilirubin levels and ascites[59]. Several authors comparing the performance of ICG-r15 
with other parameters found that it was superior to MELD[60] and that the combination with platelet count, 
portal hypertension (ICG-r15 cut-off value of 7.1%, sensitivity 52.2% and specificity 89.5%)[8] and Child-
Pugh stage[61] was able to improve its accuracy. Moreover, liver stiffness measurement (LSM) was also found 
to correlate with ICG-r15 and to provide additional information on the prognosis of the patient[62]. Other 
authors have found good correlation when comparing ICG-r15 with the degree of portal hypertension[48,54]. 

In conclusion, no definitive lower ICG-r15 cut-offs for distinguishing between safe minor or major 
hepatectomy are currently available, as shown in Table 2[8,37,57,58,63-67]; major hepatectomy in the presence 
of unsatisfactory ICG-r15 results should be performed only in high-volume centers. ICG-r15 could be 
considered a good marker of liver function and indirectly, of the degree of portal hypertension. Further 
studies are needed however, for this latter association.

Portal hypertension scores
Plated to spleen stiffness ratio PSR
Another widely used biochemical score is the PSR (platelet count-to-spleen ratio), which consists of the 
ratio between PLT (expressed in number/mm3) and spleen diameter (mm)[69]. The PSR value is strictly 

Table 2. Studies evaluating ICG in predicting PHLF

Authors Country Population Etiology Outcome Nr. cases Technique ICG cut-off AUROC
Kitano et al. [63], 1997 Japan 54 N/A Hospital mortality 7 ICG-r15 14% N/A

Lau et al. [58], 1997 Hong Kong 127 N/A Death 14 ICG-r15 14% (major hep.)
23% (minor hep.)

N/A

Lam et al. [57], 1999 Hong Kong 117 N/A Postoperative 
complications

N/A ICG-r15 14% N/A

Hsia et al. [64], 2000 Taiwan 168 Mixed Morbidity
Death

51
3

ICG-r15 <10% / >20% N/A

Lao et al. [65], 2005 China 255 N/A Decompensation N/A ICG-r15 10-20% N/A

Zou et al. [37], 2018 China 473 85% HBV PHLF 50 ICG-r15 N/A 0.668

Hwang et al. [66], 2015 South Korea 723 81% HBV Death from PHLF 6 FRL-kICG <0.05 N/A

Wang et al. [8], 2018 China 185 83% HBV Severe PHLF 23 ICG-r15 7.1% 0.724

Kim DK et al. [67] 2018 South 
Korea

73 Mixed PHLF 18 ICG-PDR N/A 0.748

Wang et al. [68], 2019 China 35 Mixed PHLF
Day 1-3-5

16 Intra-
operative 
ICG-r15

13.8% (day 1)
13.8% (day 3)
22.7% (day 5)

0.540
0.800
0.910

ICG: Clearance of Indocyanine green; ICG-r15: ICG 15 min retention test; FRL-kICG: ICG constant fraction of future remnant liver; ICG-
PDR: ICG-plasma disappearance rate; hep: hepatectomy; HBV: hepatitis B virus; N/A: not available; PHLF: post-hepatectomy liver failure
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correlated with the degree of portal hypertension and, since it was first proposed, this score has shown good 
performance in predicting the development of esophageal varices in cirrhotic patients[69-71]. A recent Chinese 
study[72] evaluated the accuracy of PSR, calculated using platelet count and spleen volume (expressed in 
mm3), as a diagnostic index for the stage of liver fibrosis in patients with HCC and compared PSR with other 
currently-used scores. Among patients with severe fibrosis, AUROC was significantly higher for PSR (0.808) 
than for other NITs, except for APRI (0.739, P = 0.215). Peng et al.[12], instead, conducted a study on the risk 
factors for PHLF in which they used, among various markers, a variant of PSR based on spleen stiffness 
measurement (SSM), instead of the spleen diameter or volume. On multivariate analysis, PSR seemed to be 
an independent prognostic index for the development of hepatic decompensation (P < 0.001, odds ratio [OR] 
= 0.622, 95%CI: 0.493~0.784). The PSR thus represents a promising prognostic index for the post-resection 
outcome.

APRI score
The APRI score (aspartate aminotransferase [AST] to platelet ratio index) was introduced in a study 
by Wai et al.[73] and can be calculated using the following formula: AST(UI/L) × [100/(platelet count 103/
mm3)]. It was developed as a non-invasive predictor for progression of fibrosis in patients with chronic 
viral hepatitis. In 2019, a study by Mai et al.[74] found that the APRI score (AUC 0.743, 95%CI: 0.706-0.780; 
P < 0.001) had greater accuracy for predicting PHLF than the Child-Pugh, MELD and ALBI scores in the 
entire cohort of patients with HCC. The APRI-score cut-off value of 0.55 was able to reach a sensitivity of 
72.2% and a specificity of 68.0% on PHLF prediction. However, Zhang et al.[24] observed that the APRI score 
showed a predictive significance only in the major hepatectomy subgroup. The Chinese group of Mai et al.[45] 
used a new combination of ALBI and APRI scores with the following formula: ALBI-APRI score = 5.280 × 
ALBI + 1.583 × APRI. The AUC of the ALBI-APRI model (AUC 0.766, 95%CI: 0.739-0.791) for predicting 
the risk of PHLF was significantly higher than the single ALBI (P < 0.001) or APRI scores (P = 0.047). The 
ALBI-APRI score cut-off value of -13.10 had a sensitivity of 78.1% and a specificity of 62.2% for predicting 
the risk of PHLF[45]. Thus, the APRI score in combination with other NITs could represent a good surrogate 
of portal hypertension and should be further investigated for predicting PHLF.

LSPS
The LSPS (LSM-spleen to platelet ratio score) is a biochemical index derived from the following formula: 
LSM (kPa) × [spleen diameter (mm)/platelet count (103/mm3)]. This score was first proposed as a predictive 
tool for high-risk esophageal varices in patients with HBV-related cirrhosis[75]. In a study by Chon and 
colleagues[76], LSPS was found to be an independent risk factor for both HCC (HR = 1.001) and hepatic 
decompensation (HR = 1.002) in patients with HBV-related hepatitis. Only a single report on 38 patients 
highlighted a potential predictive role of LSPS on univariate analysis [77]. However, not much is known about 
the role of LSPS in predicting PHLF.

Other liver function tests
Over time, other tests for estimating liver function have been developed. These tests use different substrates 
such as lidocaine, galactose, aminopyrine, amino acid, and methacetin. However, none have been shown 
to be superior to the ICG clearance test in the prediction of PHLF[55]. Other tests are based on the liver’s 
energy production (arterial ketone body ratio; AKBR) and the number of receptors for asialo-glycoprotein 
(ASGP-R; technetium-99m-galactosyl human serum albumin; 99mTc-GSA scan) but they are expensive 
and less common than ICG[55]. Of course, in the pre-operative assessment, other well-validated tools such 
as the Child-Pugh and MELD scores continue to be considered. Both have been used widely to predict 
the outcomes of cirrhotic patients in many different contexts; they showed similar prognostic significance 
in most cases, even with slight differences in accuracy due to specific settings, as described in a recent, 
comprehensive meta-nalysis[78]. However, as described above, nowadays several NITs (such as FIB-4[23], APRI 
score[74], ALBI score[37,39,41,42] or ICG-r15[8]) appear to be better predictors of PHLF, and warrant further study.
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ULTRASOUND-BASED AND OTHER IMAGING PREDICTORS
Liver stiffness measurement
In the last few years, the liver stiffness measurement (LSM) has been proposed as a practical and widely 
validated surrogate of liver fibrosis and portal hypertension, able to accurately predict the risk of cirrhosis[79], 
CSPH[80] and its complications, such as the development of varices[81] and hepatic decompensation[82]. Given 
that these attributes are major determinants of the risk of PHLF development, LSM has been investigated as 
a predictor of decompensation and other complications after hepatic resection with several methods that are 
mainly ultrasound-based[11,83-99] [Table 3].

The study by Cescon et al.[84] was one of the first papers to demonstrate that LSM, evaluated by transient 
elastography (TE), was an independent predictor of PHLF, together with histological cirrhosis and lower 
sodium levels. Since then, numerous studies have confirmed that LSM by TE is an important prognostic pre-
operative variable that is able to stratify the risk of decompensation, PHLF and overall complications after 
liver resection[83,93,94,96,100]. Different cut-offs have been proposed for this purpose, ranging from 9.7 to 22 
kPa[93,94], which correspond to current cut-offs for advanced chronic liver disease and CSPH respectively[80]. 
Positive findings have also been described for LSM evaluated by other elastosonography techniques. For 
instance, Hu et al.[97] developed and validated a nomogram including LSM assessment by shear-wave 
elastography, which is able to accurately predict the risk of any grade of PHLF (c-statistic 0.825). More 
recently, Sato et al.[98] reported in a series of 96 consecutive patients who underwent liver resection, that LSM 
by magnetic resonance elastography (MRE), with a best-cut-off of 4.3 kPa, was an independent predictor of 
major surgical complications. When compared to other indices of portal hypertension, the accuracy of LSM 
was found to be non-inferior to that of the gold standard, hepatic venous pressure gradient (HVPG)[93], and 
superior to that of ICG-r15[83] Some preliminary studies have reported a promising role of the spleen stiffness 
measurement (SSM)[12,77], which is known to be a more accurate surrogate of portal hypertension[101] but its 
prognostic role and accuracy in this context have yet to be established.

Table 3. Studies evaluating LSM by elastography in predicting PHLF

Authors Country Population Etiology Outcome Nr. cases Technique LSM cut-off AUROC
Kim et al. [83] 2008 South Korea 72 83% HCV PHLF 7 TE 25.6 kPa 0.824

Cescon et al. [84] 2012 Italy 90 66% HCV PHLF 26 TE 15.7 kPa 0.865

Harada et al. [85] 2012 Japan 50 68% HCV Ascites 19 ARFI 1.68 m/s 0.900

Wong et al. [86] 2013 China 105 67% HBV Major complications 15 TE 12 kPa 0.790

Zhang et al. [87] 2015 China 75 HBV Ascites
PHLF

13
4

TE 15.6 kPa
14.3 kPa

0.902
0.915

Nishio et al. [88] 2016 Japan 177 Mixed PHLF B or C 21 ARFI 1.61 m/s 0.780

Cucchetti et al. [11] 2017 Italy 202 64% HCV PHLF 60 TE N/A N/A

Chong et al. [89] 2017 China 255 82% HBV PHLF B or C 46 TE 11.5 kPa
20 kPa

0.650
0.825

Han et al. [90] 2017 China 77 90% HBV PHLF 27 2D-SWE 6.9 kPa 0.843

Abe et al. [91] 2017 Japan 175 Mixed Major complications 28 MRE 5.3 kPa 0.810

Shen et al. [92] 2017 China 280 HBV PHLF 55 2D-SWE 11.8 kPa 0.720

Rajakannu et al. [93] 2017 France 106 Mixed Decompensation 9 TE 22 kPa 0.810

Donadon et al. [94] 2017 Italy 340 Mixed Complications 95 TE 9.7 kPa 0.728

Wu et al. [95] 2017 China 54 65% HBV PHLF 7 TE 16.2 kPa 0.760

Lei et al. [96] 2017 China 247 HBV PHLF 37 TE 14 kPa 0.860

Hu et al. [97] 2018 China 216 88% HBV PHLF 64 SWE N/A 0.850

Sato et al. [98] 2018 Japan 96 Mixed Major complications 15 MRE 4.3 kPa 0.813

Procopet et al. [99] 2018 Romania 51 65% Viral Decompensation
PHLF

15
20

TE 13.6/21 kPa
N/A

0.780
NS

ARFI: Acoustic radiation force impulse; HBV: hepatitis B virus; HCV hepatitis C virus; LSM: liver stiffness measurement; MRE: magnetic 
resonance elastography; N/A: not available; PHLF: post-hepatectomy liver failure; SWE: Shear wave elastography; TE: transient 
elastography
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All the above-mentioned evidence supports the fact that LSM provides valuable prognostic information in 
patients undergoing liver resection[102]. Indeed, in the last European guidelines on HCC, LSM was included 
among the pre-operative tools to assess liver reserve before surgery. However, most of the prognostic models 
including LSM have not been validated externally, the proposed cut-offs differ among studies and differ too, 
for the elastosonography technique applied. Therefore, LSM is still not routinely used in pre-operative risk 
stratification of patients undergoing surgery.

Noteworthy, in none of these studies was age an independent predictor of PHLF. However, a recent paper 
showed that the risk of PHLF development after right hepatectomy rapidly increased in patients over 75 
(incidence 35% > 75 years vs. 7% < 75 years, OR = 8.8, 95%CI: 3.6-21)[103]. Considering that older age is a 
known risk factor for unreliable LSM measurement[104,105] and that this category of patients might have been 
underrepresented in the previously published cohorts, future studies are needed to investigate the prognostic 
role of LSM in elderly patients undergoing liver resection. 

Computed tomography
Several computed tomography (CT) signatures have been reported in association with PHLF[106,107]. With 
regard to liver volumetry, this is performed using CT imaging, preferably utilizing the images obtained 
during the venous phase. Liver volumetry is obtained by contouring the liver boundaries and segments, 
with semi-automated methods or manually, on dedicated software. PHLF occurrence is closely related to 
the volume and functional capacity of the remnant liver. Patients with a small future liver remnant (FLR) 
are at higher risk of developing PHLF. Shoup et al.[108] demonstrated that the remnant liver volume (RLV) 
correlates with post-operative prothrombin time and bilirubin levels. In their analysis, a RLV < 25% was 
more predictive of PHLF than the anatomical extent of resection[108]. There is no consensus about “how much 
is enough” but, in general, a FLR of about 20%-30% has been reported as representing the limit of safety in 
hepatectomy, in non-cirrhotic livers, by some authors[109-112]. 

Remnant liver function, estimated with CT volumetry, is reliable only when liver function is assumed 
homogeneous in the entire organ[113]. In cirrhotic patients, the small liver volume suggests the severity of 
cirrhosis and poor function of the liver. Indeed, cirrhotic livers have lower levels of hepatocyte growth 
factor and slower and less complete regeneration, compared with non-cirrhotic livers[114]. Therefore, in these 
patients, the hepatectomy-associated risk cannot be accurately determined with volumetry alone. In different 
published series, the critical minimum FLR for a safe hepatectomy was estimated to be approximately 40% in 
patients with cirrhosis[115,116]. 

Spleen Volume (Sp) can also be a critical factor for the outcome of patients undergoing major liver resection. 
An increased Sp/RLV ratio (> 0.199) correlates with PHLF[114].

Another imaging pre-operative evaluation that should be assessed is the quantification of hepatic steatosis, 
which is shown on pre-contrast CT images as lower attenuation of the liver than that of the spleen[117]. 
Steatosis contributes to post-operative liver dysfunction, especially in diabetic patients and in patients with 
chemotherapy-associated steatohepatitis undergoing major hepatic resection[117]. The effect of steatosis is 
explained by the higher incidence of ischemia-reperfusion injury due to altered sinusoidal microcirculation. 
A recent study found a significantly higher incidence of hepatic decompensation, 90-day post-operative 
morbidity and surgical hepatic complications in patients with steatohepatitis than in patients without[118].

Among other conditions that could be associated with older age and contribute to the development of 
PHLF, it is widely known that primary sarcopenia is strongly associated with age. Therefore, elderly patients 
have less skeletal muscle mass than younger patients[119,120] and this loss of muscle mass is accelerated due 
to chronic medical illnesses and malnutrition[121]. At the same time, nutritional status is a major concern 
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in liver disease. Cirrhotic patients often develop protein-energy malnutrition (PEM), as a result of poor 
dietary intake, malabsorption, increased intestinal protein loss, decreased hepatic protein synthesis, 
abnormal substrate utilization and hypermetabolism[122]. Malnutrition in liver disease is also associated with 
worse outcomes, increased complications and mortality[123,124], and leads to a high prevalence of secondary 
sarcopenia[125].

Muscular mass can be evaluated by CT, using different methods such as calculating the area (cm2) and 
density of the psoas muscle at the level of the third lumbar vertebrae, or calculating the ratio between the 
muscular surface area (external and internal oblique, transverse, psoas and paravertebral muscles) and the 
square of height[126]. 

Recent studies have investigated the effect of sarcopenia on the morbidity of patients undergoing liver 
surgery, both in cases of colon cancer metastases and of HCC. They have shown that sarcopenia is an 
independent risk factor for increased post-operative morbidity[120,121,127-129]. Indeed, sarcopenia is associated 
with a lower functional liver reserve; therefore, the average RLV of sarcopenic patients is statistically and 
significantly less than that of non-sarcopenic patients[130]. Obese patients can also be sarcopenic if they have 
increased fatty mass (BMI ≥ 30) but a loss of muscular mass[131]. Peng et al.[121] showed that sarcopenic obesity 
multiplied the risk of major complications five-fold after hepatectomy in patients with liver metastases. 

In addition, on CT, is possible to calculate the intra-muscular adipose tissue content (IMAC) at the level 
of L3 (i.e., IMAC = CT attenuation value of the multifidus muscles [HU]/CT attenuation value of the 
subcutaneous fat [HU]). A recent paper demonstrated that muscle steatosis is associated with significantly 
lower overall survival and recurrence-free survival, and it is an independent risk factor for increased major 
post-operative complications in patients undergoing hepatectomy for HCC. Moreover, patients with high 
IMAC are older and have a higher mass index[132].

Another comorbidity parameter that can be evaluated with pre-operative CT scan is the bone mineral 
density (BMD), which is classically defined as a “T-score”, evaluated by dual X-ray absorptiometry (DXA) of 
the spine or hip. Of note, BMD has a significant negative correlation with age, especially in female patients[67]. 
Sharma et al.[133] reported BMD by measuring the CT attenuation of the trabecular bone of the eleventh 
thoracic vertebral body and found that BMD < 160HU was an independent predictor of post-liver transplant 
mortality in HCC patients. Miyachi et al.[134] demonstrated however, that low BMD (< 160 HU) has a strong 
correlation with a poor outcome post-hepatectomy only for male patients. Thus, it is possible to utilize peri-
operative imaging parameters to assess the future liver remnant and the remnant liver volume, which are 
strictly correlated with the risk of PHLF; other imaging parameters associated with both the elderly and 
the health status of the patient, such as the presence of sarcopenia and low bone mineral density, are also 
associated with PHLF. 

Magnetic resonance imaging
Both CT and magnetic resonance imaging (MRI) show excellent accuracy and quantification of hepatic 
volume[106]. Volumetry assessment by MRI is preferable to be performed on the hepato-biliary phase (HBP, 
about 30 min after hepatospecific contrast agent injection). Diffusion Weighted Imaging (DWI) measures the 
apparent diffusion coefficient (ADC) of water, a parameter that is dependent on tissue structure[135]. Several 
reports suggest a lower ADC value in cirrhosis than in normal livers[136,137], probably due to the restricted 
water diffusion in fibrotic tissue. Chuang et al.[114] reported that pre-operative liver ADC values ≤ 1.34 × 10-3 
significantly predicted PHLF in patients undergoing hepatectomy.

The administration of hepato-specific contrast agents can help the radiologist and the clinician to evaluate the 
liver’s reserve function and thus, predicts the occurrence of PHLF. Gadolinium, Gd-EOB-DTPA is a hepato-

Marasco et al. Hepatoma Res 2020;6:32  I  http://dx.doi.org/10.20517/2394-5079.2019.54                                          Page 9 of 17



specific contrast agent that shows up to 50% hepatocyte uptake and is then excreted into the bile ducts. In 
non-cirrhotic livers, it has peak enhancement on T1-W images at about 20-30 min after injection[138,139]. 
Uptake and metabolism of this contrast agent is related to hepatocyte function[140,141]. Therefore, hepatic 
parenchymal enhancement is affected by the severity of cirrhosis[138]. The mean signal intensity (SI) of liver 
parenchyma on HBP reflects a quantitative measure of hepatocyte contrast agent uptake[114]. Watanabe et 
al.[142] found that liver SI on Gd-EOB-DTPA MRI is strongly correlated with fibrosis stage and concluded 
that it is more reliable for staging hepatic fibrosis than DWI or hematologic and clinical parameters. 
Moreover, many recent studies[143,144] have reported the usefulness of relative liver enhancement [RLE = (SI 
HBP - SI PRE)/SI PRE] in predicting PHLF in patients with hepatic metastases or with HCC because of the 
superiority of pre-operative RLE over both the 50-50 criteria and ISGLS grading system[67,143]. Pre-operative 
RLE measurement is considered reliable and reproducible with high inter-observer variability[145]. However, 
further studies are necessary to understand the real role of RLE to predict PHLF.

Other parameters derived from Gd-EOB-DTPA MRI have been evaluated as predictors of PHLF with modest 
success. Contrast enhancement ratio (CER= [(SIHBP - SIPRE)/(SITP - SIPRE] where SITP is measured on 
transitional phases, about 3 min post-contrast injection) is less affected by the hemodynamics of a patient 
than RLE, and better reflects Gd-EOB-DTPA uptake by hepatocytes. CER can also be multiplied by TLV/
SLV ratio (total CER, tCER) and by RLV/SLV ratio (remnant CER, rCER)[138]. A recent study demonstrated 
that rCER correlates with the development of PHLF better than volumetry (cut off ≤ 1.23) and that tCER is 
an independent predictive factor for PHLF (cut off ≤1.42)[114]. The prognostic value of CER, in predicting 
PHLF, seems to be stronger than the ADC value and TVL/SLV ratio in cirrhotic patients[114]. Therefore, 
patients with a relatively small tCER should preferably go under local treatment rather than resection[114]. 
Asenbaum et al.[146] combined functional and morphological parameters (functional FLR, functFLR) by 
measuring remnant RLE on Gd-EOB-DTPA MRI and the RLV by the formula: (RLV*remnantRLE)/body 
weight (BW). A decreased functFLR (< 8.73 mL/kg) demonstrated a strong correlation with the development 
of PHLF in patients that underwent major liver resection[146]. 

Kim et al.[67] verified the correlation between the remnant hepatocellular uptake index (rHUI = RVL × [(L20/
S20)-1]) and PHLF, where L20 is the mean SI of the FLR, and S20 is the mean SI of the spleen on HBP 
images. A lower rHUI (< 0.89) and a lower body weighted and corrected rHUI (rHUI-BW < 12.38) showed 
a statistically significant correlation with the development of PHLF in patients undergoing major liver 
resection, and predicted PHLF better than ICG related parameters. In this study, the severity of PHLF also 
showed a statistically significant association with rHUI-BW[67]. Nevertheless, despite numerous promising 
findings, MRI still represents an expensive, not immediate and not widely available technique, and careful 
evaluation about its use needs to be performed according to each hospital setting. Thus, pre-operative MRI 
parameters could be useful in predicting PHLF when available, otherwise, cheaper and faster techniques 
should be used.

Single photon emission computed tomography
Single photon emission computed tomography (SPECT) using 99 metastable technetium diethylenetriamine-
pentaacetic acid-galactosyl human serum albumin (99mTc-GSA) is of increasing interest for the pre-
operative evaluation of cirrhotic patients. The molecule 99mTc-GSA is taken up rapidly by the liver, reflecting 
accurately the volume of functional liver and FLR; indeed, it is correlated to bilirubin levels, INR, and ICG 
clearance[147]. Liver 99mTc-GSA SPECT has been reported to be more useful than CT in predicting remnant 
liver function before hepatic resection[148]. This technique is thought to be a substitute for ICG rate. It can 
be used for patients whose liver function cannot be fully estimated using multimodal algorithms, such as 
patients with jaundice, portal hypertension, or ICG intolerance[149]. However, as for MRI, there has not been 
real-life application of this technique for predicting PHLF to date.
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Interventional radiology
Portal vein embolization (PVE) is an interventional radiological procedure. It consists of embolization of 
portal branches in the future resected liver, thus shifting blood flow to the FLR, allowing its hypertrophy 
before major hepatectomy. By increasing the volume of FLR, the risk for PHLF is decreased, even after 
extended liver resection[117]. Furthermore, preoperative PVE reduces intra-operative hepatocyte injury caused 
by the sudden increase in portal pressure at resection. Current guidelines recommend PVE for cirrhotic 
patients and an estimated FLR of ≤ 40%, or normal patients with an intended FLR of < 20%[150]. 

CT volumetry should be performed 3-4 weeks after PVE to assess the degree of hypertrophy, which if > 5%, 
is associated with improved patient outcomes[115]. A study by Capussotti et al.[151] reported a FLR hypertrophy 
of 30%-40% in 4-6 weeks in more than 80% of patients, and was therefore able to prepare patients for 
hepatectomy after that period. Hepatic arterial buffer response, after reduction of portal blood flow post-
PVE, can increase the size of the tumor. However, PVE preceded by trans-arterial chemoembolization 
(TACE) may prevent this by causing tumour necrosis[152]. RLE on Gd-EOB-DTPA-MRI has also been 
evaluated both pre- and post-PVE. In particular, the corresponding increase in RLE of the remnant liver 
at 14 and 28 days after PVE is significantly lower in patients who develop PHLF than in those who do not. 
Similar results were found comparing patients without or with mild PHLF versus those with severe PHLF[67].

CONCLUSION
PHLF is still an event associated with major concerns by surgeons, especially in elderly patients. Several 
attempts have been made to identify the best non-invasive predictor of PHLF, in order to introduce a pre-
operative tool for the assessment of such risk in routine clinical practice. Particularly, and when available, 
imaging parameters allow the identification of peri-operative risk factors related to the underlying cirrhosis, 
the volume of the liver remnant and patient related characteristics, mainly associated with the elderly such 
as sarcopenia and low bone mineral density. Otherwise, in other settings, LSM as well as ICG-r15 and the 
ALBI score are useful NITs able to mirror hepatic dysfunction and portal hypertension, and are thus being 
recommended before surgery for PHLF risk assessment. However, there is still poor evidence for their 
application in older patients. Further prospective and well-designed studies evaluating the ability of these 
NITs in predicting PHLF in the elderly are thus needed. 
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Abstract
Hepatocellular carcinoma (HCC) is the fifth most common neoplasm worldwide. Recurrence of HCC after 
resection or loco-regional therapies represents an important clinical issue as it affects up to 70% of patients. 
This can be divided into early or late, if it occurs within or after 24 months after treatment, respectively. While 
the predictive factors for early recurrence are mainly related to tumour biology (local invasion and intrahepatic 
metastases), late recurrences are mainly related to de novo tumour formation. Thus, it is important to recognize 
these factors prior to any treatment in each patient, in order to optimize the treatment strategy and follow-up after 
treatment. The aim of this review is to summarize the current evidence available regarding predictive factors for 
the recurrence of HCC, according to the different therapeutic strategies available. In particular, we will discuss the 
role of new ultrasound-based techniques and biological features, such as tumor-related and circulating biomarkers, 
in predicting HCC recurrence. Recent advances in imaging-related parameters in computed-tomography scans 
and magnetic resonance imaging will also be discussed.

Keywords: Liver resection, trans-arterial chemoembolization, radiofrequency ablation, liver stiffness measurement, 
indocyanine green retention test

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common tumor and one of the leading causes of cancer 
mortality worldwide[1,2]. To date, the numbers of HCC has not dropped, despite the introduction of new 
direct antiviral agents for hepatitis virus C (HCV) eradication[3] to lower the risk of developing HCC in these 
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patients[3]. HCC remains a widespread tumor due to the persistence of a high prevalence of hepatitis B virus 
(HBV) infection in African and Asian countries, and from the increasing incidence of non-alcoholic fatty 
liver disease, alcoholic and non-alcoholic steatohepatitis (ASH/NASH) patients in Western countries.

There are different therapeutic strategies to manage HCC according to both the underlying extent of liver 
disease and tumor-related factors, as stated by the different guidelines available[2,4-6]. The recommended 
treatment of choice in these guidelines is mainly an adaptation from the BCLC classification[2,7]. Patients 
with HCC are classified into five stages by tumor related factors (size, number, vascular invasion, N1, M1), 
liver function (bilirubin, portal hypertension, liver function preservation) and health status (ECOG)[2]. 
These guidelines were developed to provide the best treatment to maximize overall survival (OS) according 
to tumor characteristics listed above. Liver resection (LR) is recommended mainly for single HCCs of any 
size and in particular, for size > 2 cm, with preserved hepatic function and sufficient residual liver volume. 
In patients with BCLC 0 and A, or in single tumors 2 to 3 cm in size not suitable for surgery, the treatment 
of choice is thermal ablation with radiofrequency (RFA) as an alternative to surgical resection. In patients 
with BCLC B, trans-arterial chemoembolization (TACE) is recommended[2]. Even though treatment choice 
is tailored for individual patients, HCC recurrence remains the most important concern and can occur 
irregardless of treatment[8]. 

In fact, in curative treatments such as liver resection, HCC recurrence developes in up to 70% of patients 
at 5 years after hepatic resection, both within (early recurrence) or after 24 months (late recurrence)[1,2,9]. 
Several authors[10-13] have explored the differences between early and late recurrence and investigated the risk 
factors for each. Predictive factors for early recurrence are well-known[14]. On the other hand, the prediction 
of late recurrences is limited by poor data; it can also be considered a ‘de novo’ tumour and thus, has been 
associated mainly with the degree of fibrosis and extent of portal hypertension (PH)[15-17].

The aim of this review is to summarize the most recent advances in the role of predictive factors for HCC 
recurrence in patients undergoing curative HCC treatment beyond liver transplantation such as LR, RFA and 
TACE. Furthermore, when possible, biomarkers and imaging predictors are also differentiated.

LIVER RESECTION
LR is the standard of care of patients with solitary tumors and preserved liver function[4,5]. The major 
complication after LR is HCC recurrence which reaches an incidence of more than 70% at 5 years[14]. 
As stated, HCC recurrence can be classified as early or late[11,18]. Early recurrences have well-established 
predictive factors which are mainly related to tumor biology (i.e., tumor size, tumor number, presence of 
microsatellites and vascular invasion) and the treatment modality used[14]. In particular, vascular invasion 
(both macroscopic and microscopic) is one of the most reliable predictors of recurrence and survival and 
strictly associated with histological differentiation and tumor size[14]. On the other hand, the development of 
late recurrences is widely considered a de novo HCC affected by the underlying liver status[19,20]. Thus, the 
presence and degree of PH could play an important role in predicting late recurrences. Indeed, the extent of 
PH is directly correlated with the risk of developing complications[21-24], including HCC[25]. Recently, several 
studies have highlighted the role of non-invasive tests such as liver (LSM) and spleen stiffness measurements 
(SSM) as predictors of late recurrence of HCC[16,17,26]. The predictive factors for early and late HCC recurrence 
after LR are summarized in Table 1.

Early HCC recurrence
Tumor-related factors
A clear correlation has already been highlighted between tumor size, number and HCC recurrence[27]. 
These factors remain the best pre-operative prognostic factors such that both the American and European 
Association for the Study of the Liver endorsed these criteria in their staging systems[2,4]. Indeed, HCC 
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nodules ≥ 5 cm are associated with an increased recurrence rate due to the higher risk of portal vein[28] 
and micro-vascular invasion (MVI)[36]. Besides, vascular invasion represents another good predictor of 
tumor recurrence[19,27]. It could be defined as macroscopic, when it is visible on imaging or even on gross 
examination, and microscopic, when seen only on histological examination. The presence of macrovascular 
invasion is able to reduce the time to recurrence by 4-fold[19]. Moreover, extension of portal vein thrombosis 
is directly related to poor prognosis[33,34].

With regard to MVI, it is usually defined as the presence of tumour emboli within the central hepatic vein, 
the portal vein, or the large capsular vessels[12]. Unfortunately, this evaluation is subject to great variability 
which affects the true incidence of this condition[37]. The presence of MVI is related to an increased risk 
of HCC recurrence[19,38,39]. The main limitation of MVI assessment depends on its timing since it is often 
obtained on resected specimens. MVI can be accurately assessed only on resected specimens, which 
constitutes a strong limitation to such assessment[29,30,35]. Tumor grade (grade 3/3) and tumor size have also 
been associated with early HCC recurrence and are strictly related to MVI[29-32].

Several authors have tried to evaluate the usefulness of other pre-operative parameters beyond tumor grade 
in predicting MVI, such as increased alpha-fetoprotein (AFP), L3-AFP and prothrombin induced by vit K 
absence-II (PIVKA-II)[30,31,35]. Recently, a low concentration of the autophagy-related marker LC3[85] on HCC 
and adjacent non-tumor tissues has also been found to be a significant predictor of both early and late HCC 
recurrence. A further recent study[47] evaluated the role of immunohistochemical markers in a large cohort 
of resected HCC, concluding that 14 factors showed a prognostic role for predicting recurrence, including 

Table 1. Predictive factors for early and late HCC recurrence after liver resection

Early recurrence Late recurrence
Tumor related factors

  Tumor size [27-29] [27-29]

  Tumor grade [29-32] [29]

  Macrovascular invasion [19,33-35] [19]

  Microvascular invasion [19,36-39] [19,37]

  Satellite nodules [40] -

  Tumor-free margins [41-43] [41,43]

Biomarkers

  AFP [32,35,44-46] [27,28]

  Immunomarkers [47-54] -

  ERASL-pre score [55] -

  REACH score [56] -

  SVR [57] [58-60]

  HBV replication [61] [15,61]

  Alcohol intake [62,63]

Others

  MicroRNAs [64,65] -

  Imaging factors [66-75]

  IGC15 - [16]

  Sarcopenia [76] -

NITs

  LSM - [16,26,77]

  SSM - [17]

  FIB-4 - [78]

  ALBI > 2 [55,79-82] [78,83,84]

  Platelet/spleen length ratio - [17]

HCC: hepatocellular carcinoma; AFP: alpha-fetoprotein; ERASL: early recurrence after surgery for liver tumor; REACH-B: estimates risk of 
HCC in patients with chronic hepatitis B; SVR: sustained virological response; HBV: hepatitis B virus; IGC15: indocyanine green retention 
rate at 15 min; NITs: non-invasive tests; LSM: liver stiffness measurement; SSM: spleen stiffness measurement; FIB4: fibrosis-4 index; 
ALBI: albumin-bilirubin grade 



6 clinico-pathological characteristics (clinical stage, differentiation level, capsular invasion, tumor number, 
tumor diameter, and AFP level) and 8 immunomarkers (CD34, CDKN1A, E-cadherin, HRas, PCNA, p53, 
TGF-β and VEGF). Other authors[86] evaluated the Epstein-Barr virus-induced gene 3 (EBI3) which encodes 
a secretory glycoprotein which was previously found to be upregulated in different tumors; they found that 
EBI3 was a predictor for tumor recurrence. Among the myriad of other tumoral-tissue related markers, a 
prognostic role was also reported for the Peroxiredoxin 1 (PRDX1)[87]; the divalent metal-ion transporter-1 
(DMT1)[88]; the cell cycle factor NIMA-related kinase 2 (NEK2)[89]; among the non-coding tumoral RNAs, 
the miR-210 and miR-550a-1 were associated with a high risk of recurrence[64], similar to miR-483-3p[65]; low 
c-Myc protein expression[90]; low MHC class I chain-related gene A (MICA)[91]; the long noncoding RNA 
(lncRNA) expression signature[92]; and the NUF2[93]. However, all these tumoral-tissue related markers have 
not found clinical application yet. 

Circulating biomarkers
Several circulating markers have been identified to be able to predict early HCC recurrence. Certainly, AFP 
is used not only for diagnosing HCC but also plays a key role in predicting recurrence[44-46] with a cut-off 
that has recently been lowered from 200 ng/mL to 100 ng/mL[46]. Since the liver is the organ that synthesizes 
lipoprotein (a) [Lp (a)], reduced levels of this lipoprotein could be a sign of liver dysfunction. Thus, as 
Lp (a) mirrors hepatic function and the degree of underlying disease, it has recently been found[94] in a cohort 
of HCC patients that low Lp (a) levels (≤ 20 mg/dL) significantly correlated with low time to recurrence 
(P = 0.009) and low OS (P = 0.007). Among other circulating markers or composite scores, the albumin-
bilirubin (ALBI) score has been validated as a predictor of survival in HCC[79]. Recently, an Asiatic 
study[80] evaluated the role of ALBI in predicting early recurrence. It was found that an ALBI grade ≥ 2 
(P = 0.003) in addition to HBV surface antigen (HBsAg)-positive status (P < 0.001), tumor size ≥ 3.5 cm 
(P ≤ 0.001), lympho-vascular invasion (P = 0.001), and the presence of satellite lesions (P = 0.009) were the 
only predictors of early HCC recurrence on multivariate analysis. The same results on ALBI were recently 
reported by other authors[55,81,82], among whom Chan et al.[55] developed the ERASL-pre score, which 
included male gender, large tumor size, multinodular tumors, high ALBI grade and high serum AFP. More 
recently, an elevated fibrinogen/albumin ratio was found[95] to be significantly correlated with shorter survival 
and an increase risk of HCC recurrence. On the same line, the ratio between high-sensitivity C-reactive 
protein (hsCRP) and albumin was associated with a 1.19-fold increase in the risk of HCC recurrence[96]. In 
an additional study on hsCRP, it was found to be associated with lymphocyte ratio (HCLR) and positively 
correlated with large tumor size, TNM stage, MVI, and HCC recurrence[48]. A further composite score is 
represented by REACH[56] which includes NxS factor, MVI, differentiation, serum albumin, platelet count 
and indocyanine green retention rate at 15 min and was able to predict the risk of HCC recurrence.

Other simple factors that are able to predict early recurrence of HCC that should be taken into account are 
the lymphocyte and neutrophil levels computed into the NLR[49], which mirrors a pro-tumor inflammatory 
environment and the activity of host immunity. In fact, these authors found that patients with pre-operative 
NLR < 2.5 were at lower risk of recurrence. Thus, others have tried to refine the predictive value of these 
scores by building a composite score with ALBI and platelet to-lymphocyte ratio[97], which was able to 
predict the outcome after liver resection, including HCC recurrence. Platelet to-lymphocyte ratio was further 
associated with NLR with good results[50]. Finally, other immune-biomarkers that have promising results 
are the lymphocyte-to-monocyte ratio[51], gamma-glutamyl transpeptidase to lymphocyte count ratio[52] 
and systemic inflammation score[53]. A Chinese group[54] recently demonstrated that IgG4/IgG ratio is an 
independent indicator of tumor recurrence and a high ratio is associated with a shorter time to recurrence.

Circulating microparticles are novel biomarkers with a potential prognostic role in patients with cancer. 
Their role in HCC has been investigated by Abbate et al.[98] and it was found that the number of circulating 
HepPar1+ microparticles before resection was higher in patients with early recurrence compared to those 
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without (P = 0.02). With regard to other cancer biomarkers, platelet derived growth factor-BB has been 
claimed to be one of the key cytokines in malignant transformation of different cells and recently[99], 
diminished perioperative platelet derived growth factor-BB has been linked to HCC recurrence. Another 
potential biomarker concerns serum proteome alterations[100]: PGK1, which is directly involved with 
carcinogenesis and the intracellular inflammation cascade, was found to be increased in patients with early 
tumor recurrence. Recently, a glycan-based immunoassay targeting Wisteria floribunda agglutinin-positive 
human Mac-2 binding protein (WFA+-M2BP) was evaluated as a noninvasive biomarker of liver fibrosis and 
predictor of HCC and HCC recurrence, as it was associated with pro-carcinogenic activity in patients with 
chronic liver disease[101]. In a further study, it was associated with both early (HR = 1.667) and late recurrence 
(HR = 1.416) with multivariate analysis[102].

In conclusion, some circulating biomarkers have gradually been endorsed in clinical practice in several 
centers for their simplicity and real-time application based on standard liver tests, and are able to give reliable 
prognostic information on these patients.

Imaging predictive factors
Pre-operative imaging signatures have been proposed in the last decade for predicting HCC recurrence 
before resection. With regard to computed-tomography (CT) scan prediction, beyond the classic HCC 
features associated with HCC recurrence, a HCC texture based study found good correlation with 
histological grade and thus, the risk of disease recurrence[66].

As for magnetic resonance imaging (MRI), correlation between the preoperative diffusion-weighted imaging 
and early recurrence has been found[67,68], specifically[67] with minimal apparent diffusion coefficient values. 
Several studies reported that imaging findings based on peri-tumoral tissue enhancement and hypointensity 
in the hepatobiliary phase were useful for predicting MVI and early recurrence in HCC[68-70].

A Korean study carried out in 2017[70], which is one of the largest among those stated above, included 197 
patients and using gadoxetic acid-enhanced MRI for predicting MVI, highlighted that the combination of at 
least two of the following - arterial peri-tumoral enhancement, non-smooth tumor margin, and peri-tumoral 
hypointensity on hepatobiliary phase - was able to predict MVI with > 90% specificity and associated with 
early recurrence after a single HCC nodule resection. These results have been further confirmed by other 
groups worldwide[68,69]. To enhance the predictive accuracy of these findings, a recent study[71] used Radiomics 
on CT-scans for this purpose. Radiomics is a new method for medical image analysis[72], defined as the high-
throughput extraction of quantitative metric features that result in the conversion of images into mineable 
data. These authors[71] found that peri-tumoral radiomics was better in predicting HCC early recurrence than 
tumoral radiomics[73]. Other authors using radiomics on pre-operative CT-scans found a good correlation with 
MVI (AUC 0.80)[74]. Beyond texture, using 3D MRI was also possible to evaluate tissue stiffness; a multicenter 
study[75] recently found that HCCs with subsequent recurrence had higher tumor stiffness.

Finally, an additional prognostic role has also been investigated for fluoro-deoxyglucose (FDG)-positron 
emission tomoscintigraphy (PET). Indeed, a recent study[103] with FDG-PET before surgery concluded 
that a larger tumor size and serum AFP were correlated with higher SUV max (≥ 4.9), which was able to 
distinguish between patients with or without HCC recurrence after resection.

Beyond the standard evaluation of HCC (tumor number, size, location, vascular invasion) however, the 
above evaluation methods remain as research and are only applied in highly specialized centers.

Resection-related factors
Strong evidence is available on the role of tumor-free margins in HCC[104]. Most previous studies have stated 
that tumor margins should be at least 1 cm[42,43]. A randomized controlled trial showed however, that in order 
to improve survival margins should be at least 2 cm[104].
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On the other hand, the extent of resection is another key factor to take into account when predicting 
tumor recurrence. If anatomical resection (whole hepatic segment) allows reduction of risk for intrahepatic 
metastasis due to microsatellite nodules and segmental neoplastic thrombi, most surgeons would prefer non-
anatomical resections instead in order to reduce the risk of post-hepatectomy liver failure[40]. Most studies on 
this topic are affected by much heterogeneity amongst the patients enrolled, since non-anatomical resections 
are performed mainly in patients with small HCC nodules and with a higher degree of liver dysfunction. A 
large series has demonstrated that non-anatomical resection is equally safe in terms of recurrence for HCC 
nodules less than 2 cm[105]. On the other hand, for larger tumors, anatomical resection is equally able to 
guarantee a lower rate of early HCC recurrence[8]. 

Late HCC recurrence
Late HCC recurrence is currently not considered a true recurrence of the primary HCC since it seems to 
be a “de novo” tumor and thus, dependent on the degree of underlying liver cirrhosis[106]. Most studies on 
this topic highlight predictive factors for late recurrence including the severity of liver cirrhosis, presence 
of active hepatitis and the degree of PH[11,16,17,26,57,61,77,107]. Indeed, the sole presence of liver cirrhosis itself 
leads to a doubling of risk for late recurrences[11]. In the specific setting of HBV, Ishak activity > 6, an 
indocyanine green clearance (ICG-15) > 10% and HBsAg > 250 IU/mL were found to be predictors of late 
HCC recurrence[15,61]. With regard to HCV etiology, a recent study[58] demonstrated that HCV-eradication 
was able to reduce the recurrence of HCC, independent of HCC treatment and the HCV-treatment regimen 
administered. Further confirmation of the importance of viral eradication came from a recent North 
American study[59] on new direct antiviral agents and regimens, which demonstrated that the risk of HCC 
recurrence was not increased by this treatment, as previously postulated[60]. Even continuous alcohol intake 
in patients with Alcohol-related Liver Disease seems to be a HCC risk factor for both the occurrence of 
primary HCC and late recurrences, since the development of HCC depends both on direct (genotoxic) and 
indirect factors (cirrhosis development)[62,108]. Indeed, a recent study by Kudo et al.[63] found that preoperative 
excessive alcohol intake was related to decreased disease-free survival rate of HCC recurrence after surgery. 
Similarly, the presence of obesity at the time of LR has been reported as a risk factor for HCC recurrence[109].

Going back to liver cirrhosis, also in this setting there is an increasing need for non-invasive tests to stratify 
late HCC recurrences. One of the most frequently used and non-invasive test is the ALBI grade[83], which is 
an objective and discriminatory method for assessing liver function in HCC, and is gradually replacing the 
Child-Pugh score. The ALBI has also been found to be a predictor of late HCC recurrence after resection 
ALBI grades 2 and 3 (P < 0.001)[84]. Recently, a composite score[110] for predicting both early and late HCC 
recurrences in HBV has been developed and validated; this DFT score includes liver function through 
the use of FIB-4, which is a surrogate marker of liver fibrosis, tumor burden and grade of differentiation. 
A combination of ALBI and FIB-4 has also been proposed with good accuracy in predicting HCC 
recurrence[78].

In line with these efforts, Jung et al.[26] found that patients with LSM values > 13.4 kilopascal (kPa) were at 
increased risk for late HCC recurrence with a HR of 1.9. Another research group followed up patients with 
HCC after treatment and found that a decrease in LSM < 8 kPa suggested a reduced risk of late recurrence[77]. 
In a subsequent study by Jung et al.[16], the LSM value, together with activity grade II-III, the presence of 
multiple tumours, and ICG R15 achieved good accuracy in predicting late HCC recurrence. Another non-
invasive test capable of mirroring the degree of PH is the evaluation of SSM[23,24,111,112], which has been 
demonstrated to be associated with post-hepatectomy liver failure too[113]. We recently demonstrated[17] in 
a cohort of compensated advanced chronic liver disease patients undergoing LR for primary HCC, that 
univariate analyses of late HCC recurrences were associated with esophageal varices, spleen length, platelet/
spleen length ratio, LSM and SSM. Multivariate analyses however, showed that SSM was the only predictor 
of late recurrence (HR = 1.046). Thus, it is possible to conclude that NITs focused on the evaluation of the 
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degree of liver fibrosis and function and thus, also of PH, are capable of predicting the future development of 
HCC nodules in patients who have undergone LR for primary HCC. 

ETHANOL PERCUTANEOUS INJECTION
Patients with early stage HCC, who are not suitable for resection or transplantation, are ideal candidates for 
percutaneous ablation. Guidelines for locoregional therapy include patients with a single HCC nodule ≤ 5 cm 
or up to 3 nodules ≤ 3 cm, even if minor discrepancies exist between different investigators and studies[114]. 
Percutaneous ethanol injection (PEI) is a percutaneous, ultrasound-guided ablative procedure involving 
the injection of 95% absolute alcohol which induces coagulative necrosis of the lesion due to protein 
denaturation, cellular dehydration and chemical occlusion of small tumor vessels[1]. PEI was first described 
in the early 1980s[115] and had long been the standard in ablation. Indeed, this technique is the most studied 
type of percutaneous ablation[116]. PEI is also an inexpensive and well-tolerated procedure with few adverse 
effects, and has been considered the standard against which any new ablation therapy should be compared 
to[117]. Predictors of HCC recurrence after PEI are summarized in Table 2.

The most important predictor of treatment efficacy and HCC recurrence in this setting is tumor size. Indeed, 
tumors less than 2 cm in diameter have more than 90% tumor necrosis rate. As the tumor size increases 
however, the necrosis rate decreases and for tumors 3 to 5 cm in size, this rate is only 50%[114]. Notably, the 
major limitation of PEI is the high local recurrence rate, particularly for lesions larger than 3 cm[118]. Other 
potential factors affecting tumor recurrence are the total number of treated lesions, satellite nodules, the 
presence of a halo and an intra-tumoral heterogeneous echo pattern or intra-tumoral septa and AFP levels 
> 20 mg/dL[119-121]. When the size of the nodule increases, intra-tumoral septation increases, which is mainly 
composed of collagen and lipid matrix[122]. A possible explanation is that ethanol diffusion is blocked either 
by intra-tumoral fibrotic septa and/or the tumor capsule, limiting its curative effect in lesions larger than 
2 cm[122,123]. In addition, the OS is modified by the size of the tumor. Patients with Child-Pugh class A 
function and a solitary HCC smaller than 2 cm have 3- and 5-year OS rates of 70% to 80% and ≥ 50%, 
respectively. For HCCs 2 to 3 cm in diameter, the 3-year OS rate ranges from 47% to 64%[124,125]. To overcome 
the limits of conventional PEI in patients with tumors larger than 2 cm that cannot be treated with other 
procedures, a retractable multipronged injection needle was developed[126]. Chemical ablation with 15% 

Table 2. Predictive factors for HCC recurrence stratified by ethanol percutaneous injection, radiofrequency ablation and trans-arterial 
chemoembolization

Ethanol percutaneous injection Radiofrequency ablation Trans-arterial chemoembolization
Tumor related factors

  Tumor size [114,116,118] [130,131] [132]

  Tumor grade [121] [130] [133]

  Macrovascular invasion [132]

  Satellite nodules [120]

  Intra-tumoral septa [121,122]

  Tumor-free margins [131,134]

  Angiogenic factor [135-138]

  Biomarkers [139]

  AFP [116,121] [130] [140-142]

  Immunomarkers [143,144]

  ALBI [145,146]

  HBV replication [147,148]

Genetic factors

  MicroRNAs [149-152]

  Imaging factors [153-163]

  Sarcopenia [76,164]

AFP: alpha-fetoprotein; ALBI: albumin-bilirubin grade; HBV: hepatitis B virus; HCC: hepatocellular carcinoma
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acetic acid with the use of a multiple-tine infusion device resulted in larger diameters of contiguous tumor 
coagulation and enabled greater volumes of infusion than the standard technique[126]. However, as this is 
associated with higher recurrence rates and inferior OS compared to hyper-thermic ablation[127,128], it only 
plays a secondary role in HCC treatment today, having widely been replaced by more modern techniques 
such as RFA[129], mainly because it has to be performed repetitively compared to RFA. Furthermore, it is 
difficult to obtain complete necrosis for tumors larger than 3 cm[114].

RADIOFREQUENCY ABLATION
RFA is a non-surgical, curative treatment for HCC[165] which is designed to destroy the tumor by heating[166]. 
The heat (above 60 °C) generated by alternating current passing down from the tip of an electrode into the 
surrounding tissues induces changes in ionic agitation and drives extracellular and intracellular water out of 
tissues, resulting in their destruction by coagulative necrosis[166,167]. Heat is administered by probes that are 
inserted through the skin (percutaneously), laparoscopically or with open surgery[168]. In cirrhotic patients 
treated with RFA for HCC, the 5-year OS reached 74%[169]. Thus, RFA is considered a viable and curative 
alternative treatment to LR in these patients[170]. Based on current guidelines, RFA is performed on single 
lesions < 5 cm in diameter or ≤ 3 lesions < 3 cm in largest diameter, Child-Pugh class A or B, and ECOG 0[2]. 
The high rates of post-procedural recurrence, which might be up to 70% at 5 years, remain a major challenge 
for long-term survival[130]. Recurrence after RFA for HCC occurs as a result of local tumor progression (LTP) 
or intrahepatic distant recurrence. LTP occurs along the peripheral margin of the ablative zone when the 
primary tumor had not been controlled completely after RFA[131]. Several risk factors have been associated 
with local recurrence including tumor size more than 2 cm, poorly differentiated carcinoma, advanced 
tumor stage, high AFP levels, and an insufficient safety margin[13]. An ablative margin of at least 5 mm is 
required to avoid the risk of LTP because microsatellite lesions are frequently present and surround the HCC 
nodule[134]. The risk of local recurrence is also closely related to the location of the tumor: HCCs next to the 
portal vein or major hepatic veins were associated with a higher risk for local recurrence (HR = 1.70-2.81) 
because the patient’s blood flow reduces elevation of the tumor’s temperature during RFA[171]. Several studies 
have reported the ability of AFP levels to predict response to ablation: serum AFP increase have been shown 
to predict a higher risk of HCC recurrence after ablation treatment[130]. The heterogeneity of the studies 
precludes the formulation of a definite magnitude level, but it is suggested that AFP cut off levels of > 200 
and/or > 400 ng/mL are associated with poor outcomes[2]. In contrast to local recurrence, distant intrahepatic 
recurrence is observed far from the ablation zone and corresponds usually to de novo hepatocarcinogenesis 
on cirrhosis or metastatic dissemination[172]. Similar to LR, HCC recurrence following RFA occurring early - 
within 2 years of follow-up - is considered the result of an intrahepatic metastatic process from the primary 
tumor (related to tumor biology), whereas late recurrence after 2 years would result only from de novo 
carcinogenesis in cirrhosis[170]. The Child-Pugh score is associated with distant HCC recurrence; this would 
suggest that the severity of liver disease is a risk factor not only for HCC occurrence but also for distant HCC 
recurrence[173]. The link between HBV replication (high pre-procedural serum viral load ≥ 2000 UI/mL) and 
the recurrence of HCC after RFA suggests that secondary chemoprevention with nucleos(t)ide analogues 
could improve the prognosis following percutaneous ablation[147,148,174]. Similarly, several studies found 
that patients with HCV related cirrhosis who have achieved sustained response to antiviral therapy have a 
substantially lower rate of HCC recurrence after percutaneous ablation in cirrhotic patients with HCC[175]. 
The development of non-invasive methods to assess the degree of liver fibrosis including blood marker 
tests and transient elastography has revolutionized the assessment of liver fibrosis over the last decade[176]. 
Recent data reported the role of transient elastography in predicting intrahepatic distant recurrence of HCC 
following RFA[177]. In conclusion, RFA is a potential curative modality for cirrhotic patients with early HCC. 
Predictors of HCC recurrence after RFA are summarized in Table 2. Additional studies are needed to identify 
patients with a higher risk of early and late recurrence to improve disease control. 

Page 8 of 19                                           Marasco et al. Hepatoma Res 2020;6:33  I  http://dx.doi.org/10.20517/2394-5079.2020.01



TRANS-ARTERIAL CHEMOEMBOLIZATION
TACE, a direct therapy with a minimally invasive catheter, is the most commonly used interventional 
radiology technique for the first-line treatment of intermediate stage (BCLC-B) and unresectable HCC[178,179]. 
The TACE procedure works on the pathophysiological principle that malignant hepatic lesions receive blood 
supply from the hepatic artery. Thus, the intra-arterial infusion of a cytotoxic agent followed by embolisation 
of the blood vessels that feed the tumor leads to a direct cytotoxic and ischemic effect on the tumor mass. 
HCC, indeed, tends to be fed entirely through the arterial supply, unlike the surrounding parenchyma 
which receives most of its inflow through the portal system. During TACE procedures, a catheter super-
selectively places an emulsion of the water-soluble antitumor agent mixed usually with ethiodized oil[180]. 
The effectiveness of TACE is through providing highly concentrated doses of chemotherapy to the tumor 
bed, while sparing the surrounding liver parenchyma. Conventional TACE, also known as Lipiodol TACE, 
consists of catheter delivery of the chemotherapeutic emulsified with Lipiodol, followed by vascular 
stagnation obtained with embolisation of the particles[181]. During these procedures, the most commonly 
used chemotherapy drugs are epirubicin, doxorubicin, miriplatin or cisplatin[181]. Besides conventional 
TACE, other image-guided transcatheter techniques have been developed recently (chemo-lipiodolisation, 
bland transcatheter embolisation and intra-arterial chemotherapy) but not recommended clinically yet[179]. 
Recently, drug-eluting beads transcatheter arterial chemoembolization (DEB-TACE) has become a routinely 
used locoregional treatment for unresectable HCC. DEB-TACE have the same clinical outcomes and reduced 
procedure-related side effects compared to conventional transcatheter arterial chemoembolization[182,183]. 
Many potential factors affecting HCC recurrence after TACE treatment have been investigated in the last 
decades [Table 2].

Tumor-related factors
HCC is a hypervascular tumour such that tumour angiogenesis may be essential to its growth, invasion, 
or metastasis[184,185]. The changes induced by TACE in the expression of angiogenic and invasiveness 
factors [basic fibroblast growth factor (b-FGF), vascular endothelial growth factor (VEGF), urokinase-
type plasminogen activator (uPA) and mammalian chitinase-like proteins without chitinase activity (YKL-
40 -CHI3L1)] have been investigated. These markers work synergically and seem to be overexpressed 
after TACE as a result of the related ischemic damage, which renders them useful for predicting treatment 
response to TACE. In fact, when TACE is not adequate, a significant neoangiogenesis reaction happens, 
as suggested by an increase in VEGF, uPA, b-FGF and YKL-40 following treatment, and affects patient 
survival[135-138,186]. Moreover, the systemic inflammatory response[187] reflects the state of angiogenesis, 
DNA damage and tumor invasion[188]. Among these, systemic immune-inflammation index[143], aspartate 
aminotransferase-lymphocyte ratio index and CRP/Alb ratio[144] are useful non-invasive biological markers 
with high negative predictive values for HCC OS after TACE. As a matter of fact, tumor size and portal 
invasion represent the most well-validated HCC prognostic factors after TACE treatment[132]. In 87% of 
patients, the low-grade tumors (grade 0, 1, or 2) have shown encouraging long-term treatment response 
(49%; stable disease or local disease progression, 13%; partial response, 38%; complete response) vs. 33% of 
high-grade tumors (grade 3 or 4) (stable disease or disease progression, 67%; partial response, 33%; complete 
response, 0%) after TACE[133]. 

Circulating biomarkers and patients’ characteristics
Several laboratory markers have been associated with prognostic outcomes in HCC patients undergoing 
TACE. AFP levels and changes[140-142], low pretreatment platelets[189], low baseline serum 25-hydroxyvitamin 
(D25-OHD) levels[190], high values of CRP[138], high levels of serum gamma-glutamyl transferase[191] and high 
levels of bilirubin[132] are all potentially useful biomarkers to predict the poor prognosis in patients with HCC 
treated with TACE. Moreover, procalcitonin is a precursor of the hormone calcitonin and usually rises in 
bacterial infections; it was recently proposed as an important prognostic factor for foretelling the prognosis 
of patients treated with TACE with unresectable HCC[192].
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More than a dozen staging systems have been described and some have been put into clinical practice for 
either HCC prognostication or as treatment guidelines[193]. Amongst them, the Cancer of the Liver Italian 
Program (CLIP) score (takes into account liver function reserves and tumor characteristics), and the ALBI-
CLIP grade (consisting of a formula based on albumin and bilirubin) were good predictors of survival up 
to 2-years after TACE[145,146]. The CLIP system was superior to the Okuda system for predicting the survival 
of patients with unresectable HCC treated with TACE[194]. MELD is inferior to the Child-Pugh system in 
predicting patient survival in those with unresectable HCC after TACE[195]. Instead, the CLIP and MELD 
systems are superior to the Okuda system in predicting the survival of patients with viral hepatitis and 
unresectable HCC treated with TACE[196]. A nomogram based on AFP, IGC15, portal vein invasion, tumor 
capsule, AST and the tumor number has been developed and validated in a precise prognostic model in 
patients treated with TACE for unresectable HCC[197]. Finally, sarcopenia has also been correlated with 
disease-free survival and poorer OS in patients with HCC[76]. Recently, the rate of change (< -4.6%) in skeletal 
muscle mass (ΔL3 SMI) over six months after TACE has been associated with a poor prognosis[164]. Venous 
ketone bodies, which mirrors muscles status and hepatic reserve function, has been negatively correlated 
with survival and is thus, a useful predictor of HCC treatment response and prognosis[198]. 
  
Molecular and genetics biomarkers
It has been reported that some patients have developed resistance to chemotherapy drugs in which efficacy 
becomes greatly reduced and toxicity to normal hepatocytes has grown. Therefore, molecular biomarkers 
capable of predicting treatment response have been studied to improve chemotherapy efficacy.

Many single nucleotide polymorphism (SNP) have been evaluated as an independent prognosis biomarker 
for HCC after TACE treatment. The main recently studied SNPs were: SNP rs1126497 in the epithelial 
cell adhesion/activating molecule (EPCAM) gene[199], multidrug resistance gene 1 (MDR1) C1236T and 
C3435T[200], isocitrate dehydrogenase (IDH) gene[201], polypeptide N-Acetylgalactosaminyltransferase 14 
(GALNT14) “TT” genotype[202] and pri-let-7a-1[203]. Moreover, recently a TACE-specific 14-gene signature 
has been independently related to early disease-free survival and OS in an Asian cohort of HCC patients and 
further validated in a European cohort[204]. 

MicroRNAs in circulating blood have also been studied as prognostic markers in HCC[149,150]. 

Imaging predictive factors
There is a notion that imaging techniques (ultrasound, CT and MRI) might facilitate the visualisation 
and characterization of HCC nodules clearly and accurately. Additionally, it may also aid in displaying 
perfusion differences between residual carcinoma and necrotic tissue following TACE ablation. Ultrasound 
techniques, mainly contrast-enhanced ultrasound, can act as a valuable tool to assess the results of TACE 
and exhibit mostly optimal effects in the early and very early evaluation of TACE[153,205]. More recently, 
Xuan et al.[138] showed that four contrast-enhanced ultrasound parameters prior to TACE, including time 
to peak, maximum tumor intensity, washout time, and rise time, were associated with the recurrence and 
prognosis of HCC after TACE. Time to peak tumor reflected the structure of the blood supply in tumor 
lesions and was correlated with enhanced tumor metastasis and invasion that can lead to worse survival rates 
and an unfavourable prognosis[138]. 

Multi-detector CT is the most commonly used imaging technology for assessing therapeutic response to 
TACE[154,156]. Patients with hypervascular HCC (defined by an enhancement pattern on the arterial-phase 
of a CT scan) were more likely to respond to TACE with a reduction in tumor size and increased survival 
than patients with a less vascular tumor[139]; it is also notable that patients with hypervascular HCCs have a 
survival benefit from TACE, even if they are classified as non-responders by size criteria[157]. Other criteria 
such as higher arterial enhancement and grey-level co-occurrence matrix moments (by dynamic CT texture 
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analysis), lower homogeneity, and smaller tumor size are all significant predictors of complete response after 
TACE[158]. 

Recently, in patients with very early and early HCC, the presence of hypovascular hepatic nodules represents 
a significant risk factor for recurrence and a bad prognosis after treatment; this is a contraindication to the 
procedure in these patients[159]. Moreover, a CT image analysis method known as the parametric response 
map approach is more sensitive for finding changes in the response to treatment than the conventional 
approach based on the recap of statistics assessed on a region of interest. Briefly, parametric response map 
aligns spatially the longitudinal images before and after treatment and classifies the patient’s images into 
three categories: reduced, unchanged, and increased intensity[160].

MRI has a central role in the identification of focal liver lesions. With technical progress, liver MRI 
has improved with many imaging modalities now for the diagnosis of HCC[161]. Indeed, gadoxetic acid 
(Primovist, Bayer Schering Pharma) provides dynamic perfusion imaging and also, evaluation of delayed 
hepatocyte uptake and biliary excretion which concurs with the precise detection and characterisation of 
HCC[206]. Gadoxetic acid-enhanced liver MRI is now widely used and plays a crucial role, not just in the 
initial diagnosis of HCC, but also in the evaluation of therapeutic efficacy and early diagnosis of residual 
or recurrent tumor after TACE[207]. Indeed, HCCs showing high uptake of gadoxetic acid appear to be 
susceptible to TACE with increasing HCC free-survival in these patients[162]. Combined diffusion-weighted 
imaging and choline levels measured at hydrogen-1 magnetic resonance spectroscopy can be used as an early 
imaging biomarker of treatment response in HCC patients after DEB-TACE[163]. Moreover, in unresectable 
HCC, baseline early apparent diffusion coefficients < 0.83 × 10-3 mm2/s is a predictor of treatment response 
at 1 and 3 months after DEB-TACE and OS with high specificity and sensitivity[155]. Finally, a sophisticated 
3D MRI and CT method based on quantitative tumor response (volumetric Response Evaluation Criteria in 
Solid Tumors and the European Association for Study of the Liver guidelines) were early response markers 
that can be used to predict survival after initial TACE and allow univocal identification of responders and 
non-responders in terms of median OS[208]. 

CONCLUSION
HCC characteristics and the severity of the underlying liver disease are the main considerations in the 
decision-making process for the best therapeutic strategy for each patient, in order to improve survival and 
reduce recurrence rates. HCC early recurrence remains related to the aggressiveness of the treated HCC and 
the technique used. HCC late recurrence, being a “de novo” tumor, is mainly predicted by markers of severity 
of liver fibrosis and the degree of portal hypertension. 

Beyond liver disease etiology and the continuous presence of pro-carcinogenetic factors that are etiology-
related, the most reliable markers for predicting HCC recurrence after LR are the presence of macro- and 
micro-vascular invasion, tumor size and the assessment of liver disease severity through the use of LSM. 
For the same purpose, no definitive data are available in the setting of RFA, even if most studies seem to 
support a role for LSM. On the other hand, one of the most reliable predictive factors for HCC recurrence 
after TACE is tumor hypervascularity. The novel circulating, genetic and imaging related markers still need 
additional validation. Thus, further prospective and well-designed studies are needed to discover new and 
reliable predictive markers for HCC recurrence after treatments with curative intent.
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Abstract
Aim: This study aimed to compare mini-invasive liver resection (MILR) (laparoscopic/robotic approach) and open 
liver resection (OLR) for hepatocellular carcinoma (HCC) in elderly patients with regard to clinical and oncological 
outcomes through a comprehensive systematic review. 

Methods: The MEDLINE and Cochrane Library electronic databases were systematically searched from 2009 to 
December 2019 to identify relevant English written studies comparing MILR and OLR. The main endpoints were 
Child-Pugh score, serum total bilirubin level, comorbidity, presence/absence of cirrhosis, minor/major resection, 
challenge segment approach, operative time, estimated intraoperative blood loss, liver failure rate, morbidity 
according to the Clavien-Dindo classification, length of hospital stay (LOS), postoperative mortality, number 
of lesions, tumor size, readmission rate, recurrence rate and survival at 1, 3 and 5 years after operation. Meta-
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analyses provided pooled relative risks and mean differences for these outcomes. Cut-off for “elderly age” was set 
at 65 years old.

Results: Eight studies that evaluated 3051 patients who underwent liver resection for HCC, with 950 undergoing 
MILR and 2101 OLR, were included after the screening process. Blood loss, morbidity, and LOS showed statistical 
significance in favor of MILR. In particular, with respect to OLR, MILR decreased on average blood loss by 161.43 mL 
(95%CI: 250.24-72.61), risk of morbidity by 42% (P  < 0.01), LOS by 4 days (95%CI: 7-2), postoperative mortality 
risk by 47% (although not significantly, P  = 0.06). Major resections were significantly more common in the OLR 
group (P  < 0.0001). Recurrence, although not significant (P  = 0.06), must also be emphasized. The two surgical 
approaches were comparable with regard to the other outcomes investigated.

Conclusion: Meta-analyses confirmed the advantages of MILR in terms of short perioperative outcomes, where 
it may promote the extension of liver resection to HCC patients with borderline liver function. MILR may be 
considered an important treatment option with significant benefits in the elderly and fragile patients. However, 
large well-designed prospective comparative studies or randomized controlled trials would be necessary to further 
confirm our conclusions.

Keywords: Hepatocellular carcinoma, HCC, mini-invasive liver resection, laparoscopic liver surgery, robotic liver 
surgery, open liver surgery, meta-analysis

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary liver neoplasm: it is the second leading 
cause of cancer-related deaths worldwide and sixth for cancer-related deaths in developed countries[1,2]. With 
regard to Italian data, HCC accounts for 79% of primary liver cancer, and it is among the first five causes of 
cancer-related deaths (7% global population)[3]. 

The elderly rate in Italian and Western populations has increased for reduced newborn/year and the 
progressive increasing of mean age. The risk of developing cancer is age-dependent. In Italy, patients over 75 
years old have a 25% higher relative risk than the 60-74 age group (147/100,000 vs. 106/100,000), and it is 5 
times higher than the 45-59 age group[4]. In the next years, the true incidence of HCC will be directly related 
to population age up to rates of 51 cases/100,000 in males and 119 cases/100,000 in females[5], according 
to EUROCARE report[6]. Therefore, the number of elderly patients requiring treatment for primary and 
metastatic liver cancer is constantly rising and, despite a limited life expectancy, the use of liver surgery has 
been found by many authors to be a safe and effective treatment for these patients[7,8].

Laparoscopic liver resection for HCC in selected patients has shown very good results[9,10] with regard to 
oncological outcomes, morbidity, mortality, length of hospital stay (LOS) and fast postoperative recovery. 
This is important after oncological surgery, because complications may negatively impact on short-term 
outcomes, long-term survival and recurrence[11]. The robotic approach has been introduced to overcome 
some limitations of conventional laparoscopy, such as improved range of movements and enhanced 
instrument dexterity, a 3-dimensional view of the surgical field, a reduction in surgeon tremors and 
shortened learning curve.

The effect of age on cancer treatment allocation is controversial[12]. Mini-invasive surgery is a new goal in 
the treatment of HCC because it has made a great impact on surgical practice and on liver surgery. The 
management of elderly patients with HCC is becoming routine in clinical practice, but it is substantially more 
complicated than with younger patients because of comorbidities such as cardiovascular and respiratory 
disease, diabetes, renal failure and fragility. Age may not represent a limiting factor for liver resection, but it 
is still unclear if elderly patients can benefit from minimally invasive surgery. The most common concerns 
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for surgeons and anesthesiologists in this regard are as follows: longer operative times, pneumoperitoneum 
and its physiological consequences, diminished functional reserve, and pre- or postoperative comorbidities. 

In the last 10 years, only some single-center retrospective studies have analyzed the results of mini-invasive 
surgery in elderly patients, and very few reports have focused on topics about mini-invasive surgical 
treatment of the elderly with HCC.

The objective of this study was to perform a systematic review to compare mini-invasive liver resection 
(MILR) (laparoscopic/robotic approach) and open liver resection (OLR) for HCC in the elderly, across a 
comprehensive range of outcomes reported from both randomized and observational studies. 

METHODS
Literature search strategy
Literature documenting a comparison of clinical and oncological outcomes in elderly patients who 
underwent MILR vs. OLR therapy for HCC was analyzed by searching PubMed and Cochrane Library from 
2009 to December 2019. The search terms, either independently or in combination, were used according 
to PICOT framework [Figure 1]. A systematic search was conducted for relevant systematic reviews, 
randomized controlled trials, and observational studies (prospective or retrospective cohort and case-control 
or case-match studies) using a search strategy guided by oncological or surgical information, abstract and 
keywords related to our research question. Only English language published articles were screened. When 
more than one article was reported by the same institution or author, we selected either the one with the 
largest series or the most recent, with the exception of multicenter studies.

Figure 1.  Flow chart of literature selection and PICOT description. MILR: mini-invasive liver resection; OLR: open liver resection



The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement checklist was 
used to report selection[13]. 

Study inclusion criteria
In this section, we report the selection criteria to identify eligible studies for this review that aimed to 
compare studies on the effects of MILR vs. OLR for HCC in elderly patients. Different cut-offs for “elderly 
age” were considered in most studies. In the present study, the cut-off was set at 65 years old. Different 
resections, major or minor, were included. Study selection criteria were defined according to the PICOT 
framework [Figure 1]. Three different searches were identified: type 1, comparing open and laparoscopic liver 
resections; type 2, comparison in elderly between open and robotic liver resections; and type 3, comparison 
between laparoscopic and robotic liver resections. The following studies or data were excluded: case report, 
abstract, review, editorial letter, study without control group, and comparative study with population less 
than 10 patients for each group. The quality assessment of the primary studies did not represent exclusion 
criteria.

Outcomes
Primary outcomes of all eligible studies included Child-Pugh score, serum total bilirubin level, comorbidities, 
presence/absence of cirrhosis, minor/major resection, challenge segment approach, operative time, estimated 
intraoperative blood loss, liver failure rate, morbidity according to the Clavien-Dindo classification[14], LOS, 
and postoperative mortality. Operative time was defined as the time from skin incision to wound closure. 
Postoperative mortality was defined as death during the same hospital admission or within 30 days after 
liver resection. Major resection was defined as a liver resection of three or more contiguous segments in all 
papers under investigation. Challenge segments were posterolateral segments (Sg6 and Sg7), posterosuperior 
segments (Sg8 and Sg4a) and caudate lobe. Secondary outcomes included tumor size, number of lesions 
(single/multiple), readmission rate, recurrence rate and survival at 1, 3 and 5 years after operation.

Data extraction and quality assessment
Two reviewers (F.C. and M.R.) independently screened titles, abstracts, full texts, and extracted the 
demographic and clinical outcome data from the selected studies. When disagreement occurred, they 
reviewed the papers together to reach joint conclusions. The methodological quality of the studies was 
evaluated by applying the Critical Appraisal Skills Program - CASP Checklists for Case Control Study 
(Critical Appraisal Skills Programme (2018). CASP Case Control Study Checklist. Available at: https://casp-
uk.net/casp-tools-checklists/). The overall quality of the primary studies was assessed as low, moderate or 
high quality.

Statistical analyses
All the analyses were performed with the data originating from the included studies. When available, patient 
characteristics and outcomes were expressed as numbers or percentages, mean ± SD or median (interquartile 
range or range), as reported in primary studies.

Some of the included studies reported the continuous variables with means and standard deviation, other 
studies with median and range or interquartile range. For continuous outcomes (i.e., operative time, 
estimated blood loss, and LOS), mean ± SD for some primary studies were estimated from median, range, 
and interquartile range following the approach by Hozo et al.[15] and Deeks et al.[16]. For mortality at 1, 3 and 
5 years, row data (i.e., counts) were calculated by simple proportions by the given percentages of survivors in 
whole population of each primary study.

Eleven meta-analyses were performed, one for every outcome considered. A random effects model based on 
the method used by DerSimonian and Laird[17] was used to estimate pooled risk ratios (RRs), pooled mean 
differences (MDs) and 95% confidence intervals (95%CIs). Data heterogeneity between studies was estimated 
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by Chi2, I2, and Tau2 statistics, which were determined by an inverse-variance fixed-effect model. Funnel 
plots graphically assessed publication bias. 

A 2-tailed P value < 0.05 indicated statistical significance. All analyses were performed using the Cochrane 
Collaboration Software Review Manager 5 (version 5.2).

RESULTS
Study characteristics and population
The flow diagram for article selection for systematic review is shown in Figure 1 according to the PRISMA 
guidelines. The initial search yielded 19,558 reports but only 17,717 were in English. After examining the 
titles and key words, we excluded 15,852 citations because of irrelevance, and after abstract screening, 
we removed 1836 other records because of incongruences on population or outcomes. The 29 remaining 
studies were assessed for eligibility by a full-text examination. Finally, eight studies[18-25] were included in 
this systematic review for the quantitative synthesis, five of which compared laparoscopic liver resection and 
open approach, two robotic vs. open liver resection and one both laparoscopic and robotic vs. open approach 
[Table 1].

A total of 3051 patients who underwent liver resection for HCC from 8 studies were included, with 950 
undergoing MILR and 2101 OLR. All the selected studies were retrospective (5 case-control and 3 case-
matched). The cut-off age for elderly was 75 years old in 2 studies and 70 for 5 studies and median age was > 65 
for 1 study. Percentages of HCC patients were 100% for all the included studies with exception of Badawy et al.[18] 
and Chan et al.[19]. For these two studies percentages of HCC patients in both mini-invasive and open groups 
were greater than 50%, therefore we included the studies in the review and in the statistical analyses. The 
overall quality assessment of each of the studies included is given in Table 1. One study was assessed as low 
quality[19], four studies as moderate quality[18,20,22,24] and three studies as high quality[21,23,25].

Primary outcomes
Meta-analyses of the considered outcomes are reported in Figure 2A and B, Table 2 and Table 3. No 
significant differences in preoperative characteristics were noted between the groups for liver assessment 
and function, including Child-Pugh score, serum total bilirubin level, comorbidities, presence/absence of 
cirrhosis. Major resections were significantly more common in the OLR group compared to the MILR group; 
indeed, the relative risk for MILR was reduced by 42% (RR = 0.58, 95%CI: 0.34-0.97), but this result was 
affected by substantial heterogeneity (I2 = 86%). Segmentectomies and wedge resections were significantly 

Table 1. Characteristics and quality assessment of studies included in the systematic review

Study Year Country Study design Surgical group Number Quality assessment**
Badawy et al. [18] 2017 Japan Retro + PMS* MILR

OLR
40
40

M

Chan et al. [19] 2014 China Retro MILR
OLR

17
34

L

Amato et al. [20] 2016 Italy Retro MILR
OLR

11
18

M

Nomi et al. [21] 2020 Japan Retro-multicenter MILR
OLR

221
409

H

Wang et al. [22] 2015 China Retro MILR
OLR

30
60

M

Tee et al. [23] 2019 USA Retro-multicenter MILR
OLR

487
1282

H

Wang et al. [24] 2018 Taiwan Retro MILR
OLR

63
177

M

Chen et al. [25] 2017 Taiwan Retro + PMS* MILR
OLR

81
81

H

*PMS: propensity match score; **quality assessment evaluated by Critical Appraisal Skills Programme (2018). CASP Case Control Study 
Checklist (L: low quality; M: medium quality; H: high quality). MILR: mini-invasive liver resection; OLR: open liver resection
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Figure 2. A: Meta-analyses of included studies on primary outcomes; B: Meta-analyses of included studies on primary outcomes

B
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more common in the MILR than in the OLR group (RR = 0.34, 95%CI: 0.19-0.63). The risk for the mini-
invasive group with respect to the open group was reduced by 66%, but the result showed considerable 
heterogeneity (I2 = 95%) and these results were however related to only one study[25].

Among the thirteen outcomes, estimated blood loss, morbidity according to Clavien-Dindo 
classification, and LOS showed statistical significance in favor of the mini-invasive approach. In 
particular, on average, mini-invasive intervention decreased blood loss by 161.43 (95%CI: 250.24-
72.61) mL, although this result showed a substantial percentage of statistical heterogeneity (I2 = 85%) 
between studies. The mini-invasive approach decreased the risk of morbidity by 42% with respect to 
open resection (P < 0.01), and these pooled data were strengthened by no important heterogeneity 
between studies (I2 = 0%). LOS indicated an average decrease of 4 (95%CI: 7-2) days for mini-invasive 
with respect to open surgery, even if this effect showed considerable heterogeneity (I2 = 92%) between 
studies. Finally, postoperative mortality showed a risk reduction of 47% for mini-invasive compared 
to open surgery, although not significant (P = 0.06). Due to zero events both in the mini-invasive and 
open groups, 6 out of 8 studies were not informative for this outcome. Consequently, this outcome 
was estimated by 2 out of 8 studies, that demonstrated no important statistical heterogeneity (I2 = 0%). 
Funnel plots of each outcome showed no graphical asymmetry, indicating no publication bias, although the 
number of studies was too low to support strong deductions.

Secondary outcomes
Meta-analyses of the outcomes considered are shown in Figure 3. Number of lesions (single/multiple), 
readmission rate, recurrence rate, survival at 1, 3, and 5 years showed no statistical differences between the 
mini-invasive and open groups. Tumor size plotting analysis reported a mean pooled size reduction of 4.22 mm 
in the MILR group, although this result was not statistically significant (95%CI: 9.57-1.13, P = 0.12), and 
heterogeneity was substantial (I2 = 84%). In particular, the recurrence outcome, estimated by two studies, 
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Table 2. Clinical characteristics and primary outcomes of studies included in the meta-analysis 

Study Year CP score A Mean total 
bilirubin (mg/dL)

Comorbidity 
(pathological history)

Cirrhosis 
(presence)

Minor 
resection

Major 
resection

MILR OLR MILR OLR MILR OLR MILR OLR MILR OLR MILR OLR

Badawy et al. [18] 2017 39/40 38/40 0.8 7/40 40/40 40/40 40/40 40/40 6/40 6/40 22 23.5

Chan et al. [19] 2014 17/17 33/34 0.5 9/17 17/17 34/34 17/17 34/34 3/17 12/34 30 30 

Amato et al. [20] 2016 11/11 18/18 na 11/11 11/11 16/18 11/11 16/18 0 0 35.45 39.83 

Nomi et al. [21] 2020 na na 0.7 na 156/221 154/409 156/221 154/409 na na 25 38

Wang et al. [22] 2015 30/30 59/60 0.8 14/30 30/30 60/60 30/30 60/60 3/30 7/60 40 50

Tee et al. [23] 2019 na na 0.76 na 427/487 801/1282 427/487 801/1282 na na na na

Wang et al. [24] 2018 59/63 168/177 na 15/63 60/63 169/177 60/63 169/177 8/63 35/177 36.3 30.5

Chen et al. [25] 2017 81/81 81/81 na 37/81 47/81 49/81 47/81 49/81 na na na na

MILR: mini-invasive liver resection; OLR: open liver resection; CP: Child-Pugh

Study Year Challenge segment 
resection

Operative 
time (min) Liver failure Blood loss

(mL) Morbidity Mortality LOS 
(Day)

MILR OLR MILR OLR MILR OLR MILR OLR MILR OLR MILR OLR MILR OLR

Badawy et al. [18] 2017 na na 259 308.5 5/40 11/40 30 517 6/40 15/40 0/40 0/40 10 23 

Chan et al. [19] 2014 0/17 0/34 195 210 0/17 0/34 150 330 4/17 6/34 0/17 0/34 6 8 

Amato et al. [20] 2016 0/11 1/18 190.9 196.9 0/11 0/18 198 310 0/11 6/18 0/11 0/18 3.18 5.7 

Nomi et al. [21] 2020 na na na na 7/221 36/409 100 562 40/221 149/409 2/221 3/409 11 14 

Wang et al. [22] 2015 1/30 7/60 133 170 na na 100 300 3 /30 10/60 0/30 0/60 5 10 

Tee et al. [23] 2019 na na 196.2 229.0 62/487 2/1282 na na 81/487 346/1282 9/487 51/1282 na na

Wang et al. [24] 2018 na na 296 182 0/63 1/177 206 267 7/63 27/177 0/63 0/177 6.21 8.18 

Chen et al. [25] 2017 10/81 29/81 343 220 0/81 0/81 282 263 4/81 4/81 0/81 0/81 7.5 10.1

MILR: mini-invasive liver resection; LOS: length of hospital stay; OLR: open liver resection  

Table 3. Further primary outcomes of studies included in the meta-analysis



Figure 3. Meta-analyses of included studies on secondary outcomes
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demonstrated a risk reduction of 45% for the mini-invasive group with respect to the open one, although not 
significant (P = 0.06) and with moderate heterogeneity (I2 = 57%). However, the number of studies for each 
outcome was too low to evaluate publication bias.

DISCUSSION
The management of HCC in elderly patients is multidisciplinary with a wide range of treatment options 
ranging from liver resection, liver transplantation, loco-regional therapies including ablation and 
transarterial-chemoembolization, to molecular-targeting therapies[26]. The right patient allocation is 
determined by many factors including clinical characteristics, tumor burden, and multidisciplinary staff 
expertise[27]. Elderly patients have increased comorbidities including cardiovascular disease, pulmonary 
disease, diabetes mellitus, and renal insufficiency: these are conditional factors for outcome after surgical 
therapy as compared to the younger population[28]. Mini-invasive liver surgery represents a particular 
challenge for elderly patients affected by cardiopulmonary disease. Carbon dioxide pneumoperitoneum 
may result in acid-base disturbance with acidosis[29] and the increase of intra-abdominal pressure may result 
in a decrease in lung compliance, vital capacity, venous return and vascular perfusion of intra-abdominal 
organs[30].

In the last 10 years, improvement of perioperative care, careful patient selection and the presence of 
strong clinical evidence of benefits have increased the application of laparoscopic procedures in elderly 
patients. Several studies have reported on the safety and reduced postoperative morbidity and mortality in 
laparoscopic surgery in elderly patients[31,32]. Randomized trials, multicenter trials, systematic reviews, and 
meta-analyses about laparoscopic colorectal resection in the elderly indicate a real benefit in terms of lower 
risk of blood transfusion, postoperative complications and oncological outcome. Longer operative time and 
pneumoperitoneum seem to promote short-term pulmonary and/or cardiac complications[33-36].

Surgical resection is a potentially curative option for the elderly patient. Several meta-analyses[37,38] have 
shown that laparoscopic and robotic liver resection is associated with faster recovery, less postoperative pain 
and shorter hospital stay when compared with open liver resection. 

Although the elderly could have a more complex clinical profile and a number of fragilities, age is not 
an absolute contraindication to liver surgery. The Barcelona Clinic Liver Cancer staging and treatment 
algorithm recommend surgical resection as elective treatment without difference between young or 
elderly[39]. Nevertheless, the correct determination of which patients in the elderly group would benefit from 
surgical therapy is the most important clinical challenge. Poor liver function, portal hypertension, important 
comorbidities and cirrhosis stage are the true selection criteria for the right therapy and are helpful for 
identifying unfit patients. 

Many studies have already demonstrated the feasibility of liver resections by the open approach in elderly 
patients including those suffering from other concomitant diseases[40], but the role of the mini-invasive 
approach (laparoscopic or robotic) in the surgical management of HCC is under investigation.

This systematic review focused on the elderly population affected by HCC to assess if MILR may be safe 
and feasible in this group of fragile patients. In this study, we included eight primary studies with a total of 
3051 patients undergoing liver resection; 950 were treated by MILR and 2101 by OLR. Using these data, we 
performed twenty-one meta-analyses investigating the main clinical and oncological outcomes of relevance. 
Regarding the functional selection criteria for MILR or OLR in HCC patients, all papers[18-25] reported that the 
only patients considered eligible were those with well-compensated cirrhosis or liver function without severe 
portal hypertension or bilirubin level out of normal range. They were essentially identical in both groups (OLR 
and MILR), because a careful patient selection and a complete liver function assessment were mandatory 
in these patients. Of all meta-analyses investigated, only 8 patients in the OLR group[18,19,22,24] and only 2 
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patients in the MILR group[18,24] were identified as Child-Pugh score B. These data, as shown in Figure 2A, 
however represented a study limitation since the present meta-analysis was not able to find statistically 
significant results.

Meta-analyses demonstrated that in elderly patients MIRL had similar organ failure, mortality and 
readmission rate as compared to the open approach. MILR can be safe in the elderly because it requires 
less sacrifice of liver tissue and has better bleeding control and lower rate of intermittent Pringle maneuver 
and because it can treat multiple lesions at the same time, especially in anterior segments. However, there 
are cases where complete MILR is not possible and use of ablative therapy combined with surgery increase 
oncological outcome[41].

Nomi et al.[21] demonstrated in their series that MILR was safer and more feasible when compared with 
OLR, even in octogenarian patients. This study was the first multicenter, propensity score-matched study to 
show better short-term outcomes with MILR than with OLR in elderly patients with HCC. These authors 
performed a subgroup analysis according to patient’s age (group 75-79 compared with group > 80) and 
dividing patients in relation to treatment (MILR - 78 patients and OLR -147 patients). In the cohort > 80, the 
major complication rate and LOS were significantly lower in the MILR group than OLR group. Furthermore, 
in the MILR group, the study reported both a 90-day mortality rate and transfer to rehabilitation facility 
rate of 0% in the MILR group. These data suggested that mini-invasive surgery was less invasive and was 
associated with early recovery in elderly patients.

In our analysis, morbidity rate according to the Clavien-Dindo classification, LOS and intraoperative blood loss 
were lower in the mini-invasive group with high statistical impact. These findings were consistent with many 
studies and meta-analyses on major resection[42-44]. The Southampton Guidelines reported that the laparoscopic 
approach was found to be the only independent factor to reduce the complication rate in resections for HCC[45]. 
In cirrhotic patients, the laparoscopic approach reduces the incidence of postoperative ascites, liver failure and 
morbidity assessed in terms of ‘‘Comprehensive Complication Index”[45-47]. Blood loss and transfusion rate are 
very important prognostic factors in liver surgery[48]. Morbidity rate reduction demonstrated by our meta-
analysis in patients undergoing MIRL could be explained by many factors. First, pneumoperitoneum with 
abdominal negative pressure decreased portal flow rate and reduced the small and continuous venous bleeding 
during the parenchymal transection phase[49]. Second, the use of an energy instrument for transection of liver 
parenchyma has proved to be highly effective for hemostasis[50]. Moreover, the absence of a large abdominal 
skin incision reduces muscle wall bleeding, and finally, laparoscopy and robotic technology offer an optimal 
magnified and three-dimensional view, which are important surgical factors for meticulous hemostasis as well 
as for greatly facilitating parenchymal transection in cirrhotic livers[51]. 

However, one of the major limitations of our meta-analysis could be that surgical indications to MILR were 
selected at the center’s discretion according to surgical procedure complexity rather than by defined criteria. 
All authors included in this meta-analysis always reported the principles guiding patient selection to undergo 
MIRL were according to the International Position on Mini-Invasive Liver Surgery agreement of Louisville 
(2008) or Morioka Guidelines (2014)[9,10,24], tumor size[24] and tumor location[18,19,20,22,24]. An important point 
that needs to be investigated is that all papers reported many minor liver resections in the MILR group rather 
than in the OLR group. However, it remains uncertain if the same short and long benefits could be extended 
to elderly patients with major anatomical resection involving larger parenchymal transection area or longer 
operative time. Wang et al.[24] found in their study that 38% of HCC cases in the robotic assisted group were 
located in challenge segments, but they never performed a major hepatectomy in the MILR group. The large 
number of minor resections, wedge or segmentectomies, suggested that a parenchymal sparing strategy and 
R0 resections are however basic and main guidelines for treatment when using a mini-invasive technique. 
This means that the mini-invasive cohort included in this paper was certainly not previously highly selected 
because all authors, as stated, followed international guidelines.
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Amato et al.[20] wrote that the main factor that would contribute to decreased blood loss might be the tumor 
position in anterior segments. Challenge segment resection in their series was performed only with the open 
approach. This selection might have had significant effects in reducing severe bleeding risks, but the robotic 
approach can represent the ideal overlap technique to overcome the bias in their study[52]. 

Pulmonary and cardiovascular failure after liver resection might be very dangerous in the elderly. The 
incidence range has been reported to be from 10% to 20%[53], and they are related to functional changes 
in old age[54,55] but also to intraoperative fluid overload[53]. Some conditions such as a lower morbidity rate 
or a lower intraoperative blood loss in the MILR group might contribute to reduced fluid administration 
during liver resection. Thus, the absence of large abdominal incision might increase thoracic cage excursion 
and decrease the pain without respiratory distress. This might be associated with enhanced postoperative 
recovery and shorter hospital stay.

MILR reduces LOS rate because the absence of large abdominal incision and preservation of postoperative 
pulmonary function may explain less minor postoperative complications in the MILR group[56]. However, 
careful patient selection about assessment of liver function is the most important factor in morbidity 
prevention. 

This report reveals that operative time in the MILR group was longer than OLR group. The learning curve 
was associated with experience of surgeons and might be a significant factor contributing to the difference 
in operative time for the mini-invasive group. The robotic approach, in the MILR group, was associated 
with longer operative time. This can be explained by the large proportion of major hepatectomy or challenge 
segment approach, and especially for additional time required for docking and de-docking of robotic system. 
Tsung et al.[57] found that operative time decreased significantly as the number of cases accumulated and 
increase of experience with robotic liver surgery.

Oncological outcome such as tumor recurrence and survival did not differ significantly between the two 
groups, but this outcome was investigated in only half of studies[18,24,25]. Recurrence rate is a very important 
prognostic element. It is essential for improving long-term prognosis, and it is related to tumor-free margins 
in oncological surgeries, because histologically negative margins could result in a better outcome after 
HCC resection[38]. For patients with HCC, clinical and oncological outcomes are conditioned by tumor 
invasiveness and underlying liver disease[58]. The risk of recurrence of HCC after liver resection is always a 
concern and is common with the diseased liver remaining in situ. Perhaps not surprisingly, recurrence and 
survival after surgery for HCC has been shown to be shorter in patients with advanced cirrhosis compared 
with patients with early disease. The higher recurrence rate during the worsening of the disease probably 
reflects the carcinogenic effect of advanced cirrhosis, being more prominent than in less cirrhotic livers or in 
chronic hepatitis, which is well established in the literature[59]. Therefore, MILR for HCC provided long-term 
outcomes that were comparable with OLR and did not generate unusual HCC recurrence patterns.

Study limitation
There were several limitations in this systematic review. First, the literature search was only done on the 
two most relevant scientific databases for medical practice (PubMed and Cochrane Library). Second, the 
review was limited by the lack of randomized controlled studies or prospective studies regarding comparable 
populations. Indeed most of the studies on this topic were observational and retrospective, although some of 
them[18,21,23,25] minimized selection bias, performing a matching of the populations studied.

Due to no events in small sample size papers, or outcomes not available in the primary studies, few studies 
were available in some of the meta-analyses, thus limiting the strength and trustworthiness of our results.

Meta-analyses are characteristically limited by the presence of heterogeneity between studies. Sources of 
heterogeneity in this review were different patient’s age cut-off, different percentages of HCC patients, and 
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different countries of studies. We incorporated heterogeneity by performing random effect model meta-
analyses. On the contrary, the small numbers of the studies included did not allow us to further explore 
heterogeneity with subgroup analyses and meta-regression.

Moreover, due to the limited number of the studies included in the quantitative analyses, we were unable to 
properly verify if publication bias was present. Finally, we observed that our systematic review pooled papers 
with different study populations. Indeed, two reports included a small number of patients[19,20]; however, on 
the other hand, two main studies analyzed very large populations[21,23].

To conclude, the scientific literature shows the presence of other systematic reviews on this topic. However, 
all these secondary studies are characterized by different study selection criteria, outcomes, and populations. 
Consequently, we believe that our paper could add value to the HCC surgical literature, especially because it 
assessed a very large number of key outcomes.

In conclusion, this study provides an overview of the last ten years about the comparison between MILR 
and OLR for HCC treatment in elderly patients. Meta-analyses confirmed the advantages of MILR, both 
laparoscopic and robotic, in terms of perioperative outcomes, where it may promote the extension of liver 
resection to HCC patients with borderline liver function. Specifically, our results showed shorter LOS, less 
intraoperative blood loss and lower morbidity rate in MILR. Moreover, major resections were significantly 
more common in the OLR group compared to the MILR group. There were no significant differences in 
survival and recurrence outcomes between the two groups.

According to our results, MILR, which minimizes surgical trauma, must be considered as an important 
treatment option with significant quality of life benefits in the elderly, showing hopefully one of its best 
advantages in this fragile population. Efforts should be made to avoid as much as possible OLR in this 
population. However, randomized controlled trials or well-designed large prospective comparative studies 
would be necessary to definitely support the superiority of MILR in elderly patients with HCC.
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Abstract
Worldwide, nonalcoholic fatty liver disease (NAFLD) has reached epidemic proportions and in parallel, 
hepatocellular carcinoma (HCC) has become one of the fastest growing cancers. Epidemiological studies have not 
only shed light on the prevalence and incidence of the disease but have also unmasked important environmental 
risk factors, including the role of diabetes and dyslipidemia in disease pathogenesis. Genetic association studies 
have identified single nucleotide polymorphisms implicated in NAFLD-HCC, many of which are part of lipid 
metabolism pathways. Through these clinical studies and subsequently, translational and basic research, the 
role of statins as a chemoprotective agent has also emerged with ongoing clinical trials assessing their utility in 
HCC prevention and treatment. In this review, we summarize the recent epidemiological studies describing the 
burden of NAFLD-HCC in different patient populations and countries. We discuss the genetic and environmental 
risk factors for NAFLD-HCC and highlight the chemoprotective role of statins and aspirin. We also summarize 
what is known about NAFLD-HCC in the cirrhosis and non-cirrhosis populations and briefly address the role of 
surveillance in NAFLD-HCC patients. 

Keywords: Nonalcoholic fatty liver disease, nonalcoholic steatohepatitis, hepatocellular carcinoma, statins, 
metabolic syndrome

INTRODUCTION
The metabolic syndrome (MetS), defined by the clustering of biochemical and clinical features, which 
includes type 2 diabetes (T2D), hypertension, dyslipidemia and obesity, has reached epidemic proportions[1]. 
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Non-alcoholic fatty liver disease (NAFLD), the liver manifestation of MetS, has increased in parallel and is 
now the most common cause of liver disease in the United States[2]. Although the true prevalence of NAFLD 
remains unknown given the lack of validated and/or recommended screening practices, it is estimated 
that the disease affects about a quarter of the world’s population, depending on geographical differences[3]. 
NAFLD can progress to nonalcoholic steatohepatitis (NASH)[3] (characterized by ≥ 5% of hepatic steatosis 
with lobular inflammation and hepatocyte ballooning[4]), cirrhosis and hepatocellular carcinoma (HCC)[5,6]. 
Given the estimated increase in NAFLD, NASH and NAFLD-associated HCC[7] and the anticipated burden 
on health care costs[8-10], several studies have focused on understanding the clinical and biological drivers of 
NAFLD-associated HCC and its potential treatment options. 

Understanding this disease process is especially relevant since NAFLD-associated HCC can occur in a non-
cirrhotic background[11-13]. This poses a clinical dilemma given the lack of screening guidelines for this sub-
group of patients, thus prompting the need for further understanding of the natural history of NAFLD-
HCC and identifying at-risk populations who would benefit from screening. More recently, studies have also 
identified the protective effects of statins and aspirin on fibrosis progression and HCC[14-17], providing an 
avenue for further research in this group of patients who are also at high risk for cardiovascular disease. 

A full review and discussion of the pathophysiology of NAFLD and NASH is beyond the scope of this report 
and has been summarized by Anstee et al.[18]. In this review, we explore what is known about the genetic 
(non-modifiable) and environmental (modifiable) risk factors of NAFLD-associated HCC, examine the role 
of statins and aspirin and what microbiome research has to offer in the field of NAFLD-related HCC. 

BURDEN OF NAFLD-ASSOCIATED HCC
HCC is a lethal cancer with a rising incidence over the last 30 years[19]. Its incidence is increasing most 
rapidly of any cancer, with an age-adjusted annual increase of 3.8% and 2.8% in men and women in the U.S., 
respectively[20]. The rising HCC burden has largely been attributed to the rise in obesity and diabetes[21]. 
As follows, several epidemiological studies have specifically examined the incidence and risk of NAFLD-
associated HCC [Table 1]. The results have been varied however, due to differences between the studies in 
patient population, time-period, and NAFLD and/or NASH ascertainment. For example, in a large Veterans 
Affairs (VA) Health System study between 2003-2011, the incidence of HCC in a NAFLD cohort was 
0.21 per 1000 person-years[22]. A separate study within the VA further demonstrated that of the 1500 HCC 
cases identified from 2005-2011, NAFLD was the underlying risk factor in 8% of all cases with an annual 
proportion of NAFLD-related HCC ranging from 7.5%-12.0%[23]. Ioannou et al.[24] also reported that the 
incidence of NAFLD-associated HCC was 1.56% within the VA from 2012-2018 over a 3.7 years follow up 
period. In non-VA populations, the incidence rate for NAFLD-associated HCC and NASH-associated HCC 
were 0.44 and 5.29 per 1000 person-years, respectively[3]. 

Changes in liver transplantation (LT) indications are also reflective of the increasing rates of NAFLD. For 
instance, Younossi et al.[25] demonstrated that of 158,347 LT candidates from 2002-2016, the prevalence of 

Table 1. NAFLD-associated HCC epidemiology and burden 

Country Incidence and prevalence Population Study period Ref.
United States 0.21 per 1000 person-years

14.1% of all cases
8% of all HCC cases
1.56% of HCC cases
5.29 per 1000 person-years
13.5% of all liver transplants

Veterans Affairs
SEER registries
Veterans Affairs
Veterans Affairs
Meta-analysis
United Network Organ for Sharing

2003-2011
2004-2009
2005-2011
2012-2018
1989-2015 
2000-2012

Kanwal et al. [22]

Younossi et al. [136]

Mittal et al. [23]

Ioannou et al. [24]

Younossi et al. [3]

Wong et al. [26]

Spain, Italy, the Netherlands, United Kingdom
United Kingdom

0.3 per 1000 person-years
35% of all HCC referrals

European primary care databases
National Health Services 

2016
2010

Alexander et al. [30]

Dyson et al. [137]

Japan
South Korea

6% incidence
12.2% incidence 

Single hospital in Tokyo 
South Korean hospital

1994-2007
2006-2010

Arase et al. [138]

Cho et al. [34]

NAFLD: nonalcoholic fatty liver disease; HCC: hepatocellular carcinoma; SEER: surveillance, epidemiology and end results
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NAFLD-associated HCC increased by 11.8 fold, which was higher than hepatitis B, hepatitis C and alcoholic 
liver disease. Other studies have also corroborated that NAFLD and NAFLD-associated HCC are the most 
rapidly growing indications for LT[26,27]. 

Other countries in Europe and Asia have made similar observations to these U.S.-based studies[28,29]. In a 
European Electronic Health Record study of patients seen in primary care in Spain, Italy, the Netherlands 
and the United Kingdom, the incidence of NAFLD-associated HCC diagnosis was 0.3 per 1000 person-years 
over a median follow up of 3.3 years[30]. A study of the European Liver Transplant Registry database from 
2002-2016 also showed that among the 68,950 transplant patients, 8.4% were for NASH in 2016 (compared 
to 1.3% in 2002), 39% of whom had HCC[31]. In Asian countries, where hepatitis B has been the main driver 
of liver disease and HCC, the prevalence of NAFLD is also about 25% depending on the country studied, 
ranging from 6.2% in South China to 51% in Indonesia[3,32,33]. NAFLD-associated HCC has also increased in 
countries such as South Korea where its prevalence rose from 3.8% (2001-2005) to 12.2% (2006-2010)[34]. 

Although a rise in sedentary life styles leading to increase in MetS and diabetes are thought to be the culprits 
in NAFLD-associated HCC, Asian patients are more likely to have “lean” or “non-obese” NAFLD, potentially 
representing a pathophysiolocally different group of patients from those seen in Western countries. Few 
studies have addressed this although a recent European study assessing the outcomes of biopsy-proven 
lean NAFLD (BMI < 25 kg/cm2; n = 123) patients compared to healthy controls, overweight NAFLD 
(BMI 25-30 kg/cm2; n = 335) and obese NAFLD patients (BMI > 30 kg/cm2; n = 188) demonstrated 
that lean NAFLD patients had a tendency towards more liver-related complications including cirrhosis, 
decompensated cirrhosis and HCC over a follow-up period of 19.9 years[35]. 

In summary, the burden of NAFLD-HCC is on the rise with the prevalence of NAFLD, depending on 
geographical and ethnic differences, affecting about a quarter of the world’s population. Although NASH is 
thought to be a more severe form of NAFLD that more commonly progresses to chronic liver disease and 
HCC, the true prevalence of NAFLD (6.2%-51%) and NASH (10%-20%), based on large epidemiological 
data, remains unclear given that no specific biomarkers exist to differentiate the two other than a liver biopsy, 
which is scarcely performed, yet the gold standard for diagnosis. 

GENETIC RISK FACTORS FOR NAFLD-HCC
There is a large body of literature linking genetic polymorphisms to the development of NAFLD and NASH 
but few have addressed the genetic contributions to NAFLD-associated HCC [Table 2]. Early studies 
in the field of NAFLD identified ethnic differences in disease prevalence whereby Hispanics were the 
most commonly affected group followed by Caucasians and African Americans[36-38], suggesting a genetic 
predisposition to NAFLD. Consistent with these findings, twin studies and phenotypic clustering of fatty liver 
were also more commonly seen in patients in the same family, suggesting heritability of the disease, which 
has been reported to range from 38%-50%, depending on the modality used for phenotyping of NAFLD 
(biopsy, MRI or abdominal ultrasound)[39,40]. In recent years, large genome-wide studies have followed and 
revolutionized what is known about NAFLD and NASH, and possibly the risk for HCC development. 

Romeo et al.[41] conducted the first genome-wide association study in the Dallas Heart Study using proton 
magnetic resonance spectroscopy to quantitate hepatic steatosis as the phenotype. Patatin-like phospholipase 
domain 3, PNPLA3 (rs738409), was the single variant strongly associated with hepatic steatosis. Although 
the mechanism by which PNPLA3 leads to hepatic steatosis accumulation remains unknown, it was shown 
to play a role in hepatocellular lipid droplet remodeling and very low-density lipoprotein secretion[42,43]. 
Interestingly, subsequent association studies of PNPLA3 also demonstrated that the variant was associated 
with histological severity of the disease, thus suggesting that it may influence HCC development, where GG 
sequence carriers had more necroinflammation and fibrosis compared to CC carriers[44]. Indeed, Liu et al.[45], 



demonstrated that in a Northern European Caucasian cohort of patients with primary HCC attributed to 
NAFLD, carriage of the PNPLA3 rs738409 polymorphism was associated with NAFLD fibrosis and HCC, 
where GG carriers had a 5-fold increase in HCC (95%CI: 1.47-17.29) compared to CC carriers.

In subsequent studies, the transmembrane 6 superfamily member 2, TM6SF2 (rs58542926), followed 
suit and was identified in an exome-wide association study of fatty liver and serum aminotransferases[46]. 
Although the association of TM6SF2 with NAFLD is well established, its association with HCC development 
is disputed[45,47]. More recently, the MBOAT7 (Membrane Bound O-Acetyltransferase Domain Containing 
7) variant rs641738 has also been associated with NAFLD and its histological severity[48,49]. An Italian study 
of 132 NAFLD-associated HCC cases also linked the MBOAT4 variant to non-cirrhosis NAFLD HCC[50]. In 
another European study, Pelusi et al.[51] identified rare variants of candidate genes (SMAD4, SQSTM1, TEL, 
RB1, TSC1), including APOB (Apolipoprotein B) which is involved in very low-density lipoprotein secretion 
and therefore export of lipids using whole exome sequencing methods. Noteworthy of these findings is the 
common thread of lipid metabolism genes being identified in genetic NAFLD and NAFLD-related HCC 
association studies. Although intrahepatic steatosis alone was thought to be benign and the hallmark of 
NAFLD, lipid dysregulation may play an important role in promoting carcinogenesis independently of 
NAFLD disease pathogenesis. 

In addition to being at risk for NAFLD and NASH, Hispanic patients have been shown to be at risk 
of NAFLD-associated HCC[22,52,53], which has been attributed largely to an increase in the incidence of 
cirrhosis[22]. Similar to what has been reported in the literature, we found in our local cohort of 125 NAFLD-
associated HCC cases, of whom > 85% had histological data available for review, that of the 20% of patients 
who did not have underlying cirrhosis or advanced fibrosis, none were of Hispanic background. However, 
the remaining cohort that had NAFLD-associated HCC cases in cirrhotic livers was Hispanic (manuscript 
submitted). Our findings and that of others suggest that although there are genetic predispositions to NAFLD 
and NASH, NAFLD-associated HCC may have independent mechanisms other than those at play for 
NAFLD disease progression and fibrosis. Further studies that are more inclusive of patients of non-European 
descent are needed to determine if these associations remain true in other populations. 

Table 2. Summary of NAFLD HCC polymorphisms  

SNP Clinical significance Location (human 
chromosome) Associated gene Role of the gene Ref.

rs738409
C>G

Associated with increased liver 
fat accumulation and a higher 
risk for developing liver cirrhosis. 
Given the increased severity of 
necroinflammation in GG sequence 
carriers, these individuals may be at 
higher risk for developing HCC

chr22:43928847 
(GRCh38.p12)

PNPLA3 ; Patatin-
like phospholipase 
domain-containing 
protein 3

The PNPLA3  gene encodes 
the protein Adiponutrin, 
which is thought to help 
regulate the development 
of adipocytes as well as 
lipogenesis and lipolysis in 
the liver

Sookoian et al. [44]

Shen et al. [139]

rs58542926
C>T

Associated with an increased risk 
of developing diabetes and NAFLD. 
The polymorphism results in a loss 
of function and individuals with 
the CT phenotype have a reduced 
hepatic capability to secrete LDLs 
and are at higher risk for developing 
liver inflammation and potentially 
HCC

chr19:19268740 
(GRCh38.p12)

TM6SF2 ; 
Transmembrane 6 
Superfamily Member 
2

The TM6SF2  gene is 
involved in regulating liver 
fat metabolism, lipoprotein 
secretion and hepatic lipid 
droplet content

Kozlitina et al. [46]

Falleti et al. [47]

Vespasiani-
Gentilucci et al. [140]

rs641738
C>T

Associated with an increased risk of 
hepatic fat accumulation, fibrosis, 
and potentially HCC

chr19:54173068 
(GRCh38.p12)

MBOAT7 ; 
Membrane Bound 
O-Acyltransferase 
Domain Containing 7 

The MBOAT7  gene 
encodes a protein known 
as Lysophospholipid 
acyltransferase 7 that is 
involved in the re-acylation 
of phospholipids as part of 
the phospholipid remodeling 
pathway

Mancina et al. [48]

Luukkonen et al. [49]

Donati et al. [50]

NAFLD: nonalcoholic fatty liver disease; HCC: hepatocellular carcinoma; LDLs: low density lipoproteins
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Beyond germ-like mutations that may predispose to disease, which has largely been the focus of genetic 
studies in NAFLD, heritable epigenetic changes also have an important role in NAFLD-associated 
HCC which include but are not limited to DNA methylation, chromosomal looping interactions, RNA 
modifications and the emerging role of non-coding RNAs[54-57]. Additionally, several studies have applied 
circulating tumor DNA (cfDNA) methods to further study HCC[58,59], which has not only shed some light 
on the biology of HCC but is also promising for use as a biomarker in the future. The identification of these 
epigenetic modifications points to further understanding of gene regulation changes, which are influenced 
by their environment[54]. 

NON-GENETIC ENVIRONMENTAL FACTORS FOR NAFLD-HCC: CLINICAL, 

PHARMACOLOGICAL AND LIFESTYLE FACTORS
Diabetes
NAFLD is a complex trait with common and rare variants[51] that are influenced by the environment. Clinical 
studies have demonstrated that the features of MetS affect NAFLD-associated HCC development. T2D has 
been known to affect the risk of HCC as early as when NAFLD and NASH were starting to become more 
recognized. The seminal VA study by El-Serag et al.[60] demonstrated in a cohort of 173,643 Veterans followed 
for 10 years that T2D significantly increased the risk of HCC. Studies that followed not only corroborated 
these findings[61,62] but also demonstrated an increase in the risk of HCC when more features of MetS were 
present[63]. Using a prospectively collected cohort in the Nurses’ Health Study and Health Professionals’ 
Health Study, Simon et al.[63] found that the adjusted hazard ratio (HR) for HCC in patients with diabetes 
was 5.8 (95%CI: 3.49-9.64) and 5.49 (95%CI: 3.16-9.51) compared to non-diabetic patients in women 
and men after adjusting for baseline characteristics, respectively. Interestingly, the risk of HCC was also 
dependent on the duration of diabetes, solidifying the effects of T2D and insulin resistance on hepatocellular 
carcinogenesis. Compared to patients without diabetes, diabetic patients had an adjusted HR of 7.52 (95%CI: 
3.88-14.6) if they have had the disease for 10 years or more. 

Obesity 
Obesity has been associated with an increased risk of developing many cancers and this association is 
strongest for HCC[64,65]. By convention, BMI has been used to measure obesity in epidemiological studies. 
Although readily available in the clinical setting, BMI does not inform adipose distribution, specifically 
visceral versus peripheral, which have different implications on metabolic health. Early studies in patients 
with cirrhosis demonstrated that those with visceral adiposity were at higher risk of death compared to 
those with peripheral adipose tissue. Ioannou et al.[66] elegantly demonstrated these associations using the 
National Health and Nutritional Examination Survey where patients were categorized based on central or 
peripheral adipose distribution. Among patients with central adipose distribution, cirrhosis-related death 
and hospitalizations were more common in the obese group (BMI ≥ 30 kg/m2) (adjusted HR = 2.2, 95%CI: 
1.1-4.6) compared to normal-weight individuals (BMI < 25 kg/m2), which was not observed in patients with 
increased peripheral adipose distribution. In NAFLD and NAFLD-associated HCC, central obesity, a key 
feature of MetS, is also more physiologically informative of metabolic health[67,68]. This is also relevant in the 
setting of studying NAFLD in groups of patients that may not have similar body compositions such as the 
Asian population, which tends to have a higher percentage of body fat compared to White patients[69]. 

Hypertension and dyslipidemia
The evidence for hypertension, which is included in many definitions of MetS, is inconsistent and has been 
shown to be a risk factor in some studies but not others[70,71]. Many studies also use collective features of MetS 
to assess the attendant risk. Thus, the true effects of hypertension in isolation without other features of MetS 
are unclear. Similarly, the data on dyslipidemia is conflicting. For instance, Welzel et al.[70] demonstrated 
that patients with a diagnosis of dyslipidemia based on ICDs demonstrated an adjusted odds ratio (OR) 
of 1.35 (95%CI: 1.26-1.45) for NAFLD-HCC development, similar to others[63]. Other studies have shown 
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the opposite effect however, in which a diagnosis of dyslipidemia was protective against HCC[72]. One 
potential reason for these conflicting reports is the definitions used to identify patients (i.e. ICDs versus lipid 
measurements versus medication use). These data must be interpreted in the context of statin use, which has 
more recently been shown to have chemoprotective effects against fibrosis progression and HCC[14,15]. 

Statins 
Early animal studies showed that statins, which inhibit the 3-hydroxy-3-methylglutaryl coenzyme A 
reductase (HMG-CoA reductase), cause hepatotoxicy. The level of hepatic injury did not translate to humans 
clinical trials however, and mostly caused asymptomatic abnormal aminotransferases that would resolve with 
time[73]. Over the years, research and subsequently clinical practice has changed to favor the use of statins in 
NAFLD and NASH patients for the cardiovascular protective effects, which are closely linked to NAFLD[74,75]. 
Independent of its association with cardiometabolic disease, plasma lipidomic studies in NAFLD and 
NASH patients have also shown that lipid dysregulation is important in NAFLD pathogenesis, where levels 
of palmitoleic and oleic acids are increased[76-78]. These plasma levels were reflective of an increase in the 
activity of certain lipid enzymes, such as stearoyl-CoA desaturase 1 (SCD1), the rate limiting enzyme in 
monounsaturated fatty acids[77,78], which is now being targeted in phase 3 clinical trials for the treatment 
of NAFLD[76,79,80]. Plasma (whole body) and liver lipid compositions also do not always correlate such that 
understanding lipid dysregulation becomes even more complex[78]. 

Over the years studies have showed the benefits of statins for patients with cirrhosis. In a retrospective 
cohort analysis conducted within the VA from 2008-2016 that included 21,921 patients on statins and 
51,023 controls without statins, Kaplan et al.[14] demonstrated that for every year of statin exposure, the 
associated adjusted HR was 0.92 (95%CI: 0.89-0.94) for mortality. This was seen in all etiologies of cirrhosis 
including NAFLD and NASH, which comprised 23% of the cohort. These benefits of statins have also been 
reported in HCC. In another retrospective cohort within the VA from 2002-2016, Thrift et al.[15] reported 
that after a diagnosis of HCC, statin users had a decreased risk of cancer-specific death with an adjusted 
HR of 0.85 (95%CI: 0.77-0.93). Their sub-group analysis of NAFLD-associated HCCs did not demonstrate 
a decrease in cancer-specific (adjusted HR = 1.80, 95%CI: 0.59-1.08) or all-cause (adjusted HR = 0.90, 
95%CI: 0.73-1.10) mortalities. The benefits were evident in the group of patients with cirrhosis however, 
for both cancer-specific (adjusted HR = 0.80, 95%CI: 0.68-0.94) and all-cause (adjusted HR = 0.88, 95%CI: 
0.79-0.98) mortalities, respectively, suggesting a fibrosis or cirrhosis-specific effect[15]. A nested case-control 
study conducted from 2002-2013 in the Republic of Korea also demonstrated a benefit from statin use with a 
reduced risk of HCC development (adjusted OR = 0.44, 95%CI: 0.33-0.58)[81]. Several meta-analyses have also 
confirmed these findings across different study populations, health care systems and etiologies of HCC[82-84]. 
The anti-fibrotic and chemoprotective effects of statins are thought to be potentially independent of their 
lipid-lowering mechanisms and through other pleiotropic effects mediated by the mevalonate pathway[85,86]. 
Among the statins, those that are lipophilic (atorvastatin and simvastatin) have been linked to reduced HCC 
incidence and mortality outcomes compared to hydrophilic statins (pravastatin and rosuvastatin) in patients 
with chronic hepatitis B or C-related HCC[17]. To the best of our knowledge, the differentiating effects of the 
type of statin used in NAFLD and NAFLD-associated HCC have not been studied. 

Aspirin
Chronic inflammation is a known risk factor for fibrosis. Non-steroidal anti-inflammatory drugs, including 
aspirin, have been associated with having chemoprotective effects in other malignancies including colorectal, 
breast, prostate and other gastrointestinal cancers[87,88]. Early in vitro studies demonstrated that aspirin had 
chemoprotective effects against HCC[89]. Sahasrabuddhe et al.[90] assessed the association between aspirin use 
in a prospectively collected data of 300,504 patients in the National Institutes of Health-AARP Diet and Health 
Study cohort, where patients had used aspirin over the previous 12 months (73% used aspirin). Of the 250 
patients who developed HCC, those on aspirin had decreased risk for both HCC (adjusted relative risk = 0.49, 
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95%CI: 0.39-0.61) and chronic liver disease mortality (adjusted relative risk = 0.55, 95%CI: 0.45-0.67)[91]. 
In an observational study using the Liver Cancer Pooling Project which consisted of US cohorts from the 
National Cancer Institute Cohort Consortium, of the 679 patients who developed HCC, those who were on 
aspirin also had a 32% reduction in the risk of HCC (adjusted HR = 0.68, 95%CI: 0.57-0.81) over the follow-
up period of 11.9 years[92]. Although there was no mention of NAFLD patients (mostly hepatitis B and C), 
this early study demonstrated a potential benefit of aspirin in other cirrhosis populations at risk for HCC. 
These data led to a more recent study using the Nurses’ Health Study and the Health Professionals Follow-
up Study, where over a median follow-up of 8 years, 133,371 patients were assessed for HCC development. 
Regular users of aspirin (≥ 2 doses; 325 mg per week) had a reduced risk of HCC (adjusted HR = 0.51, 
95%CI: 0.34-0.77), which appeared to be dose and time-dependent[16]. Patients who used aspirin for 5 years 
or more had the lowest risk of HCC development (adjusted HR = 0.41, 95%CI: 0.21-0.77). Again, the etiology 
of HCC and cirrhosis was not evident in the study, although one would expect these data to extrapolate 
to NAFLD-associated HCC[16]. This is further supported by NASH animal models treated with aspirin 
demonstrating a decrease in hepatic fibrosis through decreased activation of pro-inflammatory pathways, 
potentially by altering the microbiome[93]. Further studies will be needed to ascertain this however, especially 
given the benefit of aspirin in cardiovascular disease, which is one of the leading causes of mortality in that 
patient population[94]. 

Microbiome 
Advancements in technology, accessibility to sequencing and manipulation of big data has introduced tools 
to start understanding how the microbiome contributes to NAFLD, NASH and HCC progression. There 
is increasing evidence that gut dysbiosis plays a key role in driving the progression of NAFLD to NASH 
and liver cirrhosis by creating a micro-environment which supports: (1) altered energy absorption[95], 
(2) modification of gut permeability[96,97], (3) promotion of chronic low-level inflammation[98] and, (4) 
dysregulation of bile acid signaling[96,99-101]. There is however, a limited understanding of the unique 
relationship between intestinal microbiota, dysbiosis and the development of HCC.

Studies have consistently shown that two phyla of bacteria are dominant within the gut flora, Firmicutes 
and Bacteroidetes and that their ratios are altered in NAFLD/NASH patients when compared to healthy 
controls[100,102-105]. In a recent study using whole-genome shotgun sequencing of DNA extracted from stool 
samples, Loomba et al.[106] analyzed the microbiota of subjects with worsening degrees of fibrosis. The authors 
discovered that in patients with mild/moderate (F0-F1) fibrosis, the gut flora is dominated by Firmicutes 
and Bacterioidetes followed by Proteobacteria and Actinobacteria. In contrast, Proteobacteria levels were 
augmented in patients with severe fibrosis (F ≥ 2) while levels of Firmicutes were diminished. In patients 
with advanced fibrosis, Bacteroides vulgatus and Escherichia coli (E.coli) were the most abundant organisms. 
Given that advanced fibrosis is a risk factor for HCC, it is conceivable that similar differences may be found 
in patients with HCC. Indeed, a study performed by Grat et al.[107] comparing the stool composition of 
patients with and without HCC (matched by etiology of cirrhosis and MELD scores) discovered that patients 
with HCC had significantly higher levels of E. coli in their stools. 

Studies have also shown that alcohol espouses gut permeability through the alteration of tight junctions 
in gut epithelium[108]. With the liver being a first-pass organ, it is likely that subjects with gut dysbiosis are 
predisposed to inappropriate translocation of gut bacteria and their endotoxins, leading to a chronic state 
of inflammation. This is supported by data from Ponziani et al.[109] who showed that compared to patients 
with NAFLD cirrhosis without HCC, those with HCC have higher levels of fecal calprotectin - a surrogate 
measure of gastrointestinal inflammation. Furthermore, Ponziani et al.[109] demonstrated that independent of 
HCC, patients with compensated liver cirrhosis have higher levels of plasma lipopolysaccharide (LPS). LPS 
is a well-known endotoxin that simulates toll-like (TLR) and nod-like receptors in the intestinal epithelium. 
NASH patients have been shown to have higher expression of circulating LPS levels as well as localization to 
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hepatocytes, which subsequently leads to activation of TLR4 and pro-fibrotic pathways[93]. Overexpression 
of TLRs leads to overproduction of chemokine ligand (CCL) 3, CCL4, CCL5 and interleukin (IL) 4, 
proinflammatory proteins known to be elevated in the presence of HCC, with IL-8 known specifically to be a 
hepatocarcinogen[109].

Beyond modification of intestinal microbiota and overstimulation of the host’s innate immune system, 
dysbiosis has also been shown to disrupt bile acid regulation, where under physiological conditions, 
the microbiome metabolizes primary bile acids to secondary bile acids that are recirculated through the 
enterohepatic circulation[110]. When comparing patients with NAFLD to healthy controls and those with 
simple steatosis, Mouzaki et al.[100] discovered that NAFLD patients had higher fecal levels of primary 
bile acids, specifically colic acid, chenodeoxycholic acid and lithocholic acid. Others have also shown, 
using animal models, that elevated levels of lithocholic acid may be carcinogenic[100,102]. Bile acid dysbiosis 
in patients with cirrhosis is also well illustrated by Jacobs et al.[111] using duodenal aspirate analyses. 
Although NASH only comprised 13% of the cohort of patients with cirrhosis, the study identified microbial 
differences based on the etiology of the cirrhosis, cirrhosis complications (specifically patients with hepatic 
encephalopathy) and ethnic differences where Hispanics were found to have lower levels of two conjugated 
forms of ursodeoycholic acid. This is especially interesting given the ethnic differences previously described 
in Hispanics and the observation that ursodeoycholic acid may have anti-carcinogenic effects on HCC[112-114]. 

The role of gut dysbiosis in creating a pro-carcinogenic environment is further supported by animal studies. 
Specifically, in mice models, researchers have shown that the administration of antibiotics/probiotics 
disrupts the development of new HCC lesions. The replacement of the pro-inflammatory gut milieu, either 
with sterilization or bacterial replacement, highlights once again the role of the gut-hepatic axis in HCC 
development, and brings to light the potential role of therapeutics in patients at high risk of HCC[115-117].  

Overall, gut dysbiosis has been repeatedly shown to promote metabolic diseases and accelerate the 
progression of fatty liver disease. There is now increasing evidence however, that the gut microbiome 
acts as an independent risk factor for HCC development. By promoting an environment that espouses 
intestinal permeability, hepatic inflammation and bile acid dysregulation, the gut microbiome creates a pro-
carcinogenic environment that may allow for the development of HCC, potentially by working as an epigenetic 
regulator of gene expression. Most studies in the literature are currently limited to animal models, and of 
those involving human subjects, samples sizes are often limited by their understandably strict inclusion 
criteria. Thus, further studies are needed to elucidate the intricate relationship between gut dysbiosis and 
HCC. Although far from clinical application, this also opens up new avenues for biomarker discovery and 
potentially, therapies. 

CIRRHOSIS VS. NON-CIRRHOSIS
As highlighted above, work remains to be done to further understand the prevalence, causes and outcomes 
of NAFLD-associated HCC given its complexities with many environmental contributors. Complicating the 
presentation of NAFLD-associated HCC is that it can occur in a non-cirrhosis background, which causes a 
clinical dilemma to providers given the lack of current screening guidelines for this patient population. It is 
estimated that the prevalence of NASH-associated HCC in patients without cirrhosis to be 38% based on a 
recent meta-analysis[11], which differs based on the population, country and how the study was conducted. In 
Japan, where patients can also have “lean” NAFLD, studies have reported that NASH-related HCC can occur 
without cirrhosis in 38%-49% of cases[118-120]. A multi-center prospective study conducted in Spain reported a 
prevalence of 50% of HCC in NAFLD patients without cirrhosis[12]. Similarly, a retrospective study in France 
assessing the prevalence of non-cirrhosis HCC in a cohort of 323 HCCs over a 20-year span (of which 12% 
were due to NAFLD) determined that 63% of the cases occurred in the absence of bridging fibrosis/cirrhosis, 
although this was biased towards patients without advanced liver disease who could undergo hepatic 
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resection instead of liver transplantation[121]. 

Interestingly, statin use or dyslipidemia also appears to have different effects on non-cirrhosis HCC patients. 
For instance, using Taiwan’s National Health Insurance Research Database that included 31,751 NAFLD 
patients from 1998-2012, Lee et al.[13] demonstrated that patients on statin therapy (35% of all patients) had a 
decreased risk for HCC (adjusted HR = 0.29, 95%CI: 0.21-0.68). Few other studies have addressed the effects 
of statins between the cirrhosis and non-cirrhosis NAFLD patient, which necessitates future work in this 
area.

Animal studies have shed some light on the pathogenesis of NAFLD and NAFLD-associated HCC. 
Through a series of detailed experiments, Grohmann et al.[122] demonstrate that while obesity promotes 
NASH pathogenesis through STAT-1 (signal transducer and activator of transcription 1) activation, NASH-
associated HCC is mostly driven by STAT-3 (signal transducer and activator of transcription 3), a transcription 
factor implicated in the immune system. They further corroborated this using human samples as proof 
of concept. Their work was complimentary to previous reports showing that STAT-3 activation correlates 
with tumor aggressiveness and prognosis[123,124]. As our knowledge of NAFLD and NAFLD-associated HCC 
advances, it is becoming evident that the two diseases are divergent and should, potentially, be thought of 
as separate entities and not on the same spectrum [Figure 1]. This is also apparent in our epidemiological 
studies where we found that NAFLD-associated HCC tended to occur in non-Hispanic patients, suggesting 
different mechanisms of action between the cirrhosis and non-cirrhosis patient populations (manuscript 
submitted).  

SCREENING?
Expert societies recommend HCC screening with bi-annual ultrasounds with or without alpha-fetal protein 
(AFP) or other biomarkers, based on its cost-effectiveness and benefits[125,126]. Although the incidence of 
NAFLD-associated HCC remains low overall, given the magnitude of MetS and the NAFLD epidemic, 
NAFLD-HCC cases are expected to increase. Since HCC can also occur in a non-cirrhotic background, 
future research is imperative in this field to identify at-risk patient populations that would benefit from 
screening programs, which have largely operated under a “one-size-fits-all” model. Unlike hepatitis C, B and 

Figure 1. Schematic diagram of the spectrum of NAFLD to NAFLD-associated HCC and the clinical factors implicated in its pathogenesis 
or prevention. NAFLD: nonalcoholic fatty liver disease; HCC: hepatocellular carcinoma; ASA:  aspirin 
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alcohol, NAFLD HCC screening has several challenges. Obesity, common in this patient population, has 
been shown to decrease the effectiveness of ultrasound screening[127-129]. The effects of visceral adipose tissue 
or intrahepatic steatosis in lesions are also unclear. The use of other imaging modalities has been proposed 
including abbreviated MRI scans, which are promising given their sensitivity and specificity, although their 
cost-effectiveness remains to be evaluated[130,131]. 

Over the years, new biomarkers have been introduced including the Lens culinaris lectin-binding subfraction 
of the AFP (AFP-L 3%)[132] and des gamma carboxyy prothrombin[133]. The clinical utility of these biomarkers 
in NAFLD-associated HCC patients remains unknown. In our studies, we found that compared to hepatitis 
B and C, patients with NAFLD-associated HCC were less likely to be AFP producers (AFP < 10 ng/mL) 
(manuscript submitted). Due to the complex nature of NAFLD, the use of a combination of markers will 
likely be more clinically relevant. This is demonstrated by Best et al.’s[134] study using the GALAD (Gender, 
Age, AFP-L3, and Des-carboxy-prothormbin) score to predict early detection of NAFLD-associated HCC 
cases in Europe and Japan, including the sub-group of patients without cirrhosis. These results will need to 
be validated in the US patient population given the heterogeneity of NAFLD across different ethnic groups, 
especially given the lower performance of the GALAD score in the sub-group of US-American cohort. Risk 
stratification calculators have been developed to assess the risk of HCC and the utility of HCC screening, 
including in the NAFLD patient population, however these have focused on the cirrhosis group which is at 
higher risk of HCC and have not entered clinical practice yet[24].

Clinical practices therefore vary due to the limited data, which has prompted expert societies to provide 
some guidance in the form of expert opinion[135]. In our local liver transplantation institution, we choose to 
screen patients yearly with an abdominal ultrasound and blood work, especially if they have a diagnosis of 
T2D. 

CONCLUSIONS AND OUTSTANDING QUESTIONS 
NAFLD-associated HCC is on the rise and will continue to create a large economic burden on health care, 
prompting essential research. Its heterogenous clinical presentation is reflective of its complex traits with 
important genetic and non-genetic, as well as environmental risk factors. Although a combination of basic, 
translational and clinical research has shed some light on its distinct presentations, many questions remain 
unanswered. The lack of consistent clinical definitions to identify NAFLD and NASH patients when using 
electronic medical records in research over the years has made comparison between studies challenging. 
This has been recognized in clinical trials where a larger effort has been made on using consistent and 
reproducible definitions to identify patients and characterize responses to NASH treatment. Bigger public 
health questions remain unanswered including who to screen and how to use modifiable factors such as 
statins and aspirin to mitigate the risk of liver disease progression and HCC, where liver transplantation 
remains scarce and not available to all patients. In the era of precision healthcare and medicine, identifying 
“at-risk” populations within the larger NAFLD group will be key to tailoring screening and treatment options 
and will help providers identify patients in need of close monitoring under the care of subspecialists versus 
primary care. In light of the complex and heterogenous nature of the disease, identifying “at-risk” patients 
will likely require a combination of clinical characteristics, biomarker discovery and risk-stratification 
calculators. 
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Abstract
Liver cancer is the second leading cause of cancer deaths in men worldwide, and the 6th and 7th cause of cancer 
deaths in men and women in developed countries. 70%-90% of primary liver cancer is hepatocellular carcinoma. 
Hepatitis B or C viruses and chronic inflammation due to alcohol intake are the main risk factors for hepatocellular 
carcinoma. One of the key approaches for the early detection of hepatocellular carcinoma is to understand the 
specific imaging findings of liver nodules in the multi-step hepatocrcinogenesis process. In this article, we review 
the imaging findings of multistep hepatocarcinogenesis, with a focus on the early detection of malignant, cirrhotic 
nodules with CT and MRI.

Keywords: Hepatocellular carcinoma, multistep hepatocarcinogenesis, early hepatocellular carcinoma, dysplastic 
nodule, CT, MRI

INTRODUCTION
Liver cancer is the second and 6th leading cause of cancer deaths in men and women worldwide, and the 6th 
and 7th cause of cancer deaths in men and women in developed countries. In 2012, the annual incidence and 
mortality rates were approximately 780,000 and 750,000 respectively[1].
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70%-90% of primary liver cancer is hepatocellular carcinoma (HCC). Hepatitis B or C virus infections and 
chronic inflammation due to alcohol intake are the main risk factors of HCC. In Japan, such high-risk 
patients have been identified and early detection and treatment systems have been established. 

One of the key approaches for the early detection of HCC is to understand its characteristic imaging findings 
of nodules undergoing the multi-step hepatocrcinogenesis process. In other words, picking up early HCC 
within various types of pre-malignant nodules in cirrhotic livers is essential for the early detection of 
clinically significant HCC.

For such early detection, contrast enhanced CT, MRI and contrast enhanced ultrasound (CE-US) might be 
used as imaging modalities. In particular, recent advancements in ultrasonographic contrast agents have 
enabled monitoring of detailed haemodynamics and Kupffer cell function of liver nodules. Compared to CT 
and MRI, CE-US is a powerful tool for the analysis of multistep hepatocarcinigenesis because it enables real 
time monitoring of the dynamics of the contrast agent within the liver. However, we do not have enough 
experience to discuss the advantages of CE-US in multi-step hepatocarcinogenesis. Therefore, in this article, 
we will review the imaging findings of multi-step hepatocarcinogenesis on CT and MRI instead, and to focus 
on the early detection of malignant cirrhotic nodules.

MULTI-STEP HEPATOCARCINOGENESIS
Hepatocarcinogenesis exhibits a multi-step process. It starts from a regenerative nodule in cirrhosis or as a 
dysplastic nodule (DN), which is a precancerous condition, and progresses to advanced HCC [Figure1][2]. A 
considerable proportion of HCC arise through multi-step hepatocarcinogenesis while other HCCs develop 
de-novo[2,3].

Therefore, in high-risk patients, it is important to monitor the process of malignant transformation from 
precancerous nodules to overt malignant nodule in HCC. Treatment of malignant nodules in early stages 
might thus be expected to lead to an improved prognosis for HCC patients if detected early.

PATHOLOGICAL DIFFERENTIATION OF MALIGNANT FROM BENIGN NODULES
Histopathologically, the multi-step hepatocarcinogenesis process is observed when moderately or poorly 
differentiated HCC (advanced HCC) develops in the nodule of well differentiated HCC [Figure 1][4]. This 
nodule-in-nodule appearance differs however, when considering definitions in pathology (malignant focus 
in premalignant nodule) and imaging (hypervascular focus in nonhypervascular nodule). Similar nodule-in-
nodule structures are also observed in diagnostic imaging although the detection rate is not high in routine 
CT and MRI. However, when the characteristics of the inner nodule are different from the surrounding 
nodule, such as a hypervascular foci within a hypovascular nodule (as discussed later), or the absence of a 
superparamagnetic iron oxide (SPIO) uptake foci within the SPIO-uptake nodule, these different findings 
within the same nodule would represent imaging findings of multi-step hepatocellular carcinogenesis 
[Figure 2]. 

Pathologically, DNs are classified into low grade DN (LGDN), which is close to normal, and high grade DN 
(HGDN), which is close to malignancy. The nodule that is histologically more malignant than HGDN is 
called early HCC. The clinical and pathological characteristics of the nodules which develop in multi-step 
hepatocarcinogenesis in cirrhosis are shown in Figure 3[5,6].

To differentiate HGDN from early HCC histologically, the findings of tumor cell invasion in the remaining 
portal tract (stromal invasion) is an important hallmark of early HCC[5,7].
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Figure 1. Schematic diagram of multistep hepatocarcinogenesis. Two types of human hepatocarcinogenesis are currently considered, one 
is multistep- and the other is de novo-hepatocarcinogenesis. In multistep hepatocarcinogenesis, the nodular grade of malignancy changes 
from dysplastic nodule to advanced HCC stepwisely, and nodular vascularity also gradually change from hypovascular to hypervascular. 
HCC: hepatocellular carcinoma

A B

Figure 2. Example of nodule in nodule appearance lesion in alcoholic cirrhosis. A: CT during hepatic arteriography image of nodule in 
nodule lesion. Some hypervascular foci (arrow) are observed within hypovascular nodule (*); B: SPIO enhanced T2-MR image of nodule 
in nodule lesion. Small hyperintense spots, which do not uptake SPIO (arrow), ate observed within the nodule which show hypointensity 
because of uptake of SPIO (*). These findings represent the visualization of multistep hepatocarcinogenesis within the nodule. SPIO: 
superparamagnetic iron oxide

Macroscopically, HGDN and early HCC both show ill-defined nodules and are difficult to differentiate. 
Histologically, both show increased cell density but are scarce in structural atypia or cellular atypia. Therefore, 
stromal invasion of atypical cells is important for differentiating HGDN and early HCC on histopathology[5].

When a histological study is performed in the portal tract of a completely excised nodule, differentiation of 
HGDN or early HCC is possible [Figure 4]. In a biopsy specimen however, misdiagnosis of the early HCC 
nodule as HGDN can happen because the specimen is small and does not contain sufficient portal tracts 
[Figure 4]. In diagnosis based on imaging, findings reflect the total image of the nodule and the presence of 
stromal invasion of atypical cells might not be shown.

For these reasons, it is inevitable that borderline cases on histology between HCC and DN is different from 
that seen on imaging. 



It is impossible however, to excise all nodules in liver cirrhosis to identify HGDN or early HCC. In addition, 
biopsies could be misdiagnosed due to sampling error. Therefore, it is reasonable to attempt differentiation 
between benign and malignant nodules through imaging with CT and MRI, which are relatively minimally 
invasive compared to histopathology. 

Figure 3. Clinical and pathological characteristics of small nodular lesions during multistep hepatocarcinogenesis step in cirrhotic liver. 
HCC: hepatocellular carcinoma

Figure 4. Problem in histological diagnosis of early HCC with needle biopsy specimen. Histopathologically, the presence of the stromal 
invasion of tumor cell to the portal tract is the most reliable marker for the diagnosis of early HCC. In whole tumor excision specimen, 
and needle biopsy 1 specimen, pathologist can find out the stromal invasion within the specimen and diagnose the nodule as early HCC. 
However, in needle biopsy 2, the stromal invasion finding is not contained within the specimen and pathologist diagnose the nodule as 
high-grade dysplastic nodule, not early HCC. This kind of sampling error issue is possible in histopathological diagnosis of the nodule 
during multistep hepatocarcinigenesis. HCC: hepatocellular carcinoma
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The different imaging modalities however, reflect different pathophysiological features between precancerous 
conditions (benign) and cancerous nodules (malignant), so the same nodule may be assessed differently 
through different modalities. Therefore, sound judgment is necessary based on the findings of multiple 
modalities when there is discrepancy.

VISUALIZATION OF MULTI-STEP HEPATOCARCINOGENESIS ON IMAGING AND 

DIFFERENTIATION OF BENIGN AND MALIGNANT NODULES
Approach by haemodynamic imaging
Histological studies have found that during multi-step hepatocarcinogenesis, the number of portal tracts in 
nodules gradually decreases as the nodular grade of malignancy changes from DN to hypervascular, classical 
HCC, and the number of arteries which do not run with portal veins (unpaired artery) increases [Figure 3][8].

Angiography-assisted CT, which selectively infuses a contrast agent into the hepatic artery or portal vein 
during CT scan of the liver, can evaluate the degree of arterial and portal blood supply to the nodule. 
Angiography-assisted CT consists of the following two methods: one is CT during hepatic arteriography 
(CTHA), which evaluates hepatic arterial blood supply, and the other is CT during arterial portography 
(CTAP), which evaluates portal venous blood supply. We can evaluate the degree of hepatic arterial flow 
and portal venous flow of the nodules undergoing multi-step hepatocarcinogenesis on CTHA and CTAP. 
With angiography-assisted CT, we have found that LGDN, HGDN, and early HCC, which are all relatively 
benign nodules, were hypovascular in nature with low arterial and preserved portal blood flow [Figure 5]. 
In contrast, more malignant nodules, such as well differentiated HCC and moderately differentiated HCC, 
showed a hypervascular nature with low portal blood flow and high arterial blood flow [Figure 6][9].

These imaging findings reflect the histological changes of the nodules during multistep hepatocarcinogenesis: 
the number of portal tracts, which contain hepatic arteries and portal veins, decreases as the nodular grade 
of malignancy increases, and at some point, unpaired arteries starts to develop within the nodule. Figure 7 
shows the relationship between the nodular grade of malignancy and the degree of hepatic arterial and portal 
blood supply of nodules.

Recently, Kitao et al.[10] showed that drainage vessels of the nodules during multistep hepatocarcinogenesis 
process transform as the nodular grade of malignancy changes [Figure 8]. They compared angiography-
asisted CT findings with histological findings of the nodules during multistep hepatocarcinogenesis and 

A B

Figure 5. Example of high grade dysplastic nodule in cirrhotic liver. A: on CT during arterial portography, there are isodense nodule 
compared to background liver (arrows), which represent nodular portal flow is preserved; B: on CT during hepatic arteriography, these 
nodules show hypodensity compared to the background liver (arrows), which indicate the nodular arterial supply is decreased. This 
hypovascular pattern represents relatively benign nature nodules under multistep hepatocarcinogenesis 
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found that in hypovascular nodules, such as DN and early HCC in which portal blood flow is maintained 
and the increase in arterial blood supply not seen yet, blood that drains from the tumor flows from tumor 
sinusoids into intranodular hepatic venules and then into extranodular hepatic veins. In contrast, in 
hypervascular nodules, especially in HCC without capsules, blood flows from within tumor sinusoids into 
the surrounding hepatic sinusoids; and in hypervascular HCC with capsules, blood flows from within tumor 
sinusoids into intracapsule portal venules, and then into surrounding hepatic sinusoids.

These findings show that during hepatocarcinogenesis, the hepatic vein is initially occluded by increased 
intratumoral pressure caused by increase in cell density, and direct connections between tumor sinusoids 
and surrounding hepatic sinusoids work as the tumor drainage route because of occlusion of the hepatic 
vein. Then, as the nodular grade of malignancy progresses, the tumor becomes encapsulated and the direct 

A B

Figure 6. Example of advanced (moderately differentiated) hepatocellular carcinoma in cirrhotic liver. A: on CT during arterial 
portography, there are hypodense nodule compared to background liver, which represent loss of nodular portal flow; B: on CT during 
hepatic arteriography, the lesion shows marked hyperdensity compared to the background liver, which indicate increased nodular arterial 
flow. This hypervascular pattern indicates definite malignant nodule such as moderately differentiated hepatocellular carcinoma 

Figure 7. Relationship between the nodular grade of malignancy and the degree of intranodular blood supply of the nodule. HCC: 
hepatocellular carcinoma 
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Figure 8. Multistep changes of drainage vessels and peritumoral enhancement during hepatocarcinogenesis. HCC: hepatocellular 
carcinoma 

connection between tumor sinusoids and surrounding hepatic sinusoids is lost, such that drainage flow is 
retrograde through the intracapsular portal venules. On CTHA, this retrograde flow of contrast medium stains 
surrounding hepatic parenchyma around the tumor and is identified as corona enhancement [Figure 9][11].

On angiography-assisted CT, LGDN, early HCC, and part of well-differentiated HCC are all observed 
as hypovascular nodules. In contrast, the presence of a nodule-in-nodule appearance, which has a 
partly hypervascular foci within a hypovascular nodule, is a definite hallmark to discriminate between 
hypovascular, relatively benign nodules and more malignant nodules since the latter display hypervascularity 
[Figure 10]. In hypovascular nodules, most show iso-density on CTAP and hypo-density on CTHA since 
nodular portal blood flow is preserved and increase in hepatic arterial flow has not started, which represents 

Figure 9. Example of corona enhancement caused by drainage flow from hypervascular HCC. A: on early phase image of CT during 
hepatic arteriography, HCC shows marked enhancement because of hypervascularity (*); B: on late phase image of CT during hepatic 
arteriography, since the intraarterial contrast injection is stopped, the enhancement of HCC decreases (*) and peritumoral mormal liver 
parenchyma is enhanced by drainage of contrast material from HCC (arrow). HCC: hepatocellular carcinoma

A B
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the relatively benign nature of most of the nodule. However, if nodules contain foci that show low density 
on CTAP but a high density on CTHA, this would represent hypervascularity and likely malignant nature of 
the affected portion. This type of nodule is considered visualization of the multi-step hepatocarcinogenesis 
process within the tumor, namely a more hypervascular and thus malignant foci develops within a 
hypovascular and relatively benign nodule. To find out this kind of dedifferentiated hypervascular foci within 
hypovascular nodule might be easy and reliable method to pick up high-risk precancerous nodule among 
hypovascular cirrhotic nodules.

Nodules with relatively benign features including preserved portal blood flow on CTAP and hypovascularity 
on CTHA vary from LGDN to early HCC that are relatively benign. In contrast, nodules that lack portal 
blood flow on CTAP and have an area of high density on CTHA are moderately differentiated and 
hypervascular HCC, which are definitely malignant nodules. The hypovascular nodule with a hypervascular 
foci is considered the transitional stage nodule between more benign and definitely malignant nodules 
[Figure 11]. 

Nodules with such hypervascular focis within hypovascular nodules, which is the visualization of multi-step 
hepatocarcinogenesis, are relatively easy to pick up on dynamic contrast enhanced CT/MR imaging [Figure 12], 

Figure 10. Hypovascular nodule with hypervascular foci (nodule in nodule appearance lesion). A: on CT during hepatic arteriography, 
hypervascular foci (arrow) is observed within hypovascular nodule (*); B: on CT during arterial portography, only hypervascular portion 
on CT during hepatic arteriography (arrow) shows hypointensity and other portion of the nodule show isointensity to the background liver 
(*). In this nodule hypovascular portion of the nodule (*) are relatively benign nature and hypervascular foci represents dedifferentiated 
more malignant nature 

A B C

Figure 11. Development of hepatocellular carcinoma from hypovascular nodule with hypervascular foci. A, B: on CT during hepatic 
arteriography (A) and arterial phase of dynamic CT (B), small hypervascular foci (arrow) is observed within hypovascular nodule (*); 
C: eleven months after, on arterial phase of dynamic CT, the hepovascular nodule with hypervascular foci transformed to hypervascular 
hepatocellular carcinoma (arrow) 
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Figure 12. Visualization of hypervascular foci on dynamic contrast enhanced CT and MRI. A: on CT during hepatic arteriography, 
hypervascular foci (arrow) is observed within hypovascular nodule (*); B: on arterial phase of dynamic CT, small early enhancement 
(arrow) is observed within hypovascular nodule; C: on arterial phase of dynamic MRI with Gd-EOB-DTPA, mall early enhancement (arrow) 
is observed within hypovascular nodule 

and can be used as a kind of potential biomarker to differentiate between benign and malignant nodules on 
imaging.

Until now, we have mainly reviewed the imaging findings of angiography-assisted CT. To acquire 
angiography-assisted CT images however, angiography, which is relatively invasive and an unusual 
procedure in daily clinical practice, is necessary. By comparison, intravenous contrast enhanced dynamic 
CT or dynamic MRI, which is usually performed in clinical practice, can also detect hypervascular foci in 
hypovascular nodules. 

Shinmura et al.[12] reported in 2008 that when the size of the hypervascular foci was 5 mm or more, dynamic 
CT and dynamic could detect 83% and 64% of hypervascular foci in hypovascular nodules respectively. 
Detection rates have improved on the latest CT and MR equipment but further examination is needed to 
clarify this issue. 

Approach from MRI signal intensity
On correlation studies of MRI signal intensities with histopathological findings, DN and early HCC have 
iso- to high-intensity on T1-weighted images and a iso- to low-intensity on T2-weighted images[13]. while 
moderately differentiated HCC has low-, iso-, and high-intensity on T1-weighted images and a high-intensity 
on T2-weighted images [Figure 13][14]. One of the reasons for various signal intensities on T1-weighted 
images in HCC is a higher protein content due to an increase in cell density and/or N-C ratio.

In terms of the relationship between nodular arterial and portal blood supply and MR signal intensity, 
nodules with normal portal blood flow but low hepatic arterial flow (estimated to be DN to early HCC) had 
63% high-intensity on T1-weighted images and 72% low-intensity on T2-weighted images; nodules which 
had mildly decreased portal blood flow and still low hepatic arterial flow (estimated to be early HCC to well 
differentiated HCC) had 39% iso-intensity on T1-weighted images and 52% iso-intensity on T2-weighted 
images; and nodules which lacked portal blood flow and had markedly high hepatic arterial flow (estimated 
to be moderately differentiated HCC) had 48% low-intensity on T1-weighted images and 85% high-intensity 
on T2-weighted images[15].

These studies show that for estimation of the grade of malignancy in hepatocellular nodules on MRI signal 
intensity, T2-weighted images are useful, and the low- to iso-intensity of the nodules suggest relatively 
benign pathology such as RN, DN to early HCC, and high-intensity would suggest moderately differentiated 
HCC.
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Approach from functional evaluation of Kupffer cells 
Sinusoids are where blood flows through the liver cords. It consists of sinusoidal endothelial cells, Kupffer 
cells, stellate cells, and pit cells[16]. Kupffer cells are intravascular resident macrophages in liver sinusoids. 
They are capable of phagocytosis and eliminate foreign bodies, bacteria, and broken hepatocytes.

When SPIO is administered intravenously in the normal liver, Kupffer cells in sinusoids take it up. SPIO 
shortens the transverse relaxation time of protons of tissues, which results in low signal intensities on T2-

Figure 13. MR signal intensity change during multistep hepatocarcinogenesis. HCC: hepatocellular carcinoma

Figure 14. SPIO enhanced T2 weighted MR signal intensity change during multistep hepatocarcinogenesis. HCC: hepatocellular 
carcinoma; SPIO: superparamagnetic iron oxide

Page 10 of 14                                      Kobayashi et al. Hepatoma Res 2020;6:36  I  http://dx.doi.org/10.20517/2394-5079.2020.24



weighted MR images. In cases where the normal structure of sinusoids is lost (metastatic liver cancer etc.), 
signal intensity changes do not occur because there are no Kupffer cells. Similarly, the function of Kupffer 
cells are decreased despite their presence due to irradiation etc., the degree of SPIO uptake is lowered, and 
such areas show relatively high signal intensities on T2-weighted images compared to the surrounding 
normal liver where normal Kupffer cells are present and take up SPIO[17].

On histopathological analysis, Imai et al.[18] found that in multi-step hepatocarcinogenesis, as the nodular 
degree of differentiation is lowered, the number of Kupffer cells within the nodule is decreased, and there 
was a significant difference between the number of Kupffer cells in DN, well differentiated HCC, moderately 
differentiated HCC, and poorly differentiated HCC. In most DN and 46% of well differentiated HCC, the 
number of Kupffer cells was increased compared with the surrounding liver; the number of Kupffer cells 
decreased to 30% compared with the surrounding liver in moderately differentiated HCC; and the number of 
Kupffer cells decreased to 13% on average in poorly differentiated HCC [Figure 14].

On SPIO-enhanced MRI, DN and well-differentiated HCC present with iso- to slightly low-intensity on 
T2 weighted MR images compared to the surrounding liver. In well-differentiated HCC especially, 46% 
of the nodules presented with a low-intensity compared to the surrounding liver. Moderately and poorly 
differentiated HCC though presented with a high-intensity compared with the surrounding liver. There was 
a significant difference in signal intensity between DN with well-differentiated HCC, and moderately and 
poorly differentiated HCC [Figure 14][18]. These results show that SPIO-enhanced MRI is a good tool to 
estimate the degree of differentiation in HCC, but it has a limit in differentiating DN from well-differentiated 
HCC.

Approach from the function of hepatocyte membrane transporter 
Approximately 50% of Gd-EOB-DTPA (EOB), as well as other extracellular contrast agents, is excreted from 
the kidneys and the remaining 50% is taken up by hepatocytes and then excreted into the biliary tract, hence, 
it is called hepatocyte-specific contrast agent. The advantage of this MRI contrast agent is it can evaluate both 
blood flow information and hepatocyte function simultaneously. However, in EOB-enhanced MRI, there 
are some drawbacks of low accumulation in hepatocytes depending on liver function and the low degree of 
arterial enhancement, and there are also limitations in viewing true washout or enhancement of capsules, 
which are major features characterizing overt HCC. 

After rapid intravenous injection of EOB, blood flow evaluation by dynamic study is performed similarly 
to other extracellular contrast agents. In the hepatobiliary phase after 15-20 min of injection, the liver 
parenchyma presents high signal intensity on T1-weighted images because of EOB uptake by normal 
hepatocytes. Areas that do not have normal hepatocytes (metastatic liver cancer etc.) or areas where 
hepatocytes have poor EOB uptake ability (irradiated area etc.) present with low intensities compared to the 
surrounding normal liver.

EOB is taken up into the intracellular space of hepatocytes by organic anion transporting polypeptide 
(OATP) 1B3, which is expressed on the sinusoidal side of hepatocyte membranes and excreted in the biliary 
tract through multidrug resistance associated protein 2 (MRP2), which is expressed on the bile canalicular 
side of hepatocyte membrane[19]. Under the conditions of bile duct obstruction, MRP3, which is expressed 
on the sinusoidal side of hepatocyte membranes, increase and EOB is excreted into the sinusoids[19]. 
Kitao et al.[20] compared the degree of OATP1B3 expression in hepatocellular nodules undergoing multi-
step hepatocarcinogenesis with the surrounding normal liver, and found that it was preserved in LGDN but 
decreased in approximately 30% of HGDN and approximately 70% of early HCC [Figure 15].

In most moderately differentiated HCC, there was decreased expression of OATP1B3. As well, in the 
hepatobiliary phase of EOB-enhanced MRI, the signal enhancement ratio was significantly lowered in well to 
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moderately differentiated HCC compared to the surrounding liver. As the grade of malignancy increases from 
well-differentiated to moderately- and poorly-differentiated HCC, the signal enhancement ratio decreases. 
However, in 10%-15% of moderately differentiated HCC, there was increased expression of OATP1B3 and 
these HCC present a high signal in the hepatobiliary phase of EOB-enhanced MRI [Figure 15]. 

Sano et al.[21] compared the ability of various imaging modalities, including dynamic CT, angiography-
assisted CT, and EOB-enhanced MRI, in differentiating between histologically confirmed DN and early 
HCC. They showed that in the hepatobiliary phase of EOB-enhanced MRI, there were no DN nodules which 
presented with low-intensity whereas 97% of early HCC presented with low-intensity, and concluded this 
was best suited for the differential diagnosis of DN and early HCC. We surmise then that before starting 
histopathological and/or morphological malignant transformation observed as microscopic stromal invasion, 
functional alterations of cellular components such as membranous transporter functional states, which is 
regulated by genome level alterations, are already advanced within the nodule and can be detected by EOB. 
Further study is needed though to clarify this issue.

We also studied the relationship between the signal intensity of nodules during the hepatobiliary phase 
of EOB-enhanced MRI with the prognosis of these nodules that were smaller than 20 mm (average size 
and SD; 11.0 ± 2.8 mm), both in hypovascular ones (relatively more benign nature nodule) in multi-step 
hepatocarcinogenesis and in hypovascular ones with hypervascular foci (hypervascular foci-containing 
nodules) that are more representative of malignancy. Hypovascular nodules with a low-intensity in the 
hepatobiliary phase of EOB-enhanced MRI,progressed to hypervascular HCC in 17%, 28% and 41% after 1, 
2 and 3 years respectively, while those with iso-intensity only progressed to hypervascular HCC in 7% after 1 
year and those with high-intensity did not progress at all[22].

On the other hand, in hypervascular foci-containing nodules, whether the signal intensity was low or iso 
during the hepatobiliary phase of EOB-enhanced MRI, 50% progressed to hypervascular HCC after 1 year[23]. 
This suggests that hypervascular foci in nodules can exacerbate multi-step hepatocarcinogenesis regardless of 
the decrease in EOB uptake. 

Figure 15. Relationship between OATP1B3 expression, EOB uptake and multistep hepatocarcinogenesis. HCC: hepatocellular carcinoma; 
EOB: Gd-EOB-DTPA
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CONCLUSION
In this article, we have reviewed how malignant nodules can be differentiated from benign ones in multi-
step hepatocarcinogenesis using various imaging techniques. It is difficult to draw a clear line between 
them however, because different imaging modalities reflect different pathophysiology and biopsies could 
have sampling errors. However, this review would have helped in understanding of the current status in 
diagnosing hepatocellular nodules, whether benign or malignant, in various imaging modalities.
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Abstract
Portal vein thrombosis (PVT) is a common complication after splenectomy, causing a possible negative impact on 
the prognosis of patients with liver cirrhosis. However, the risk factors of PVT are not completely clear. Many factors 
are related to the occurrence of postoperative PVT, such as hemodynamic changes, splenomegaly, splenectomy, 
coagulation and anticoagulation disorder, liver cirrhosis, platelet count, D-dimer level, infection, inflammation, and 
other factors.Hemodynamic changes are mainly caused by thicker portal and splenic vein diameters, larger spleen, 
slower portal vein blood flow rate, lower portal vein pressure before and after surgery, etc. It is timely detection 
and advanced prevention that really matter in reducing PVT incidence and improving patient prognosis. We 
systematically reviewed the researches on the risk factors and therapies of PVTto provide useful information on a 
comprehensive understanding for researchers. 

Keywords: Liver cirrhosis, splenectomy, portal vein thrombosis, risk factors, treatments, prophylaxis

INTRODUCTION
Portal vein thrombosis (PVT) after splenectomy is a common postoperative complication, which has non-
specific clinical manifestation[1], including fever, anorexia, abdominal pain, abnormal liver function, elevated 
C-reactive protein level, etc. As PVT progresses, complications can be worse and finally result in liver 
function deterioration, intestinal infarction and even intestinal necrosis[2-4], making the mortality rate of PVT 
even up to 10%[5]. The incidence of PVT after splenectomy in patients with cirrhosis and portal hypertension 
is reported to range 24% to 29%[6,7]. For those who undergo splenectomy or accepted liver transplantation, 
early prevention of PVT is quite important to improve prognosis, which requires a full understanding of the 
risk factors of PVT. But so far, the risk factors of PVT still remain controversial.
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RISK FACTORS
Hemodynamic changes
Hemodynamic changes are considered to be the most important risk factor in the pathogenesis of PVT. The 
formation of pseudolobules in the liver can reduce portal blood flow velocity markedly, causing obstructed 
portal blood flow, increased portal pressure, and decreased blood flow velocity[8]. It can be said that the 
hemodynamic changes caused by the primary disease lays the foundation for the development of PVT.  

Splenic vein diameter (SVD) is thought to be the most influential risk factor. A retrospective trail conducted 
in China found that 8 factors including the SVD are associated with postoperative PVT formation[9]. SVD 
greater than 10 mm has been a cut-off for predictors of PVT development and those greater than 14 mm has 
been a cut-off for predictors of PVT which develops from splenic vein[10]. Some authors even suggest that 
preoperative SVD greater than 8 mm is an independent risk factor for predicting PVT[11]. SVD is inversely 
related to the rate of change in portal blood flow, and its sensitivity, specificity and efficiency vary with the 
study’s setting[6]. In addition, spleen weight, discussed below, shows a significant correlation with SVD, where 
removal of an enlarged spleen may cause a sudden decrease in splenic vein flow, forming and pushing the 
thrombus to migrate to the portal vein. But compared with the weight of the spleen, SVD plays a greater 
role in predicting PVT. Some researchers recommend the measurement of SVD preoperatively, and a close 
follow-up of patients with SVD greater than 8 mm[12].

Generally, for patients with decompensated cirrhosis, PVD is proportional to the degree of portal hypertension, 
and once it is determined that PVD is greater than 13 mm, portal hypertension is considered to exist, 
and PVD is the independent risk factor of PVT[9]. Multivariate analysis in some studies certify the significant 
relationship between pathogenesis of PVT and a series factors, including wider preoperative PVD, of which 
the cut-off width was determined to be 13 mm[13]. Similarly, in another study, the incidence of PVT in 
patients with a PVD > 13 mm was 35 times that of others with PVD < 13 mm[14]. When PVD becomes larger, 
blood flow velocity decreases, and the formation of blood clot is easier. 

But some researchers believe that portal blood flow velocity is the only independent risk factor for 
PVT formation, and when velocity is lower than 15 cm/s, the risk of PVT increases significantly[15]. By 
dividing cirrhotic patients into two groups according to portal vein flow velocity (≤ 15 cm/s or > 15 cm/s), 
the incidence of PVT within one year after surgery for the two groups turns out to be 47.8% and 2.0%, 
respectively[14]. In a study examining the risk factors of PVT after the Hassab procedure, the cut-off points 
for portal vein flow, SVD and PVD were 1822.32 mL/min, 1.37 cm, and 1.56 cm, respectively[16]. Besides, 
varicose veins of the esophagus and stomach caused by portal hypertension are also independently associated 
with the development of PVT[17], and the wider portal collaterals can shunt more blood from the portal 
vein, slowing portal vein blood flow, and may increase the risk of PVT[14]. Slow blood flow not only causes 
the procoagulant substances in the blood to be slowly concentrated locally[18], but also causes an increase 
in pressure on the blood vessel wall according to Bernoulli’s principle, which will damage the endothelial 
cells and initiate the coagulation mechanism[3,19]. Therefore, it can be concluded that the wider PVD and 
SVD, the slower the blood flow of the portal vein system after operation and the greater the possibility of 
thrombosis[20].
 
Splenomegaly
Splenomegaly is common in patients with liver cirrhosis, and patients with splenomegaly are at high 
risk of PVT; splenomegaly was previously thought to be related to passive congestion caused by portal 
hypertension[21]. However, there is no necessary correlation between portal vein pressure and spleen size, 
because the grown spleen does not retract, and hypersplenism is not relieved after transjugular intrahepatic 
portal body shunt (TIPS) or splenorenal shunt[22]. During years of follow-up of liver transplant recipients, 
portal pressure remained normal, but spleen enlargement persisted[22]. Despite that passive congestion may 
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be one cause of the early stage of splenomegaly, there are still many causes to maintain splenomegaly, such as 
abnormal hyperplasia of white pulp, red pulp and fibrous tissues[23]. 

Splenomegaly reduces the greater portal vein return flow after operation, inducing platelet aggregation[18]. It 
has been reported that spleen weight (> 650 g) is associated with the development of PVT[24] and that spleen 
weight (≥ 1311.5 g) is a significant independent predictor of PVT[25]. Patients with PVT had a significantly 
greater splenic weight (median = 216 g) than those without PVT (median = 82 g)[26], and some authors 
suggest that spleen weight is the only predictive factor of postoperative thrombosis after laparoscopic 
splenectomy (LS)[27]. Here, there is a consensus among researchers that an increasingly larger and heavier 
spleen would finally be able to cause PVT after splenectomy if there is no medical intervention[28]. 
Splenomegaly is a useful indicator of PVT, which can be conveniently evaluated before splenectomy by 
computed tomography[10]. 

Splenectomy
Splenectomy is a major risk factor of PVT. Patients after splenectomy have a significantly higher incidence 
rate of PVT than those who have not undergone splenectomy[29]. During the operation, the use of cutting 
tools and ligation causes thermal or mechanical damage to vascular endothelial cells, inducing thrombus 
formation[30,31]. Different surgical procedures cause different levels of PVT risk. In China, the Hassab 
operation has been adopted widely because of the benefits it brings and less tissue damage compared with 
shunt surgery[32], but some clinicians believe that selective decongestive devascularization combined with 
gastrosplenic shunt is superior to the Hassab operation, because this surgical method results in a lower long-
term incidence of re-bleeding and PVT compared with the Hassab group[33]. However, some studies have 
found that there is no relationship between different surgical methods and PVT formation[12].

After splenectomy, reflux blood through the splenic vein almost disappears, and portal vein pressure and 
portal vein blood flow decrease by 20%-35%[13]. If portal vein blood flow decreases sharply in the short-term, 
it will be easy for the portal vein to form eddies or other hemodynamic abnormalities, which is more likely to 
form a blood thrombus. In addition, after splenectomy, the distal end of the splenic vein becomes a dead end, 
which fosters blood retention, and the splenic vein thrombus is inclined to spread to the portal vein trunk[34]. 
Although devascularization blocks the collateral circulation of the portal vein and draws some of the blood 
back to the portal vein system, it is often not enough to make up for the blood loss of the portal vein after 
splenectomy. Some researchers recommend partial splenectomy (PS) or partial splenic embolization instead 
of splenectomy, because after PS or embolization, the blood flow velocity of the portal vein is higher in 
comparison with whole splenectomy, and besides, PS can retain the immune function of the spleen to some 
degree[35,36]. Some authors used an animal model of portal hypertension to determine the effect of PS, and 
after PS and intramuscular spleen transposition, portocaval collaterals developed and the portal venous 
pressure was reduced, while portocaval pressure difference was maintained to prevent deprivation of the 
liver. In a case report on the treatment of pediatric patients with portal hypertension, an 11-year-old girl 
underwent one-stage surgery, that is, PS with a view of transferring the remaining spleen to the thoracic 
cavity in the future. During follow-up, it was found that the patient’s collateral circulation was well formed 
and that portal hypertension disappeared. The researchers believed that this case demonstrated that PS 
can be used as an alternative therapy to whole splenectomy[37]. Another clinical study on the treatment of 
extrahepatic portal vein occlusion in children showed that through distal spleen and kidney shunt and PS 
with 20%-30% spleen retention, the platelet and white blood cell counts of the patients returned to normal 
after operation, which indicates that shunt surgery plus PS is an effective and safe method for treating portal 
hypertension and hypersplenism[38].

Nowadays, LS combined with devascularization or LS combined with shunt surgery is carried out in 
many hospitals. And, LS is considered to be more likely to cause PVT than open splenectomy. A clinical 
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study revealed that PVT occurred in 12 (55%) patients of the LS group, but in only 4 (19%) of the open 
splenectomy group, and that LS leads to a higher incidence rate of PVT than does open splenectomy[39,40]. 
Due to hypercapnia caused by CO2, blood viscosity increases; in addition, blood flow velocity decreases with 
the positive pressure caused by pneumoperitoneum during the laparoscopic operation[13,41]. Consequently, 
from a certain perspective, open surgery has a relative preventive effect on PVT itself compared with LS[42]. 

Coagulation and anticoagulation disorder
In the coagulation system of patients with liver cirrhosis, procoagulant factors and anticoagulant factors 
are in a dangerous equilibrium[43]; they are too complex and delicate to strike a balance: bleeding or 
thrombosis[44], which may be disrupted by splenectomy, infection, acute renal failure, etc.[45]. Patients with 
cirrhosis are not sensitive or even resistant to thrombomodulin, and the blood coagulation state is higher 
in patients with Child-Pugh C than in patients with A or B[46]. It has been reported that a decrease in the 
levels of anticoagulant protein C and protein S can promote the pathogenesis of thrombosis, and in cirrhosis, 
the synthesis of protein C and S is impaired, so as cirrhosis worsens, factor VIII (procoagulant) increases, 
while protein C, one of the anticoagulants decreases[46]; increased levels of factor VIII and decreased levels 
of protein C may be the major factors for PVT[47]. However, protein C and protein S in PVT might not be 
associated with PVT in liver cirrhosis, especially when the impact of liver function is excluded[48,49]. 

Preoperative antithrombin III (AT-III) is an important risk factor for PVT, where the synthesis of it is 
reduced because of cirrhosis, and it is further reduced after splenectomy, leading to overconsumption 
of anticoagulants[50,51]. Some authors have demonstrated that prophylaxis with AT-III concentrates and 
danaparoid sodium after splenectomy can dramatically reduce the incidence of PVT[51]. 

Prolonged prothrombin time (PT) is thought to be an independent factor in the occurrence of postoperative 
PVT[29], but other researchers hold a different opinion that the formation of PVT has nothing to do with 
PT[52], which may be so because traditional coagulation indicators do not reflect the true coagulation status 
of patients with liver cirrhosis[53]. 

Fibrinogen can participate in the development of thrombosis[54], and increased fibrinogen indicates a 
decrease in fibrinolytic activity and increases the incidence of thrombus[55].

Liver cirrhosis
Different causes of liver cirrhosis lead to different PVT risks[56]. As decreased liver synthesis results in 
hypoproteinemia, extravasation of plasma water, and hypercoagulable blood concentration, it is easy to 
form thrombus in the portal vein system[57]. Because of the special pathophysiology of patients with liver 
cirrhosis, the incidence of PVT after splenectomy is higher[58]. A study showed that the incidence of PVT 
in patients with and without cirrhosis was 32.0% and 9.5%[59]. Liver dysfunction can affect the formation of 
PVT by affecting the synthesis of coagulation factors, thrombin, albumin, etc.[51]. Studies show that Child-
Pugh scores are significantly higher in patients with postoperative PVT than in patients without PVT[60]. 
Meanwhile, incidence of PVT increases when MELD score is ≥ 13 points[15]. Studies have shown the portal 
vein system rapidly forms a thrombus long before the improvement of liver function after splenectomy[41], 
and some authors believe that traditional serological indicators (ALT, AST, etc.) have no relationship with 
PVT formation[52], but ascites may be an important predictor of PVT, and albumin and hemoglobin decrease 
in cirrhotic patients significantly, which have potential value for the prediction[18,61]. 

The occurrence and development of PVT has been shown to be related to the degree of esophageal varices[17], 
which is caused by portal hypertension. Another study showed that the portal venous blood flow velocity in 
the severe gastroesophageal varices group was (12.13 ± 2.59) cm/s, while in the non-severe gastroesophageal 
varices group, velocity was (15.26 ± 5.06) cm/s[62]. As is known to all, cirrhosis is an irreversible disease that 
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continues to progress. The degree of cirrhosis worsens with time, and the occurrence of PVT is related to the 
severity of cirrhosis directly or indirectly.

Platelet counts
The enlarged spleen secretes related factors that inhibit platelet release from the marrow and reduces 
thrombopoietin during cirrhosis[63]. Once the spleen is removed, the suppression and clearance of platelets 
disappear, megakaryocytes proliferate in the marrow, causing platelets to skyrocket transiently. The formation 
of PVT might be associated with the soaring platelet count after operation[64]. 

Preoperative decrease in platelet numbers is related to PVT[11], the incidence of PVT in patients with PLT 
less than 50 × 109/L before surgery is significantly different from patients with PLT greater than 50 × 109/L[11]. 
And PLT is considered to be an independent risk factor for PVT after splenectomy[6,13,29]. 

PLT often peaks at 3 to 20 days after splenectomy and gradually decreases to normal level. In one study, 
PVT was detected on the 6th day after surgery in patients whose PLT exceeded 200 × 109/L[29]. Researchers 
indicate that when the postoperative PLT exceeds 1000 × 109/L, PVT is almost sure to take place[65]. The ratio 
of maximum postoperative PLT to preoperative PLT (r = 1.144; P = 0.007) and PLT increasing to > 8 times 
baseline levels after surgery are risk factors for PVT after LS[59]. Moreover, elevated platelets and D-dimers 
can cause atherosclerotic changes in blood vessels, and make the smooth muscles thick in the intima of the 
vein wall, thus causing fiber breakage, blood cell adhesion and formation of thrombi[11]. 

However, thrombosis does not always occur in high PLT patients after splenectomy. Some studies have 
suggested that the function and quality of platelets have a greater impact on thrombosis than simple PLT 
elevation[64]. But this view is currently being challenged. In a prospective study, patients with PLT > 300 × 109/L 
after splenectomy were given antiplatelet therapy, namely aspirin, while the rest < 300 × 109/L were not given 
any antiplatelet therapy, and the results showed that there was no significant difference between the two 
groups (7.0% vs. 16.1%, P = 0.858), so the pathogenesis of PVT may have nothing to do with the function 
of platelets[29]. Some researchers regard primary thrombocytosis as the cause of thrombosis, rather than 
secondary thrombocytosis, and thrombocytosis after splenectomy is secondary thrombocytosis[66].

Elevated PLT and mean platelet volume (MPV) after splenectomy have been considered to be the main 
cause of PVT[67-69], and average platelet volume may also be a risk for PVT after surgery[69]. As for the large 
platelets, they are more active in metabolism and enzymatic reactions, and they contain more dense particles, 
α-particles and highly active proteases. When larger platelets are activated, they can release more thrombus 
precursor material to induce thrombosis. Platelet membrane surface protein CD62P, also known as P-selectin, 
is an indicator of the degree of platelet activation and functional status. Some researchers have found that 
CD62P can be used as a sensitive high-risk indicator of PVT[70]. Antiplatelet therapy should be adopted 
when PLT exceeds 1000 × 109/L[66], and the consensus about this aspect has not been well established. Some 
clinicians believe that when the patient’s PLT is > 400 × 109/L, anticoagulation therapy should be started 
immediately[71]. But for safety reasons, > 600 × 109/L may be a more suitable PLT to start the treatment.

Level of D-dimer
D-dimer mainly reflects lytic function. It is used in the diagnosis and prevention of many thrombotic 
diseases. The increase in D-dimer level is often associated with the enhanced lytic activity of secondary 
fibrin[11]. D-dimer has been reported as a diagnostic marker for PVT[69]. In comparasion with PLT, D-dimer 
performs better in predicting thrombosis. Some studies suggest that the combined application of D-dimer 
and P-selectin can effectively diagnose PVT after splenectomy[72]. Like platelets, increased D-dimer after 
surgery can damage endothelial cells and cause PVT[11]. Based on the views of some authors, the evaluation 
of D-dimer serologic levels is considered to own the adequate sensitivity and high negative predictive value 
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in diagnosing thrombotic events[24,73], but the reported low specificity rate is expected because D-dimer is 
elevated in different conditions, such as disseminated intravascular coagulation and sepsis[42,74,75]. However, 
the negative predictive value of the test is significant[42]. Negative test results will strengthen the diagnostic 
value of other aspects and the need for more specific studies will be minimal. D-dimer only reflects 
secondary fibrinolysis, and therefore, it can only have diagnostic value for the thrombosis that has occurred, 
and cannot be used as a predictor of PVT.

Infection and inflammation
The spleen can produce immune substances such as immunoglobulins and complements to play an immune 
role. In addition, the spleen also has the function of producing lymphocytes[76]. Splenectomized patients are 
at increased risk for infection, in particular, overwhelming post-splenectomy infection.

Infection and inflammation can cause a hypercoagulable state in the blood[77]. Infection-related and 
inflammation-induced coagulation activation is characterized by enhanced fibrin formation and impaired 
fibrin degradation, where enhanced fibrin formation is caused by tissue factor (TF)-mediated thrombin 
generation and inhibition of the anticoagulant system including proteins C and S. Inflammation increases 
circulating levels of plasminogen activator inhibitor type 1, which inhibits endogenous thrombolytic 
reactions, mediated by various pro-inflammatory cytokines[78]. 

Studies have shown that inhibiting IL-6 almost eliminates the coagulation effect of the TF-dependent 
coagulation pathway[79]. Monocytes stimulated by pro-inflammatory cytokines increase expression of TF in 
sepsis[80,81]. In inflammation, platelets can be directly activated by endotoxin or proinflammatory mediators 
(e.g., platelet activating factor). Platelets and granulocytes also can stimulate TF expression of monocytes 
by activated NFκB[82]. The interactions between inflammatory cells promote the expression of IL-1b, IL-8, 
TNF-α, and P-selectin, and they have a role in mediating the adhesion of platelets to endothelial cells.

Other factors
Among all cirrhotic patients, 80%-100% of them have malnutrition. Malnutrition will further increase liver 
damage, and exacerbate liver cirrhosis, so it can be seen as an indirect risk factor for PVT[83].

Among patients with liver cirrhosis, 70% of them have gene mutations before or after splenectomy. It mainly 
includes prothrombin genes, coagulation factor genes and so on, which eventually make patients more prone 
to thrombosis[84]. For example, the G20210A mutation of the prothrombin gene has been found to play an 
important role in forming PVT[85]. Another study discovered that mutation rates of V-Leiden factor gene and 
prothrombin gene were higher in patients with PVT than in controls[86], indicating that these genes may be 
related to the onset and development of PVT. 

In addition, low white blood cell count(≤ 2 × 103/L), upper gastric bleeding history, and some underlying 
diseases, such as hematologic diseases, are also thought to be independent risk factors for PVT[6,42,52].

Pathological changes occur in the vessel wall because of intravascular pressure, leading to “atherosclerosis-
like” changes. It is an important factor that leads to PVT. As endothelial lesions are gradually aggravated, the 
age of patients appears to be positively correlated with thrombosis. Older individuals are at increased risk 
for PVT, which is linked to age-specific pathophysiological characteristics, including decreased blood flow, 
endothelial injury, and hypercoagulability. Some authors have pointed out that > 50 years old might be an 
independent risk factor for PVT. Patients who are over 50 are more than 20 times likely to suffer from PVT 
than those younger[13].

Pancreatic fistula was reported as an independent risk factor for the development of PVT after the Hassab 
operation[87]. The reason may be that pancreatic fistula causes prolonged hospital stay for the patient and 
increases the patient’s bed time.
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A series of diseases, such as high blood lipids, high cholesterol and obesity, may also be risk factors for PVT 
formation. Still, some authors do not consider obesity to be associated with PVT[88]. Another metabolic 
disease, diabetes, may be an independent risk factor for PVT in cirrhosis[89]. This may be due to excessive 
blood glucose concentration, damaging the vascular endothelium. Therefore, blood glucose should also be 
regularly screened for thrombosis perioperatively.

There are many other medical factors that promote PVT, for instance, esophageal gastric varices sclerosis 
treatment, use of postoperative diuretics, and percutaneous transhepatic portal vein puncture. 

Moreover, primary liver cancer can aggravate portal hypertension and change portal vein hemodynamics[90]. 
In summary, the relevant risk factors are listed in Figure 1.

PROPHYLAXIS AND TREATMENTS
Today, we have clear guidelines or consensus on the prevention of deep vein thrombosis and pulmonary 
embolism after operation[11]. However, there is no clear effective guidelines or consensus on PVT. Our 
management of PVT mainly relies on our clinical experience. Once the diagnosis is clear, all patients should 
be proactively treated except for asymptomatic incomplete embolism.

Medical treatment
Since the occurrence and development of PVT is likely to start before the operation, attention should be paid 
to early preventive anticoagulation. Anticoagulation plays a key role in preventing the formation of PVT, 
improving liver function, and reducing mortality[91]. Low-molecular weight heparin (LMWH), warfarin, low-
molecular weight dextran and bayaspirin are used to treat PVT in clinical practice. Some researchers have 
proposed that AT-III is also an approach to prevent PVT[51]. Currently, interventional infusion thrombolytic 
drugs for thrombolysis have been used for PVT[92].

LMWH can inhibit the activation of factor Xa and the formation of thrombus by binding AT-III[93], and 
LMWH has a strong antithrombotic effect with less effect on platelet function, and does not prolong bleeding 
time[94]. Studies have suggested that the use of LMWH at an early stage can significantly and safely reduce 
the incidence of PVT after splenectomy[95]. Early use of LMWH contributes to thrombosis recanalization, 
and treatment should be started within 14 days of the discovery of thrombus[96]. Some researchers have 
even suggested that all patients undergoing splenectomy should be prophylactically given low-molecular 
weight heparin[42]. In authors’ view, routine use of anticoagulant or antiplatelet drugs in the short-term after 

Figure 1. A preliminary summary of risk factors for portal vein thrombosis after splenectomy in patients with liver cirrhosis. SVD: splenic 
vein diameter; LS: laparoscopic splenectomy
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splenectomy for cirrhosis does not increase the risk of postoperative bleeding and can effectively prevent 
PVT. At the same time, antiplatelet drugs should be used until PLT has fallen to normal levels. The specific 
application methods are described as follows. Anticoagulation should be applied at 72 h after surgery for 
safety concerns. Either LMWH-calcium or LMWH-sodium can be used. Taking enoxheparin (0.4 mL, 
4000 AXa IU, ih, qd) as an example, the duration of treatment is 5 days. After discontinuation of enoxaparin, 
oral warfarin is used for continuous anticoagulation for 6 months. INR should be maintained between 2 
and 3. When platelets exceed 400 × 109/L, antiplatelet drugs, such as aspirin, ticlopidine or dipyridamole 
should be used. After the platelets have returned to normal values, they should be discontinued. PLT and 
coagulation states of patients should be monitored every other day in the first week, and then monthly in 
the first year after surgery. Color Doppler ultrasound should be repeated monthly in the first year. It is worth 
noting that for PVT patients with mild to moderate renal dysfunction, the dose of enoxaparin should be 
halved, and liver and kidney function should be closely monitored. In patients with severe renal dysfunction 
or renal failure, enoxaparin must be used with caution according to the specific situation.

Warfarin inhibits the synthesis of vitamin K-dependent coagulation factors II, VII, IX, and X[41]. Studies have 
shown that prophylactic anticoagulation is effective and safe in patients undergoing splenectomy, and that 
warfarin is effective in patients undergoing LS[41,97]. But warfarin can also inhibit the synthesis of proteins C 
and S, and thus, it has the potential to increase thrombosis[98]. Rivaroxaban and Dabigatran are approved for 
clinical use, and these drugs are widely used since there is no need for dose adjustment. Rivaroxaban has 
been successfully used to treat PVT according to some reports[99,100]. Studies have shown that for patients 
with cirrhosis, the anticoagulant effect of dabigatran is very considerable, while the anticoagulant effect of 
rivaroxaban is slightly weaker[101].

However, some researchers warn that considering that the rethrombosis rate after anticoagulation therapy 
is still high (52%), long-term anticoagulation should be applied more carefully[102]. At present, most of the 
research on the prevention of PVT focuses on LMWH because it has a good anticoagulant effect, but to date, 
there is no uniform standard for applying LMWH to PVT[103]. 

Surgery and interventional treatment
For PVT after splenectomy, when non-invasive treatment of thrombosis fails and causes portal vein stenosis, 
invasive treatment can be considered: surgery and interventional treatment. 

Surgical treatments are mostly performed with clear serious complications, but there is still no unified 
standard for the indications, surgical choices, contraindications and complications of surgery. There are three 
main types of interventional therapies for PVT: TIPS, percutaneous transhepatic portal vein thrombolysis or 
thrombectomy. One of the most common treatments is TIPS, where it can improve portal vein hemodynamics 
and dissolve fluid clot[104]. Portal vein flow increases more than 5 times after TIPS[105]. Moreover, PVT can 
also be treated directly by intravascular techniques (balloon angioplasty, stent placement, thrombectomy, 
and thrombolytic drugs) when the catheter is inserted into the portal vein[106]. TIPS can play an active role 
in resolving portal hypertension and preventing the recurrence of blood clots by creating venous shunts[107]. 
Portal recanalization can be achieved in 87% to 100% of patients by TIPS[106,108]. However, the timing of TIPS 
treatment is a tough issue. A complete occlusion of the thrombus will significantly increase the technical 
difficulty and surgical risk of TIPS[109]. Futher studies are required to solve this problem.

In addition, some researchers have proposed autologous spleen transplantation combined with esophageal 
transection anastomosis to treat cirrhotic portal hypertension. After 2 months of operation, patients with 
autologous spleen transplantation had significantly higher levels of tuftsin and IgM than splenectomy patients, 
and there was no significant difference in liver function, which proves that autologous spleen transplantation 
combined with esophageal transection anastomosis is a safe and effective treatment strategy for the treatment 
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of cirrhotic portal hypertension, and that the transplantation of spleen tissue into the retroperitoneal cavity 
can partially retain immune function[110]. The cited researchers believe that this operation can not only retain 
the function of the spleen, but also has a combined effect of blood flow cut-off and diversion when the 
collateral circulation is well formed[111]. Some authors believe that the autotransplantation of the spleen must 
weigh over 50 g to retain the immune function of the spleen, but when the spleen was cut into 8 small pieces, 
23-28 g/piece, and transplanted in the omentum, the postoperative infection rate did not increase, and 
complement and immunoglobulin were normal, indicating that this procedure also has a certain therapeutic 
effect[112]. 

CONCLUSION
PVT is the most important complication that affects the prognosis of patients after splenectomy, which 
may further aggravate portal hypertension and cause postoperative bleeding. Therefore, attention should 
be paid to preoperative prediction and evaluation, intraoperative improvement of surgical methods, timely 
postoperative monitoring and prevention. Clinicians should be fully aware of all aspects of a patient’s illness, 
such as the etiology, classification, degree of obstruction, comorbidities of postoperative PVT, etc. Of course, 
there is still much controversy about the understanding of risk factors of PVT after splenectomy. Therefore, 
multidisciplinary randomized controlled trials are needed.
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Abstract
Immunotherapy is revolutionizing the clinical management of cancer patients by modulating T cells and natural 
killer cells. Dendritic cells (DCs) have the capacity to orchestrate the expansion and function of these effector cells 
both in lymphoid and non-lymphoid tissues of cancer patients. Distinct subtypes of DCs have various capacities to 
prime and activate different T cell responses. Here, we review conventional type 1 dendritic cells (cDC1s) and their 
crucial role in protective anti-tumor immunity. Targeting cDC1s as a cancer vaccine against the development of 
hepatocellular carcinoma will be discussed.

Keywords: Conventional type 1 dendritic cells, antitumor immunity, hepatocellular carcinoma, cancer vaccine

INTRODUCTION
Immunotherapy is now widely considered as an important tool for the treatment of individuals with 
cancer. Several effective immunotherapy approaches have been developed over the past decade, including 
adoptive cell transfer (e.g., CAR-T therapy) and immune checkpoint blockade (e.g., anti-PD1/PDL1 
antibodies)[1,2]. In solid tumors including hepatocellular carcinoma (HCC), the tumor microenvironment 
contains a large amount of stromal cells and immune cells, which shape cancer development and impact 
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upon the response to tumor therapy. The effectiveness of immune-based therapeutic strategies clearly 
demonstrates the possibility of eradicating cancer through cellular immunity, particularly when active T 
cells recognize cognate tumor antigens[1,3]. Dendritic cells (DCs) have the capacity to prime naïve T cells 
by inducing functional polarization, and are in charge of orchestrating the expansion and functions of T 
cells and natural killer (NK) cells in lymphoid and non-lymphoid tissues of cancer patients. About 25 years 
ago, some investigators put forward the concept of harnessing DC immunogenicity to induce protective 
responses in cancer patients[4,5]. Nevertheless, results have been far below expectations. These failures 
occurred due to the almost exclusive usage of monocyte-derived cells (MoDCs) and tumor-associated 
antigens. The advancement in basic understanding of the heterogeneity and functional plasticity of different 
DC subsets suggests that conventional (classical) type 1 DCs (cDC1s) other than MoDCs may be better 
suited for this purpose. 

DENDRITIC CELL SUBSETS 
Shortly after the discovery of DCs by Steinman in 1973, van Furth grouped them under the mononuclear 
phagocyte system. Since then monocytes, macrophages and DCs have been grouped together, and they 
are distinguished on the basis of their morphology, function and origin[6]. However, lineage-tracing 
studies by different groups demonstrate that most macrophages in adults are maintained independently 
of blood monocytes and rely on self-renewal of embryonically derived macrophages under steady-state 
conditions[7,8]. The circulating monocytes could contribute to the expanding pool of macrophages in the 
liver under inflammation status[9,10]. DCs arise from a common DC precursor in the bone marrow, and 
their development depends on the cytokine Flt3L[11,12]. Although monocytes in some inflammation develop 
to inflammatory DCs, termed IDCs[13], DCs are now generally grouped into conventional (classical) type 1 
DCs (cDC1s), conventional type 2 DCs (cDC2s) and plasmacytoid DCs (pDCs)[14]. 

In mice, cDC1s include murine lymphoid CD8α+ DCs, migratory CD103high DCs, and dermal CD207+ DCs; 
cDC2s include lymphoid CD4+ DCs and migratory CD11b+ DCs; pDCs are IFN-producing DCs with the 
cell surface markers B220, PDCA.1 and Ly6C[14]. DCs have been divided into many different subsets based 
on the expression of surface markers including CD40, CD11c, CD103 (integrin αE), CD11b (integrin αM), 
F4/80, CD8α, CD24, CD172a (SIRPα and SHPS1), CX3C-chemokine receptor 1 (CX3CR1), XC-chemokine 
receptor 1 (XCR1), CLEC9A (DNGR1), E-cadherin (cadherin 1) and CD64 (FcγRI)[14]. Inflammation 
further complicates the picture as mononuclear phagocytes in inflamed tissues undergo phenotypical 
changes. Some researchers consider monocyte-derived cells as MoDCs or macrophages, based on CD11c 
expression[13-15]. The analysis of gene expression profiles revealed that the gene transcripts in different 
populations of macrophages are diverse, and some mRNA transcripts and surface proteins were selectively 
expressed by macrophages but not DCs[16]. Therefore, macrophages, monocytes and DCs are different cell 
types with distinct ontogeny[7-14,16]. 

DC-BASED CANCER VACCINES
DC-based cancer vaccines typically culture DCs with various tumor associated antigens ex vivo, such as 
pulsing with peptides, whole proteins, tumor lysates, or fusion of DCs with entire tumor cells[1,4,5]. Most 
DCs were generated from peripheral blood monocular cells (PBMCs)-derived CD14+ monocytes or CD34+ 

hematopoietic stem and progenitor cells via culturing with granulocyte-macrophage colony-stimulating 
factor (GM-CSF) and interleukin 4 (IL-4). The efficacy of such vaccine formulations is suboptimal since the 
macrophages were generated in culture with GM-CSF and its migratory capacity limited to lymph nodes[1,5].

To overcome these tedious processes and the uncertainty of quality, approaches that home antigens 
directly to DCs in vivo via DC receptors were developed, such as antibodies against DEC-205, Clec9A and 
Clec12A[1,4,17,18]. By using model antigens, i.e., OVA, or antigens from microbial products, direct targeting 
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strategies showed some protective effects on tumor growth[4,18,19]. However, these effects were suboptimal 
in clinical trials when the antibody against DEC-205, which is expressed in different subsets of DCs in 
human, was conjugated with the tumor antigen NY-ESO[20]. Therefore, when contemplating DCs for in vivo 
targeting for tumor vaccination, it is important to consider the differences of targeting DC receptors and 
their function[1,5]. 

THE CDC1S AND THEIR ROLES AGAINST CANCERS
The “cross-presentation” by DCs of tumor antigens that are expressed in solid tumors is crucial for 
generating effective CD8+ cytotoxic T lymphocytes (CTLs)[1,21]. Accumulated experimental evidence 
revealed that distinct subtypes of DCs show various capacities to prime and activate different T cells[1,5]. 
Mouse cDC1s were identified as the most efficient cells in cross-presenting cellular-associated antigens to 
initiate CD8+ T cells[22-25]. The following transcription factors ICSBP (Irf8)[26], Id2[27], Batf3[28], Nfil3[29] were 
reported to control the development of cDC1s. Further epistasis analysis after single-cell RNA sequencing 
revealed a genetic hierarchy. The Nfil3 induces a transition from common DC precursors to express 
high levels of Id2 and low levels of Zeb2. Upon Id2 induction, Batf3 expression is increased and Zeb2 is 
repressed. Meanwhile, Id2 extinguished E-protein activity at the +41-kb Irf8 enhancer, and the expressed 
BATF3 acted at the +32-kb Irf8 enhancer to maintain Irf8 activation for the commitment of cDC1 
clonogenic progenitors[30,31]. Currently, the homolog and functional equivalent of mouse cDC1s have been 
identified as CD141 (BDCA3) + XCR1+ DCs in humans[14,32,33]. Both mouse and human cDC1s selectively 
express the chemokine receptor XCR1 and C-type lectin endocytic receptor CLEC9A[4,14,34,35].

The role of cDC1s in antitumor immunity was investigated in different animal models. In the Batf3-/- 
mouse, the rejection of highly immunogenic syngeneic tumors was impaired[28]. Using 2-photon intravital 
imaging, the spatial organization of DCs and macrophages within the tumor and their dynamics with T 
cells were analyzed. It was found that macrophage populations were preferentially marginating tightly on 
tumoral lesions, DC populations were typically in separate collagen-rich zones distal to tumor lesions. 
Stable T cell interactions were largely confined to tumor margins, where macrophage populations 
dominated and DC numbers were little[36]. Analyzing the different types of human tumors in TCGA data 
revealed that patients with a high ratio of the CD103+/CD103- gene showed better survival compared 
to those with a low ratio[37]. In mouse melanoma models, it was found that CD103+ DCs were the only 
antigen-presenting cells to transport intact antigens to lymph nodes for priming tumor-specific CD8+ 
T cells. When CD103+ DC progenitors in the tumor were expanded and activated, the effects of anti-
checkpoint inhibitor were enhanced for anti-tumor responses[38]. 

In the context of cancer, there are many different cell populations. In addition to cDC1s, several myeloid 
cell populations, including tumor-associated macrophages, are also able to acquire tumor material. 
However, cDC1s have been demonstrated to be superior to other cells in stimulating T cell activation 
and proliferation[36-38]. The stimulatory function of cDC1s in tumors is not restricted to T cells only. IL-12 
production by these cells support IFN-γ production from NK cells for eradicating established tumor 
cells[39,40]. More importantly, activated NK cells can generate the chemokines CCL5 and XCL1 to recruit 
cDC1s into the tumor microenvironment and promote cancer immune control[25]. In melanoma patients, 
it was found that the abundance of cDC1s is associated with intra-tumor gene expression of the cytokine 
FLT3LG, which is predominantly produced by NK cells in tumors. The numbers of cDC1 is correlated with 
NK frequency and the patients’ response to anti-PD1 immunotherapy[41]. It was found that cDC1s might 
be the main source of CXCL9 and CXCL10, and these chemokines are able to recruit CXCR3+ effector T 
cells[24,40,42,43]. Therefore, the cDC1s in tumors and their interactions with NK and effector T cells establish 
local anti-tumor immunity to control and eventually, eradicate established tumors[24,40]. 
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TARGETING CDC1S FOR HCC INTERVENTION
Some patients with a variety of cancers, including HCC, benefit from immune checkpoint inhibitors[44,45]. 
Since not all HCC patients are sensitive to this therapy, research has found that WNT activation correlated 
with T cell exclusion and resistance to anti-PD1 therapy[46,47]. By using a murine autochthonous liver cancer 
model based on hydrodynamic tail vein delivery of different genetic elements, it was found that WNT 
activation led to defective DC recruitment, mainly cDC1s. As a consequence, the anti-tumor immune 
response was impaired. The impaired immunity in HCC from WNT activation might be due to decreased 
CCL5 secretion by the tumor[48]. These investigations pointed to the importance of cDC1 recruitment in 
HCC immunotherapy. 

HCCs arising in cirrhosis are usually preceded by the appearance of malignant precancerous nodules[49]. 
The liver of a cirrhotic patient may harbor either a single, benign or precancerous malignant nodule, 
or even both. HCC progression could be interfered with if the malignant progenitors in cirrhosis were 
eliminated. At this stage, it is difficult to treat with conventional means such as surgery, radiation, and 
chemotherapy. However, it may still be controllable by stimulating the immune response through cancer 
vaccines. Tumor-associated antigens, which are re-expressed in tumor and not/lowly expressed in normal 
tissues, might potentially be appropriate targets[50]. Previous studies have documented that inducing the 
generation of specific T cells to alpha-fetoprotein (AFP), which is re-expressed in most HCCs, led to tumor 
regression[50] and prevented carcinogen-induced murine autochthonous HCC[51]. However, in regenerating 
mouse liver significant hepatocyte damage was observed[52]. Two decades ago, glypican-3 (GPC3) was 
identified as a new HCC-associated antigen[53]. Different from AFP, it is undetectable in cirrhotic livers, or 
even in benign hepatic lesions. Tissue expression of GPC3 was used to discriminate the nature of a < 2 cm 
hepatocellular lesion lacking HCC radiological features detected in a cirrhotic patient under surveillance. 
Up to 60% of early HCCs showed immunoreactivity to GPC3, either as membranous and/or cytoplasmic 
staining in biopsy material[53]. We therefore hypothesized that eliciting the host’s own specific T cell 
immunity against GPC3 could interfere with disease progression in cirrhosis patients. 

With the growing importance of cDC1s in initiating effective anti-tumor immunity, and the selective 
expression of XCR1 on these cDC1s, the XCL1-GPC3 fusion protein may be an efficient cancer vaccine. 
We have linked the XCL1 chemokine to GPC3 for in vivo targeting to induce GPC3-specific CTLs for 
eliminating GPC3-positive HCC. Our results showed that the expressed XCL1-GPC3 chemoattracted 
murine XCR1+CD8α+DCs and human XCR1+CD141+DCs in vitro and promoted IL-12 production. 
After the mXCL1-GPC3 plasmid was injected subcutaneously, the expressed mXCL1-GPC3 protein was 
detected mainly in CD8α+DCs of mice draining lymph nodes. XCL1-GPC3-targeted DCs enhanced 
antigen-specific CD8+ T cell proliferation and induced the de novo generation of GPC3-specific CD8+ T 
cells, which abolished GPC3-expressing tumor cells both in the murine and human systems. In a murine 
autochthonous liver cancer model of AlBlHBV mice, the 3-dose (30-μg in total) immunization suspended 
tumor development with significantly reduced tumor incidence and tumor load compared with GPC3-
immunized mice. Notably, the mouse livers have increased infiltration of GPC3-specific CD8+ T cells, 
activated NK cells and NKT cells after mXCL1-GPC3 immunization. The antitumor effects of these cells 
were further enhanced by the administration of anti-PD-1[40]. Therefore, the XCL1-GPC3, which targets 
cDC1s, might be a promising cancer vaccine to compensate for the deficiency of checkpoint blockades in 
HCC immunotherapy.

SUMMARY 
The presence of cDC1s in the tumor microenvironment is often associated with a good prognosis in cancer 
patients and better response to immune checkpoint inhibitors. This cell population is an attractive target for 
delivering HCC tumor antigens to induce antitumor specific T cell responses. The combination of cDC1-

Page 4 of 7                                                       Qu et al. Hepatoma Res  2020;6:38  I  http://dx.doi.org/10.20517/2394-5079.2020.12



targeting cancer vaccines and checkpoint inhibitors will improve the efficacy of immunotherapy. Murine 
models have proven the effect of HCC cancer vaccines in compensating for anti-PD-1 by targeting cDC1s. 
However, clinical trials of such cancer vaccine are still required. It is also necessary to understand how 
cDC1s regulate anti-tumor immunity. 
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Abstract
Hepatocellular carcinoma (HCC) is a common malignant tumor in China. After years of efforts, there has been 
great progress in the management of liver cancer, but overall, it is still not ideal. At present, there are many 
therapies for liver cancer, including surgical resection, transcatheter arterial chemoembolization (TACE), ablation, 
molecular targeted therapy, stereotactic body radiation therapy, chemotherapy, immunotherapy, and so on. 
Studies have reported that TACE combined with radiotherapy can shrink the tumor, and some of the remainder 
will be resectable, resulting in cure. For HCC with tumor thrombus, the tumor thrombus was reduced and then 
resected after neoadjuvant radiotherapy. The survival time of the patients with portal vein tumor thrombus was 
significantly longer than that of the patients without neoadjuvant radiotherapy. Large liver cancer will be reduced 
to small liver cancer after comprehensive treatment, which can be transformed into stereotactic radiotherapy 
or radiofrequency ablation, and can also be palliative to radical treatment. Individualized and multidisciplinary 
therapy for liver cancer is the direction of future development. More clinical evidence-based level of radiotherapy 
treatment of liver cancer should be done in the future.

Keywords: Hepatocellular carcinoma, stereotactic body radiation therapy, tumor thrombus, combined therapy

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common malignant tumor that seriously endangers human health. 
At present, the main treatment for small HCC is surgical resection and radiofrequency ablation, but some 
patients are not suitable for surgery or radiofrequency ablation. In recent years, with the development 
of radiotherapy technology, the application of stereotactic body radiation therapy (SBRT) is increasing. 
Some retrospective studies have shown that its therapeutic effect on small liver tumors is equivalent to 
that of traditional surgery or radiofrequency ablation, and that it can also be used as a radical treatment 
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for small liver tumors. Some patients with unresectable tumor thrombus can be converted to surgical 
resection after radiotherapy, and external radiotherapy can also be applied for bridging treatment before 
liver transplantation. A narrow margin with a distance of less than 1 cm from tumor resection edge is 
possible with radiotherapy after liver resection, to reduce local recurrence or distant metastasis of HCC and 
to prolong disease-free survival (DFS) of patients. The mechanism of killing tumor cell by SBRT may be 
different from conventional fractionated radiotherapy. With the increase of fractionated dose, double-strand 
DNA breaks increase, and the repair of sublethal damage decreases. Moreover, when the single fractionated 
dose is more than 8-10 Gy, the tumor vascular endothelial cells rapidly wither after 1-6 h of irradiation, 
and blood vessels are occluded, leading to a secondary tumor killing effect, which is mainly through the 
acid sphingomyelinase pathway-mediated apoptosis of vascular endothelial cells[1-3], but conventional 
radiotherapy does not have the above effect. After conventional fractionated radiotherapy, tumor cell death is 
mainly achieved by cell apoptosis, while after high dose irradiation, tumor cell death is mainly in the form of 
“swelling death”[4], and tumor cell membrane is destroyed, releasing tumor specific antigen, becoming “in situ 
tumor vaccine”, which can stimulate the immune system to kill residual tumor[5]. 

EFFECT OF SBRT ON LIVER FUNCTION
Cárdenes et al.[6] conducted a phase I clinical study of dose escalation in patients with liver cancer: patients 
with a tumor diameter less than 6 cm and Child-Pugh (CP) Class A could tolerate 48 Gy in three fractions, 
and the patients with CP class B could not tolerate 42 Gy in three fractions, while no adverse effects occurred 
after adjustment to 40 Gy in 5 fractions. The CP score was the only risk factor related to hepatotoxicity or 
death within six months of SBRT treatment (P = 0.03). Three patients had classic radiation-induced liver 
disease, all of which were above CP class B7. We believe that good liver function was needed for SBRT 
treatment of liver cancer. Furthermore, CP score must be ≤ 7, and patients with CP score > 8 have high risk 
of liver failure after SBRT treatment. 

SBRT FOR PRIMARY LIVER CANCER 
Many studies in the literature have focused on the study of liver cancer lesions with the diameter of less than 
6 cm. The 1- and 2-year local control (LC) rates after SBRT were 72%-100% and 54.4%-100%, respectively, 
and the 1-year survival rates were 72.7%-100% and 45.3%-87.9%, respectively[6-17], but the dose fractionation 
of radiotherapy used in various clinical studies was not the same. Patients with CP class A or tumor diameter 
less than 3 cm usually undergo irradiation more than 10 Gy each time, total for 3-5 times. Because of the 
good LC rates and tolerability, SBRT is recognized as an alternative for small liver tumors unsuitable for 
surgery. Yoon et al.[7] applied SBRT to treat 93 cases of inoperable liver cancer with median diameter of 2 cm 
(1-6 cm), given 30-60 Gy or 10-20 Gy in 3-4 fractions, and the 1- and 3-year overall survival (OS) rates were 
86 and 53.8%, respectively. LC failure was mainly seen in patients with liver cancer ≥ 3 cm, and the 3-year 
LC rates of liver cancer with diameter ≥ 3.0, 2.1-3.0 and ≤ 2.0 cm were 76.3, 93.3 and 100%, respectively, 
the intrahepatic 3-year recurrence-free survival (RFS) rate was 32.4%. Six patients (6.5%) had ≥ grade 3 
hepatotoxicity. Similarly, Kwon et al.[8] reported that 42 cases of liver cancer were treated with CyberKnife 
at a dose of 30-39 Gy in 3 fractions; the complete response (CR) rate was 59.6% and the partial response 
(PR) rate was 26.2%, while the 1- and 3-year OS rates were 92.9 and 58.6%, respectively. Kimura et al.[9] used 
48 Gy in 4 fractions to treat 65 patients with CP class A/B and median tumor diameter of 1.6 cm; 2-year OS, 
RFS and LC were 76, 40 and 100%. Fifteen patients (23%) had ≥ grade 3 adverse reactions 6-12 months after 
SBRT, and the level ≥ 3 adverse reactions in CP class B were higher than those in CP class A (P = 0.0127)[9]. 

There is no prospective study comparing SBRT with surgery or TACE in the treatment of primary liver 
cancer. Honda et al.[15] applied sequential SBRT and TACE compared with TACE alone in the treatment of 
primary liver cancer with diameter less than 3 cm; of the 30 cases in the SBRT group, 29 cases (96.3%) had 
a CR, but only 1 in 38 cases in the TACE group had a CR (3.3%). There was no radiation-related injury in 
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the SBRT group. Another retrospective study compared CyberKnife with surgical resection in the treatment 
of stage I liver cancer; 22 cases were treated with SBRT, and 26 patients achieved R0 resection. There was 
no difference in 3-year survival rate (69.2% vs. 57.1%, P = 0.49). Although the sample size was limited, the 
authors believed that SBRT is effective in the treatment of early stage liver cancer and that the curative effect 
is not inferior to that of surgical resection[17] [Table 1]. 

SBRT IN THE TREATMENT OF PORTAL/VENA CAVA TUMOR THROMBUS 
Tumor thrombus is an unavoidable difficulty in the treatment of liver cancer. The tumor thrombus will 
aggravate the occurrence of portal hypertension, ascites, liver failure, intrahepatic and extrahepatic 
dissemination. Choi et al.[18] analyzed the treatment of advanced liver cancer with portal vein tumor 
thrombus (PVTT) by SBRT combined with TACE; 9 cases with PVTT treated with TACE at a median dose 
of 36 Gy (30-39 Gy in 3 fractions), and after a median follow-up time of 10.5 months, achieved PVTT CR 
rate of 11.1% (1/9), PR rate of 33.3% (3/9), objective response rate (ORR) of 44.4% (4/9) and median OS of 
8 months in advanced liver cancer[18]. Xi et al.[19] applied a median dose of 36 Gy in 6 fractions to treat 
primary liver cancer with portal/vena cava tumor thrombus, and 25 of 41 patients had received TACE, 
with a median follow-up of 10 months. The CR, PR, stable disease (SD), progressive disease (PD) of tumor 
thrombus were 36.6, 39, 17 and 7%, respectively. The 1-year 0S was 50.3%, and the median OS was 13 months. 
Only one patient had an increased bilirubin level. 

Wu et al.[20] reported TACE combined with SBRT with 4-8 Gy per fraction for advanced liver cancer with 
portal/vena cava tumor thrombus. After 4-6 weeks, CR was 8.6%, PR 42.8%, SD 48.6%,, and 1-, 2-, 3-year 
OS were 59.3, 31.6 and 26.6%, respectively, while median survival time was 11 months. Tse et al.[21] recruited 
16 cases of primary liver cancer with PVTT, applied an average dose of 36 Gy in 6 fractions, achieved CR 
of 6%, PR of 19% and SD of 38%. Bujold et al.[22]reported on 56 patients with PVTT who were treated with 
an average dose of 36 Gy (24-54 Gy in 6 fractions), where the 1- and 2-year OS rates were 44 and 27%, 
respectively. Multivariate analysis showed that venous tumor thrombus was the worst prognostic factor, 
HR = 2.47 (P = 0.01). 

PREOPERATIVE NEOADJUVANT SBRT FOR HCC
Patients with HCC (China liver cancer staging, CNLC IIIa) undergo surgical resection, but only a small 
part of the patients have long-term survival, and most of the patients have recurrence or metastasis in 
the short term, leading to death. Radiotherapy alone for PVTT is a palliative therapy. Kamiyama et al.[23] 
reported on patients with HCC complicated with tumor thrombus who received preoperative neoadjuvant 
radiotherapy, which was more effective than simple operation. The first branch or main tumor thrombus of 
portal vein was treated with radiotherapy at 30-36 Gy/10-12 times. After radiotherapy, the thrombus and 
intrahepatic lesions were removed simultaneously within 2 weeks. Intervention, radiofrequency, anhydrous 

Table 1. Studies of stereotactic body radiation therapy in hepatocellular carcinoma

Authors Cases CP class A/
B/C

Tumor diameter 
or GTV

Dose/times (Gy/
time)

CR/PR/SD 
(%)

1/2/3-year LC 
(%)

1/2/3-year 
OS (%)

Cárdenes et al. [6] 17 A6/B11 2-6cm or 8-95 cm3 36-48/3;36-42/3;40/5 25/56/19 100/N/N 75/60/N

Yoon et al. [7] 93 A69/B24 1-6 cm 30-60/3-4 15.5/45.7/36.9 94.8/N/92.1 86/N/53.8

Kimura et al. [9] 65 A56/B9 0.5-5.4 cm3 48/4 or 60/8 100/100/N 92.3/76/N N

Andolino et al. [12] 60 A36/B24 1-6.5 cm m44/m3;m40/m5 30/40/25 N/90/N N/67/N

Takeda et al. [13] 63 A44/B19 1-5 cm 35-40/5 100/95/92 100/87/73 N

Park et al. [16] 26 A19/B7 1.1-5.7 cm 40-50/10 25/42.9/32.1 N/87.6/N 88.5/67.2/N

Yuan et al. [17] 22 A10/B10/C2 1.6-9.5 cm 39-54/3-8 50/41/9 92.9/90/67.7 N

CP: Child-Pugh Class; GTV: gross tumor volume; m: median; N: not applicable; CR: complete response; PR: partial response; SD: stable 
disease; LC: local control; OS: overall survival 
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alcohol injection and other treatments were given during the follow-up periods. The results showed that 
the median survival time was 19.6 months for the patients who received surgery combined with external 
radiotherapy, and 9.1 months for the patients who did not undergo surgery. There was a significant difference 
between the two groups (P = 0.036). The pathology of the surgical specimens showed that 83% of the 
tumor thrombi were completely necrotic (completely relieved of disease). Therefore, the main purpose of 
surgery is to improve the control rate of primary HCC and dredge the portal vein. For patients with tumor 
thrombus, preoperative radiotherapy combined with surgical removal of thrombus is an effective method 
of comprehensive treatment. A randomized, prospective, multicenter clinical study was conducted in 
Shanghai Oriental Hepatobiliary Surgery Hospital to compare the survival of patients with HCC and PVTT 
before operation with or without neoadjuvant radiotherapy[24]. A total of 82 patients in the radiotherapy 
group received 18 Gy/6 times of neoadjuvant external radiotherapy; 82 patients in the control group did not 
receive neoadjuvant radiotherapy. The results showed that the OS rates of radiotherapy group and operation 
group were 89.0% vs. 81.7%, 75.2% vs. 43.1%, 43.9% vs. 16.7% and 27.4% vs. 9.4% at 6, 12, 18 and 24 months, 
respectively (P < 0.001). The DFS rates of the two groups were 56.9% vs. 42.1%, 33.0% vs. 14.9%, 20.3% vs. 
5.0% and 13.3% vs. 3.3% (P < 0.001)[24]. Neoadjuvant radiotherapy can significantly improve the postoperative 
survival of patients with HCC. 

TRANSFORMATION SBRT FOR HCC
Kim et al.[25] of Yonsei University in South Korea reviewed the effect of concurrent radiotherapy and 
chemotherapy on patients with HCC. A total of 264 patients were selected, most of whom received three-
dimensional conformal radiotherapy because of PVTT or residual liver volume insufficiency. Most of them 
received radiotherapy with a single dose of 1.8 Gy and a total dose of 45 Gy, and 5-fluorouracil (5-FU) was 
infused in the first and fifth week simultaneous with radiotherapy. One month after radiotherapy, 5-FU 
and cisplatin were infused once every 4 weeks for 3-12 cycles. Among them, 18 cases were converted into 
resectable cases. Postoperative pathology showed that 4 cases (22.2%) were completely necrotic and 7 cases 
(38.9%) were 70%-99% necrotic. Among the 18 patients who underwent surgery, the median survival time 
and median progression time were 40 and 24 months, respectively, and the median DFS time of the 4 patients 
with complete tumor necrosis was 54.6 months. Therefore, after conformal radiotherapy, some patients with 
unresectable HCC could be converted to resectable HCC.

BRIDGING SBRT BEFORE LIVER TRANSPLANTATION
Orthotopic liver transplantation is the most effective treatment for HCC patients with liver transplantation 
indications. However, due to the limited number of liver donors, many patients may have tumor progression 
while on the long waiting list, thus losing the best opportunity for liver transplantation. Therefore, bridging 
therapy to delay tumor progression is very important. SBRT can be used as a bridge treatment for liver cancer 
patients waiting for liver transplantation. It is neither a new adjuvant radiotherapy nor a transformation 
radiotherapy. Because SBRT belongs to radical treatment, the majority of HCC patients with T1 or T2 can be 
reduced to T0. The purpose of liver transplantation is to replace the decompensated liver with normal liver 
function. The purpose of radiotherapy is to control tumor progression while lacking a liver donor.

Eighteen patients with liver cancer who received SBRT before transplantation were reported by Rochester 
University Medical Center and William Beaumont Hospital in Michigan[26,27]. The median dose of 
radiotherapy was 50 Gy/10 times. There was no serious gastrointestinal adverse reactions or radiation 
hepatitis. The median waiting period after radiotherapy was 6.3 months. Twelve patients received liver 
transplantation successfully, and 10 patients showed complete pathological necrosis. The median follow-
up period was 19.6 months, and all patients survived. Therefore, SBRT is a safe and effective treatment for 
liver cancer patients waiting for liver transplantation. It can control the tumor and relieve the pressure of a 
liver donor before liver transplantation. A study reported[28] on 379 patients treated with pre-transplantation 
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bridging therapy, including 36 patients with SBRT, 99 patients with TACE and 244 patients with 
radiofrequency ablation (RFA). Finally, 312 patients received liver transplantation, 30 in the SBRT group, 79 
in the TACE group, and 203 in the RFA group. The 1-, 3- and 5-year survival rates were 83%, 61% and 61% in 
the SBRT group, 86, 61 and 56% in the TACE group, and 86%, 72% and 61% in the RFA group, respectively 
(P = 0.4). SBRT is as safe and effective as TACE and RFA in the treatment of HCC before transplantation. 
Compared with TACE and RFA, SBRT has more advantages in the treatment of HCC patients with ascites 
and prolonged prothrombin time.

POSTOPERATIVE ADJUVANT SBRT FOR HCC
Liver cancer with the distance of less than 1 cm from the bifurcation of the portal vein, the confluence of 
three main hepatic veins and inferior vena cava, is at high risk of recurrence after liver resection. The 5-year 
recurrence rate is reported to be more than 90%. At present, there is no effective adjuvant therapy to reduce 
such a high recurrence rate of this kind of liver cancer. Wang et al.[29] reported the results of radiotherapy for 
the first time in patients with narrow margin surgery of central type liver cancer, who had retained a silver 
positioning mark in the operation area guided by postoperative adjuvant radiotherapy.

From 2007 to 2010, 181 patients were analyzed retrospectively. They were divided into three groups: group 
A: narrow margin surgery combined with postoperative radiotherapy (33 patients), group B: narrow margin 
surgery (83 patients) and group C: wide margin surgery with cutting edge more than 1 cm (65 patients), and 
postoperative radiotherapy dose was 46-60 Gy/23-30 times, with a median dose of 56 Gy; the 3-year OS of 
groups A, B and C was 89.1, 67.7 and 86.0%, respectively, while DFS was 64.2, 52.2 and 60.1%, respectively. 
Group A had similar OS (P = 0.957) and DFS (P = 0.972) as group C. Compared with group B, the OS 
(P = 0.009) and DFS (P = 0.038) of group A showed significant advantages The incidence of grade-3 adverse 
reactions in group A was 12.1% and no more than grade-4 adverse reactions occurred. The study showed 
that postoperative radiotherapy can make up for the deficiency of narrow margin surgery, and that the effect 
of narrow margin surgery combined with postoperative radiotherapy can achieve asimilar effect as wide 
margin radical surgery without serious adverse reactions.

Microvascular invasion (MVI) is the most important risk factor for early postoperative recurrence of HCC, 
which has been proved to be an independent predictor of OS and DFS[30]. Even for patients with small liver 
cancer, MVI can increase tumor recurrence rate and significantly reduce OS, and MVI can only be detected 
by postoperative histological examination.

Wang et al.[31] reviewed and compared the results of conservative therapy (CT), TACE and radiotherapy in 
136 HCC patients with MVI. Narrow margin rate in the radiotherapy group was significantly higher than 
in the other two groups (P = 0.010). Postoperative radiotherapy dose was 54-60 Gy/23-30 times, where the 
results showed that there were significant differences between the radiotherapy group and TACE group and 
the radiotherapy group and CT group in DFS (P < 0.05), and the radiotherapy group and TACE group and 
the RT group and CT group in OS (P < 0.05). Subgroup analysis based on MVI degree and surgical margin 
showed that RFS and OS of patients in the radiotherapy group with narrow surgical margin were significantly 
longer than those of the TACE and CT groups, but not related to MVI degree. There was no significant 
difference in survival outcome between the three groups with wide surgical margin.

SUMMARY
To sum up, surgery is an effective way to cure HCC in the early and middle stages. The high recurrence 
rate and the lack of effective rescue treatment make the curative effect not very ideal. Although the related 
research results of surgery combined with SBRT are limited, they all show that it is a safe and effective 
treatment. As a new way of radiotherapy, preoperative SBRT has shown its unique advantages in the adjuvant 
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treatment of liver cancer. In a word, it is safe and feasible to combine preoperative and postoperative 
radiotherapy in the era of multidisciplinary comprehensive treatment, and it has also improved the curative 
effect. However, more in-depth research is needed to further determine whether it can make HCC patients 
benefit more from it.
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Abstract
Hepatocellular carcinoma (HCC) is one of the malignant tumors with higher incidence and mortality worldwide. 
Recently, significant progress has been made in uncovering immunotherapy in HCC, for instance programmed 
death-1, cytotoxic T-lymphocyte antigen 4, chimeric antigen receptor T-cell therapy, T cell receptor T cell therapy, 
dendritic cell vaccine, and cytokine-induced killer cells. This paper reviews the advances in immunotherapy and 
focuses on the results of many of preclinical studies and clinical trials in the field, as well as some of the promising 
therapeutic strategies for HCC in the future.

Keywords: HCC, PD-1, PD-L1, CTLA-4, CAR-T, T cell receptor, DC, CIK

INTRODUCTION
Hepatocellular carcinoma (HCC) was predicted to have the sixth highest incidence and the second highest 
mortality of malignant tumors worldwide in 2018[1]. The risk factors for HCC are closely related with lifestyle, 
chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, fatty liver disease, and cirrhosis[2-4]. 
The management of HCC involves a multidisciplinary team approach, considering not only the tumor stage 
and patient complications but also the seriousness of damaged liver function, as most HCC treatments can 
aggravate the severity of disease[5]. Although surgical resection remains the cornerstone of HCC therapy, 
limitations are caused by high recurrence rates after surgery because HCC is often diagnosed at advanced 
stage[6]. Liver transplantation (LT) is the optimal treatment means for early-stage HCC, but limitations of 
LT are caused by organ shortage, tumor recurrences, and low-ratio eligibility. Comprehensive therapies for 
advanced HCC patients, such as radiotherapy, chemotherapy, interventional therapy, and targeted therapy, 
have been developed, but the 5-year survival rate remains low[7]. 
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Cancer immunotherapy was selected as its annual breakthrough in Science journal in 2013. Following the 
advancements of immunotherapy in solid tumors over the last few years, as shown by the results of immune 
checkpoint inhibitors (ICIs) in lung cancer, renal cell cancer and melanoma[8], in recent years, ICIs with anti-
CTLA-4 antibodies and anti-PD-1/PD-1L antibodies have been utilized to treat advanced melanoma[9]. In 
2018, because of the achievements in the treatment of cancer with ICIs of CTLA-4 and PD-1/PD-L1, James P. 
Allison and Tasuku Honjo were awarded the Nobel prize.

Chimeric antigen receptor T‐cell (CAR-T) immunotherapy has become more popular in the last decade 
as an antitumor therapy. Anti-CD19 CAR-T cell was approved by the FDA for treatment of subjects up to 
25 years of age with B-cell acute lymphoblastic leukemia in 2017[10]. This article mainly summarizes the 
advances in ICIs and cellular immunotherapy for HCC.

PD-1/PD-L1
PD-1 is expressed on a subset of thymocytes and is upregulated on activated T cell, B cell, and myeloid 
cells[11]. Two ligands for PD-1 were identified in 2000 and 2001 and named PD-L1 and programmed death 
ligand 2 (PD-L2), respectively[12,13]. PD-L1 is mainly expressed on stationary T cells, B cells, DC, and 
hepatoma cells, while PD-L2 is only expressed on DC and macrophages[14-16]. In theory, the interaction of 
PD-1 and PD-L1 expressed on immature T cells can interfere with activation. Similarly, if PD-L1 is highly 
expressed on tumor cell, the ligand receptor interactions between tumor cells and activated T cells triggers 
the immunosuppressive response, leading to immune tolerance[17]. It provides a theoretical basis for the 
treatment of PD-L1 in HCC.

It has been demonstrated that PD-L1 is overexpressed in HCC tissues; however, the results are controversial 
with respect to PD-L1 as predictive biomarkers for HCC[18]. Several studies have reported that the higher 
PD-L1 expression on tumor cell in HCC patients were related with worse prognosis and tumor recurrence, 
and the studies also showed PD-L1 expression on macrophages was associated with favorable survival 
rate[19-23]. However, two studies suggested that the expression of PD-L1 was not significantly correlated with 
survival outcomes in HCC[24,25]. Both soluble PD-1 (sPD-1) and soluble PD-L1 (sPD-L1) were prognostic 
factors with opposite prognostic values for HCC patients, while sPD-1 and sPD-L1 were not significantly 
related with PD-L1 expression in tumor[26]. However, two studies suggested plasma sPD-1 was associated 
with HBV activity and increased risk of HCC[27,28].

Liang et al.[29] illustrated that inhibition of PD-1 can suppress the growth of hepatoma and promote the 
apoptosis of hepatoma. Increased expression levels of PD-1 were detected in peripheral blood and tumor 
infiltrating lymphocytes (TILs) of recurrent HCC patients[30]. Blockade of PD-1 on TILs can restore anti-
tumor effects of TILs[31]. However, sPD-1/sPD-L1 was not associated with either PD-L1 expression of 
tumor cell or the numbers of CD4-positive TILs and CD8-positive TILs[26]. Tumor infiltrating neutrophils 
as a new target of immunotherapy participate in tumor progression, while the tumor microenvironment 
(TME) induces impaired antitumor immunity via the modulation of PD-L1 expression on tumor infiltrating 
neutrophils[32]. PD-L1 was positively associated with expression of CD3 and CD8 in HCC samples[23]. PD-L1 
expression on macrophages is also a prognostic factor for HCC patients, and it could activate high levels of 
CD8(+) cytotoxic T-lymphocyte (CTL) infiltration and immune related gene expression[21]. 

Since immune checkpoint molecules are recognized as vital indicators of HCC progress, series of clinical 
trials with ICIs have been implemented to confirm their potential function for advanced HCC. Nivolumab 
was approved by the FDA as immunotherapy for advanced stage HCC in 2017[33]. The efficiency of nivolumab 
was observed in a Phase I/II non-comparative trial (CheckMate 040) of patients with HCC and prior 
sorafenib treatment[33]. Forty-eight patients were treated with nivolumab in a dose-escalation phase. Then, 
since nivolumab showed adequate safety and feasibility, 214 patients from 39 sites in 11 countries received 
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nivolumab in a dose-expansion phase. The objective response rates (ORR) of nivolumab were 15% in the 
dose-escalation phase and 20% in the dose-expansion phase, suggesting that efficacy of nivolumab is not 
efficient. Twelve of 48 patients had Grade 3/4 treatment-associated adverse events. Although the study was 
positive in favor of anti-PD-1 treatment, it is worth corroborating the efficacy of nivolumab in a therapeutic 
schedule. Pre-treatment of sorafenib might potentiate the therapeutic response to subsequent treatment with 
nivolumab. In real-life experience from three German centers, Grade 3 treatment-associated events occurred 
in two patients (5.9%), and the partial response rate and stable disease rate in 34 patients with advanced 
HCC and nivolumab treatment were 11.8% and 23.5% in line with data from the CheckMate 040 trial[34]. 

Pembrolizumab is also an antibody against PD-1. In a Phase II open-label non-randomized trial 
(KEYNOTE-224) to assess the efficacy of pembrolizumab as an alternative second-line treatment for HCC 
patients, the median overall survival (OS) was 12.9 months with a disease control rate of 61% and ORR 
of 17%[35]. Grade 3 toxicities arose in 25 (24%) of the 104 patients. Hence, pembrolizumab is temporarily 
approved by the FDA as a second-line therapy for advanced HCC, but it still needs to be verified by the 
results of more Phase III trials[36]. A Phase III randomized, double-blind trial to further assess the efficacy of 
pembrolizumab versus placebo in HCC patient is still ongoing (NCT02702401). A Phase II study evaluating 
camrelizumab for HCC patients with resistance to systemic treatment displayed ORR of 13.8% and acceptable 
treatment-related adverse events in Chinese advanced HCC patients[37]. In addition to monotherapy, possible 
multimodality therapeutic options involving ICIs are under investigation. Some research has observed that 
ICIs of PD-L1 in combination with sorafenib, lenvatinib, rapamycin, and histone deacetylase inhibitor may 
enhance therapeutic benefit[38-41]. 

Clinical trials of PD-1 antibodies combined with other adjuvant therapy, e.g., transarterial chemoembolization 
(TACE) and selective internal radiation treatment, are currently in progress. In addition, different combination 
regimens, which depend on understanding of the actual immune mechanisms in the various combinations, 
could help us select the optimal therapeutic option for advanced HCC.

CTLA-4
CTLA-4 downregulates activation of T cells by interacting with CD80/CD86 on the surface of DCs[42]. For 
naive T cell activation, CD28 on T cells provides the second activation signal by binding to CD80/CD86 on 
DCs[43]. CTLA-4 has a greater affinity for interacting with CD80/CD86 than CD28 so that it interferes in T 
cell activation[44]. Various single nucleotide polymorphisms (SNP) in CTLA-4 have been well-studied. Several 
studies observed that polymorphism of CTLA-4 was associated with increased susceptibility to HCC and 
haplotypes of CTLA-4 may affect the risk of HCC[45-48]. 

In 2013, the first CTLA-4 blocking inhibitor in practical HCC treatment was tremelimumab, which displayed 
promising antitumor activity and acceptable safety[49]. In a clinical trial to validate efficacy of tremelimumab 
in patients with HCC and HCV infection, partial response rate and disease control rate were 17.6% and 
76.4%, respectively[49]. Duffy et al.[50] attempted to combine tremelimumab with ablation as an expected 
therapeutic option for patients with advanced HCC (NCT01853618) . Five partial responses were observed 
in 19 patients, with median OS of 12.3 months. Tremelimumab is a human IgG2 monoclonal antibody that 
blocks the binding of CTLA-4 on the surface of activated T cell[51]. It has been reported that tremelimumab 
could induce tumor responses in a subset of patients with non-small cell lung cancer and refractory biliary 
tract cancer[52,53]. Tremelimumab therapy could elevate the amount of T cells in the peripheral blood and 
TILs, and CD4(+) PD-1(+) cells were more likely to be activated by tremelimumab[54]. An important adverse 
effect of tremelimumab is transaminitis, as a high proportion of reversible Grade 3/4 transaminitis was 
observed in both the above-mentioned studies. 

Preclinical data based on series of solid tumors indicate that dual immune checkpoint blockade is synergistic 
and leads to higher response rates and improved treatment outcomes compared to monotherapy. Most 
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clinical data suggest that both CTLA-4 and PD-1/PD-L1 blockade a portion of HCC patients. Compared to 
CTLA-4 blockade, PD-1 and PD-L1 blockade showed relatively higher ORR, which could reach 10%-20% 
in advanced HCC patients. PD-1/PD-L1 blockade agents were more tolerable and less hepatoxic. Further 
studies for combined PD-1/PD-L1 and CTLA-4 blockades in HCC treatment are still expected, which 
may help to mitigate the adverse effects of the treatment. Immune checkpoint blockade in advanced HCC 
combined with other conventional ablative treatments, such as radiofrequency ablation (RFA) or microwave, 
TACE, chemotherapy, targeted medicine, or surgery would be the most promising approach for HCC 
patients. However, for unresectable advanced HCC, it is more appropriate to search for other combination 
strategies, such as the combination with multi-kinase inhibitors, vaccines, and oncolytic viruses, as well as 
dual inhibition of two immune checkpoint molecules. 

Based on current evidence, combination therapies with CTLA-4 are now an expected direction for the 
immunotherapy of advanced HCC patients in the future. A Phase III study (NCT03298451) of durvalumab 
with or without tremelimumab vs. sorafenib in patients of advanced HCC enrolled about 1,350 patients 
and explored two treatment schedules. Given the limited data to date, further testing of this combination is 
ongoing in a Phase II expansion. Most ongoing clinical trials have been designed to assess the efficiency of 
the combination strategies. 

CAR-T CELL THERAPY
CD19 targeted CAR-T immunotherapy is an expecting therapeutic option that has shown high efficacy in 
treating hematologic malignancies[55]. Moreover, a great number of CAR-T cell products in solid tumors 
has also been investigated in preclinical and clinical studies. In 2008, Wilkie et al.[56] reported for the 
first time that MUC1 targeted CAR-T could significant delay tumor growth in solid tumor[56]. The basic 
principle of CAR-T cell therapy is the modification of T cells with CARs, so that they can identify tumor 
cells, and then the retransfusion of these CAR-T cells into the human body to fight against the target 
cells[57,58]. Several studies have found that GPC3-targeted CAR-T cell therapy can eliminate HCC cells in 
preclinical research[59-61]. GPC3 is a 70-kDa heparan oncofetal proteoglycans that is located on the tumor cell 
membrane[62]. It has been demonstrated that GPC3 is detected in HCC tissues with higher expression but not 
in normal tissues[63]. A Phase I trial (NCT02395250) of 13 Chinese GPC3-positive HCC patients illustrated 
the safety and preliminary efficacy of GPC3 CAR-T cells in 2017[64]. According to the patient’s tolerance, the 
preliminary analysis showed that GPC3 targeted CAR-T combined with the lymphodepleting conditioning 
had a certain efficacy[64]. The pre-clinical studies for dual-targeted CAR-T cells co-expressing GPC3 CARs 
and GPC3-specific CAR-modified T cells fusing a soluble PD1-CH3 fusion protein showed promising 
results[60,61].

α-fetoprotein (AFP) has been used not only as a biomarker for surveillance and diagnosis of HCC, but 
also as a target for immunotherapy[65]. In a clinical trial of 15 HCC patients who were given a subcutaneous 
injection of AFP-derived peptides, 1 patient had a complete response and the disease stabilized in 8 
patients[66]. AFP, an intracellular/secreted protein, can generate AFP peptide-major histocompatibility 
complex (MHC) complexes as targets for CAR T-cell therapy for solid tumors. Liu et al.[67] detected that AFP-
targeted CAR-T cells showed significant antitumor capacity in a mouse model Additionally, AFP-derived 
vaccines can augment the activity of ICIs, leading to deterioration of HCC. 

The experience from successful clinical studies of hematologic malignancies provides us with the 
understanding that, although selection of the specific antigen to avoid off-target or on-target/off-tumor 
toxicity is a primary task to be tackled, for HCC, the challenge of CAR-T is the need to ascertain a 
specific neoantigen and overcome the TME, gut microbiome, and HCC genomic features. Furthermore, 
the activation, proliferation, and persistence of CAR-T are more important for therapy. In addition, 
standardization in the production of CAR-T and achieving individualized treatment should be considered. 
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TCR-T CELL THERAPY 
TCR-T cell immunotherapy, as one of the novel and effective antitumor treatment means, has been widely 
studied in oncotherapy. In 2011, Parkhurst et al.[68] firstly reported that human carcinoembryonic antigen 
(CEA)-targeted TCR-T cell therapy could induce objective regression of metastatic colorectal cancer[68]. The 
mechanisms of TCR-T cell therapies are similar to CAR-T immunotherapy. TCR-T therapy also modifies the 
autologous T cells with TCR, and then retransfusion expands TCR-T cell back into the patient to recognize 
and eliminate tumor cell, but the mechanisms for identifying antigens are quite different from CAR-T cell 
therapies[57]. The specific antigens recognized by CAR-T cell are all cell membrane antigens, while TCR-T 
cell can identify intracellular and cell membrane antigen peptides presented by MHC molecules[69]. In HBV-
related HCC, by performing the high-throughput TCR sequence of TILs in tumor and matched adjacent 
normal tissues, Lin et al.[70] found that the combination of TCR repertoire overlap and TNM stage showed a 
better prognostic effect for HCC than TNM stage. Qasim et al.[71] firstly reported an HBV-related end-stage 
HCC case treated with HBV surface antigen as a target for HBV-specific TCR T cell therapy in 2015. In most 
HBV-related HCC, HBV integrations have been observed and can result in the expression of HCC cells[72]. 
HCC cells comprise fragments of integrated HBV-DNA that encodes peptides, which can be identified by T 
cells[73]. Another trial was conducted in two advanced HCCs patients who underwent liver transplantation 
with HCC relapses[74]. During the one-year period of follow up, the volume of 5/6 pulmonary metastases was 
decreased in one patient receiving HBV-specific TCR T cell therapy[74]. Basic studies of TCR-T cells therapy 
with specific targets, such as HCV, AFP, and GPC, may be a promising immunotherapy strategy for HCC 
in the future[75-77]. With TCR-T immunotherapy, the efficacy and side effects seem to mainly depend on the 
quality of the specific target and the TCR structure. The primary challenge is the discovery of new targets, 
particularly in the promising field of neoantigens. However, it should be emphasized that neoantigens may 
be expressed on a subset of tumor cells due to heterogeneity of tumor cell; otherwise, it may cause immune 
escape.

DENDRITIC CELL VACCINE
DCs are powerful antigen-presenting cells that can stimulate T cells to induce antitumor activity. The 
infiltration of DCs in tumor tissue was closely associated to the improved clinical prognosis in HCC 
patients[78,79]. In 2002, Ladhams et al.[80] firstly reported two patients with end-stage HCC treated with 
autologous DCs vaccination co-cultured with autologous HCC antigens. The efficacy of DC vaccination 
loaded with tumor antigens from different sources has been investigated in clinical studies. Lee et al.[81] 
reported a trial which enrolled 31 advanced HCC patients receiving DC vaccine pulsed with autologous 
tumor lysates in 2005. They reported that rates of partial response and stable disease were 12.9% and 54.8%, 
respectively. A Phase II clinical trial reported disease control rate was 28% for advanced HCC patients with 
DC vaccination pulsed HepG2 lysate[82]. In another study of note, El Ansary et al.[83], also using DC vaccine 
pulsed with HepG2 lysate, showed that DC vaccination could partially improve survival outcome. DC 
vaccination loaded with autologous tumor lysates or ex vivo HepG2 cell lysate were feasible and effective. 

However, the efficacy of DCs vaccination pulsed with tumor cell lysate is not satisfactory, and thus the 
use of specific antigen-modified DC vaccination has been attempted. Kakumu et al.[84] suggested that the 
depressed function of DCs is associated with pathogenesis of HCC with HBV or HCV infection. Several pre-
clinical studies indicated that DCs infected with AFP or HBV antigen or both were effective strategies to 
enhance efficacy of DC-based vaccine[85-87]. GPC3-modified DCs were potent in inducing T cell proliferation 
and interferon (IFN)-y production[88]. Tada et al.[89] reported a clinical effect was observed in one of the 
five patients receiving DC vaccination pulsed with AFP, GPC3, and MAGE-1 fusion proteins in 2012. 
Subsequently, a large sample study confirmed that the median time of progression of HCC patients with 
DC vaccination pulsed with AFP, GPC3 and MAGE-1 fusion proteins was longer than the control group 
(36.6 months vs. 11.8 months)[90]. 
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DCs pulsed with Hsp70 peptide and OK-432 can enhance efficacy of vaccine inducing T cell proliferation 
and CTL response[91,92]. In a clinical trial using Hsp70-DC vaccination, 2/12 patients demonstrated complete 
response and 5/12 patients demonstrated stable disease[93]. In our previous meta-analysis, we concluded DC-
based therapy could prolong the median progression free survival (PFS) time and median OS time[94].

However, the maturation of DC was closely associated with efficacy of DC immunotherapy. The stimulatory 
capacity of dendritic cells from HCC patients was significantly lower than dendritic cells from liver cirrhosis 
tissue and normal samples[95]. Meanwhile, the numbers of CD83-positive DCs in HCC specimens were 
significantly lower compared with liver cirrhosis samples[96]. Therefore, it is very important to improve the 
maturation of DC, increase antigen source, and depress TME. Various stimuli, such as tumor necrosis factor 
alpha, lipopolysaccharide, IFN gamma, CD40-ligand, PEG10, IL-12, EpCAM, and HCA661, can significantly 
increase the stimulatory capacity of DCs[97-102]. Tumor endothelial marker 8 modified DCs could stimulate 
antitumor immunity by disrupting tumor vasculature, and DCs loaded with specific peptide, such as FoxM1, 
could significantly inhibit tumor growth and metastasis[103,104]. In addition, RFA can create an antigenic 
source with stimuli appropriate for maturation of DCs[105]. Regulatory T cells, producing immunosuppressive 
cytokine IL-10, were concentrated within HCC tissue and were inducted by local TME to interfere the 
differentiation and maturation of DC[7]. To overcome the immunosuppressive TME, Hu et al.[106] introduced 
a promising vaccine candidate, which combine the DC/tumor cell fusion vaccine with nanoparticles of 
folate-modified chitosan carrying interferon-induced protein-10, which could effectively inhibit tumor cell 
proliferation and significantly reduce myeloid-derived suppressor cells in mouse immune organs. 

CIK/DC-CIK
CIK are a subset of non-MHC-restricted T lymphocytes with immune modulatory effects and a crucial 
role in anti-tumor immunotherapy[107]. Several studies suggested that CIK cells co-cultured with DCs can 
significantly enhance antitumor efficiency[108,109]. Qiu et al.[110] reported that alpha-Gal epitope-pulsed DC-
CIK therapy remarkably prolonged the survival of patients with stage III primary HCC as compared to the 
controls (17.1 months vs. 10.1 months). In a retrospective study from 45 patients with metastatic HCC, 
median OS of DC-CIK immunotherapy plus ablation (32 months) or ablation (17.5 months) was higher than 
untreated group (3 months)[111]. In a propensity score-matched analysis, autologous CIK immunotherapy 
showed significantly longer RFS than the control group[112]. After 5-year follow-up, CIK immunotherapy 
show a significant reduction in the risk of recurrence or death[113]. The combination therapies DC-CIK with 
other therapeutic options, such as TACE, could improve the antitumor efficacy. Guo et al.[114] reported that 
DC-CIK therapy combined with TACE can improve the PFS but not the OS outcomes. However, TACE plus 
DC-CIK therapy for HCC patients is superior to TACE alone in improving median OS and PFS in a meta-
analysis[115]. Zhou et al.[116] analyzed that clinical benefit rate of sorafenib combined with DC-CIK is higher 
than oral administration of sorafenib (88.6% vs. 41.9%) in a meta-analysis.

To enhance the therapeutic efficacy of CIK cells, several pre-clinical studies suggested that co-culture of 
modified DCs, such as IL24-modified DCs, AFP-modified DCs, and GPC3-modified DCs, with CIKs can 
significantly promote CIKs differentiation and enhance lytic activity of CIK cells[117-119]. They provided a 
promising DC-CIK vaccine candidate for further clinical trials of HCC patients. Indeed, CIK or DC-CIK 
immunotherapies from autologous or allogeneic donors have already been extensively used in solid tumor 
patients. In our clinical center, we have experience with more than 100 gastric cancer patients with DC-CIK 
immunotherapy and have found that treatment outcomes were effective, safe, and feasible for gastric cancer 
patients. The standardization in the preparation and criteria of indication are progressing; several clinical 
trials are registered and ongoing. CIK or DC-CIK immunotherapies, combined with other antitumor agents, 
should be considered.
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CONCLUSION AND OUTLOOK
Immunotherapies appear to be a promising treatment for advanced HCC. Multiple prospective studies are 
attempting to validate the therapy outcomes with PD-1/PD-L1 and/or CTLA-4 blockade. However, only 
a small proportion of HCC patients effectively respond to immunotherapies and much research is still 
needed. One of the future directions for immunotherapies is combination therapies with other ICIs, TKIs, 
vaccines, and oncolytic viruses, as well as conventional treatments in various stages of patients to improve 
the antitumor efficacy. In addition, it is the important to research how to elevate immunotherapy efficacy 
and ascertain the biomarkers of predictive therapeutic response to immunotherapy. For example, TMB has 
been used in several tumor types to predict therapeutic response to anti-PD-1 therapy. In the future, we 
expect to identify more predictive biomarker subsets which can be used to accurately evaluate the efficacy of 
immunotherapy. 

CAR-T technology and its application has been hailed as a scientific breakthrough in the field of hematological 
tumors. Application of CAR-T therapy and TCR to treat HCC is expected to be a promising therapeutic 
method. The crucial challenge is the need to identify specific antigens; overcome the TME, gut microbiome, 
and HCC genomic features; and guard against adverse effects. Furthermore, the activation, proliferation, 
and persistence of CAR-T immunotherapy should be considered with the outcomes of treatments for HCC. 
In addition, standardization in the production of CAR-T and achieving individualized treatment should be 
considered.

Different modifications of DC vaccine or DC-CIK therapy, such as selection of specific antigen targets and 
appropriate immunologic adjuvant, may elevate the effectiveness and safety in further studies. Dendritic cells 
lead to an increase in the naturally occurring neoantigen-specific immune response as well as the diversity of 
neoantigens. The combination of DC vaccination with other immunotherapies, e.g., TCR-T, may be a novel 
treatment modality in the future.

Because of the heterogeneity of tumor cells and the complexity of immuno-regulatory mechanisms, 
multimodality therapies based on immunotherapy represent the next step in clinical antitumor efficacy, 
which will enable advancing the field and improving the outcomes of HCC patients.
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Abstract
Aim: β-catenin activation is known to promote liver regeneration and play a role in the pathogenesis of liver cancer. 
Recently, we detected intranuclear inclusions (NI) in hepatocellular carcinoma (HCC) containing degenerated 
cell organelles and lysosomal proteins and delimited by a completely closed nuclear membrane. The presence 
of NI was positively associated with patient survival. The aim of the current study was to investigate a possible 
association between proteins of the Wnt/β-catenin pathway with NI morphology and survival.

Methods: We examined NI in 72 paraffin-embedded specimens of HCC. Immunohistochemistry (IHC) and 
immunofluorescence (IF) were performed to investigate the content and shape of NI. β-catenin gene (CTNNB1  ) 
mutations were analyzed by next generation sequencing. 

Results: We detected the accumulation of β-catenin and glutamine synthetase (a target gene of β-catenin) 
proteins within NI. Further, we found immunopositivity for the lysine demethylase KDM2A in NI. KDM2A is known 
to be involved in β-catenin degradation. We detected significant associations between the presence of β-catenin 
and autophagy-associated proteins in NI. Double-IF revealed co-localization of β-catenin and p62 in the same 
NI. Kaplan-Meier survival analysis showed that the presence of NI containing KDM2A protein accumulations 
displayed a significant benefit in overall survival.
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Conclusion: We detected accumulations of β-catenin and proteins associated with the Wnt/β-catenin 
pathway partly together with autophagy-associated proteins in the same inclusion. Our finding that KDM2A 
immunopositivity within NIs was associated with favorable clinical outcomes and suggests a biological significance 
of NI.

Keywords: Wnt/β-catenin pathway, KDM2A, intranuclear inclusions, hepatocellular carcinoma

INTRODUCTION
The Wnt/β-catenin signaling pathway is regarded as playing the most important role in hepatocellular 
regeneration[1-4]. Spee et al.[4] reported that the Wnt/β-catenin signaling pathway is active in the ductular 
reaction of acute liver failure patients[4,5]. Apte et al.[1] demonstrated a significant correlation between 
nuclear/cytoplasmic-β-catenin staining and hepatocellular regeneration. Recently, we published a detailed 
study on intranuclear inclusions (NI) in hepatocellular carcinoma (HCC). In general, NI are considered 
to be a morphological feature, without any notable function or influence on disease. On the contrary, our 
earlier studies revealed that these NI are surrounded by a completely closed nuclear membrane and contain 
degenerated organelles, autophagy-associated proteins and lysosomes, suggesting a biological function of NI. 
The presence of NI was also significantly correlated with survival in HCC[6]. However, the factors that play 
a role in the occurrence of NI are mostly still unknown. Thus, we questioned whether proteins of the Wnt/
β-catenin pathway are involved in the functioning of NI. 

We performed immnuohistochemical analyses to investigate the presence of β-catenin, glutamine synthetase 
and KDM2A in NI. Glutamine synthetase, an enzyme involved in the removal of ammonia in the liver[7], 
nitrogen balance and pH regulation[8] is also a target of the Wnt/b-catenin pathway in the liver[9]. Long et al.[8] 
showed increased levels of expression  of glutamine synthetase in HCC and in liver tissue with cirrhosis and 
chronic hepatitis B. KDM2A (FBXL11) is known to demethylate histone H3K36[10], which contains an F-box, 
a JmjC domain, a CxxC zinc finger, a PHD domain, and three leucine-rich repeat elements[10-13]. KDM2A 
is involved in various signaling pathways including NF-κB signaling, p53 activity and WNT/β-catenin 
pathway; demethylation of β-catenin with consequent degradation has been reported[14]. Thus, to investigate 
a possible correlation of KDM2A expression levels on survival in HCC patients, we performed Kaplan-Meier 
survival studies. Further, we examined if positive immunoreactivity for β-catenin within NI is associated 
simultaneously with the presence of the autophagy-associated proteins p62/sequestosome1, ubiquitin, LC3B, 
cathepsin B and cathepsin D in NI. 

The goal of the current study was to investigate whether proteins of the Wnt/β-catenin pathway are 
associated with NI morphology and disease survival.

METHODS
Patients
Seventy two patients with HCC diagnosed at the Institute of Pathology, University Hospital of Essen, 
Germany between 1999 and 2005 were included in this study. Formalin-fixed and paraffin-embedded (FFPE) 
material from untreated patients were provided in all cases, prepared according to institutional standards 
and stained with H&E as described before[6]. The current WHO criteria[15] were used for the diagnosis of all 
tumors and the classification of tumors was based on the TNM system (8th edition). Table 1 provides an 
overview of patient data and tumor characteristics. In 70 HCC cases, complete clinical records and follow-up 
data were available. 

Informed consent was obtained from each patient. The study complied with the Helsinki Declaration of 1975 
and the Ethics Committee (Institutional Review Board) of the University Hospital Essen (reference number: 
16-6917-BO).
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Tissue microarray construction and immunohistochemistry
We investigated the expression of selected candidate proteins immunohistochemically using tissue 
microarrays (TMAs). Regions of tumors were selected with matching H&E stained slides and marked on the 
donor block. Construction of the TMAs was performed by using a manual tissue-array instrument (Beecher 
Instruments, Silver Spring, MD, USA) as described before[6]. Briefly, we took three 1-mm-thick tissue cores 
from each specimen. Each TMA contained three corresponding tumor-free liver tissue cores as controls 
and cores with myocardial tissue for TMA orientation and 10 sections of about 3 µm each were cut from 
each TMA. Immunohistochemistry (IHC) of the paraffin sections for the antibodies β-catenin, KDM2A, 
glutamine synthethase, ubiquitin, p62, LC3B, cathepsin B and cathepsin D was conducted as described 
before[6] by using an automated staining device (Dako Autostainer, Dako, Glostrup, Denmark). Further, we 
stained one section from each TMA with H&E; Supplementary Table 1 provides detailed information on the 
antibodies used and staining protocols. Additionally, we included negative controls in every run: slides were 

Table 1. Clinical and pathological parameters of the study group with 72 HCC cases

All (n  = 72)
Mean age (years) at diagnosis (range) 62 (17-99)

Gender (Male/Female) 55/17

Liver morphology

  Non-cirrhotic 44

  Cirrhotic 22

  Fibrotic   6

Background

  Underlying disease unknown 43

  Alcohol abuse 2

  Hepatitis B 12

  Hepatitis C 14

  Hepatitis B + C 0

  Alpha-1-antitrypsin deficiency 1

  Primary biliary cirrhosis 0

  Autoimmunhepatitis 0

Tumor staging

  pT1a/b 35

  pT2 24

  pT3 8

  pT4 5

Grading

  G1 9

  G2 40

  G3/G4 23

Nodal status

  pN0 68

  pN1 4

Lymph vessel infiltration

  L0 72

Blood vessel infiltration

  V0 41

  V1 31

Resection status

  R0 61

  R1 10

  R2 1

Observation period (in days) post surgery

  Minimum 55

  Maximum 3009

HCC: Hepatocellular carcinoma 



incubated with non-immune immunoglobulin at the same concentration as the primary antibody instead of 
the primary antibody as described before[6]. We counted the membrane-bound intranuclear inclusions (NI) 
in all 10 serial sections of each case; cases lacking evaluable material on all 10 serial sections were excluded 
as described before[6]. We defined an inclusion only as positive if it was delimited by an intact membrane and 
completely closed. In a standardized area, inclusions were counted and calculated by: 10 × (3 × 1 mm tissue 
cores) = 10 × (3 × 0.78 mm2) = 23.5 mm2. The qualitative detection of membrane-bound nuclear inclusions 
was recorded as positive (1) or negative (0). We defined cases containing at least one membrane-bound 
nuclear inclusion as positive; haematoxylin counterstaining enabled the enumeration of the inclusions. We 
analyzed the immunostainings within NI. Quantitative analysis of immunopositive NI was performed for 
β-catenin, KDM2A, ubiquitin, p62, LC3B, cathepsin B and cathepsin D. Due to the small size of the NI and 
staining surface, we did not quantify immunostaining intensity. Cases with positively stained membrane-
bound nuclear inclusions were classified as positive (1) or negative (0).

Next generation sequencing
FFPE tumor tissue of all cases was analyzed by next generation sequencing (NGS) with the Illumina MiSeq 
sequencer (Illumina, San Diego, CA, USA) following the manufacturer’s instructions as described before[16]. 
Briefly, 45 ng of DNA was used to perform multiplex-PCR and Biomedical Genomics Workbench (CLC Bio, 
Qiagen, USA) was used for analysis. We designed a customized HCC-panel containing regions of interest: 23 
genes of the Wnt pathway including the CTNNB1 gene.

Transmission electron microscopy
Ultrastructural analysis of NI was carried out as described previously[6,16]. Briefly, for transmission 
electron microscopy (TEM), fresh tissue from liver biopsy of a representative HCC patient was fixed in 2% 
glutaraldehyde in 0.1M cacodylate buffer (cb), pH 7.3, for 4 h at room temperature. Afterwards it was washed 
in cb, post-fixed with 1% osmium tetroxide in cb, dehydrated in a graded series of alcohol and embedded 
in epoxy resin. In order to determine blocks of adequate quality, semi-thin sections were stained with basic 
fuchsin and methylene blue. Ultrathin sections of selected blocks were mounted on copper grids, and then 
treated with uranyl acetate (1%) and lead citrate (0.4%) for contrast enhancement. Digital TEM images were 
acquired on the Zeiss EM 902A (Zeiss, Oberkochen, Germany) equipped with a Morada slow-scan CCD 
camera using ITEM 5.2 software (both Olympus Soft-Imaging-Systems, Münster, Germany).

Double immunofluorescence of tissue sections
Spatial localization of β-catenin and p62 was investigated by double immunofluorescence staining. 
One-µm-thick FFPE tissue sections (HCC) were cut, dewaxed, rehydrated and pretreated with Target 
Retrieval Solution (Agilent Technologies, Ratingen, Germany) at pH 9.0 for 20 min at 97 °C. For double 
labeling immunofluorescence, the primary antibodies anti-β-catenin (Transduction) and anti-p62 (Enzo) 
were used. Anti-p62 antibody was labeled with Donkey Anti Rabbit AF555. For labeling of anti-β-catenin 
antibody Goat Anti Mouse HRP and Goat Anti HRP AF488 were used. Details are provided in 
Supplementary Table 2. DNA was stained with DAPI; image analysis and microscopy was performed by 
using an Olympus BX43 (Olympus Deutschland, Hamburg, Germany). 

Statistical analysis
Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS 24.0, Chicago, 
IL, USA) program. Relationships between categorical parameters were investigated using the two-sided 
Fisher’s exact test. Overall survival (OS) curves were performed using the Kaplan-Meier method, and 
differences in survival curves were compared by the log-rank test. Mann-Whitney U-test was used to assess 
whether positive KDM2A immunostaining in NI correlates with the number of NI; P ≤ 0.05 was defined as 
statistically significant.
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RESULTS
Accumulation of β-catenin and proteins associated with Wnt/β-catenin signalling in NI
Our IHC analysis of NI in HCC showed positive immunoreativity for β-catenin within NI and in the 
surrounding cytoplasma [Figure 1]. Further, we observed an accumulation of glutamine synthetase, a target 
gene of β-catenin in NI. Additionally, we detected immunopositivity for the lysine demethylase KDM2A, 
which is involved in β-catenin degradation. We performed serial tissue sections for β-catenin, glutamine 
synthetase and KDM2A IHC staining [Supplementary Figure 1]. The number of cases containing at least one 
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Figure 1. Intranuclear inclusions in hepatocellular carcinoma. Positive immunoreactivity for β-catenin, glutamine synthethase and 
KDM2A in intranuclear inclusions (NI). The images depict NI (arrows) containing accumulations of β-catenin, glutamine synthethase 
and KDM2A. For β-catenin and glutamine synthethase IHC increased magnification of the marked area shows positive immunostainings 
within NI. Further, HE-staining (bottom-left image) reveals that NI (arrows) are completely closed with no contact to the cytoplasm 
on this plane. Additionally increased magnification of the intranuclear inclusion in the center of the HE and KDM2A-images reveal the 
bordering membrane (right images; arrow). The black bars at the right (third and forth row) equal 10 µm. First and second row images 
are original magnifications: 400 ×; third and fourth row images are original magnifications: 1,000 ×



intranuclear inclusion with positive immunoreactivity was analyzed for β-catenin and KDM2A. We detected 
in 19 of 72 (26.4%) HCCs at least one membrane-bounded intranuclear inclusion with positive β-catenin 
immunostaining; for KDM2A 19 of 71 (26.8%) valid HCC cases showed at least one membrane-bounded 
intranuclear inclusion with positive immunostaining. β-catenin immunohistochemistry was available for all 
cases (72/72) while for KDM2A, suitable material for immunohistochemistry was available in 71 of 72 cases.

NGS study of CTNNB1 mutations
To clarify the reason for the high number of NI containing β-catenin, we investigated HCCs with possible 
mutations of the β-catenin gene CTNNB1 by NGS. We found up to twenty different CTNNB1 mutations in 
our cases. We have listed all mutations found in COSMIC with a prevalence of at least 5%. The mutations that 
are also recorded in the ClinVar database are marked [Table 2]. Chi-square cross table analysis of the HCC 
cases demonstrated that a positive CTNNB1 mutation status was significantly associated with the occurrence 
of positive nuclear β-catenin immunostaining (P ≤ 0.001). Additionally, we performed cross table analysis 
to examine a possible association between the occurrence of NI and the presence of CTNNB1 mutations; no 
significant association was found. 

TEM analysis of NI 
We performed ultrastructural analysis in order to investigate the content and shape of NI in more detail 
[Figure 2]. Our TEM studies showed that NI in HCC in most cases was completely enclosed by the nuclear 
membrane. NI contained degenerated cell material, lysosomes and heterolysosomes. In general, the content 
of the inclusions had a higher electron density than the cytoplasm, suggesting that NI are not simply passive 
invaginations of the cytoplasm into the nucleus [Figure 2].

Immunohistochemical analysis of NI
Association of β-catenin with autophagy-associated proteins in NI
We analysed NI by immunohistochemistry to clarify whether there was an association between the 
occurrence of intranuclear inclusions with β-catenin immunopositivity and autophagy [Figure 3]. Recently, 
we have examined the autophagy-associated proteins p62, ubiquitin, LC3B, cathepsin B and cathepsin D 
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Table 2. NGS study: CTNNB1  mutations in the HCC cohort1

Gene AA mutation Cosmic_v70 n  cases (%)
CTNNB1 2 D32G 1/72 (1.4%)

CTNNB1 2 D32N 1/72 (1.4%)

CTNNB1 2 D32V 0/72 (0%)

CTNNB1 2 D32Y 3/72 (4.2%)

CTNNB1 S33A 1/72 (1.4%)

CTNNB1 2 S33C 3/72 (4.2%)

CTNNB1 2 S33F 2/72 (2.8%)

CTNNB1 2 G34E 1/72 (1.4%)

CTNNB1 G34R 1/72 (1.4%)

CTNNB1 2 G34V 1/72 (1.4%)

CTNNB1 I35S 1/72 (1.4%)

CTNNB1 H36P 1/72 (1.4%)

CTNNB1 S37A 1/72 (1.4%)

CTNNB1 2 S37Y 1/72 (1.4%)

CTNNB1 2 T41A 1/72 (1.4%)

CTNNB1 2 T41I 2/72 (2.8%)

CTNNB1 2 S45P 2/72 (2.8%)

CTNNB1 2 S45Y 1/72 (1.4%)

CTNNB1 K335T 1/72 (1.4%)

CTNNB1 N387K 2/72 (2.8%)

1All mutations found in COSMIC with the prevalence of minimum 5% are listed; 2mutations listed additionally in the ClinVar database



in HCC demonstrating positive immunoreactivity for all investigated proteins in NI[6]. In the current study 
[Figure 3], we used chi-square cross table analysis to investigate if positive β-catenin immunostaining in NI 
is associated with immunoreactivity for the autophagy-associated proteins p62, ubiquitin, LC3B, cathepsin B 
and cathepsin D. We defined cases as positive (1) if at least one membrane-bound inclusion showed positive 
immunostaining, whereas cases lacking stained inclusions were classified as negative (0) according to the 
same system as described before[6]. Analysis of 19 cases with positive β-catenin immunostaining revealed 
that 15 also had nuclear inclusions with positive ubiquitin immunostaining (P < 0.001), 16 showed p62 and 
17 had cathepsin B immunoreactivity (P ≤ 0.001). We also revealed a significant relationship for LC3B (P = 
0.041) and cathepsin D (P = 0.005); details are listed in Table 3. 

Correlation of β -catenin immunopositivity within NI with β -catenin immunopositivity in the surrounding 
cytoplasm
Further chi-square cross table analysis was used to investigate the relationships between β-catenin 
immunoreactivity within NI and in the surrounding cytoplasm. We found that of the 19 cases that 
contained positive β-catenin immunostaining within NI, 11 also showed β-catenin immunopositivity in the 
surrounding cytoplasm (P = 0.002; Table 3). 

Spatial co-localization of β -catenin with p62 in nuclear inclusions 
To analyse if these autophagy-associated proteins are located within the same inclusion, we performed 
double immunofluorescence labeling. Figure 4 shows a DAPI-stained nucleus with NI. Co-localization of 
β-catenin with p62 in the same inclusion is proven by the formation of the merged color yellow [Figure 4, 
arrows]. 

The occurrence of NI with KDM2A immunopositivity correlates with recurrence-free and overall survival
We performed Kaplan-Meier survival curves to check if disease specific overall survival (OS) and recurrence-
free survival depends on the accumulation of KDM2A protein within the inclusions. 

We analyzed 10 serial sections from each TMA. Data on OS were available for 69 valid HCC cases. 19 of 
these 69 patients had at least one membrane-bound intranuclear inclusion showing immunoreactivity 
for KDM2A. We observed that most of them (16/19, 84%) survived whereas 26 (52%) of 50 patients who 
contained no KDMN2A protein within NI died during the observation period. Kaplan-Meier survival 

Figure 2. Ultrastructural analysis of intranuclear inclusions (NI) in hepatocellular carcinoma. A: The image depicts two nuclei, one 
of which contains a large NI, which we analyzed in more detail at higher magnification; B: NI is bordered by the two (inner and 
outer) nuclear membranes (arrowhead) with attached heterochromatin (h); degraded cellular material resembling fine filamentous 
material (asterisk), a small vesicle with homogenous content of high electron-density, most probably a lysosome (black arrow) and 
heterolysosomes (white arrows) are seen. In addition, the NI shows fine granular, ribosome-like material (triangles) and a larger round 
area with no clearly detectable membrane (#) and hardly electron-dense content, which might be a lipid droplet
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analysis depicted that patients with NI containing KDM2A protein accumulations displayed a lower risk for 
death compared to patients with lower number of KDM2A immunopositive NI (P = 0.014; Figure 5A). We 
also found that patients with KDM2A immunopositivity in the cytoplasm show a significant survival benefit 
compared to patients with KDMN2A negative cytoplasm (P = 0.009; Figure 5B). Briefly, 42 of 69 patients 
showed immunopositive KDM2A cytoplasm and 30 of 42 (71.4%) survived compared to 17 of 27 patients 
with no immunoreactivity for KDM2A in the cytoplasm who died. Further, we examined recurrence-
free survival in dependence on KDMN2A immunoreactivity in the cytoplasm. Data on recurrence-free 
survival was available for 47 valid HCC cases. We found that significantly more patients with KDM2A 
immunopositive cytoplasm showed recurrence-free survival than patients with a lack of KDM2A in the 

Figure 3. Immunohistochemical analysis of β-catenin and autophagy-associated proteins in hepatocellular carcinoma. The images 
depict intranuclear inclusions (arrows) containing positive immunoreactivity for β-catenin, p62, LC3B, ubiquitin, cathepsin B and 
cathepsin D. Original magnifications for ubiquitin and β-catenin (left image bottom) images: 400 × and for p62, LC3B, ubiquitin, 
cathepsin B, cathepsin D, β-catenin (right image bottom) images: 1,000 ×
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cytoplasm (P = 0.009; Figure 5C); briefly 27 (84.4%) of 32 KDM2A immunopositive patients showed no 
local recurrence compared to 7 (46.7%) of 15 patients with lack of KDM2A in the cytoplasm and developed 
recurrence. Additionally, we studied the adjacent normal tissue sections (NTS) on all serial sections of the 
HCC patient cohort by Kaplan-Meier survival curves. We also detected in the adjacent normal tissue that the 
occurrence of KDM2A in the cytoplasm was associated with a significant benefit in recurrence-free survival 
(P = 0.027; Figure 5D). 

Increased occurrence of NI in HCC cases with KDM2A immunopositivity
Mann-Whitney U Test analysis showed a significant positive correlation between the number of NI and 
positive KDM2A immunostaining in HCC (P ≤ 0.001; Figure 6). Our results revealed that cases with at least 
one KDM2A immunopositive inclusion had, at the same time, a significantly higher number of NI than 
HCCs lacking KDM2A immunoreactivity within NI. 

Table 3. Correlation of β-catenin immunopositivity within NI with autophagy associated proteins in NI and with cytoplasmic β-catenin

Cross Tabs Tumor tissue
P  value

Antibody n
β-catenin p62 16/72 0.001

LC3B 7/72 0.041

Ubiquitin 15/71 < 0.001

Cathepsin B 17/72 0.001

Cathepsin D 13/72 0.005

  Cytoplasmic β-catenin 11/72 0.002

P  values were calculated using two-sided Fisher’s exact test. n : Number of IHC positive intranuclear inclusions/valid cases; NI: 
intranuclear inclusions

Figure 4. Double-IF studies demonstrate co-localization of β-catenin with p62 in intranuclear inclusions (NI) of hepatocellular 
carcinoma sections. Nuclei were stained with DAPI (blue) to detect NI. The merged images show superimposition of the signals for 
β-catenin (green staining) with p62 (red staining) in the same inclusion; the merged color yellow (arrow) proves co-localizations
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DISCUSSION
In the present study, we have demonstrated accumulation of β-catenin and proteins associated with the Wnt/
beta-Catenin pathway in NI, partly together with autophagy-associated proteins in the same inclusion. The 
presence of inclusions with KDM2A immunopositivity correlated significantly with overall survival in HCC. 
We found positive immunostaining for β-catenin, glutamin syntethase and KDM2A within NI [Figure 1]. In 
addition, other immunohistochemical studies have reported strong immunopositivity for β-catenin within 

Figure 5. Kaplan-Meier survival studies. Disease specific OS was analyzed in 69 valid hepatocellular carcinoma (HCC) samples in 
relation to the presence of KDM2A immunopositivity in intranuclear inclusions (A) and in the cytoplasm (B). Additionally, recurrence-
free survival was examined in 47 valid HCC samples in relation to the presence of KDM2A immunopositivity in the cytoplasm of tumor 
(A) and in adjacent normal tissue (B). We counted inclusions in a standardized area of 23.5 mm2 (ten serial sections of each case). Only 
cases with evaluable material on all ten serial sections were included. Cases containing at least one membrane-bound nuclear inclusion 
were considered positive; P ≤ 0.05 was defined as statistically significant

Figure 6. Association between KDM2A immunopositivity and intranuclear inclusions (NI) in hepatocellular carcinoma. The diagram 
depicts a significant association between positive KDM2A immunoreactivity within NI and the occurrence of NI. ***P  ≤ 0.001
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NI in thyroid carcinomas and pulmonary neuroendocrine tumors[17,18]. Rezk et al.[18] reported that some cases 
had β-catenin positive inclusions although they had almost negative cytoplasmic/nuclear staining. This is in 
line with our results. Though we found in 11 of 19 cases a correlation of β-catenin immunopositivity within 
NI with immunopositivity in the surrounding cytoplasm, there were 8 cases nearly lacking in cytoplasmic 
staining. Rezk et al.[18] suggested that β-catenin might play a role in the development of NI as it is involved 
in organizing actin and microtubule polymerization[18,19]. Additionally, Gamachi et al. also observed NI with 
immunopositivity for biotin, biotin-binding enzymes and β-catenin in pregnancy-related endometrium 
and morule-associated neoplastic lesions[20]; they revealed that though biotin and biotin-binding enzymes 
were present in neoplastic and non-neoplastic tissues, β-catenin was lacking in non-neoplastic endometrial 
lesions. Further, NI with immunoreactivity for PAX8 protein were observed in conventional clear cell renal 
cell carcinoma[21]. The immunopositivity for PAX8 is interesting as it is a transcription factor that is also 
involved in the proliferation of tumor cells via the Wnt/β-catenin pathway; overexpression of PAX8 has 
been reported in various carcinomas[21]. These studies did not clarify why NI contained these proteins. In 
our current study, to clarify the reason for β-catenin immunopositivity in NI, we examined our HCC cases 
on CTNNB1 exon 3 mutations. We differentiated between immunopositivity within the nucleus and in 
the intranuclear inclusion and found up to 20 different CTNNB1 mutations, all of which are listed in the 
COSMIC catalog and most, reported in the NCBI ClinVar database. A positive mutation status for CTNNB1 
correlated significantly with nuclear immunopositivity, which is supported by the literature as CTNNB1 
mutations are known to be associated with the translocation of β-catenin proteins from the membrane to the 
nucleus and activation of Wnt/β-catenin signalling[22]. However, we found no association between CTNNB1 
mutations and positive β-catenin-immunostaining within the inclusions. Recently, we have shown that NI 
in HCC contained autophagy-associated proteins[6]. Since we could simultaneously detect degraded cell 
material and lysosomes in NI by TEM studies, we assumed that biological processes similar to autophagy 
are taking place in NI[6]. These autophagy-associated proteins were partly co-localized within the same NI. 
In the current study, we demonstrate that cases with β-catenin immunopostive NI also harbored NI with 
immunopositivity for autophagy-associated proteins; this association was significant for p62, cathepsinB/
D, ubiquitin and LC3B. We found that p62 immunoreactivity was almost exclusively located in NI whereby 
cytoplasmic staining was diffuse and very weak. We suggest that high p62 positivity in NI could be caused by 
several reasons including alterations in p62 nucleocytoplasmic shuttling[23] as previously reported in our HCC 
study[6]. Intriguingly, we also detected co-localization of β-catenin with p62. The latter strongly suggests that 
biological processes with involvement of β-catenin are taking place within NI. We found in 11 of 19 cases 
a significant correlation between β-catenin immunopositivity within NI and β-catenin immunoreactivity 
in the surrounding cytoplasm, and we suppose that some NI with positive β-catenin immunostaining have 
developed by invagination of the cytoplasm into the NI with further closure of the invagination. 

To clarify the factors contributing to β-catenin accumulation in NI, we also studied the immunoreactivity of 
proteins associated with the Wnt/β-catenin pathway. We detected immunopositivity within NI for glutamine 
synthetase, which is a target of β-catenin signalling implicated in the development of HCC[7,24,25] and for 
KDM2A having a role in β-catenin degradation[14,26,27]. Lu et al.[14] reported that lysine demethylase KDM2A 
demethylases nuclear β-catenin, which then induces the degradation of β-catenin and consequently, the 
downregulation of Wnt/β-catenin target genes. In our study, the presence of NI containing KDM2A protein 
was significantly associated with longer survival in HCC patients; this is in line with our previous work in 
HCC demonstrating by Kaplan-Meier survival curves that the presence of NI significantly correlated with 
survival[6]. Additionally, HCC patients with KDM2A immunopositivity in the cytoplasm showed a significant 
benefit in both, disease-specific OS and recurrence-free survival. Further, we found that even the presence of 
immunopositive KDM2A in the cytoplasm of normal tissues adjacent to tumor was associated significantly 
with recurrence-free survival. It has been documented by immunohistochemical studies that KDM2A 
positive staining, though predominantly found in the nucleus, can also be detected in the cytoplasm[28]. 
Lu et al.[14] reported methylation by KDM2A in both non-phosphorylated and phosphorylated β-catenin, 
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and in both the cytosol and the nucleus; they suppose that methylation/demethylation plays a role in 
modulating β-catenin activity. Henderson et al. described that β-catenin can be exported from the nucleus 
to the cytoplasm where its levels are regulated by degradation[29]. Our results suggest that methylation of 
β-catenin by KDM2A and consequently, repressing of Wnt/β-catenin signaling might play a role in the 
beneficial survival of patients with immunopositive inclusions and cytoplasm. However, mechanistically 
driven experiments are necessary to prove this hypothesis. The role of KDM2A in disease is contradictory 
and seems to be context dependent[26]. On one hand, KDM2A is upregulated in ovarian[30], breast and lung 
cancer[13,30,31] and associated with a poor prognosis; on the other, it is downregulated in prostate cancer[32] 
and in the liver, KDM2A regulates hepatic gluconeogenesis whereby its exogenous expression reduces 
blood glucose levels[33]. Reasons for the dual effects of KDM2A may be due to the involvement of KDM2A 
in various biological signaling pathways, including interacting with the p53-binding protein and NF-
kappaB activity by demethylation of the p65 subunit of NF-kappaB[34]. Further, we found that the increased 
occurrence of NI was significantly associated with KDM2A immunopositivity in NI. KDM2A is described as 
a heterochromatin-associated and HP1-interacting protein[32] and KDM2A is required to sustain centromeric 
integrity and genomic stability, particularly during mitosis[32]. A change in chromatin stability has been 
discussed as a factor contributing to the development of NI[6,16,35,36]. Thus, we suppose that KDM2A might 
play a role in the formation of inclusions. The mechanisms that participate in the formation of inclusions are 
still poorly understood, in spite of several investigations[35,37]. However, we believe that various factors can 
induce the formation of inclusions and that KDM2A may be one. 

In this study, we demonstrated accumulations of β-catenin and proteins associated with the Wnt/β-catenin 
pathway in NI. The simultaneous presence of β-catenin with autophagy-associated proteins, partly co-
localized to the same inclusion suggests that biological processes similar to autophagy might take place in 
NI. Further, we found that the presence of KDM2A immnuopositive NI provides a survival benefit to HCC 
patients. To what extent this is related to possible degradation of β-catenin by KDM2A, and whether NI play 
a role in these biological processes needs to be analyzed by further experiments.
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Abstract
Hepatocellular carcinoma (HCC) is the most common primary liver malignancy, with increasing incidence 
worldwide. Alcohol-related cirrhosis (AC) accounts for 30% of the global incidence of HCC and HCC-related 
deaths. With the decline of hepatitis C virus (HCV) and decreasing HCV-related HCC, AC will soon become the 
leading cause of HCC. Excess alcohol consumption (> 80 g per day for > 10 years) increases the risk of HCC by 
5-fold. However, only up to 35% of excessive drinkers develop cirrhosis and its associated HCC risk. Individual 
variation in susceptibility to HCC is known, but there is limited information to predict who among the patients 
is at high risk of progressing to HCC. Clinical risk factors for HCC include male gender, older age, severity of 
cirrhosis, obesity and presence of type 2 diabetes. In addition to ethnic variability in HCC risk, genetic variants 
are known to alter the risk of alcohol-related HCC. For example, single nucleotide polymorphisms in PNPLA3  
(rs738409, C>G) and TM6SF2  (rs58542926, C>T) increase the risk of AC-related HCC, whereas HSD17B13  
(T>A) reduces the risk for HCC. Studies have also confirmed PNPLA3  and TM6SF2  to be independent risk factors 
for AC-related (but not HCV-related) HCC. Combining genetic risk factors with phenotypic/clinical risk factors 
has been explored for stratification of patients for HCC development. Risk allele rs378409-G in PNPLA3  when 
combined with phenotypic/clinical risk factors (BMI, age, sex) has enabled HCC risk stratification of AC patients 
into low-, intermediate- and high-risk subgroups. Similarly, a combination of the two genetic variants PNPLA3 -G 
and TM6SF2-T has been independently associated with risk of HCC onset. Using a polygenic risk score approach 
of incorporating several genetic variants, prognostic performance of polygenic risk score that included PNPLA3  
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rs378409 and TM6SF2  rs58542926 improved HCC prediction better than with either variant alone. Incorporating 
new variants and risk factors has the potential to build better algorithms/models to predict onset, early diagnosis 
and treatments for AC-related HCC. However, clinical usefulness of these approaches is yet to be determined.

Keywords: Alcohol-related cirrhosis, PNPLA3, HSD17B13, TM6SF2 , risk prediction

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary liver malignancy, with increasing incidence 
worldwide[1]. Despite screening programs in high-risk populations, long-term outcome is poor with a 
5-year survival of 18%, representing the world’s third most lethal cancer. More specifically, the World 
Health Organization estimates that more than a million patients will die from liver cancer in 2030[2]. 

In almost 90% of cases, HCC occurs in the context of chronic liver disease, in particular, on the background 
of cirrhosis[1,3]. The underlying chronic liver disease promoting liver carcinogenesis varies geographically[1]. 
In Asia and sub-Saharan Africa, HCC is mostly caused by hepatitis B virus infection, while in the United 
States and Europe the current leading etiologies are hepatitis C virus (HCV) infection and alcohol-related 
cirrhosis (AC) followed by non-alcohol-related fatty liver disease (NAFLD)[4]. However, the advent of new 
direct-acting antiviral agents is expected to control HCV-related HCC in upcoming years, and AC will 
soon become the leading cause of HCC in most high-income countries[1]. Clinical risk factors for HCC 
occurrence include male gender, older age, severity of cirrhosis, obesity and presence of type 2 diabetes[5-7]. 
Clinical risk models have shown that the individual risk of HCC development is highly variable[6]. In 
addition, case-control and cancer database studies have highlighted the impact of ethnic background and 
a significant familial clustering[8,9]. For example, individuals of African and Hispanic ancestry are less likely 
to undergo curative therapies[10]. Overall, these observations strongly suggest that inherited genetic factors 
contribute to hepatocarcinogenesis. 

Here, we review the current literature on risk factors, with a particular focus on genetic risk variants for 
alcohol-related HCC occurrence.

EPIDEMIOLOGY AND CHARACTERISTICS OF ALCOHOL-RELATED HCC
Alcohol-related HCC occurs infrequently in patients without pre-existing cirrhosis. Cirrhosis (of any 
etiology) is the single biggest risk factor for HCC development[3,11,12]. The annual incidence of HCC in 
patients with AC is nearly 3%[13]. The risk of developing AC and HCC parallels the amount of alcohol 
consumed daily and significantly increases above a threshold of 20 and 30 g for females and males, 
respectively[14,15]. Heavy alcohol drinking of more than 80 g per day for longer than 10 years increases the 
risk of HCC by 5-fold[16]. More specifically, AC accounts for 30% of the global incidence of HCC and HCC-
related deaths, with marked geographical differences[17]. In Europe, HCC occurrence on the background 
of alcohol-related liver disease (ALD) varies from 20% in the south (e.g., Italy or Spain), to 63% in eastern 
countries. In the United States, alcohol accounts for 13% to 23% of HCC cases. Finally, the prevalence of 
alcohol-related HCC reaches 6% in the Middle East and 14% in North Africa[17,18]. The influence of alcohol 
consumption has also been highlighted by the impact of alcohol withdrawal on HCC development. Thus, a 
meta-analysis reported an annual reduction of HCC risk by 6%-7%[19]. 

However, only up to 10%-35% of excessive drinkers develop advanced fibrosis or cirrhosis and its associated 
HCC risk[20]. Interestingly, the role of alcohol consumption seems to be milder or even negligible compared 
to other environmental factors in the setting of HCC occurring in a non-fibrotic liver. For example, a recent 
case-control study observed that after adjustment of smoking habits and metabolic syndrome features, 
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alcohol consumption was no longer independently associated with HCC in individuals with F0-F1 fibrosis 
stage[21]. 

HCC is often diagnosed at a later Barcelona Clinic Liver Cancer (BCLC) stage in patients with ALD and 
with a more severe underlying cirrhosis leading to a worse prognosis compared to other liver diseases[14,22]. 
A previous study reported that patients with alcohol-related HCC are often younger and are more 
frequently diagnosed with a multifocal or infiltrative/massive tumor compared to HCV-related HCC. 
However, this apparent greater cancer aggressiveness disappeared after adjusting for confounding factors, 
and prognosis was similar in ALD and HCV patients when stratified by BCLC stages[23]. Moreover, a 
recent study did not show significant differences in tumor characteristics between patients with AC- and 
NAFLD-related HCC[24]. Overall, the higher proportion of advanced BCLC stages observed in ALD/AC 
patients might only reflect a lower compliance with surveillance programs, rather than a greater tumor 
aggressiveness.

LIMITATIONS OF SCREENING STRATEGIES IN PATIENTS WITH AC-RELATED HCC
The American Association for the Study of Liver Diseases and European Association for the Study of the 
Liver recommend HCC surveillance in all cirrhotic patients using ultrasound, with or without alpha-
fetoprotein determination, every 6 months[25,26]. This surveillance program has been shown to increase 
overall survival and improve the quality-adjusted life expectancy[27,28]. However, this periodic surveillance 
has been shown to be difficult to implement in daily clinical practice, ultimately leading to a significant 
prevalence of HCC detected at a more advanced stage[29]. Thus, more than 20% of HCC patients are also 
diagnosed with an unsuspected cirrhosis[30]. This phenomenon is even more pronounced in patients with 
ALD because AC is underdiagnosed due to their poor compliance in cancer surveillance programs[30]. 
Therefore, risk factors identified for AC are potential candidates for susceptibility to HCC.

Due to the aforementioned limitations, there is an urgent need for new detection strategies and the 
development of new highly sensitive, reliable, and easily accessible biomarkers that can either improve the 
early detection of HCC in high-risk patients with AC or identify individuals at risk of progressive ALD 
when liver fibrosis is incomplete and potentially reversible[31]. 

Individual variation in susceptibility to HCC is known, but there is limited information to predict who 
among the patients is at high risk of progressing to HCC. A better understanding of the contributing 
molecular, genetic and epigenetic factors is required to identify drivers of and therapeutic options for 
hepatocarcinogenesis. 

CONTRIBUTION OF GENETIC VARIANTS TO THE PREDICTION OF ALCOHOL-RELATED HCC
The association of genetic variants with the risk of alcohol-related HCC has been reported. Earlier studies 
targeted genes with known functions, specifically genes known to operate in the pathogenesis of ALD and 
recently proposed to be part of a “5-hit working model” of disease progression leading to HCC[32]. These 
candidate genes, involved in hepatic alcohol metabolism [alcohol dehydrogenase (ADH), acetaldehyde 
dehydrogenase (ALDH), ethanol-induced cytochrome P450 (CYP2E1), CYP2E1-dependent microsomal 
ethanol oxidizing system (MEOS)] and affecting downstream mechanisms including oxidative stress 
[CYP2E1, glutathione S-transferase (GST), manganese superoxide dismutase (MnSOD), N-acetyltransferase 
2, ectonucleotide pyrophosphatase/phosphodiesterase 1, homeostatic iron regulator (HFE)], endotoxin 
release [CD14, toll-like receptor 4 (TLR4)], immune function (TNFα , IFNg , IL-10, IL-1B, CD14) and 
fibrogenesis [TGFβ , angiotensin, leptin, metalloproteinases (MMPs), tissue inhibitors of MMPs (TIMPs)], 
have been extensively reviewed for their association to alter risk of ALD/AC and ALD-related HCC[12,33-35]. 
But results from most of these earlier studies could not be replicated or confirmed due to limitations in 
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technology, small sample size, inappropriate study population and not accounting for underlying ethnic 
variability. The most widely known genetic mutations altering the risk of ALD and ALD-HCC are in the 
alcohol-metabolizing enzymes. These mutations alter the enzyme kinetics of alcohol dehydrogenase (ADH) 
and acetaldehyde dehydrogenase (ALDH)[35,36]. ADH1B rs1229984 induces ADH activity and acetaldehyde 
formation, whereas ALDH2*2 rs671 reduces ALDH activity, impairing its ability to clear acetaldehyde[35,37]. 
Carriage of both mutations results in the accumulation of toxic acetaldehyde levels with intense rise in 
arterial blood flow to the face, causing the well-known flushing and nausea. In East Asian populations with 
high prevalence of these mutations, this may result in reduced alcohol intake conferring protection against 
alcoholism[38]. Conversely, the risk of developing ALD and ALD-HCC increases in drinkers who carry one 
or both mutations[36].

Recent technological advances such as genome-wide association studies (GWAS) and next-generation 
sequencing have added to the growing field of genetic and epigenetic factors that modulate the risk 
for ALD/AC-related HCC. In recent years, a few single nucleotide polymorphisms (SNPs) have been 
discovered that are associated with risk of AC[39-41]. The single most commonly reproduced association with 
liver cirrhosis is the rs738409 SNP (p. I148M) in patatin-like phospholipase domain protein 3 (PNPLA3), 
which is also associated with increased HCC risk[42]. This C>G mutation is accompanied by a change from 
isoleucine to methionine at a conserved amino acid residue (I148M). Association of rs738409 (C>G) with 
increased risk of liver diseases has been confirmed in AC[40,41] and alcohol-related HCC[43,44]. Dose effect 
of the G-allele has been shown with ancestry-adjusted odds ratio (OR) increasing by 1.79 per G allele 
(P = 1.9 × 10-5) for ALD risk[45] and 1.77 (95%CI: 1.42-2.19, P = 2.78 × 10-7) per G allele for HCC[46]. 
The influence of this variant on HCC risk prediction revealed that the rs738409 (GG) genotype was an 
independent risk factor specifically for alcohol- (but not HCV-) related HCC[46]. Moreover, OR among 
the AC patients with HCC increased from 2.87 (95%CI: 1.61-5.10) in carriers of the CG genotype to 12.41 
(95%CI: 6.99-22.03) in GG patients[43].

A study in a Chinese population showed that rs17401966 (A>G) in kinesin-like factor 1 B (KIF1B), a 
tumor suppressor gene, was associated with risk of HCC. The risk of HCC was higher in carriers of the 
AA genotype, compared to GG or AG, but only in the presence of alcohol (OR 2.36, 95%CI: 1.49-3.74), 
suggesting an additive gene-environment interaction between rs17401966 and alcohol consumption[47]. But 
this association has not been confirmed. Similarly, rs641738 (C>T) in membrane-bound O-acyltransferase 7 
(MBOAT7), was identified as a risk locus for AC[40], but has yet to be replicated in other studies as a risk for 
AC/ALD or HCC.

Another SNP, rs58542926 (*/T) in transmembrane 6 superfamily 2 (TM6SF2), is strongly associated with 
the risk for HCC, particularly in patients with AC- and not HCV-related cirrhosis[44,48]. This variant was 
independently confirmed to be associated with HCC using a multivariate model adjusted for age, sex, BMI 
and diabetes (OR 2.5, 95%CI: 1.4-4.3)[48]. 

SNPs in hydroxysteroid 17-beta dehydrogenase 13 (HSD17B13) are associated with decreased liver 
transaminases and liver injury[49]. In particular, recently identified splice variant SNP rs72613567 (T>A), 
resulting in loss of function and reduced enzyme activity, also showed (1) interactions with PNPLA3 
rs738409 risk allele, with each rs72613567:TA allele lowering the increase in transaminase levels conferred 
by each PNPLA3 risk allele (I148M); and (2) allele dose-dependent association of rs72613567:TA with 
decrease in PNPLA3 mRNA expression[39]. Importantly, this rs72613566 (T>A) was associated with lower 
odds of alcohol- and non-alcohol-related liver diseases/cirrhosis as well as lower risk for HCC. The lower 
risk conferred by rs72613567 variant was PNPLA3 allele-dependent for AC and was confirmed in both men 
and women[50]. However, the rs72613567-associated lower risk for HCC was PNPLA3-dependent only in 
men[50].
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It is suggested that for risk of AC/ALD-related HCC, PNPLA3 may be most relevant for the development 
of steatosis and ALD/AC, and TM6SF2 and MBOAT7 contributing towards HCC through inflammation-
driven fibrosis[51]. Intriguingly, SNPs reported so far in PNPLA3, HSD17B13, TM6SF2 and MBOAT7 as 
being associated with AC/ALD are involved in lipid metabolism and processing, but their role in developing 
AC-ALD and HCC is yet to be clarified. Further investigations are required into the contribution of genetic 
factors individually and in combination with other variants, especially those influencing the effect on each 
other, such as PNPLA3 and HSD17B13. Understanding the roles of SNPs in the biology of liver disease 
is still in its infancy, and there is limited literature on specific functions of these recently identified SNPs. 
Although some SNPs are shared among different etiologies of cirrhosis and HCC, the role or interaction 
of these SNPs remains unclear in complex etiologies that co-exist with AC, such as viral hepatitis and 
NAFLD-related HCC. Further investigations are required to delineate the contribution of these SNPs to 
HCC development.

RISK STRATIFICATION FOR AC/ALD-RELATED HCC
Using a combination of genetic risk factors with other phenotypic/clinical risk factors has been explored 
for the identification and stratification of patients for HCC development[46,48,52-56]. Using the rs378409 risk 
variant in PNPLA3 in combination with other phenotype/clinical factors (BMI, age, sex) enabled HCC risk 
stratification of low-, intermediate- and high-risk AC patients (hazard ratio (HR 4.3, 95%CI: 2.7-6.4)[53]. 
Similarly, a combination of the two genetic variants PNPLA3-G and TM6SF2-T was independently 
associated with risk of HCC onset (HR 2.3, 95%CI: 1.5-3.4)[48]. Furthermore, the same study also reported 
that the number of HCC cases with carriage of both PNPLA3-G and TM6SF2-T risk alleles was significantly 
higher than carriers of only one risk allele in either SNP. 

Most recently, a combination of all reported SNPs in AC, rs738409 (PNPLA3), rs6834314 (HSD17B13), 
rs58542926 (TM6SF2) and rs626283 (MBOAT7), when added to phenotypic factors (BMI, diabetes status, 
wine and coffee consumption), performed better [area under the curve (AUC) 0.748, 95%CI: 0.721-
0.774], compared to only genetic factors (AUC 0.689, 95%CI: 0.660-0.717) or only phenotypic factors 
(AUC 0.681, 95%CI: 0.651-0.710), in stratifying drinkers with AC from drinkers with no liver disease[57]. 
It is encouraging that combining information on genetic variants with other risk factors can improve the 
identification of patients at risk. Furthermore, these genetic variants have also been shown to modulate 
severity of NAFLD (and its progression to steatohepatitis, fibrosis and cirrhosis) which commonly co-exists 
with alcoholic liver disease patients as “dual-etiology fatty liver disease” and accelerates liver injury[58,59].

Recently, the approach of incorporating several genetic variants in a so-called polygenic risk score (PRS) 
has been shown to be a successful strategy to improve the prediction of various complex phenotypes[60]. 
Thus, this method has been shown to outperform existing clinical models for the prediction of breast 
cancer with personalized recommendation on screening[61]. Of note, the addition of other risk factors 
into a global predictive model improves the overall performances compared to PRS alone[62]. At the 
transcriptional level, gene expression signatures gathering several dozens of genes (i.e., Prosigna and 
MammaPrint) have been included by the European Society for Medical Oncology to its clinical practice 
guidelines as prognostic and predictive tools to determine the benefit from chemotherapy[63]. 

The use of PRS to predict HCC occurrence in AC-related HCC patients is emerging[52,64]. More specifically, 
the prognostic performance of PRS including PNPLA3 rs738409 and TM6SF2 rs58542926 was higher than 
when considering PNPLA3 and TM6SF2 variants alone[52,64].

Several other SNPs have been identified as being associated with the risk of HCC, particularly with a viral 
etiology, but the literature is sparse regarding genetic variants specifically in relation to alcohol-related 
HCC. Similarly, contributions of molecular markers[65-67], somatic mutations[68], chromosomal instability 
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and tumor microenvironment[69], and other regulatory components, such as mRNAs[70], noncoding 
RNAs[65,71], epigenetic[71,72] and mitoepigenetic factors[73] influencing the risk of alcohol-related HCC are 
few and overlap with other etiologies[69,71]. Last but not least, the role of the gut microbiota (fungi, bacteria 
and viruses), is another emerging factor influencing disease risk in ALD and ALD-HCC[74,75]. The gut 
microbiota also engages in alcohol metabolism, thereby altering the risk for ALD pathogenesis. Changes in 
the gut microbiome significantly correlates with alcohol consumption in human and experimental models, 
and there is evidence that alcohol and gut metabolites in ALD patients show carcinogenic effects[74], 
potentially increasing the risk of HCC. 

Genomic studies have revealed several subclasses of HCC. Alcohol-related HCC is associated with 
CTNNB1 mutations (WNT-β-catenin signalling pathway); however, direct translation of molecular HCC 
subclasses into clinical management (i.e., personalized medicine) is yet to be achieved[76]. The recent 
success of checkpoint inhibitors in HCC has led to a renewed interest in immunological profiling of HCC 
and opportunities for personalized medicine. Recently, Sia et al.[77] analyzed the gene expression pattern 
of inflammatory cells in HCCs of almost 1000 patients. The authors identified a novel molecular class 
of tumors (in approximately 25% of patients) with an enriched inflammatory response characterized 
by overexpression of immune-related genes and high expression of PD1 and PD-L1 which may predict 
response to checkpoint inhibitor immunotherapy. A study by The Cancer Genome Atlas consortium 
performed multi-platform integrative molecular subtyping on 196 HCCs and found a similar subset of 
patients with high lymphocyte infiltration (in 22% of patients)[78]. Of note, the authors showed that the 
aforementioned CTNNB1 mutation was associated with a lack of immune infiltrate (so-called cold tumors), 
which has been observed by others[78,79]. In a recent first report of prospective genotyping of advanced HCC 
by next-generation sequencing, CTNNB1 mutations were associated with primary resistance to immune 
checkpoint inhibitors[80]. Patients exhibiting CTNNB1 mutations all had progressive disease as their best 
response and a shorter median survival compared to those without mutations (9.1 months vs. 15.2 months, 
respectively). Clearly, the immunological classification of alcohol-related HCCs will become increasingly 
important as immune-based therapies are added to the limited therapeutic options for patients with 
advanced disease.

With the discovery of new variants and risk factors, there is the potential to incorporate them for building 
prediction algorithms/models for AC/ALD-HCC onset, early diagnosis and treatments. 

CLINICAL APPLICATIONS OF RISK-STRATIFIED AC/ALD-HCC PATIENTS
In terms of clinical application, patients identified by the above genetic modifiers to be at high risk of 
developing significant liver fibrosis may be prioritized for early referral to specialist care, with those at low 
risk remaining in primary care. These select high-risk patients can then be linked with resource-intensive 
multidisciplinary and evidence-based care involving hepatologists, psychiatrists, and addiction specialists 
to maximize their chance of obtaining abstinence. Indeed, when prolonged abstinence is achieved, it has 
been shown to lead to resolution of steatosis and inflammation and even fibrosis regression in some (but 
not all) patients[81,82]. Specialist care can also facilitate access to closer monitoring of liver fibrosis using non-
invasive tests (e.g., transient elastography, magnetic resonance elastography) and prompt commencement 
of HCC surveillance (discussed below) when patients are diagnosed with cirrhosis. 

Risk stratification for HCC surveillance
Aside from the prediction of patients at risk of advanced fibrosis or cirrhosis, genetic variants (e.g., 
PNPLA3, TM6SF2 and HSD17B13) can also help predict HCC development. As mentioned, these genes 
predisposing to alcohol-related HCC can be incorporated with other established risk factors for HCC 
(e.g., male sex, age and obesity) into a validated scoring system to risk-stratify patients for tailored HCC 
surveillance. Indeed, risk calculators for HCC development already exist for other liver diseases such as 
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chronic hepatitis B and hepatitis C infection[83,84]. It is likely that the combination of several genetic variants 
(rather than any single SNP) with or without clinical variables into a score will be most predictive. Since 
the surveillance interval of 6 months for patients[85] was determined on the basis of estimated tumor 
doubling time (rather than tumor development risk), shortening intervals (e.g., to every 3 months) for ALD 
patients classified as high-risk may not result in improved outcomes[86]. However, risk calculators may help 
identify high-risk patients without cirrhosis, who should undergo surveillance (akin to surveillance of non-
cirrhotic chronic hepatitis B patients) or those who should be surveyed with a more sensitive modality (e.g., 
computed tomography scan or magnetic resonance imaging). Conversely, risk scores may select out a low-
risk group of patients with ALD who can safely forego surveillance, especially in resource-poor settings 
[Figure 1]. The development and application of risk scores using genetics needs to be explored further.

Given the rise of alcohol-related HCC in the post-HCV era, it is imperative that more research be 
conducted in this area, providing a deeper understanding of the underlying risks and early diagnosis of 
HCC in patients with ALD. Possibilities exist of repurposing biomarkers and therapeutic agents for alcohol-
related HCC identified/used for other etiologies.

Figure 1. Potential clinical applications of genetic-based tests in alcoholic cirrhosis and related hepatocellular carcinoma. *It would be 
unethical to use genetic tests in the pre-transplant setting to determine if a patient should be offered liver transplantation. AFP: alpha-
fetoprotein; CT: computed tomography; HCC: hepatocellular carcinoma; MRI: magnetic resonance imaging 
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CHALLENGES OF CURRENT RISK PREDICTION MODELS FOR ALCOHOL-RELATED HCC
Risk prediction for alcohol-related HCC has been critically missing in the past due to lack of reproducible 
genetic studies. Recent discoveries on several genetic risk associations with AC have opened the field 
for using this information for risk prediction, not only for cirrhosis but also for alcohol-related HCC in 
patients with alcohol use problems.

The contribution of genetic variants, especially PNPLA3 rs738409, as potential predictors for AC-
related HCC has been frequently discussed mainly because ORs often are > 2, calculated in retrospective 
cohorts[46]. However, modest to large ORs and extreme statistical significance do not automatically imply 
clinical relevance and other statistical metrics such as sensitivity, specificity and negative/positive predictive 
values might be more relevant[87]. Although variants in PNPLA3, TM6SF2 and more recently HSD17B13 
modulate the risk of AC-related HCC, the use of these variants in HCC surveillance programs is currently 
not recommended[25,26]. 

Even though predictive models for HCC have generally been successful, they have limited clinical utility 
currently, especially the use of genetic-based factors identified in one ethnic population but used for 
prediction in another population. Although recent use of PRS for identification/stratification of at-risk 
patients is promising, one important limitation of PRS is their applicability in non-European ancestry 
populations. Indeed, most of the variants used in PRS have been identified in GWAS overwhelmingly 
conducted in individuals of European descent[88]. Therefore, the applicability of current PRS is not 
guaranteed[89]. Failure to include individuals from diverse ancestry will hamper the use of PRS in the 
multiethnic population seen in clinical practice[90]. At the level of gene expression, a 186-gene signature, 
initially developed to predict HCC recurrence in HCV-infected patients, has shown promising predictive 
ability for hepatocarcinogenesis in AC patients[91]. 

A particular challenge with alcohol-related liver diseases, including HCC, is the complication of alcohol 
dependence in these patients. Only select patients with alcohol-related HCC undergo liver transplantation 
(LT). After LT, up to 50% of patients relapse to drinking with 20% returning to harmful drinking with 
potential recurrence of liver disease[92]. The heritability of alcohol dependence has previously been 
estimated to be 25%-50%, and variants in genes encoding alcohol metabolism enzymes (ADH, ALDH) 
and GABA neurotransmission (GABRA2) have been shown to be associated with alcohol misuse[93]. 
Whether these same markers can predict (beyond current clinical markers) recidivism post-LT is currently 
unknown, so this presents an opportunity for further study. Transplanted patients identified to be at high 
risk of relapse can be preferentially referred for participation in multidisciplinary relapse prevention 
programs, which have been shown to be effective[94]. The prediction of relapsers post-LT will be increasingly 
important as transplant indications have recently expanded to include select patients with severe alcoholic 
hepatitis without significant prior abstinence[95]. 

Overall, PRS and gene expression signatures in combination with environmental risk factors have the 
potential to improve the prediction of alcohol-related HCC and pinpoint high-risk individuals. However, 
to date, evidence of clinical usefulness in this field is lacking. Thus, before genetic variation/expression can 
impact decision-making and be implemented in daily practice, it will need to be validated in large-scale 
prospective cohorts evaluating their clinical utility and cost-effectiveness[89,96]. Moreover, many physicians 
will require some training to interpret and communicate in a digestible manner the results of genetic 
testing and its current limitations[97].
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Abstract
Surgical resection or radiofrequency ablation (RFA) is considered first-choice treatment for small hepatocellular 
carcinomas (HCCs). When a patient has a small HCC that is inoperable or unsuitable for RFA, what are alternative 
treatments? Some oncologists recommend transarterial chemoembolization (TACE), chemotherapy, molecular-
targeted therapy, or immunotherapy. However, these treatments have minimally beneficial effects in small HCCs. 
Stereotactic body radiation therapy (SBRT) is a liver-directed radical therapy for small HCCs, with treatment 
outcomes similar to those for surgical resection or RFA, but many oncologists do not comprehend its efficacy 
or accept this therapy. We herein discuss 11 typical patients who received SBRT for various indications: refusal 
to undergo resection or RFA; surgical resection or RFA considered difficult or unfeasible; residual cancer after 
surgical resection or RFA or incomplete iodized oil retention after TACE; or tumor recurrence after resection or 
RFA. We describe each case, including the radiation field, tumor radiation dose, and response to SBRT in both the 
tumor and liver parenchyma. These clinical data should help readers understand this new therapeutic technique. 
We also conducted a literature review and found evidence to support survival benefit with SBRT, including good 
three- and five-year overall survival rates. The purpose of this article is to encourage readers to accept the concept 
that SBRT is a low-toxicity and effective therapeutic option for patients with small HCCs, which offers substantial 
local control and improved overall survival, especially for patients with a tumor that is unresectable or unsuitable 
for RFA, residual tumor after local therapy, or intrahepatic recurrent tumor.

Keywords: Small hepatocellular carcinomas, stereotactic body radiation therapy, treatment outcomes, toxicity, 
imaging changes
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INTRODUCTION
Recent technological advances offer precise and safe radiation delivery to tumors in various areas of the 
body through imaging guidance. External beam radiation therapy (EBRT) has been recommended as 
a therapeutic option for HCCs that are considered unresectable according to National Comprehensive 
Cancer Network guidelines because of the tumor’s location, inadequate hepatic reserve, or the presence of 
comorbidities. SBRT is a type of EBRT technique requiring special equipment for patient positioning and 
the delivery of high-dose radiation to tumors. There is growing evidence supporting the usefulness of SBRT 
for patients considered unsuitable for hepatectomy or RFA. However, most oncologists or hepatologists do 
not understand this treatment technique because of limited use of SBRT in their clinical practice. Herein, 
we discuss 11 typical patients with HCC to clarify the indications, therapeutic outcomes, treatment-related 
toxicities, and doses of SBRT, as well as the expected post-SBRT imaging features.

DEFINITIONS
SBRT is an advanced technique of hypofractionated EBRT with photons, which delivers large ablative doses 
of radiation to tumors. This complex technique relies on the following: (1) stringent control of breathing 
motion for liver cancer, using four-dimensional computed tomography scans to track respiration-induced 
hepatic movement; (2) extremely precise patient positioning; and (3) image guidance for radiation delivery.

Early-stage HCC is defined as a solitary tumor with a maximum diameter ≤ 5 cm or multiple nodules 
(≤ 3 total), each with a maximum diameter ≤ 3 cm, without vascular invasion or extrahepatic metastasis 
and accompanied by Child-Pugh Class A or B hepatic function (Cases 1-3 and 5). Not all small tumors 
are classified as early-stage because some have decreased in size after treatment (Case 8). If intrahepatic 
recurrence (Cases 9 and 10) or Child-Pugh Class C (Case 11) function is present, HCC is considered later 
stage.

CLINICAL EFFECTIVENESS OF SBRT FOR HCC
There is a growing body of evidence indicating the usefulness of SBRT for the management of patients with 
HCC. We conducted a literature review and identified several retrospective studies involving the use of SBRT 
for HCC. These studies have primarily included patients in whom surgical resection or RFA was difficult, 
unfeasible, or rejected, as well as some patients with intermediate- or advanced-stage HCC. The results of 
these studies are summarized in Table 1. This table is restricted to studies involving the use of ≤ 10 fractions 
of SBRT.

Overall survival
As shown in Table 1, overall survival (OS) rates have varied between studies. For early-stage HCC, 2-year 
OS rates of 78%-80%[1,2], 3-year OS rates of 66%-73%[2,3], and a 5-year OS rate of 64% after SBRT have been 
reported[3].

Local tumor control
As shown in Table 1, local tumor control rates at one and two years were approximately 95% in most studies, 
especially those reported in more recent years[1-13].

Bridging before liver transplantation
SBRT is suitable bridging therapy for patients with HCC awaiting liver transplantation. Sapisochin et al.[14] 
compared the efficacy of SBRT, TACE, and RFA as a bridge to transplantation in a large cohort of patients 
with HCC and concluded that SBRT can be a safe alternative to the other, more conventional bridging 
therapies. However, SBRT has been safer than RFA and TACE when ascites or poor coagulation function are 
present, as often occurs in patients with underlying liver disease. 
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Table 1. Outcomes of small-sized liver cancers after SBRT

Authors Year HCC status Cases Dose to tumors
Response(%) Overall survival(%) Local control (%)
CR PR SD PD 1-Y 2-Y 3-Y 5-Y 1-Y 2-Y 3-Y

Kimura et al. [1] 2018 BCLC 0 53.3%; BCLC 
A 46.7%, Inoperable or 
unsuitable RFA, or refusal 
operation or RFA

28 48Gy/4Fx 78.6 95.4 95.4
122 TACE + 48Gy/4Fx 80.3 

99.2 98.5
Takeda et al. [2] 2016 BCLC 0-A 84%, C 16%, 

Salvage SBRT 42%, initial 
SBRT 36%, intrahepatic 
recurrence 22%

90 35Gy/5Fx (10%); 
40Gy/5Fx (90%)

95.5 80.0 66.7 98.8 96.3 96.3

Su et al. [3] 2016 Max. Ø ≤ 5 cm; BCLC 
stage A 55.3%, B 44.7%, 
CP A 86.4%, CP B 13.6%

132 42 - 46Gy/3 - 5Fx 94.1 73.5 64.3 90.9

Wahl et al. [4] 2016 Max Ø < 3 cm 73.1%; 3 
cm ≤ Ø < 5 cm 23.2%; Ø 
≥ 5 cm 3.7%, CP A 68.7%, 
B 28.9%, C 2.4%

63 30Gy/3Fx - 
50Gy/5Fx

74 46 97.4 83.8

Huertas et al. [5] 2015 Ø ≤ 6cm, CP: A5-B8, 
ECOG ≤ 2, nodules ≤ 3; 
AJCC stage I 28.6%, II 
68.8%, IIIa 1.3%, IIIb 1.3%

77 45Gy/3Fx, 2Fx/W 81.8 56.6 99 99

Yamashita et al. [6] 2014 AJCC stage I37%, stage 
II 27%, stage III 8%, 
recurrence 14%, no stage: 
14%

79 BED10 = 96.3Gy 
(75-106). 
40Gy/4Fx - 
60Gy/10Fx

45.6 35.4 11.4 5.1 52.9 74.8

Lo et al. [7] 2014 BCLC A 5.7%; B 11.3%; C 
83.0% 

53 40Gy/4 - 5Fx 32.8 38.8 23.9 4.5 70.1 45.4 73.3 66.8

Sanuki et al. [8] 2014 ≤ 5 cm. T1 84.3%; T2 
11.4%; T3 4.3%

185 CP A: 40Gy/5Fx 95 83 70 99 93 91
CP B:35Gy/5Fx

Tekeda et al. [9] 2014 T1: 68.3%, T2: 15.9%, 
T3:15.8%

63 35 - 40Gy/5Fx 80.7 17.7 1.6 0 100 87 73 100 95 92

Yoon et al. [10] 2013 Ø < 6 cm; ≤ 3 nodules; 
CP A or B; normal liver 
volume > 700 mL; 
distance between tumor 
and GI > 2 cm; 92 pts pre-
treatment failure 

93 30 - 60Gy/3Fx 51.5 21.4 25.2 0 86 53.8 94.8 92.1

Jang et al. [11] 2013 BCLC A: 53%; B: 29%; C: 
18%. Ø < 7 cm

82 33 - 60Gy/3Fx 63 39 87

Bibault et al. [12] 2013 BCLC A: 62.7%; B: 13.3%; 
C: 24%. 51% treated with 
other therapies

75 24 - 45Gy/3Fx 
(median 45 Gy）

78.5 50.4 89.8 89.8

Park et al. [13] 2013 Ø < 6 cm; nodules ≤ 3; 
normal liver volume > 700 
mL; tumor between GI > 2 
cm

26 40 - 50Gy/4-5Fx 25 42.9 32.1 0 88.5 67.2 87.6

SBRT: stereotactic body radiation therapy; HCC: hepatocellular carcinoma; CR: complete response; PR: partial response; SD: 
stable disease; PD: progressive disease; BCLC: Barcelona Clinic Liver Cancer; RFA: radiofrequency ablation; TACE: transarterial 
chemoembolization; CP: Child-Pugh Classification; Ø: diameter; ECOG: Eastern Cooperative Oncology Group; AJCC: American Joint 
Committee on Cancer; BED: biologically equivalent dose; GI: gastrointestine

RADIATION DOSE
The SBRT dose to HCC has been significantly associated with OS (P = 0.005) in multivariate analysis. High-
dose SBRT may increase local control and improve OS in patients with inoperable HCC[11]. In most studies 
described in the literature, a biologically-equivalent dose (BED) 10 of > 80 Gy has been delivered to the 
tumors [Table 1]. Of the 11 typical patients discussed in this manuscript, all received BED10 of ≥ 78 Gy and 
are alive and well. Although no evidence has emerged to clearly support a minimum or maximum dose of 
SBRT for HCC, we recommend BED10 of ≥ 80 Gy. 

INDICATIONS FOR SBRT
SBRT may be an effective therapeutic option for early-stage HCC (as defined above). Patients with early-
stage HCC usually undergo surgical resection or RFA attempts, unless contraindicated. However, SBRT can 



Figure 1. SBRT for HCC in a 59-year-old man who refused surgical resection and RFA. A: Axial arterial phase MRI image showed 
hyperenhancement of a 1.8-cm liver nodule in the right lobe of the liver; B: the patient received SBRT with a dose of 50 Gy in five fractions; C: 
axial arterial phase MRI image 2 months after SBRT revealed a stable-size, enhancing lesion (arrowhead). The normal liver parenchyma 
received 25 Gy and appeared as a low-density area, indicating acute radiation injury; D: axial arterial phase MRI image 4 months after 
SBRT showed decreased size of the tumor, with atrophy of the perilesional hepatic parenchyma; E: axial arterial phase MRI image 
6 months after SBRT showed necrotic changes and a hypovascular target lesion. The perilesional hepatic parenchyma, which received 
high-dose radiation, also exhibited necrotic changes; F: axial arterial phase MRI image nine months after SBRT demonstrated complete 
regression of the treated lesion and atrophy of the irradiated hepatic parenchyma; G: axial arterial phase CT image 18 months after SBRT 
showed a scar in the radiation field. Complete repair of the radiation damage was also observed; H,I: axial arterial phase MRI images 
6 years (H) and 7 years (I) after SBRT demonstrated a stable lesion size but the presence of complete necrosis and ring enhancement, 
indicating a complete radiologic response. Note the SBRT-related changes, which can be differentiated from tumor recurrence. SBRT: 
stereotactic body radiation therapy; HCC: hepatocellular carcinoma; RFA: radiofrequency ablation; MRI: magnetic resonance imaging; CT: 
computed tomography

be a useful alternative treatment in patients who refuse surgery or RFA. Case 1 [Figure 1] is a typical example 
of this.

Currently, SBRT is most frequently used when surgical resection or RFA would be difficult or unfeasible, 
as with tumors located at the center of liver, in the hepatic hilar region, or close to large blood vessels (as in 
Cases 2 and 3, which are shown in Figures 2 and 3). It is also commonly used in patients who are older [Case 
4; Figure 4] or have significant comorbidities, such as poor liver function [Case 5; Figure 5]. 

SBRT may also be used for residual cancer after surgical resection, as in Case 6 [Figure 6], or after RFA, as in 
Case 7 [Figure 7]. In these situations, the tumor is often expected to be difficult to treat with surgery or RFA, 
but these treatments are tried initially. When residual tumor is found during follow-up, SBRT will generally 
be the most appropriate treatment.

SBRT may serve as adjuvant treatment for intrahepatic tumors with incomplete iodized oil retention, as in 
Case 8 [Figure 8]. TACE can be used to reduce the size of HCCs; however, it is often considered palliative 
therapy because of incomplete iodized oil retention by intrahepatic tumors. Adjuvant SBRT can function as 
consolidation treatment, converting palliative therapy to potentially curative therapy.

SBRT has also been used as salvage treatment for intrahepatic tumor recurrence after RFA or surgical 
resection [Cases 9 and 10; Figures 9 and 10]. Although metachronous intrahepatic recurrence is sometimes 
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Figure 2. SBRT for very early-stage HCC in a 52-year-old man. Both surgical resection and RFA were considered difficult because the 
tumor was located in the center of the liver and was too small to be easily detected. A: Axial arterial phase MRI image showed hyper 
enhancement of an 0.8-cm liver nodule (arrowhead) located in the center of the right lobe of the liver. The patient was clinically 
diagnosed with very early-stage HCC based on the Barcelona Clinic Liver Cancer staging system; B: the patient received SBRT with 
a dose of 48 Gy in six fractions; C: axial arterial phase MRI image three months after SBRT demonstrated complete tumor response. 
Hypodensity in the radiation field (about 30 Gy) indicated the presence of radiation-induced focal liver injury; D: axial arterial phase MRI 
image 9 months after SBRT showed clear reduction in size of the area of radiation injury; E,F: axial arterial phase MRI images 26 months 
(E) and 56 months (F) after SBRT revealed complete regression of the tumor lesion; G: serum AFP levels are shown in relation to the 
treatment timeline. The elevated serum AFP level prior to SBRT dramatically declined to normal (< 20 µg/L) after SBRT, and remained 
within normal limits thereafter. SBRT: stereotactic body radiation therapy; HCC: hepatocellular carcinoma; RFA: radiofrequency ablation; 
MRI: magnetic resonance imaging; AFP: alpha-fetoprotein

Figure 3. SBRT for unresectable HCC in a 47-year-old man. A: Axial and sagittal MRI images showed a hepatic lesion (arrowhead) near 
the inferior vena cava and main portal vein. The lesion enhanced in the arterial phase and washed out in the portal venous phase; B: 
the patient underwent SBRT with a dose of 45 Gy in six fractions; C: arterial phase MRI image 1.5 months after SBRT revealed dramatic 
regression of the lesion; D: arterial phase MRI image four months after SBRT demonstrated further reduction in size of the lesion, as well 
as necrosis of the targeted hypovascular lesion, consistent with a nonviable tumor; E-G: MRI images 1 year (E), 2 years (F), and 3 years (G) 
after SBRT showed progressive reduction in tumor size and complete hypovascularity of the lesion. These findings suggested a good tumor 
response; H: serum AFP levels are shown in relation to the treatment timeline. The elevated serum AFP level prior to SBRT (1,709 µg/L) 
declined to normal (< 20 µg/L) after SBRT and remained within normal limits thereafter. SBRT: stereotactic body radiation therapy; HCC: 
hepatocellular carcinoma; MRI: magnetic resonance imaging; AFP: alpha-fetoprotein
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Figure 4. SBRT for HCC in a 99-year-old man for whom SBRT was chosen because of his age and comorbidities. A: Axial venous phase 
MRI image showed a 6-cm low-density lesion adjacent to the diaphragm (arrow); B: the patient underwent SBRT with a dose of 54 Gy in 
six fractions; C: axial arterial phase MRI image three months after SBRT demonstrated reduced size of the intrahepatic lesion and vascular 
enhancement (arrow); D,E: axial arterial phase MRI images 10 months (D) and 17 months (E) after SBRT showed further reduction in size 
of the tumor, which was hypovascular (arrows). The perilesional liver parenchyma in the enhanced phase appeared as ill-defined areas of 
enhancement, favoring SBRT-related changes; F: Serum AFP levels are shown in relation to the treatment timeline. AFP levels decreased 
to normal after SBRT. SBRT: stereotactic body radiation therapy; HCC: hepatocellular carcinoma; MRI: magnetic resonance imaging; AFP: 
alpha-fetoprotein

Figure 5. SBRT for HCC consisting of an extensive fat-tissue component in a 41-year-old man with Child-Pugh Class C liver function. 
A: Axial arterial phase CT image showed a 2-cm nodule containing fat attenuation (arrow). Mild ascites and splenomegaly were also 
evident; B: multiphasic CT images six months after liver protecting treatment demonstrated enlargement of the lesion to 3 cm (arrow), 
with enhancement in the arterial phase and washout in the portal venous phase. The patient was diagnosed with HCC with an extensive 
fat-tissue component. The ascites had disappeared, but splenomegaly was still present; C: the patient underwent SBRT with a dose 
of 54 Gy in six fractions; D: axial arterial phase CT image two months after SBRT showed the lesion (arrow) with a stable size and 
partial devascularization; E-G: axial arterial phase CT images 6 months (E), 9 months (F), and 13 months (G) after SBRT demonstrated 
progressive reduction in tumor size and devascularization of the lesion, consistent with a partial response based on mRECIST criteria; H: 
axial arterial phase CT image 25 months after SBRT showed complete response of the treated lesion, with marked focal atrophy of the 
irradiated hepatic parenchyma. SBRT: stereotactic body radiation therapy; HCC: hepatocellular carcinoma; CT: computed tomography; 
mRECIST: modified Response Evaluation Criteria In Solid Tumor
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Figure 6. SBRT for residual HCC after surgical resection in a 59-year-old man. A: Axial arterial phase MRI scan 6 years after initial surgery 
showed a 2.1-cm recurrent hyper-enhancing nodule adjacent to the inferior vein cava, located in the second hepatic hilar segment. The 
patient underwent TACE for the recurrent lesion; B: axial arterial phase CT image one month after TACE showed a hyper-enhancing 
lesion (arrow), with no lipiodol deposition. Then, the patient underwent hepatic wedge resection in May 2011; C: axial arterial phase CT 
image one month after surgery revealed residual tumor with hyper enhancement (arrow); D: the patient underwent SBRT with a dose of 
50 Gy in five fractions in June 2011; E: axial arterial phase CT image 3 months after SBRT showed complete response of the target lesion; 
F,G: Axial arterial (F) and portal venous phases (G) CT images 13 months after SBRT showed persistent enhancement of the radiation 
field because of post-SBRT changes representing congestion and edema; H,I: Follow-up CT images 2 years (H) and 8 years (I) after 
SBRT demonstrated a normal liver. SBRT: stereotactic body radiation therapy; HCC: hepatocellular carcinoma; MRI: magnetic resonance 
imaging; TACE: transarterial chemoembolization; CT: computed tomography

Figure 7. SBRT for residual tumor after RFA in a 66-year-old man. A: Axial and sagittal MRI images approximately 1.5 months after RFA 
showed a hepatic lesion with a residual cavity and viable tumor (arrowhead) close to the inferior vena cava; B: the patient underwent 
SBRT with a dose of 50 Gy in 10 fractions for the residual tumor; C-E: MRI images obtained 6 months (C), 1 year (D), and 4 years 
(E) after SBRT illustrate gradual shrinkage and eventual disappearance of the tumor. SBRT: stereotactic body radiation therapy; RFA: 
radiofrequency ablation; MRI: magnetic resonance imaging
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Figure 8. SBRT for residual tumor with incomplete iodized oil retention in a 54-year-old man who had undergone multiple cycles of TACE 
and chemotherapy. A: Original axial arterial phase MRI image showed a 7.5-cm enhancing mass in the hepatic hilar region, consistent 
with HCC; B: the lesion decreased substantially in size after six cycles of TACE. FDG PET/CT image demonstrated hypermetabolic activity 
in the region with incomplete iodized oil retention, consistent with residual viable tumor; C: arterial phase MRI image after multiple TACE 
cycles and chemotherapy but before SBRT showed no enhancement of the 1.8-cm liver lesion; D: the patient underwent SBRT for residual 
tumor with a dose of 55.5 Gy in 15 fractions; E: FDG PET/CT image 11 months after SBRT showed no metabolic activity; F: axial arterial 
phase MRI image 16 months after SBRT demonstrated reduced size and hypovascularity of the treated lesion; G: axial arterial phase MRI 
image 4 years after SBRT showed stable size and hypovascularity of the treated lesion; H: serum AFP levels are shown in relation to the 
treatment timeline. AFP further declined to normal after SBRT. SBRT: stereotactic body radiation therapy; HCC: hepatocellular carcinoma; 
MRI: magnetic resonance imaging; TACE: transarterial chemoembolization; AFP: alpha-fetoprotein; FDG: flurodeoxyglucose; PET: positron 
emission tomography; CT: computed tomography

Figure 9. SBRT for recurrent HCC at the surgical margin in a 63-year-old man. A: Axial arterial phase MRI image showed hyper 
enhancement of a 2.4  cm recurrent focus at the surgical margin (arrowhead). The patient received TACE for this recurrent lesion; B: axial 
arterial phase MRI image six months after TACE showed reduced size and hypovascularity of the lesion; C: axial arterial phase CT image 
3 years after TACE demonstrated enlargement of the treated lesion to 2.9 cm; D: the patient received SBRT with a dose of 48 Gy in six 
fractions; E-G: CT images 40 days (E), 2 years (F), and 4 years (G) after SBRT showed complete tumor response; H: serum AFP levels are 
shown in relation to the treatment timeline. The elevated serum AFP prior to SBRT (53 µg/L) declined to normal (2.1 µg/L) after SBRT 
and remained within normal limits thereafter. SBRT: stereotactic body radiation therapy; HCC: hepatocellular carcinoma; MRI: magnetic 
resonance imaging; TACE: transarterial chemoembolization; CT: computed tomography; AFP: alpha-fetoprotein
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Figure 10. SBRT for repeated de novo HCC in a 63-year-old man with previous surgical resection of HCC. A: Axial arterial phase MRI 
image showed a 1.2-cm enhancing nodule in the right hepatic lobe, adjacent to the diaphragm; B: the patient received his first course of 
SBRT with a dose of 48 Gy in six fractions; C: axial arterial phase MRI image 4 years after SBRT demonstrated complete response of this 
right lobe lesion; D: axial arterial phase MRI image two years after the first SBRT showed a 1-cm enhancing nodule in the caudate lobe of 
the liver; E: the patient received a second course of SBRT with a dose of 48 Gy in six fractions; F: axial arterial phase MRI image 3 years 
after the second course of SBRT revealed complete response of the caudate lobe lesion; G: axial arterial phase MRI image 18 months after 
the second SBRT showed a 1.2-cm enhancing lesion in the right hepatic lobe, as well as an additional lesion at a lower level (not shown), 
suggesting de novo HCC; H: the patient received a third course of SBRT with a dose of 54 Gy in nine fractions. I: axial arterial phase MRI 
image one year after this SBRT revealed complete tumor response of the de novo lesion. SBRT: stereotactic body radiation therapy; HCC: 
hepatocellular carcinoma; MRI: magnetic resonance imaging

Figure 11. SBRT as a bridge to liver transplantation for HCC in a 55-year-old man with alcohol-related cirrhosis and Child-Pugh Class 
C liver function. A: Axial arterial phase CT image showed hyper enhancement of a 2 cm mass in the right hepatic lobe (arrowhead), 
accompanied by moderate ascites. Liver function was scored as Child-Pugh Class C; B: the patient underwent SBRT with a dose of 50 Gy 
in five fractions; C-E: Axial arterial phase MRI images 1.5 months (C), 5 months (D), and 9 months (E) after SBRT showed complete tumor 
response. However, focal reaction with enhancement indicated congestion of the hepatic parenchyma in the radiation field. The patient 
received a liver transplant 22 months after SBRT; F: axial arterial phase CT image one year after liver transplantation demonstrated a 
normal liver. SBRT: stereotactic body radiation therapy; HCC: hepatocellular carcinoma; MRI: magnetic resonance imaging; CT: computed 
tomography

difficult to distinguish from de novo HCC, a course of SBRT can be considered. In addition, SBRT can be a 
suitable bridging therapy for patients with HCC awaiting liver transplantation [Case 11; Figure 11].

Zeng et al. Hepatoma Res2020;6:43  I  http://dx.doi.org/10.20517/2394-5079.2020.29                                                Page 9 of 12

A B C

D E F

G H I

A B C

D E F



CONTRAINDICATIONS FOR SBRT IN SMALL HCC
If tumors and luminal structures (esophagus, stomach, duodenum, or intestine) are closely situated at < 1 cm, 
SBRT is relatively contraindicated for this patient. However, hypofraction imaging-guided radiation therapy 
could be recommended when HCC is inoperable or unsuitable for RFA. 

At least 700 mL of normal liver (Child-Pugh Class A) must receive < 15 Gy. If this condition is not met, we 
must be careful in choosing such patients.

The safety of liver radiation for HCC in patients with Child-Pugh Class C cirrhosis has not been established, 
but SBRT could be used as bridging therapy for patients with HCC awaiting liver transplantation.

RESPONSE TO SBRT
HCC
Tumor response rates increase over time after SBRT. Sanuki et al.[15] reported that HCC complete response 
increased from 24% at three months after SBRT to 67%, 71%, and 93% at 6, 12, and 24 months, respectively, 
after SBRT[15]. Using modified Response Evaluation Criteria In Solid Tumor (mRECIST) criteria, complete 
response occurred within three months after completing SBRT in Cases 9 and 11 and > 9 months after SBRT 
in Cases 1, 5, and 7. Of note, we prefer to evaluate tumor response to SBRT using European Association 
for the Study of the Liver (EASL) or mRECIST criteria rather than RECIST criteria[16]. Case 7, for example, 
exhibited a complete response according to EASL or mRECIST criteria in the fourth year after completion of 
SBRT, but only a stable disease and partial response using RECIST criteria, at six months and one year after 
completing SBRT, respectively. Similarly, Case 5 had a partial response using EASL or mRECIST criteria, but 
stable disease using RECIST criteria, at six months after completing SBRT.

Liver parenchymal reactions 
Early focal liver reaction refers to a surrounding low-intensity area observed on both computed tomography 
(CT) and magnetic resonance imaging (MRI) scans within six months after completing SBRT. This focal 
reaction is more visible in patients who undergo initial therapy with SBRT, as shown in Cases 1, 2, and 5.

Delayed focal liver reactions are classified as areas of hyperdensity, isodensity, and hypodensity in all 
enhanced phases on follow-up MRI or CT > 6 months after SBRT completion[17,18]. Features of hyperdensity 
were found in Cases 6 [Figure 6F and G] and 11 [Figure 11D]; features of isodensity were found in Cases 3 
[Figure 3E], 7 [Figure 7C and D], and 11 [Figure 11E]; and features of hypodensity were found in Cases 1 
[Figure 1E], 2 [Figure 2D], and 5 [Figure 5E].

The incidence of hyperdensity reactions in irradiated hepatic parenchyma may gradually increase after 
6 months post-SBRT completion, potentially interfering with accurate assessment of treatment response and 
being misinterpreted as recurrent tumor. Lack of washout in the delayed phase in hypervascular areas helps 
distinguish SBRT-related changes from residual or recurrent HCC[19]. Hyperdensity will typically disappear 
2-3 years after treatment, as shown in Case 6 [Figure 6H]. Hypodensity represents the presence of regional 
liver atrophy within 1-2 years, as shown in Cases 1 [Figure 1F], and 5 [Figure 5H].

The types of focal reaction did not appear to be related to liver function in our cases. The focal liver reaction 
threshold dose following SBRT for HCC is 30 Gy for livers with Child-Pugh Class A function and 25 Gy for 
livers with Child-Pugh Class B function, when delivered in five fractions[20,21]. The doses used in our cases 
[Figures 1C, 2C, and 5D] were consistent with these thresholds.

TOXICITY
Hepatic damage
A consensus article summarizing the results of 15 previously published studies, including 1063 patients with 
HCC undergoing SBRT, reported that only eight patients (0.8%) developed Grade 5 liver failure, and most 
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fatalities from liver failure occurred in patients with Child-Pugh Class B liver function[22]. However, we have 
observed no fatal radiation-induced liver disease in our clinical practice.

The safety of SBRT for HCC in patients with Child-Pugh Class C liver function has not been established. 
Class C function is generally considered a contraindication to all HCC treatment except liver transplantation. 
No deterioration in liver function occurred after SBRT in Cases 5 and 11, who had Child-Pugh Class C liver 
function. Furthermore, some patients undergo > 1 course of SBRT, as exemplified by Case 10, who received 
a total of three courses because of the development of de novo HCCs. Together, these observations suggest 
that SBRT produces little liver parenchymal damage.

Other toxicities
Gastrointestinal toxicity is another potential concern with SBRT, especially when luminal structures, such as 
the esophagus, stomach, duodenum, or intestines, are close to the tumors being treated. Grade 3 or higher 
gastrointestinal toxicities were reported in 1.4% of patients from previously published studies, but fatal 
gastrointestinal bleeding did not occur[22]. Other complications, such as rib fractures, chest or abdominal wall 
pain, biliary stricture, and musculoskeletal discomfort, have been noted occasionally. Overall, most toxicities 
from SBRT are generally infrequent and mild.

THE LIMITATION OF SBRT
Firstly, there is a lack of randomized clinical trials to compare the treatment outcome among SBRT, resection, 
and RFA. Thus, SBRT can only be used as an alternative treatment when operation and RFA are impossible. 
Secondly, vaguely defined SBRT has led to inconsistent radiation doses and fractions globally, with ≤ 5 
fractions in the United States and ≤ 10 fractions in the rest of the world. A dose of 55.5 Gy in 15 fractions was 
delivered to Case 8, and complete response was achieved. This is not strictly part of SBRT; at this point, we 
are not interested in the definition of SBRT, as we care more about the local control and long-term survival.

CONCLUSION
SBRT is an effective therapeutic option based on proven studies for patients with small HCCs; is 
complementary to the existing treatment options, as illustrated by the typical cases; and is safe with minimal 
toxicities.
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Abstract
The use of stereotactic body radiotherapy (SBRT) in hepatocellular carcinoma (HCC) has increased over the past 
few decades. Thus, accurate evaluation of post-SBRT treatment response is essential to avoid over-treatment 
of responders as well as missing the opportunity to salvage non-responders. There are some intricate imaging 
differences after liver SBRT compared to those observed after conventional fractionated radiotherapy and other 
locoregional treatment. We aim to review the imaging changes that occur following SBRT for HCC and their 
potential clinical implications.

Keywords: Imaging, liver, stereotactic body radiotherapy, hepatocellular carcinoma

INTRODUCTION
Radiation therapy for liver malignancies has evolved over the past few decades. In the past, radiation was 
predominantly used as a palliative modality due to the limited tolerance of whole liver irradiation. However, 
with the technological advances achieved with improved resolution of on-board imaging and the ability to 
deliver highly conformal radiotherapy, we were then able to irradiate liver tumours with high precision and 
limited bystander damage to normal tissues. Stereotactic body radiotherapy (SBRT) is characterised by high 
dose per fraction, typically in the range of 5-25 Gy over 1-10 fractions, which is enabled by accurate tumour 
localisation using daily image guidance. The adoption of SBRT has increased exponentially in primary and 
secondary liver malignancies with promising local control rates and favourable toxicity profiles[1-5]. SBRT has 
also been shown to be a useful local therapy to bridge patients awaiting transplant in primary hepatocellular 
carcinoma (HCC)[6].
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Nonetheless, treatment response assessment after high ablative doses of radiation can be challenging due to 
the different radiation dose deposition profiles compared to conventional fractionated radiotherapy. Here, we 
aim to review the imaging characteristics associated with SBRT in HCC and their implications in our clinical 
practice.

HISTOPATHOLOGICAL CHANGES AFTER RADIATION
During the acute phase, which is typically defined as less than 3-4 months after radiation, there is deposition 
of fibrin and subsequently collagen within the centrilobular venules causing obliteration of these small vessels 
with relative sparing of the larger veins and arterioles. This causes reactive hyperaemia and also hepatic cell 
loss within the liver[7,8]. This is collectively known as veno-occlusive disease. In the chronic phase, there is 
significant reduction of hyperaemia with some degree of hyperplasia and parenchymal fibrosis[8].

IMAGING RESPONSE ASSESSMENT CRITERIA
Although RECIST 1.1 is a universally accepted set of radiological response evaluation criteria in solid 
tumours[9], these criteria do not apply well in HCC as they are based solely on uni-dimensional tumour 
measurements. Several other response evaluation criteria, which are more sensitive for HCC, have been 
proposed, including the EASL and modified RECIST (mRECIST) criteria [Table 1][10,11]. The EASL criteria 
use bi-dimensional measurements of viable enhancing tumours, whereas mRECIST uses uni-dimensional 
measurement of viable tumours. There are a few studies that compared the different evaluation criteria after 
SBRT treatment for HCC but no definite conclusions could be drawn regarding the most optimal criteria to 
use in clinical practice[12,13]. Of interest, one study correlated radiological response to pathological response 
in 38 patients who underwent orthotopic liver transplants for HCC[14]. The radiological criteria used 
included EASL, RECIST and mRECIST. All radiological response criteria compared poorly against the actual 
pathological response. The positive predictive values and negative predictive values were 73%/29% (EASL), 
71%/32% (RECIST) and 74%/40% (mRECIST), respectively. Both computed tomography (CT) agreement 
(22%-39%) and magnetic resonance imaging (MRI) agreement (31%-39%) with pathologic findings were 
poor, irrespective of the imaging criteria used. This highlighted the difficulty of using imaging to predict 
pathological treatment response after SBRT.

EARLY IMAGING CHANGES
Similar to the histopathological changes described above, corresponding imaging changes can be observed 
during the acute post-SBRT phase. One important point to remember is that the conventional well-defined 
radiation field edges observed with the use of two- or three-dimensional radiation techniques are no longer 
seen in SBRT treatment, which uses multiple, often non-coplanar, radiation fields. 

Table 1. The different imaging treatment response evaluation criteria for HCC

Treatment response RECIST 1.1 mRECIST EASL
Tumour measurements Uni-dimensional of target lesions Uni-dimensional of viable tumours 

(arterial phase enhancement)
Bi-dimensional of viable tumours 
(arterial phase enhancement)

Number of lesions 2 per organ 2 per organ Not specified

Complete response (CR) Disappearance of all target lesions Disappearance of any intratumoral 
arterial enhancement in all target 
lesions

Disappearance of any intratumoral 
arterial enhancement in all target 
lesions

Partial response (PR) ≥ 30% reduction in sum of longest 
diameters of target lesions

≥ 30% reduction in sum of longest 
diameters of viable target lesions

≥ 50% reduction in sum of the product 
of bi-dimensional diameters of viable 
target lesions 

Progressive disease (PD) ≥ 20% increase in sum of longest 
diameters of target lesions

≥ 20% increase in sum of longest 
diameters of viable target lesions

≥ 25% increase in sum of the product 
of bi-dimensional diameters of viable 
target lesions

Stable disease (SD) Does not meet PR or PD Does not meet PR or PD Does not meet PR or PD

HCC: Hepatocellular carcinoma
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During the very early phase, hepatic oedema occurs due to decreased venous outflow secondary to 
centrilobular obstruction. This is manifested as hypoattenuation on unenhanced CT and hyper-attenuation 
on contrast-enhanced CT[15]. On MRI, this is manifested as low signal on T1-weighted images with high 
signal on T2-weighted images. On diffusion-weighted imaging (DWI), there may be mild restricted diffusion 
and a slight increase in apparent diffusion coefficient (ADC). Periportal oedema can also occur, although this 
is short-lived and not specific to radiation therapy. On MRI, this can be observed as widening of periportal 
space with mild high signal intensity on T2-weighted images[16].

Following that, reactive hyperaemia is often seen in the surrounding irradiated non-tumourous liver 
parenchyma as early as 1 month after treatment and peaks at approximately 3 months[17,18] [Figures 1 and 2]. 
This focal liver reaction could be difficult to differentiate from residual tumour, a phenomenon also known 
as “pseudoprogression”. However, reactive arterial hypervascularity is usually followed by no delayed phase 
washout as opposed to viable tumours[17]. This is a useful tip during SBRT response assessment to avoid 

Figure 1. Contrast-enhanced computed tomography at 3 months after stereotactic body radiotherapy showing reactive hyperaemia in the 
surrounding irradiated non-tumourous liver parenchyma

Figure 2. Contrast-enhanced magnetic resonance imaging demonstrating early imaging changes before and after stereotactic body 
radiotherapy (SBRT): pre-SBRT showing typical arterially enhancing lesion with subsequent wash-out (A); and 3 months after SBRT 
showing the surrounding arterial enhancement without subsequent wash-out observed, indicative of reactive hyperaemia (B)

A

B



misdiagnosing this reactive feature as tumour progression. Focal steatosis may also occur, which is typified 
by decreased attenuation on CT and signal drop on opposed-phase MRI[16]. In rare circumstances, temporary 
biliary dilatation is observed, which tends to resolve after a few months[16].

LATE IMAGING CHANGES
Months after SBRT, the injured hepatocytes are gradually replaced by fibrosis. CT is not usually sensitive in 
detecting liver fibrosis, although perfusion CT may be more useful for this purpose[19]. This chronic effect can 
be better appreciated on MRI with low signal on T1- and T2-weighted images. During the earlier stages of 
fibrosis, moderate arterial enhancement is observed, which persists in the delayed phase. As this progresses, 
arterial enhancement diminishes but progressive enhancement in the delayed phase persists[16]. 

In most cases, loss of liver volume is observed in the initial 3 months after SBRT. This is followed by 
subsequent regeneration and increase in liver volume. However, liver atrophy may also occur in some cases 
with capsular retraction[16] [Figure 3]. In contrast to the early focal steatosis observed, focal sparing of fatty 
liver (e.g., in pre-existing fatty liver or post-chemotherapy liver changes) may occur in the months following 
SBRT due to loss of fat in the hepatocytes[16].

Finally, tumour response after SBRT can be challenging, as described above. Tumour shrinkage may not 
happen in the immediate few months after SBRT. Nonetheless, even in the absence of volumetric reduction, 
progressive reduction in tumour enhancement is consistent with treatment response. This is typically 
accompanied by a corresponding increase in ADC[16]. An increment in ADC of 20%-25% was found to be an 
indicator of SBRT response in a few small retrospective studies[20,21] [Figure 4]. However, the authors did not 
use pathological response as the study end-point, and hence are subjected to the same challenges as described 
with the use of radiological response criteria as an end-point. Furthermore, there is as yet no standardisation 
of DWI acquisition and interpretation, which hinders its use as a standard response evaluation criterion.

ROLE OF POSITRON EMISSION TOMOGRAPHY
18F-Fluorodeoxygluocose positron emission tomography (18F-FDG PET) is not recommended in the 
staging of early HCC due to its low sensitivity in detecting low-grade, well-differentiated HCC against 
the background liver activity, precluding an accurate primary tumour assessment. Nonetheless, it is more 
sensitive in detecting extrahepatic disease compared to local tumour staging[22]. To our knowledge, there is 
no study that evaluated the role of 18F-FDG PET in treatment response assessment after SBRT for primary 
HCC. However, baseline 18F-FDG PET maximum SUV value (SUVmax) > 3.2 was found to be associated with 
higher risk of local failure in a cohort of HCC patients treated with SBRT[23]. 

Other radionuclides being evaluated in HCC include 18F-Fluorocholine (18F-FCH) that is a biomarker for 
phosphocholine, which is a major metabolite in cancer cells, and 11C-acetate[24]. 18F-FCH is reported to have 
a high sensitivity, approaching 90%, in detecting HCC[25]. A decrease of 18F-FCH SUVmax > 45% was shown 
to be associated with longer progression-free survival and improved mRECIST response in patients treated 
with various locoregional therapies, including SBRT for HCC[26].

The availability of PET/MR imaging is slowly increasing in some parts of the world. This could be a 
promising tool in HCC combining the superior MRI soft tissue and primary tumour definition, functional 
aspects of MRI such as DWI and the superior sensitivity of PET in extrahepatic staging.

PREDICTION OF LIVER TOXICITIES
Although SBRT is relatively well tolerated in most patients, the risk of radiation-induced liver disease (RILD) 
cannot be underestimated in this group of patients who have pre-existing cirrhosis, particularly those with 
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Child-Pugh B liver dysfunction. Classical RILD, which is characterised by weight gain, hepatomegaly, 
anicteric ascites and isolated elevation of alkaline phosphatase (ALP) out of proportion to other liver 
enzymes, is not usually seen following liver SBRT. In contrast, non-classical RILD, which is characterised by 
markedly elevated transaminases and jaundice, is more commonly seen after partial liver irradiation such as 
SBRT[27].

A combination of clinical and/or biochemical criteria such as Child-Pugh and Model for End-stage Liver 
Disease (MELD) scores are routinely used as a measure of the severity of cirrhosis in the clinical setting. In 
addition, serum indocyanine green (ICG) clearance is also widely used to evaluate liver function in clinical 
practice, although it is a direct measurement of neither the hepatic synthetic nor conjugative function[28]. 
99mTc-Sulphur Colloid single-photon emission computed tomography (99mTc-SC SPECT) is considered a liver 
function imaging tool. 99mTc-SC is taken by Kupffer cells which have similar perfusion as hepatocytes, thus 
making it a surrogate of perfused hepatocytes[29]. Quantitative 99mTc-SC SPECT uptake was found to have 

Figure 3. Contrast-enhanced computed tomography at 1 year after stereotactic body radiotherapy showing volume loss with capsular 
retraction (note fiduciary clips in-situ )

Figure 4. Contrast-enhanced magnetic resonance imaging demonstrating: pre-treatment caudate lobe hepatocellular carcinoma with 
restricted diffusion (ADC 1101 × 10-6) (A); post-stereotactic body radiotherapy scan showing no treatment response with restricted 
diffusion (ADC 917 × 10-6) (B); and corresponding contrast-enhanced computed tomography and delayed imaging with hepatobiliary 
contrast agent showing perfusional changes around the tumour with no response (C). ADC: apparent diffusion coefficient
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significant correlations with ICG retention at 15 min (ICG-R15) (r = -0.84, P < 0.0001)[29] and clinical Child-
Pugh status[30]. 

Hepatocyte-specific MRI contrast agents, such as gadoxetate acid (Gd-EOB DTPA), also have the potential 
to provide information on liver function besides its role as a diagnostic tool in HCC[31,32]. The rate of 
T1 relaxation time reduction and T1 map quantifications have been shown to correlate well with ICG 
clearance[31-33]. However, its use in this setting requires additional research and validation. 

We anticipate that functional liver imaging will play a complementary role to existing cirrhosis severity 
evaluation criteria, particularly in providing valuable spatial information which can be used to guide HCC 
treatment. One exciting area of research is the prospect of sparing functional liver as depicted on cross-
sectional imaging during radiation planning, which may allow us to reduce the risk of RILD even more[34].

PROPOSED IMAGING ALGORITHM
We propose that response evaluation should be performed at 3 months after SBRT using multi-phasic 
CT or MRI. The latter should include DWI sequence and the use of hepatocyte-specific contrast agents 
should be considered. This should continue 3 monthly in the first year, 3-6 monthly in the second year and 
6-12 monthly in the subsequent years depending on the clinical needs. However, the absence of volumetric 
shrinkage or presence of residual arterial enhancement in the first few months after SBRT should not be 
deemed tumour relapse unless there are other unequivocal radiological and/or clinical signs of progression. 
We suggest that early interval imaging should be performed in these cases to confirm disease progression if 
clinical situation permits.

CONCLUSION
Early post-SBRT imaging features include hepatic and periportal oedema as well as reactive hyperaemia in 
the surrounding irradiated liver parenchyma. The latter may mimic disease progression, although there is 
usually no associated delayed washout observed in these cases. In the subsequent months after SBRT, there 
is hepatic fibrosis which may be followed by atrophy and capsular retraction. PET imaging is currently not 
routinely used in HCC, although 18F-FDG PET may have a role for extrahepatic staging, particularly in high-
grade HCC. 99mTc-SC SPECT can also be considered to assess liver function before and after SBRT.
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Dear Editor,
We read with great interest the article “Frailty and Liver resection: where do we stand?” by Sioutas et al.[1] 
in Hepatoma Research. In this review, the authors summarized the available frailty tools and their impact 
on postoperative outcomes in patients undergoing liver resection, in particular elderly patients (> 60 years). 
In addition to this review, we would like to provide extra information regarding this topic based on own 
research.

One of the variables included in most frailty assessments is nutritional status, e.g., loss of body weight or 
muscle mass. It is well known that malnutrition has a negative impact on clinical outcome of patients with 
end-stage liver cirrhosis. Insufficient nutrient intake, impaired digestion or absorption of nutrients, and 
disturbances in macronutrient metabolism contribute to malnutrition in these patients. The total energy 
expenditure consists of resting metabolic rate (RMR) and expenditure for physical activity. The Harris and 
Benedict (HB) equation is widely used in clinical care for estimating RMR[2]. However, estimating RMR with 
HB may be unreliable in patients with cirrhosis. These patients can be hyper- or hypometabolic with many 
individual differences in energy expenditure, especially based on disease severity and body composition. 
Measuring RMR in a respiratory chamber is reliable but cumbersome[3]. Cheaper and less complicated 
devices to perform indirect calorimetry measurements have become available. We compared estimated RMR 
derived with the HB equation with measured RMR using desktop indirect calorimetry in patients with end-
stage liver cirrhosis.  
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After obtaining informed consent from 29 consecutive patients with cirrhosis and preparing for liver 
transplantation, RMR was measured with desktop indirect calorimetry (Fitmate©, Cosmed) and compared 
to the results estimated by the Harris and Benedict equation. Twenty-nine patients (79.3% male) with liver 
cirrhosis had a mean (± 1.96 SD) estimated RMR with HB equation of 1771 (± 253) kilocalories, while 
the mean measured RMR with Fitmate was 1,630 (± 322) kilocalories (P < 0.05). The mean (± 1.96 SD) 
difference in RMR was 140 (± 240) kilocalories, with a minimum of -424 and a maximum of 510 kilocalories 
difference. The Pearson correlation between measured and estimated RMR was R = 0.677 (P < 0.05), which 
is a significant but not strong correlation [Supplementary Figure 1]. Large clinically relevant differences were 
detected between measured and estimated RMR in patients with liver cirrhosis during screening for liver 
transplantation. The most likely explanation for the discrepancy is the altered body composition and the 
frequent presence of ascites in these patients. A limitation of the device used was that it measures VO2 but 
calculates VCO2. Indirect calorimetry devices that measure both VCO2 and VO2 are even more accurate[4].  

In conclusion, for reliable dietary advice in patients with end-stage liver cirrhosis, RMR should be measured 
with one of these newer easy-to-use devices, and should no longer be estimated with HB and other 
equations. This can have potential beneficial effects on nutritional status and therefore frailty in patients with 
liver diseases. 
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Abstract
With the development of second-generation contrast agents and advancement in contrast harmonic imaging, 
contrast-enhanced ultrasonography (CEUS) now has the capacity to sensitively and accurately show tumor 
vascularity. Therefore, marked improvements have been achieved in the diagnosis of focal liver lesions(FLLs), 
including hepatocellular carcinoma (HCC), by US. In contrast to other agents, Kupffer cells in liver sinusoids take 
up Sonazoid. Two contrast enhancement phases occur in CEUS with Sonazoid: a vascular phase and Kupffer 
phase. Images obtained in the Kupffer phase have higher diagnostic sensitivity for hepatic malignancies because 
the majority of these malignancies do not contain Kupffer cells. Dynamic images obtained in the vascular phase 
markedly narrow the clinical differential diagnoses of FLLs. The sustainable detection of inconspicuous HCC, 
adequate guidance of ablation therapy, and accurate assessment of treatment responses in HCC are all facilitated 
by Sonazoid. The principles, clinical applications, and techniques of CEUS with Sonazoid in the diagnosis of HCC 
will be reviewed herein.

Keywords: Contrast-enhanced ultrasonography, focal liver lesion, hepatocellular carcinoma, sonazoid

INTRODUCTION
Recent advances in the multi-modality treatment of hepatocellular carcinoma (HCC) have contributed to 
significant improvement in the prognosis of patients with this type of primary liver cancer. The importance 
of the early detection of liver nodules, accurate diagnosis of HCC, and tumor staging for treatment planning 
is increasingly recognized. Guidelines for the utilization of imaging tests in the diagnosis of HCC have been 
developed by a number of societies, including the American Association for the Study of Liver Diseases 
(AASLD), the European Association for the Study of the Liver, the Asian-Pacific Association for the Study 
of Liver, and the Japan Society of Hepatology[1-4]. Due to advances in techniques that have contributed to the 
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highly sensitive and specific diagnosis of HCC, clinical HCC guidelines now recommend imaging tests. The 
specificity of single contrast-enhanced imaging is adequate for diagnosing HCC when typical features are 
observed on dynamic images. Recently, a critical milestone was achieved with integration of Liver Imaging 
Reporting and Data System (LI-RADS) into the AASLD HCC clinical practice guideline. LI-RADS is a 
comprehensive algorithm for standardizing the terminology, technique, interpretation and reporting for 
patients at high risk for HCC[5]. 

Contrast-enhanced ultrasonography (CEUS) is now widely used in clinical practice and has markedly 
expanded the scope of the diagnosis of focal liver lesions(FLLs) by US. In CEUS, second-generation contrast 
agents, including SonoVue (sulfur hexafluoride), Definity (perflutren lipid), and Sonazoid (perflubutane), 
are microbubbles composed of a low-solubility gas enveloped by a phospholipid shell[6]. Kupffer cells in 
the reticuloendothelial system of the liver take up Sonazoid, which remains in these cells for several hours, 
resulting in two contrast enhancement phases: a vascular phase and Kupffer phase. Sonazoid is advantageous 
for the diagnosis of HCC because of the higher diagnostic sensitivity of images obtained in the Kupffer 
phase for hepatic malignancies; the majority of hepatic neoplasms, particularly malignant tumors, do not 
contain Kupffer cells[7]. CEUS LI-RADS is a standardized system for CEUS exams and can allow for accurate 
categorization of observations in patients with chronic hepatitis B or cirrhosis[8]. The utility of SonoVue and 
Definity is supported by CEUS LI-RADS, whereas Sonazoid alone has not been included yet. It is expected 
that Sonazoid utilization will be incorporated in the next version of CEUS LI-RADS.

Sonazoid was approved for use as an ultrasound contrast agent in Japan in 2007[9], followed by Norway, 
Korea, and Singapore. It was subsequently approved in Taiwan in 2018 and China in 2019. CEUS with 
Sonazoid is now regarded as a valuable diagnostic tool in the management of HCC patients. The principles, 
clinical applications and techniques of CEUS with Sonazoid in the management of HCC will be reviewed 
herein. 

STRUCTURE AND PHARMACOKINETICS OF SONAZOID 
Sonazoid (GE Healthcare, Waukesha, WI, USA) consists of lipid-coated microbubbles containing 
perfluorocarbon within a well-defined size range (median diameter of approximately 3 µm). These 
microbubbles are stabilized by a monomolecular membrane of hydrogenated egg phosphatidyl serine that 
is embedded in an amorphous sucrose structure[6]. Sonazoid powder is reconstituted with 2 mL of sterile 
water for administration by injection. The clinical dose of Sonazoid that is generally employed to image liver 
lesions is 0.015 mL/kg body weight; however, the recommended dose is decreased to 0.0075-0.0010 mL/kg 
body weight when an US machine with high sensitivity for the detection of contrast agents is used. 

Regarding the two contrast enhancement phases in real-time CEUS, the vascular phase (between 10 s and 
5-7 min after the injection of Sonazoid) shows tumor vascularity, while the Kupffer phase (from 10 min 
after the injection) shows hepatic parenchymal findings because Kupffer cells or liver sinusoids take up 
this contrast agent. The artery- and portal-dominant time zones in the vascular phase are referred to as the 
arterial and portal phases, respectively [Figure 1][10,11]. Contrast enhancement in the Kupffer phase provides 
important information on FLLs because hypoenhancement indicates HCC, while benign lesions mostly 
show iso- or hyperenhancement. Imaging patterns, namely, arterial enhancement with Kupffer defects, are 
an important distinguishing feature of hepatic malignancies. 

Dynamic CEUS displays similar, but distinct, vascular patterns to contrast-enhanced computed tomography 
(CECT); the contrast agents used in US are retained within blood vessels (blood pool contrast agents), 
whereas those for CT and magnetic resonance imaging (MRI) move into the extracellular space until their 
concentrations balance between the intravascular and extracellular spaces[12]. 
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MEDICAL ULTRASOUND TECHNOLOGIES
The mechanical index (MI) is a measure of the insonation power of microbubbles within an ultrasound 
field [Figure 2]. Second-generation microbubble contrast agents remain static when MI is very low and 
scatter the ultrasound beam. As MI increases, microbubbles linearly (MI < approximately 0.2) or non-
linearly (approximately 0.2 < MI < 0.5) oscillate at their resonance frequency. Real-time scanning with CEUS 
generally involves low MI of < 0.3. Microbubbles strongly oscillate at MI of higher than 0.6, expand beyond 
their limit, and ultimately burst. CEUS images may be generated from signals of the non-linear oscillation of 
microbubbles or their destruction[12]. 

Information obtained on harmonic distortions in echo signals is used in non-linear ultrasonic imaging 
techniques. The non-linear mechanical behavior of microbubbles in contrast-enhanced imaging or non-
linear wave propagation within tissues in tissue harmonic imaging causes harmonic distortions in ultrasound 
signals. Since echo signals contain both linear and non-linear reflections, the extraction of non-linear 
echo content is important for ensuring the sufficient performance of harmonic imaging. CEUS-specific 
modes including pulse inversion, amplitude modulation, and pulse inversion amplitude modulation have 
been devised to suppress linear tissue signals, thereby enhancing the detection of non-linear microbubble 
echoes[13-15] [Figure 3]. The non-CEUS-specific mode, tissue harmonic imaging (THI), which is a non-

Figure 1. Pharmacokinetic behaviors of US contrast agents. Vascular and Kupffer phase images may be obtained using Sonazoid, but not 
Difinity/SonoVue (Lumason). Sonazoid microbubbles are taken up by Kupffer cells and show homogeneous enhancement in a normally 
functioning liver parenchyma. Kupffer phase images are generally obtained 10 min after the injection of Sonazoid, the stability of which 
does not degrade for at least 60 min

Figure 2. Behavior of microbubbles exposed to ultrasound. Microbubbles oscillate in a symmetrical manner at very low MI (< 0.1) with 
stable linear scattering. In contrast, asymmetrical oscillations are observed at low/medium MI (0.2-0.6), with microbubbles expanding 
more than they contract because they are more resistant to compression. This asymmetry causes harmonic emissions. Transient non-
linear scattering occurs at high MI (> 0.6), and is followed by microbubble destruction. MI: mechanical index
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contrast form of native harmonics, is also applied to contrast imaging. THI is advantageous because it 
provides a better signal-to-noise ratio. Contrast THI with Sonazoid offers a better contrast-to-tissue ratio 
at the cost of blood flow signals. Therefore, contrast THI provides an overlay view of conventional THI and 
contrast imaging[16]. It allows us to observe vessels and inconspicuous lesions in the liver through all phases 
at high spatial and time resolutions; however, image contrast in the Kupffer phase may be slightly lower than 
that of the pulse inversion[17]. 

CLINICAL APPLICATION OF CEUS 
Diagnosis of HCC 
Classic HCC generally receive a blood supply from abnormal arteries alone and are diagnosed based on 
positive enhancement (hypervascularity) in the arterial phase and defects in the Kupffer phase [Figure 4]. 
Previous studies reported the accurate diagnosis of small HCC (≤ 2 cm) using CEUS at a sensitivity of 
81%-95% and specificity of 82%-86%[18,19]. However, a potential limitation of this imaging modality is that a 
small subset of atypical HCC does not show hypervascularity in the arterial phase. Tumor hemodynamics 
change through the process of multistep hepatocarcinogenesis from low grade dysplastic nodule (DN) to 
moderately differentiated HCC [Figure 5]. The enhancement patterns of HCC are influenced by the degree 
of cellular differentiation. Arterial and portal blood supplies in pathological early or well-differentiated 
HCC vary, which increases the challenges associated with reaching an accurate diagnosis. The nodule-in-

Figure 3. Pulse inversion and amplitude modulation. A: pulse-inversion technique is used in second harmonic imaging. Pulse 1 excites 
microbubbles, generating a linear fundamental response along with higher harmonic components. The inverted pulse 2 generates the 
same frequency components, however with different phases. The linear fundamental response from tissue experiences a 180˚ phase 
shift relative to the pulse 1 components, whereas the second harmonic response from microbubble experiences a 360˚ (= 0˚) phase 
shift. As a result, the fundamental responses are canceled out and the second harmonic responses are constructively added together; 
B: an amplitude modulation technique also plays a role in ultrasonic nonlinear imaging. An amplitude pulse is transmitted to eliminate 
the linear response and to elicit a nonlinear response. Upon reception, the pulse 2 components are rescaled and subtracted. Then, the 
fundamental response from tissue is canceled, and the second harmonic response from microbubble is leaked out

A B

Figure 4. Hepatocellular carcinoma. A: contrast-enhanced ultrasonography shows homogenous strong enhancement (arrow) in the early 
arterial phase; B: a clear defect (arrow) with an irregular border is observed on a Kupffer phase image

A B
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nodule hemodynamic pattern, which is characterized by hyperintense foci in hypointense nodules, is specific 
for diagnosing early-stage HCC[20] [Figure 6]. Arterial enhancement is less commonly observed for well-
differentiated HCC; nodules are more likely to be isoenhanced or slightly hypoenhanced from the portal to 
Kupffer phases[21,22]. Malignant liver lesions including HCC, cholangiocarcinoma, metastasis, etc. appear as 
hypoechoic areas surrounded by hyperechoic background liver in the Kupffer phase due to the depletion 
of Kupffer cells within them[11,12]. The Kupffer defect can be easily detected and increasing its diagnostic 
performance. Moreover, the images of Kupffer defect are also useful to evaluate the macroscopic type of 
HCC that is a significant prognostic factor of HCC patients[23]. 

Repeated contrast injections may be performed when an enhancement defect is identified in the Kupffer 
phase. This procedure is termed “defect reperfusion imaging” or “the re-injection technique”, and arterial 
enhancement may be superimposed on Kupffer images of lesions[24,25]. Defect reperfusion imaging generates 
a very high detection rate of HCC that is not achievable with conventional B-mode US[26] [Figure 7]. Kupffer 
phase image surveillance is also useful for the early detection and confirmation of HCC with the reinjection 
technique[27]. 

Characterization of FLLs
The accurate differential diagnosis of FLLs requires clinical imaging tests, and CEUS plays an important 
role in the characterization of FLLs. CEUS with Sonazoid can show a high sensitivity of the detection of 
intranodular blood flow. Most malignant liver lesions are demonstrated as hypoechoic masses from the 
portal phase to the Kupffer phase, while most benign liver lesions are iso- or hyperechoic during these 
phases. 

Figure 5. Tumor blood flows and multistep hepatocarcinogenesis. The development of hepatocellular carcinoma (HCC) occurs through 
a multistep process in the following sequence: large regenerative nodule (RN), low- or high-grade dysplastic nodule (DN), DN with a 
focus of HCC, well differentiated HCC, and moderately to poorly differentiated HCC. During the dedifferentiation, the intratumoral areas 
supplied portal blood flow are gradually reduced, whereas the intratumoral areas supplied arterial blood flow are synchronously changed. 
Normal arterial blood supply is reduced at an early stage, and then abnormal arterial blood supply is finally replaced

A B

Figure 6. Nodule-in-nodule appearance of hepatocellular carcinoma. A: Arterial phase image shows an inner hypervascular spot (arrow) 
within the outer hypovascular nodule (arrowheads); B: Kupffer phase image shows better differentiation between a small defect (arrow) 
and the outer hypointense nodule (arrowheads)
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Arterial hypervascularity is generally observed in the tumor periphery of adenocarcinoma liver metastases 
from many organs including colon, stomach, pancreas, etc., at which tumor cells are abundant, while 
complete defects are detected in the Kupffer phase[11] [Figure 8]. Washout is typically more rapid for liver 
metastases than for HCC, for which it is often slow[21,28]. However, homogeneous hypervascularity in the 
arterial phase was previously reported in between 10% and 15% of adenocarcinoma liver metastases[22]. In 
addition, renal cell carcinoma or gastrointestinal stromal tumor typically cause hypervascular metastases, 
and these lesions tend to show homogeneous arterial enhancement that is similar to typical HCC. 

Similarities have been identified in the enhancement patterns of intrahepatic cholangiocarcinoma and 
metastatic liver cancer on CEUS, with rim-like enhancement in the early arterial phase and complete defects 
in the Kupffer phase commonly being detected[11]. Nevertheless, it is important to note that approximately 
30% of intrahepatic cholangiocarcinomas show hypervascularity and enhancement in the arterial phase[22], 
consistent with the typical enhancement pattern of HCC on CEUS. Rapid washout has also been reported 
for intrahepatic cholangiocarcinoma[29]. Peripheral rim-like enhancement and quick contrast washout may 
provide high efficiency in the differentiation of intrahepatic cholangiocarcinoma from HCC. 

Hepatocellular adenoma (HCA) often shows arterial hyperenhancement[28] and approximately 30% of HCAs 
show mild washout in the late vascular phase of CEUS[28], making it difficult to distinguish HCA from well-
differentiated HCC. In such causes, the individual patient’s background such as a history of risk factors for 
HCC is very important for differentiation, and a biopsy may be necessary for the precise diagnosis. 

Figure 7. Defect reperfusion imaging for the local progression of hepatocellular carcinoma (HCC) after radiofrequency ablation (RFA). A: 
a computed tomography image shows focal arterial enhancement of the local progression of HCC (arrow) and RFA-induced coagulation 
necrosis (arrow heads); B: viable HCC (arrow) in close proximity to the necrotic area (arrow heads) are shown as areas with defects in 
the Kupffer phase; C: recurrent HCC (arrow) is clearly identified using the Sonazoid reinjection technique, whereas the necrotic area (arrow 
heads) does not enhance

A B C

A B

Figure 8. Liver metastasis from colon cancer. A: liver metastasis shows peripheral irregular rim-like enhancement (arrow); B: a clear 
defect (arrow) is evident in the Kupffer phase
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Liver hemangioma shows peripheral nodular enhancement in the arterial phase and centripetal filling 
through the portal to Kupffer phases of CEUS [Figure 9][11]. Although incomplete late filling has been 
reported in some cases of larger hemangioma, the enhancement pattern of “peripheral nodular arterial 
enhancement” in combination with “complete filling” resulted in a sensitivity of 98% for the diagnosis of liver 
hemangioma[30]. 

The typical findings of focal nodular hyperplasia on CEUS include hypervascularity in the early arterial 
phase with a spoke-wheel pattern and an iso-enhanced mass with a hypo-enhanced central scar through the 
portal to Kupffer phases[11]. The sensitivity of CEUS for detecting the spoke-wheel pattern is markedly higher 
than that of color-Doppler imaging. 

Hepatic angiomyolipoma (AML) is a relatively rare benign mesenchymal tumor of the liver. Pathologically, it 
is composed of varying proportions of fat, muscle, and blood vessels. AML is characterized by a hyperechoic 
nodule on B-mode US due to a fatty component and is generally observed as a hypervascular lesion in the 
arterial phase and a defective lesion in the Kupffer phase[4]. However, the diagnosis of hepatic AML is still 
challenging because imaging characteristics can vary depending on the proportions of its components. 

Normal hepatic arteries and portal veins are generally present within low-grade DNs which do not show the 
early uptake of contrast agents in the arterial phase. A previous study indicated that a high-grade DN showed 
transient hypovascularity in the arterial phase, and this finding was attributed to increased cellularity[11] 
[Figure 10]. 

Figure 9. Hepatic hemangioma. A: early arterial phase image shows the typical “peripheral globular enhancement” (arrow) of the lesion; 
B: the lesion shows “partial centripetal filling” (arrow heads) during the portal phase; C: a progressive filling pattern (arrow heads) is 
observed in the Kupffer phase

A B C

A B

Figure 10. Dysplastic nodule. A: dysplastic nodule (arrowheads) shows hypovascularity in the arterial phase because of the reduction of 
arterial and portal supplies; B: the Kupffer phase image shows a slightly hypointense lesion with unclear border (arrowheads)
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Inflammatory pseudotumor (IPT) of the liver is a rare benign nodule and can display various enhancement 
patterns on CEUS due to pathological change during the course of disease progression. When the nodules 
are abundant in inflammatory cells and granulation tissues, they often appear as an area of diffuse 
homogeneous hyperenhancement. As more necrosis and fibrosis develop within the nodules, IPT may show 
heterogeneous or peripheral rim-like enhancement[31]. 

Meta-analytic studies reported the ability of CEUS to accurately differentiate between benign and malignant 
FLLs at a sensitivity of 93% and specificity of 90%, and also demonstrated its similar diagnostic performance 
to dynamic CECT and MRI[32,33]. Furthermore, the diagnostic accuracy of CEUS for lesions that were 
inconclusive on CECT increased from 42%-44% to 89%-92%, and a higher diagnostic confidence level was 
confirmed[34,35]. 

CEUS guidance of biopsy/ablation therapy
The correct placement of the needle into the target tumor for percutaneous biopsy/ablation therapy increases 
its technical success rate. B-mode US does not accurately detect HCC in the presence of local tumor 
progression after treatment or true HCC surrounded by large regenerative nodules in cirrhotic livers. The 
rates of HCC with poor conspicuity on planning B-mode US for ablation therapy ranged from 5.2 to 38.8 in 
previous reports[36-39]. CEUS with Sonazoid facilitates needle placement in HCC that is poorly depicted on 
B-mode US because the defect lesion functions as a target for insertion. 

If imaging studies fail to reveal an accurate diagnosis of FLLs, biopsy may be required. The limitations of 
percutaneous liver biopsy guided with B-mode US incldue its high rates of false-negative results. However, 
correct targeting and guiding steps benefit from the use of CEUS with Sonazoid[40,41]. The diagnosis of benign 
FLLs may be improved with the utility of CEUS during liver biopsy without surgical intervention. 

A previous study reported that the technical success rate of a single radiofrequency ablation (RFA) session 
was significantly higher with CEUS than with B-mode US (94.7% vs. 65.0%, P = 0.043)[42]. Furthermore, the 
number of RFA sessions conducted in a historical cohort was smaller with Sonazoid CEUS guidance than 
with B-mode US guidance[43,44]. Another study showed that the sustained local control rate was markedly 
higher for CEUS-guided RFA than for B-mode US-guided RFA (85.3% vs. 66.4% at 2 years)[45]. In addition, 
inconspicuity on B-mode US and CEUS represents one of the most difficult conditions for percutaneous 
RFA. The combination of fusion imaging and CEUS is an effective guidance in ablation therapy for poorly 
defined HCCs on B-mode US and CEUS/fusion imaging[46]. 

CEUS may also help to identify complications immediately after ablation therapy such as active bleeding or 
segmental infarction of the liver[47]. Active hemorrhage should be visualized on CEUS as extravasation of 
microbubbles and infarcted areas can show no enhancement.  

Assessment of HCC treatment responses 
The complete lack of enhancement in all phases on CEUS was previously demonstrated in patients with 
complete treatment responses following arterial chemoembolization for HCC; while intratumoral residual 
or nodular peripheral enhancement was detected in patients with residual or recurrent HCC. CEUS allows 
for the reliable prediction of the risk of recurrence in patients with HCC within a short period of time 
(approximately 1 week) after TACE[48,49].

Important issues to consider in treatment response assessments of RFA are evaluations of the absence of the 
vascular enhancement of HCC and the ablative margin. Residual HCC shows a focal defect in the Kupffer 
phase, representing hypervascular enhancement, with reinjections of Sonazoid. However, consistent and 
accurate assessments of the ablative margin by CEUS is not always be possible because the tumor boundary 
may not be clearly identified on US after RFA[50]. 
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Sorafenib (Bayer, Leverkusen, Germany) is the first oral multikinase inhibitor developed for advanced 
unresectable HCC. Analyses of time intensity curves and arrival time parametric imaging facilitated 
assessments of the early responses of advanced HCC to sorafenib[51,52]. However, not all lesions of multiple 
HCC treated with sorafenib exhibit similar behaviors on CEUS; therefore, CEUS may only investigate a 
few regions of interest and may be limited to treatment response assessments of multiple HCC to systemic 
chemotherapies. 

CONCLUSION
US is a widely used imaging modality for liver diseases because it is minimally invasive, allows for real-
time observations, and provides high-resolution images. However, the accuracy of CEUS may be negatively 
affected by a number of factors, such as acoustic attenuation, various artifacts, and blind areas. Therefore, 
the favorable and unfavorable characteristics of CEUS need to be carefully considered. This review 
comprehensively demonstrates the importance of CEUS with Sonazoid for managing patients with HCC. 
CEUS provides real-time and high-quality images of FLLs, including HCC, in all phases of enhancement, 
and has markedly increased the accuracy of US-based detection and characterization. CEUS has the ability 
to differentiate between benign and malignant liver nodules with high accuracy, which is crucial in the 
management of these patients. Furthermore, CEUS with Sonazoid provides guidance during therapeutic 
procedures and facilitates assessments of treatment responses. The adequate guidance of ablation and precise 
monitoring of treatment responses using CEUS with Sonazoid will contribute to further improvement in the 
prognosis of patients with HCC. 
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Abstract
Hepatocellular carcinoma (HCC) is the most common primary liver cancer and usually arises in cirrhotic 
livers. Increasingly, it is diagnosed in non-cirrhotic livers. A variety of risk factors and etiologies can trigger the 
development of HCC in non-fibrotic and non-cirrhotic backgrounds. The most important causes are metabolic 
syndrome and hepatitis B virus infection. Postulated pathogenetic mechanisms are direct carcinogenesis, 
chronic liver injury and repair cycles, and genetic/epigenetic aberrations. Histopathology has a very important 
role in the diagnosis of non-cirrhotic HCC. Gross features of non-cirrhotic HCC are quite different from HCC 
originating in a cirrhotic background. Microscopic characteristics are similar to a classical HCC. However, certain 
histological variants show a predilection to occur in non-cirrhotic livers. These encompass fibrolamellar, scirrhous, 
steatohepatitic and mixed hepato-cholangiocarcinoma subtypes. Due to the non-cirrhotic background, adenoma, 
metastasis and most of the other non-neoplastic and neoplastic conditions enter the differential diagnosis. Genomic 
studies and morpho-molecular classifications of HCC provide further understanding of the molecular pathogenesis 
of non-cirrhotic HCC. This group however, has rarely been exclusively studied. This review offers an update of 
etiology, patho-molecular characteristics and differential diagnosis of HCC arising in non-cirrhotic backgrounds. 

Keywords: Hepatocellular carcinoma, non-cirrhotic, etiopathogenesis, molecular genetics, pathology, patho-
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INTRODUCTION
Hepatocellular carcinoma (HCC) usually arises in a cirrhotic liver and is characterized by tremendous 
phenotypic and molecular heterogeneity[1]. Around 20% of HCCs arise in non-cirrhotic livers[2-5]. The 
underlying etiologies, risk factors, pathogenetic mechanisms, gross specimen features, histological variants 
and the differential diagnosis of non-cirrhotic HCCs is quite distinct from HCCs arising in cirrhotic 
backgrounds. However, these aspects have not been adequately studied and further analysis of the 
molecular genetics and pathological characteristics in non-cirrhotic HCCs is necessary. In this article, an 
overview of the clinical, etiological and etiopathogentic, patho-molecular characteristics and differential 
diagnosis of HCCs arising in non-cirrhotic backgrounds, are presented. 

DEMOGRAPHIC AND CLINICAL CHARACTERISTICS
HCC is the most common primary malignant liver tumor and usually arises in cirrhotic livers. The 
occurrence of HCC in non-cirrhotic livers varies across different geographic regions of the world with a 
prevalence ranging from 7% to 54%[6]. Most series, however, have reported a prevalence of around 15%-
20%[2-5].  

The existence of HCC in non-cirrhotic livers has a bimodal age distribution, with peaks in the second and 
seventh decades. Non-cirrhotic HCCs have a lower male to female sex ratio (1.3-2.1) in comparison to 
cirrhotic HCCs where the ratio is 3.2 to 8:1[6]. HCC in non-cirrhotic patients manifest with non-specific 
symptoms or a clinically silent course in the initial period. This is due to the lack of surveillance imaging 
and higher hepatic reserves, leading to a delay in diagnosis until an advanced stage with a larger tumor 
burden has been reached[7]. Extrahepatic metastasis is already present in more than 25% of these patients at 
the time of presentation[8].   

Non-cirrhotic HCCs usually display similar imaging features to cirrhotic HCCs on computed tomography 
(CT) and MRI, with arterial phase hyper-enhancement followed by washout on portal venous and/or 
delayed phase imaging[9,10]. However, due to the non-prototypical background, the development of HCCs in 
non-cirrhotic livers is one of the most important indications for tissue diagnosis. Imaging features illustrate 
a solitary mass with or without satellite lesions[11]. Similar to imaging, serum α-fetoprotein measurements 
are similar for HCCs arising from both cirrhotic and non-cirrhotic backgrounds[7]. 

The prognosis for non-cirrhotic HCCs is usually better than that for cirrhotic HCCs[7]. Non-cirrhotic HCCs 
are more amenable to hepatic resection due to the lower risk of liver failure. Patients without cirrhosis have 
longer survival (postoperative overall survival and recurrence-free survival) than patients with cirrhosis[7,12]. 
However, the recurrence rate of HCC in non-cirrhotic livers is very high after surgical resection[11,13,14]

. 

ETIOLOGIC CONSIDERATIONS
A variety of conditions can be a risk factor for developing non-cirrhotic HCC. 

Infections
Hepatitis B virus (HBV) infection is one of the most common underlying etiologies, especially in high 
incidence areas. Up to 30% of HBV-related HCCs arise in non-cirrhotic livers[15,16]. HBV infection can 
directly trigger liver carcinogenesis by integration of the HBV genome into the host hepatocyte DNA. This 
can cause secondary chromosomal rearrangement and genomic instability, or produce genototoxins such 
as the HBx protein, resulting in HCC development in non-cirrhotic backgrounds[7,17]. In addition, the X 
protein of HBV, through its interaction with p53, interferes with tumor-suppressor activity. This oncogenic 
impact of HBV can remain even in treated cases or after seroconversion and resolution of HBV[18,19]. 
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Although relatively less common, chronic HCV-infection is also a risk factor for the development of HCC 
in non-cirrhotic livers[8,20,21]. HCV carcinogenesis is likely mediated by viral factors and the host immune 
response[7]. Oxidative stress in hepatocytes with sustained necro-inflammatory processes leads to cell 
injury, repeated cell divisions leading to genetic alterations in stem cells, and cause transformation into 
dysplastic and malignant phenotypes[16,22,23]. HCV does not integrate into the host genome, but its direct 
hepatocarcinogenic potential is attributable to certain HCV gene products (core, NS3, NS4B and NS5A) 
and has been reported in murine fibroblast culture studies. However, the carcinogenic potential of HCV is 
much lower than HBV, and HCCs related to HCV mostly develop in cirrhotic livers[24]. A study reported 
the annual incidence of HCV-associated HCC to be 0.8% among non-cirrhotic patients, and 2%-8% among 
cirrhotic patients[21]. 

Metabolic syndrome and alcohol related liver disease
Metabolic syndrome is the most frequent cause of HCCs in non-cirrhotic backgrounds[8]. NAFLD, with 
or without NASH, is the hepatic manifestation of metabolic syndrome and a common risk factor for HCC 
development[25]. 39%-49% of NAFLD-related HCC cases arise in non-cirrhotic livers[26]. Amongst various 
etiologic links, patients with NAFLD most frequently develop HCCs in non-cirrhotic backgrounds[27]. 
Alcohol related hepatocarcinogenicity is almost exclusively due to the development of cirrhosis[28,29]. 
However, excessive alcohol intake in the setting of chronic HCV and diabetes mellitus may potentiate 
oxidative stress and free radical damage. This can lead to rapid progression to HCC even in non-cirrhotic 
livers[8,30]. As shown in one study, 15% of non-cirrhotic HCC patients had alcohol-HCV infection 
synergism[8]. 

The aforementioned cause-effect relationships for HCC development can be due to direct carcinogenic 
action. Nonetheless, the role of chronic liver inflammation leading to repeated cycles of cell injury and 
regeneration, and subsequent genetic and epigenetic alterations in hepatocytes, is equally plausible[31]. 

Hepatocyte injury resulting from microbial or sterile etiologies activates resi dent liver immune cells 
and later, facilitates the recruitment of nonresident immune cells to the liver, thereby mounting a strong 
inflammatory response. Persistent inflammation as a result of hepatitis virus or microbial attack resulting 
from breaches of the gut–liver axis lead to the production of proinflammatory cytokines such as IL-6, 
TNF-α, IL-1 and IL-18 through inflammasome-independent or -dependent pathways. Activated 
transcription factors make the hepatic milieu a fertile zone for cellular transformation[32]. Tregs coupled to 
the activation of Notch and TGF-β are involved in perpetuation of the in flammatory response and HCC 
development in patients chronically infected with the HBV[33]. 

Other liver disorders and tumors
Inherited metabolic and congenital diseases, in particular hereditary hemochromatosis, α-1-antitrypsin 
deficiency, Wilson disease, type I glycogen storage disease, porphyria, hypercitrullinemia, Alagille 
syndrome, and congenital hepatic fibrosis have predisposition to developing HCC in non-cirrhotic livers[6]. 
Mild iron accumulation is found in background liver parenchyma in non-cirrhotic HCCs, indicating the 
role of excess iron within hepatocytes as a genotoxic cocarcinogen factor[34]. 

Other genotoxic factors such as aflatoxin B1, produced by the fungus Aspergillus flavus, can contaminate 
cereals, legumes, spices and fruits[35]. It is metabolized by the P450 enzyme in the liver to generate an 
epoxide, which binds to DNA and leads to the development of non-cirrhotic HCC via p53 mutation[35,36] 
and also, amplifies the risk of HCC development among patients with HBV infection through this 
mutation[37]. Exposure to microcystins (metabolites of cyanobacterial blooms) through water and aquatic 
food is also implicated in hepatocarcinogenesis[38]. Chemical industrial carcinogens such as pesticides, vinyl 
chloride, arsenic, tobacco combustion derivatives, and radioactive elements such as Thorotrast, can also 
cause liver cancer[6]. 
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Other liver lesions such as hepatocellular adenoma occur in non-cirrhotic backgrounds and can undergo 
malignant transformation in around 15% of cases[39]. Patients taking anabolic C17-alkylated androgenic 
steroids are also predisposed to HCC development in a non-cirrhotic background[40]. 

PATHOLOGICAL FEATURES
Macroscopic evaluation of non-cirrhotic HCC 
Gross examination of a non-cirrhotic HCC frequently displays a large solitary mass or a dominant mass 
with small satellite nodules. This is in contrast to HCCs in cirrhosis, which has either a single nodule 
or multiple small nodules[6,24,41]. In a study based on retrospective analysis of the gross specimens of 242 
solitary and resected primary HCCs, the absence of cirrhosis was recorded in 45%. Various gross subtypes 
including expanding nodular, multinodular confluent, nodular with perinodular extension were almost 
equally prevalent in both cirrhotic and non-cirrhotic HCCs; the infiltrative type however, was far more 
common in cirrhotic patients[42] [Figure 1].

Non-cirrhotic HCCs are more likely to develop intratumoral hemorrhage. It shows tumour heterogeneity 
with variegated appearances due to necrosis and hemorrhage[24]. Intracellular fat accumulation is more 
frequently seen in well-differentiated, non-cirrhotic HCCs[24]. Encapsulated tumors occur significantly 
more in patients without cirrhosis[12]. However other studies have reported lack of encapsulation in this 
group[43]. Altogether, non-cirrhotic HCCs are markedly different from cirrhotic HCCs in terms of lesion 
number, dimensions, fat content, intratumoral hemorrhage, and encapsulation [7]. 

Figure 1. Gross specimens: HCC in a non-cirrhotic background: massive solitary HCC in a patient with NASH (A); single HCC in HBV 
related liver disease (B); multinodular HCC in a patient infected with HBV (C); steatohepatitic variant of HCC in a patient with NASH (D); 
single large HCC in a patient infected with HCV (E); large HCC with prominent cholestasis and pseudoglandular pattern on microscopy 
(F); combined HCC-CC in a patient infected with HBV (G); fibrolamellar HCC (H). HCC: hepatocellular carcinoma; HBV: hepatitis B 
virus
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The published literature indicate more frequent metastasis, direct invasion of adjacent organs and 
macroscopic portal vein or hepatic vein invasion in non-cirrhotic HCC, which is probably related to 
delayed diagnosis or inherent biological aggressiveness[41]. 

Fibrolamellar HCCs are a distinct variant of HCCs known to occur in non-cirrhotic livers[44]. Up to one 
third of HCCs developing in noncirrhotic backgrounds are of the fibrolamellar type[2,45]. This variant forms 
a heterogeneous and well-circumscribed mass[46]. On cut sections, prominent fibrous septa subdividing the 
mass into a central zone of scarring and calcifications may be observed[47]. 

Histopathology of HCCs arising in non-cirrhotic backgrounds
The histological evaluation of HCC specimens plays a key role in tumor staging and in distinguishing HCC 
from its precursor lesions or other liver nodules[48]. Tumor biopsy based diagnosis is recommended for all 
nodules occurring in non-cirrhotic livers[1,49,50]. 

The pathological characteristics are similar to those of an HCC developing in a cirrhotic background. 
Thickened tumor cell plates, malignant cytology, capillarization of sinusoids and evidence of invasion 
constitute the principal diagnostic microscopic features. The four major histological patterns in HCC are 
microtrabecular, compact, macrotrabecular and pseudoglandular. Of these, the trabecular form is the most 
common histological pattern of HCC, both in cirrhotic and non-cirrhotic livers (41%-76%)[51] [Figure 2]. 

Figure 2. Histological patterns of hepatocellular carcinoma in non-cirrhotic livers: pseudoglandular (A), microtrabecular (B), 
macrotrabecular (C), compact (D)
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There are several histological subtypes of HCC such as fibrolamellar, steatohepatitic, lymphoepithelioma-
like carcinoma, combined hepatocholangiocarcinoma, clear cell HCC, sarcomatoid HCC and many 
others[52]. These HCC histological subtypes have distinct morphological features, some of which have 
prognostic importance; recently, several have also been reported to have dysregulation of specific molecular 
pathways with implications with respect to molecular targeted therapies[1]. All of the subtypes can be 
found in cirrhotic and non-cirrhotic livers but fibrolamellar carcinoma is found almost exclusively in non-
cirrhotic livers[52] [Figure 3]. FLC typically occurs as a single tumor in non-cirrhotic livers in younger 
individuals[53]. Scirrhous HCCs are often located beneath the liver capsule and are most common in 
non-cirrhotic livers[54,55]. Mixed HCC-cholangiocarcinoma subtype also occurs more frequently in non-
cirrhotic livers[6]. The steatohepatitic variant of HCC also often occurs in non-cirrhotic backgrounds. 
Cirrhotomimetic HCC typically arises in cirrhotic livers but in rare cases, can occur in non-cirrhotic 
livers[52]. Well-differentiated HCCs are frequent in non-cirrhotic livers and have microscopic fat. 
Immunohistochemical panel comprising glypican 3 (GPC3), heat shock protein (HSP70) and glutamine 
synthetase (GS) may assist in diagnosis[56]. 

HCC is characterised by cytologic features which have prognostic importance and add heterogeneity 
to the tumour phenotype[1]. The occurrence of steatosis, clear cells, cholestasis, giant cells, and other 
miscellaneous features in HCCs in non-cirrhotic backgrounds is comparable with that in cirrhotic livers. 
However, a few studies have shown that giant cells, multinucleate cells, local hepatic venous invasion by 

Figure 3. Microscopic sections of histological variants of hepatocellular carcinoma occuring in non-cirrhotic backgrounds: fibrolamellar 
(A), steatohepatitic (B), scirrhous (C), mixed hepatocellular-cholangiocarcinoma (D)
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tumor, and Mallory bodies were 2.4, 2.0, 1.6 and 1.5 times more likely, respectively, to be found in tumors 
occurring in patients with cirrhosis than those in patients without cirrhosis[12]. 

There is conflicting data on the occurrence of prognostic histological indices in non-cirrhotic HCCs. 
Nzeako et al.[12] reported that cirrhotic patients, as compared to non-cirrhotic individuals, have a risk of 
harbouring grade 3-4 tumors and venous invasion of 1.7 and 1.6 times respectively. Whereas extrahepatic 
extension was reported to be greater in HCC arising in non-cirrhotic liver (20.5% vs. 6.5%)[41]; others have 
reported comparable tumor differentiation and portal tree invasion between cirrhotic and non-cirrhotic 
HCCs[41,57]. 

Pathology of background liver
HCC may develop without advanced liver fibrosis or even in normal livers. The non-tumoral liver exhibits 
features of chronic hepatitis, varying degrees of fibrosis, steatosis, iron overload or other metabolic 
disorders[58]. In actuality, very few cases have an absolutely normal liver. However, in a study, 21/87 HCCs 
occurred in non-cirrhotic livers, and histopathological evaluation showed that nearly a third had no fibrosis 
in the liver[8]. Another study of 1,221 patients revealed that 238 (19%) had no cirrhosis yet the grade of 
fibrosis was ≤ F2 in 62% of all non-cirrhotic patients, and F3 in 8%. In another series of surgical resections 
of HCC, a high rate of non-cirrhotic livers was identified (F0-F1 38%, F2-F3 33%, F4 29%)[59]. Other 
features such as liver cell dysplasia, more often the large cell type, was found in 27%-40% of cases[60,61] and 
these figures decreased to 6%-20% in the subgroup of non-fibrotic livers[62,63]. The presence of NAFLD (12% 
vs. 28%) is more common in patients without cirrhosis than in those with cirrhosis[64] [Figure 4]. 

Differential diagnosis of HCCs arising in non-cirrhotic livers
There is a plethora of inflammatory, immunologic, neoplastic and infective lesions that occur in a non-
cirrhotic liver background. However, from the point of view of histopathological interpretation, the most 
important are preneoplastic and neoplastic conditions, HCC variants and tumor metastasis.  

Dysplastic nodules are premalignant lesions, which are well-defined and circumscribed. These lesions 
mostly arise from a background of chronic liver disease and more often, cirrhosis[65]. These are 
important for diagnosis as often, they come under the differential diagnosis of well-differentiated HCCs. 
Immunohistochemical panels comprising glypican 3, HSP-70, glutamine synthetase, CD34 and CK7, are 
particularly useful in such scenarios[18] [Figure 5]. 

The differential diagnosis between hepatocellular adenoma (HCA) and well-differentiated HCC arising 
in non-cirrhotic livers is another challenging situation, especially the HCA subtype with cytological 
or architectural atypia[66]. Clinico-pathological correlation helps to sort this conundrum. Malignant 
transformation is one of the most important complications of HCA and is reported to occur in 4%-10% 
of HCA[67-69]. Awareness about the malignant potential and predisposing risk factors such as male gender, 
larger tumor size, and β-catenin activated subtype, is crucial[68].

Focal nodular hyperplasia (FNH) is another important differential consideration for HCCs occurring in 
non-cirrhotic backgrounds. FNH, a benign lesion resulting from the regenerative response to vascular 
abnormalities, has a characteristic histomorphology. A central scar with thick-walled vessels and nodular 
regeneration of hepatocytes, with marked ductular reaction and inflammatory infiltrate at the junction of 
fibrous bands and hepatocyte nodules, distinguishes FNH from HCC. A “map-like,” geographic pattern of 
GS staining of FNH is especially useful in diagnostic dilemmas[70-72]. 

Awareness of other benign and malignant epithelial, mesenchymal and vascular tumours is crucial. 
Cholangiocarcinoma is the second most common primary cancer and accounts for 15% of primary liver 
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Figure 4. HCC in a non-cirrhotic background: HCC with pseudoglandular pattern in a background with F0-F1 fibrosis (A, HE stain; 
B Masson Trichrome stain), HCC with microtrabecular pattern in F0 fibrosis (C, HE stain), steatohepatitic HCC with F3 fibrosis in 
background liver (D, MT stain). HCC: hepatocellular carcinoma

Figure 5. Immunohistochemical markers helpful for confirming hepatocytic origin and in confirming well-differentiated HCC: HepPar1 
(A), polyclonal CEA (B), Glypican-3 (C), HSP70 (D), CD34 (E), glutamine synthetase (F). HCC: hepatocellular carcinoma 
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tumors[73]. Glands lying in desmoplastic stroma and immunohistochemical expression of mucin1, CK7 and 
CK19, while negative for hepatocytic origin, aids in the diagnosis[74]. Bile duct adenoma is often a difficult 
differential, particularly in intra-operative frozen section examination. A subcapsular location and a well-
circumscribed appearance are important clues to the diagnosis. Vascular lesions such as hemangioma, 
epithelioid hemangioendothelioma, angiosarcoma, and angiomyolipoma are other mimics of HCC 
on imaging. The histopathology and immunohistochemical markers are quite distinct however, so the 
diagnosis is straightforward. 

Certain HCC variants have a predilection to occur in non-cirrhotic livers. Fibrolamellar, scirrhous, 
steatohepatiic and mixed hepato-cholangiocarcinoma are the more frequent subtypes. Molecular pathways 
and morpho-molecular features are reviewed in the molecular pathology section.  

The fibrolamellar subtype merits special mention. It was first described by Edmondson in 1980, and is 
a rare entity, accounting for less than 1% of all cases of primary liver cancer[44]. It is mostly encountered 
in the young population without any underlying chronic liver disease, or other known predisposing risk 
factors[75]. Its key histological features are the presence of lamellar stromal bands surrounding nests of large 
polygonal eosinophilic tumor cells, which have prominent nucleoli. The tumor cells display the presence 
of cytoplasmic inclusions - ground-glass pale bodies, eosinophilic cytoplasmic globules, and Mallory-
Denk bodies. The immunohistochemical markers CK7 and CD68 are expressed by tumor cells and have a 
sensitivity of 100% and 96% respectively[76,77], which are important for confirmation[47].

Metastasis is the most common hepatic malignancy and occurs in non-cirrhotic livers. In patients without 
underlying liver disease, HCC accounts for only about 2% of malignant liver neoplasms[78,79]. The lung, 
colon, pancreas and breast are the most common primary sites that metastasize to the liver. In some cases, 
these mimic HCC, particularly clear-cell renal cell carcinoma, clear-cell adenocarcinoma of the female 
genital organs, adrenal carcinoma and hepatoid adenocarcinoma of the stomach[78,79]. 

PATHO-MOLECULAR CHARACTERIZATION OF HCC IN NON-CIRRHOTIC LIVERS 
The etiology and etiopathogenesis for a vast number of non-cirrhotic HCCs still remain unknown. 
Advancements in translational research have made it possible to analyse thousands of molecular targets 
in HCC using microarray-based technologies as well as next-generation sequencing. However, unlike the 
cirrhotic HCC and HCA, molecular pathways and classifications have not been exclusively studied in non-
cirrhotic HCCs. Genomic studies in this particular group would be able to elucidate the similarities and 
distinctness of the underlying mechanisms and biology in comparison to the cirrhotic HCC. Despite the 
scarcity of the literature, recent studies on the molecular pathology of HCC, regardless of the background 
liver, provides vital information. 

The most frequent mutations affect the TERT promoter (60%), which is associated with an increased 
expression of telomerase. TP53 and CTNNB1 are the next most prevalent mutations. These, combined with 
low-frequency mutated genes (e.g., AXIN1, ARID2, ARID1A, TSC1/TSC2, RPS6KA3, KEAP1, MLL2), 
represent the main deregulated pathways in HCC[80]. 

Different pathways of genetic alterations point towards different hepatocarcinogenetic mechanisms in HCC 
with and without cirrhosis. HCCs in non-cirrhotic livers are more often associated with higher β-catenin 
mutation, p21 expression, p14 inactivation, and global gene methylation, in contrast to higher p53 and 
Wnt/β-catenin pathway aberrations seen in cirrhotic HCCs[81,82]. However, one study showed nuclear p53 
labeling in 30% of non-cirrhotic HCCs[83]. Other studies have also suggested that tumor suppressor genes 
play an important role in the development of HCC in the absence of cirrhosis[84] [Figure 6]. 
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Analysis of miRNAs holds great promise for improving diagnosis and prognosis, along with the therapeutic 
management of HCCs originating in non-cirrhotic backgrounds. miRNA, particularly hsa-mir-149 
expression, is considered an independent risk factor for the poor prognosis of non-cirrhotic HCCs but 
not for cirrhotic HCCs[85]. Early and unique changes in circulating miRNA in the serum could allow it 
to be a biomarker for the early detection of non-cirrhotic HCCs. A similar role of a three mi-RNA panel 
comprising of miR-92-3p, miR-107, and miR-3126-5p in early HCC was shown by Zhang et al.[86] and 
Koh et al.[87] reported the difference in expression of 16 miRNAs between non-tumor and HCC tissues in 
non-cirrhotic livers[87]. 

Few studies have pointed towards the role of altered mismatch repair genes in hepatocarcinogenesis. A 
study to explore the presence of microsatellite instability (MSI) in 37 non-cirrhotic HCC patients with a 
histologically normal liver, low alcohol intake and absence of HBV and HCV infection[88], demonstrated 
that 26 (43%) had MSI (16% of high grade). However, other authors did not find MSI to be significant in 
non-cirrhotic HCCs[88,89]. 

Angiogenesis related characteristics are similar between cirrhotic and non-cirrhotic HCCs[90]. Favorable 
outcomes in the fibrolamellar subtype might be partly due to the low number of cytogenetic aberrations 
in this type of tumor[91]. Stemness marker expression analysis revealed that 88% of non-cirrhotic HCCs 
were keratin-19 negative. Expression of K19 in this study demonstrated correlation with less tumor 
encapsulation and with the presence of p53 mutation[39]. 

Certain etiology specific studies have reported important molecular alterations in non-cirrhotic HCCs.

STAT signaling pathways have an important role in HCC-NASH[92], especially STAT-3 signaling with regard 
to NASH associated HCC occurring in non-cirrhotic backgrounds[93]. The literature advocates targeting 
of the STAT-1 signaling pathway in steatohepatitic HCC with cirrhosis or severe fibrosis and NASH, 

Figure 6. Immunohistochemical markers representative of phenotypic correlates of dysregulated molecular pathways: TP53 (A), PD1 
in immune cells (B), PDL1 in tumour cells (C), CK19 in tumour cells (D), β-catenin nuclear positivity (E), glutamine synthetase diffuse 
expression (F). PD1: Programmed death-1; PD-L1: programmed death-ligand 1
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whereas NASH-HCC without cirrhosis or fibrosis is mediated through the STAT-3 signaling pathway[92]. 
Tumor suppressor genes play an important role in the development of steatosis, liver cell damage and 
HCC development in the absence of cirrhosis in fatty liver disease[27,84,94]. Patients whose tumors showed 
heterogeneous staining patterns of glutamine synthetase in non-cirrhotic livers were more commonly 
overweight or obese[39]. 

HBV infection has direct oncogenic potential and the accumulation of mutations in basal core promoters 
and a high viral load is considered an independent predictor of HCC development. These mutational 
patterns have the potential to identify those at risk of HCC development. HCC development in HCV 
infected patients is mainly attributable to sustained necro-inflammatory processes and therefore, occurs 
on a background of advanced liver fibrosis or frank cirrhosis. Studies have shown that several HCV gene 
products (core, NS3, NS4B and NS5A) possess transformation potential in murine fibroblast culture, 
suggesting that HCV also has direct hepatocarcinogenic potential[16,22,23]. Approximately 46% of HCV-
related HCCs exhibit CTNNB mutations[95]. Of these, the majority arise in the absence of underlying 
cirrhosis. 

Overrepresentation of T>C at ApTpX with transcription strand bias, a pattern known to be strongly 
associated with genotoxic injury, was reported in HCC developing in non-cirrhotic patients with high 
alcohol and tobacco consumption[96]. A variety of congenital and acquired conditions also induce the 
development of HCC without underlying cirrhosis, often through alterations in cell cycle regulation, 
oxidative stress, and increased levels of tumorigenic growth factors.

Dysregulation of molecular pathways in histological variants of HCC
Macrotrabecular massive HCC (MTM-HCC), a novel distinct subtype of HCC, is characterized by the 
presence of a macrotrabecular pattern of more than 6 cells thick recorded in > 50% of the tumor as 
described by Ziol et al.[97]. In another recent study, taking a cut off of > 30% macrotrabecular pattern, 
MTM-HCC was found to be less often associated with cirrhosis[98]. This variant shows genetic aberrations, 
which are related to cell cycle activation, chromosomal instability, the G3 transcriptomic subgroup, FGF19 
amplifications and TP53 mutation[59,99]. MM-HCC is also characterized by the high expression of two key 
regulators of neoangiogenesis and vascular remodeling, angiopoietin 2 and vascular endothelial growth 
factor A (VEGFA)[59,100]. Endothelial-specific molecule 1 (ESM1) was identified as a biomarker for this 
variant[59].  

The steatohepatitic subtype is characterized by prominent steatotic changes in the tumor cells, namely 
fat accumulation, ballooning degeneration, the presence of Mallory-Denk bodies and peri-cellular 
fibrosis[48,101]. SH-HCC also often occurs in non-cirrhotic backgrounds as shown in a recent study that 
reported SH-HCC in 20% of the 96 HCC cases reviewed[102]. IL6/JAK/STAT pathway activation, wild type 
CTNNB1 and TP53 are the molecular pathways implicated in the pathogenesis[59,103]. However, the literature 
reports that CTNNB1 mutations (beta catenin pathway alterations) are less frequent in steatohepatitic 
HCCs compared to conventional HCCs[103]. 

Lymphocyte-rich HCCs are characterized by an immune rich stroma and have been demonstrated to 
have cirrhosis in only 46% of cases in a recent comprehensive review[104]. Molecular studies have revealed 
that mutations of CTNNB1, AXIN1, APC, NOTCH1 and NOTCH2 were less frequently observed in 
lymphocyte-rich HCCs than conventional HCCs[105], suggesting a relation between these pathways and 
immune exclusion. In lymphoepithelioma-like HCC, oncogenes expressed from chromosome 11q13.3 
(CCND1FGF19, and FGF4) are strongly associated with the immune checkpoint signature (CD274, 
PDCD1, BTLA, CTLA4, HAVCR2, IDO1, and LAG3). Such differences in genetic aberrations from 
classical HCCs provide insight into the need for therapeutic strategies that evade immune surveillance seen 
in classical HCCs[105,106]. 
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Scirrhous HCC is another variant, which is less often associated with liver cirrhosis when compared with 
conventional HCC[55]. Genetic studies have highlighted TGF-β signaling, TSC1/TSC2 mutations and the 
expression of stem cell markers as the main derangements[59,107].  

Fibrolamellar HCC is characterized by a chimeric transcript, found as a result of a deletion in the 
chromosome 19 - DNAJB1-PRKACA chimeric protein[108]. This genetic signature is not reported in other 
tumors, which indicates that the mutation plays a key role in FL-HCC tumorigenesis[46,109]. Interaction 
between the fusion kinase and b-catenin[110] also contribute to the pathogenesis of FLC. Comparative 
genomic hybridization studies have demonstrated that in contrast to the classical HCC, the TP53, Wnt/
β-catenin, or surviving pathways, are not mutated in FL-HCC[91,111]. 

Combined hepatocellular-cholangiocarcinoma (cHCC-CCA) also occurs in the non-cirrhotic liver 
background. Genomic sequencing shows a profile similar to conventional HCCs[112]. Studies have shown 
that the same oncogenic drivers delivered to hepatocytes could generate tumors with either a hepatocellular 
or biliary phenotype, and such differentiation is mainly dependent upon the microenvironment created by 
the oncogenic process[113]. Recurrent alterations in TERT, TP53, cell cycle genes, receptor tyrosine kinase/
Ras/PI3K pathway genes, chromatin regulators etc. were identified in cHCC-CCA, while IDH1, IDH2, 
FGFR2 and BAP1 mutations were absent[97]. CCND1, MET and ERBB2 amplifications are present at higher 
frequencies in CHCs compared with HCCs, whereas Wnt pathway alterations are relatively less frequent[114]. 
The literature shows that in comparison to HCCs, TP53 mutations occur twice as frequently in cHCC-
CCAs. TP53 mutations in HCC are usually associated with a worse prognosis and poorly differentiated 
histomorphology[59,115]. This suggests that cHCC-CCA is more similar to poorly differentiated HCCs and 
explains its worse prognosis [Figure 7]. 

CONCLUSION
HCCs arising in non-cirrhotic livers are distinct from cirrhotic HCCs in many ways. The risk factors, 
etiologies, pathogenesis, histopathology and the differential diagnosis, along with genomic pathways, differ 
from the typical cirrhotic HCC. Current knowledge of phenotypic-molecular alterations are based on 
studies on HCC irrespective of the liver background. Studies devoted exclusively to non-cirrhotic HCCs 

Figure 7. Genetic aberrations in non-cirrhotic hepatocellular carcinomas (HCCs)
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are scarce. In the era of molecular targeted therapies, there is an urgent need to analyze the carcinogenetic 
mechanisms and pathology based phenotypic correlates of specific molecular aberrations in HCCs 
originating in non-cirrhotic livers. 
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Abstract
Occult hepatitis B infection (OBI) is characterized by absent hepatitis B surface antigen (HBsAg), low or 
undetectable serum hepatitis B viral DNA (HBV-DNA), and detectable DNA in the liver. There is debate over 
whether OBI increases the risk of hepatocellular carcinoma (HCC). We present a patient with negative HBsAg and 
a large HCC tumor who underwent a large right hepatic lobectomy. Initially, the etiology of HCC was unknown, 
but through more sensitive molecular testing, it was believed to be due to OBI. In this case report, we discuss the 
patient’s clinical course, the effect of antiviral therapy, mechanism of carcinogenesis in OBI, and the need for more 
rigorous HBV DNA assay testing for the detection of OBI.

Keywords: Occult hepatitis B infection, OBI-associated HCC, HBsAg negative HCC

INTRODUCTION
Hepatitis B virus (HBV) has caused over 50 percent of hepatocellular carcinoma (HCC) cases worldwide[1]. 
The prognosis for HCC is generally poor especially when patients present with multifocal disease. Radical 
liver resection is usually ineffective as new tumors can present in the remnant liver. High levels of HBV-DNA 
are believed to increase the risk for HCC and sensitive molecular testing has identified OBI as a risk factor in 



Page 2 of 7                                          Boortalary et al. Hepatoma Res 2020;6:48  I  http://dx.doi.org/10.20517/2394-5079.2020.38

the progression of cancer. OBI has been recognized as a possible phase of chronic hepatitis B infection and 
is characterized by absent HBsAg, low or undetectable serum HBV-DNA, and detectable DNA in the liver[2]. 
While the clinical significance of OBI remains unknown, the frequency varies across populations, and with 
the specificity and sensitivity of routine laboratory assays. The prevalence is as high as 41%-90% in those with 
prior HBV exposure in high-prevalence areas, and 5%-20% in low-prevalence areas[3,4]. Except for cases of 
replication-defective variants or S escape mutants that produce undetectable modified HBsAg, most OBI are 
capable of replicating but are suppressed in their activity by host defense mechanisms[5]. 

We present the case of a patient with negative HBsAg and a large, 10 cm hepatocellular carcinoma who 
underwent a right hepatic lobectomy. The patient subsequently required lung resection for metastasis 4 years 
later. After tumor recurrence, additional testing revealed the presence of OBI. The patient was started on 
anti-HBV therapy and has remained disease free for the past 16 years. The patient’s earlier course was 
published previously[6]. This is a follow up of the patient’s 16-year course to date. In this paper, we describe 
the patient’s initial hepatic surgical resection, the subsequent lung resection complicated by postoperative 
infection, and the patient’s long-term management, functional outcome, and survival. 

CASE REPORT
A 64-year-old woman presented with right shoulder pain for one month and was found to have a 9 cm mass 
on magnetic resonance imaging (MRI) scan in the right lobe of the liver [Figure 1]. Physical exam revealed 
a hard, non-tender mass in the right upper quadrant (RUQ) extending to the pelvis. Ultrasound-guided core 
biopsy of the mass was compatible with HCC. Family history was negative for known HBV or liver cancer. 
Her mother died from injuries sustained during a bomb explosion when the patient was 14. Her father died 
of pulmonary disease. Her three younger siblings (60F, 56F, 52M) were well without liver disease. The patient 
has three children. Her 43-year-old daughter was found to be HBsAg positive whilst her 2nd daughter, aged 
37-year-old, was negative for HBsAg but positive for anti-HBc total, suggestive of past exposure. Data was 
unavailable on her youngest daughter. The patient has a history of depressive disorder and has been on 
Prozac for the past 12 years.

A B

C D

Figure 1. Contrast-enhanced magnetic resonance imaging showing a large liver mass. The axial T2-weighted fat-suppressed image (A) 
shows a large hyperintense mass replacing most of the right hepatic lobe. The corresponding T1-weighted fat-suppressed pre-contrast (B), 
arterial phase post-contrast (C) and delayed post-contrast (D) images demonstrate hypointensity with patchy arterial hyperenhancement 
and washout with capsule appearance of the periphery and central necrosis (asterisk)

* *
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On initial presentation, the patient was not in acute distress. Blood results revealed an AFP of 7,981 ng/mL, 
HBsAg (-), Anti-HBs (+), Anti-HBC total (+), Anti-HCV (-), HBV DNA (-), serum albumin 4.0 g/dL, total 
bilirubin 0.7 mg/dL, ALT 17, AST 95, alkaline phosphatase 98 U/L, WBC 5.4 K/µL, platelets 229 K/µL, serum 
creatinine 0.7 mg/dL and normal coagulation studies. HBsAg was determined with a quantitative HBsAg 
assay (AxSYM, Abbott Laboratories, IL, USA). 

The patient was evaluated for potential curative resection. computed tomography (CT) and MRI staging 
studies did not reveal intrahepatic or distant metastatic disease. No regional adenopathy was identified. She 
was assessed to be medically fit for resection and her calculated remnant liver volumes were acceptable. 
In the operating room, a staging laparoscopy revealed no evidence of peritoneal metastases. There was no 
evidence of macro-nodular cirrhosis or portal hypertension. Intraoperative ultrasound of the liver confirmed 
a single large right hepatic lobe HCC without evidence of satellite lesions or additional tumors. Through 
abdominal exploration, there was suspicion of invasion of the right diaphragm at the bare area of the liver. A 
portion of the right diaphragm was resected with the right hepatic lobe to achieve grossly clean margins and 
the diaphragm was repaired primarily. The patient had an uneventful recovery and was discharged home. 
Final pathology revealed moderately differentiated HCC.

Follow up AFP decreased to 2.4 mg/mL at 4 months post-surgery. Four years later, the patient’s AFP 
increased to 25.5 ng/mL and peaked at 79.8 ng/mL 3 months later. Abdominal MRI showed a 3.2 cm mass 
behind the heart [Figure 2]. Chest CT confirmed a mass behind the right pulmonary vein and she underwent 
video-assisted thoracoscopic surgery (VATS) to remove the right lower lobe lung mass. Histologically, 
the lung mass was confirmed to be HCC. Her postoperative course was complicated by continued pleural 
effusions and empyema for which she underwent a right lower lobectomy and decortication via VATS 
[Figure 3A-C]. 

At this juncture, questions of whether the patient’s HCC could be attributed to HBV infection were raised. 
While she had remained HBV DNA negative by the commercial assay, her daughters’ positive HBV markers 
prompted consultation with a laboratory where more sensitive HBV DNA testing had been developed[6,7]. 
The analytical sensitivity was 15-20 copies/mL, while at the time of assay development, the sensitivity of the 
Roche Cobas HBV DNA assay was at ~150 copies/mL. Since HBV DNA tends to mutate, it is possible that 
our assay detected a HBV strain that the commercial assay could not due to rare mutation(s).

HCC tissue from the original liver tumor, the lung tumor, and the serum specimens collected both at the 
time of her HCC diagnosis and at the time of her lung metastasis were sent to the laboratory. DNA was 
extracted from formalin-fixed liver or lung tissue blocks using the DNeasy Blood & Tissue Kit from Qiagen. 
The extracted DNA was then subject to real time PCR[7]. 

A B

Figure 2. Magnetic resonance imagingand computed tomography (CT) showing a right lower lobe mass. The axial T1-weighted fat-
suppressed postcontrast (A) and enhanced CT (B) images show an enhancing mass in the right lower lobe (arrow)



The liver tumor was positive for HBV DNA while the metastatic lung mass was negative for HBV DNA. 
Serum samples from the time of her diagnosis of HCC and subsequent lung metastasis (both negative by 
commercial assay) showed HBV DNA levels of 3,271 copies/mL and 52 copies/mL respectively.

Based on these findings, the patient was started on lamivudine 150 mg daily, 1 year after lung metastasis 
resection. At that time, her HBV profile by commercial assay showed HBsAg (-), Anti-HBs (+), Anti-HBc 
total (+), anti-HAV (+), and AFP 2.8 ng/mL. Seven years after lamivudine therapy, her anti-HBc total became 
negative, which was suggestive of possible decrease or elimination of the HBV covalently closed circular 
DNA (cccDNA) in her liver.

For the past 12 years, after resection of lung metastasis and antiviral therapy, she has had no evidence of 
recurrence of the HCC and has maintained undetectable HBV DNA levels. Imaging shows that her left 
hepatic lobe has hypertrophied [Figure 3D]. 

DISCUSSION
Well-established risk factors for the development of HCC in patients with chronic HBV infection are viral 
load and the presence of HBeAg and HBsAg[8-10]. However, studies have demonstrated a high rate of OBI in 
patients with HCC who are immunocompromised during chemotherapy for malignancy[11,12], as well as in 
patients with hepatitis C[13]. The 38%-73% of patients from endemic areas with cryptogenic HCC actually 
have underlying OBI[13-15]. Despite such evidence, the direct correlation between OBI and carcinogenesis 
remains controversial. While some studies have linked OBI to hepatocellular carcinoma[16,17], other studies 
have failed to show direct causality[15,18]. 

Occult HBV can persist in hepatocytes as both integrated DNA or as a free episome known as covalently 
closed circular DNA (cccDNA), while maintaining transcription activity and synthesizing proteins at low 
levels[15]. HBV can promote carcinogenesis through the integration of HBV sequences into the host genome, as 
well as through mild continuous micro-inflammation, contributing to chronic liver disease and cirrhosis[19]. 

A B

C D

Figure 3. Chest radiograph and computed tomography (CT) showing empyema. The frontal chest radiograph (A) shows layering fluid 
in the right pleural space with an air-fluid level more medially, overlapping the right paramediastinal shadow (arrow) corresponding 
to the empyema. Enhanced axial CT images (B and C) show loculated fluid (asterisks) in the right pleural space with pockets of gas 
surrounded by a thick, enhancing rim (arrows) typical of an empyema. More caudally in the upper abdomen (D), hepatectomy changes 
are demonstrated post-resection of the previously noted large hepatic mass with regeneration of the left lobe
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With our patient, the etiology of the HCC was unclear given her negative HBsAg and undetectable serum 
viral load. Suspicion for HBV as the possible cause for her HCC was prompted by HBV positivity in 
her daughters. It is likely that she was infected with HBV during her reproductive period and vertically 
transmitted the virus to her daughters. Additionally, the presence of HBV DNA in the liver tumor and 
the more sensitive HBV serum DNA assay suggested a case of OBI. Indeed, the failure of commercial 
HBV assays to detect HBV DNA has been reported, particularly in patients harboring treatment-resistant 
mutations[20]. This highlights the need for a more rigorous HBV DNA assay test and reinforces the need 
to target at least three different locations in the HBV genome[2]. Furthermore, HBV DNA assays used in 
diagnosing OBI should be able to distinguish between the detection of integrated HBV DNA and replication 
competent HBV DNA, which encompasses both cccDNA and/or relaxed circular DNA (rcDNA), the direct 
product of transcriptionally active cccDNA. 

The presence of integrated HBV in OBI-associated HCC has recently been reported at a high frequency 
(76%)[21] and in cccDNA-negative patients (88%)[22]. The presence of integrated HBV DNA in OBI-HCC can 
further complicate disease management and antiviral regimens. However, its detection can play a critical role 
in patients’ HCC management as new HBV-directed T cell immunotherapies emerge. Recently, the potential 
application of HBV-specific T cells in targeting HBV antigens derived from integrated HBV DNA has been 
shown to have antiviral and anti-tumor effects[23].

In this report, we present a rare case of a patient with OBI with HCC who survived multiple resections, 
including resection of a pulmonary metastasis, and had no recurrence of disease or tumor burden after 
beginning antiviral therapy. This case is interesting for many reasons and offers several educational points. 
HBV DNA was negative in the commercial assay suggesting that the patient had reached a “functional cure” 
in the setting of negative HBsAg and positive anti-HBs. Numerous studies have shown that seroconversion 
of HBsAg is associated with improved clinical outcomes[24,25]. Unfortunately, the association between her 
HCC and HBV profile was unclear at presentation. It was not clarified until later in her clinical course when 
a more sensitive assay found a viral load of 3,271 copies/mL in her serum. Therefore, it is important to realize 
that the diagnosis of OBI can be challenging given different serological presentations and the limitations 
of routine assays. Further, it has been reported that spontaneous HBsAg seroconversion does not mean 
complete elimination of HBV and patients can still have risk of developing HBV associated HCC[26]. 

Even if the diagnosis of OBI is made, management of such patients can be difficult as there are no guidelines 
regarding the initiation of antivirals or screening for HCC. Additionally, the prognosis of OBI-associated 
HCC is unclear and outcome studies are limited. A prior study investigated surgical outcomes in patients 
with OBI and HCC. They found that patients with OBI were younger at the time of surgery but did not differ 
in disease free survival or overall survival compared to those with HCC attributed to other carcinogenetic 
factors such as alcohol abuse, NASH, and diabetes[27]. Regarding the management of OBI related HCC, 
studies have shown that after the development of HCC, anti-HBV therapy can prevent recurrence or new 
HCC in the majority of cases[28-30].

In summary, this case suggests a strong role for OBI in HCC development and indicates that OBI can be 
cured with anti-HBV treatment and complete surgical removal of HBV infected hepatocytes and other 
cells. Further studies are required to better define the role of OBI in carcinogenesis, and to determine the 
mechanisms by which it exerts pro-oncogenic activity.
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Abstract
Liver transplant (LT) is the curative treatment for patients with hepatocellular carcinoma (HCC). Bridge therapies 
are local treatments given to patients on the LT waitlist, to prevent tumor progression and to reduce the dropout 
rate. Case presentation: We reported a 40-year-old man diagnosed with Barcenola-Clinic Liver Cancer BCLC 
intermediate stage HCC and Child-Pugh A5 hepatitis B virus cirrhosis who underwent combined bridge therapies 
to LT. Firstly, the patient received transarterial chemoembolization (TACE) for two times and showed a partial 
response. Then he underwent stereotactic body radiation therapy (SBRT) with a total dose of 45 Gy in 3 fractions. 
Three months later, the tumor size and serum protein induced by Vitamin K absence or antagonists-II, alpha 
fetoprotein levels decreased gradually. In June 2019 a suitable donor was found and his LT was successfully 
performed. Conclusion: We propose that a combination of TACE and SBRT was feasible as bridge therapy for HCC 
patients on the LT waitlist.

Keywords: Transarterial chemoembolization, stereotactic body radiation therapy, bridge therapy, hepatocellular 
carcinoma, liver transplant
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the 5 most common cancers worldwide, and its incidence is 
increasing in Vietnam and Southeast Asian countries[1]. According to Milan criteria, the liver transplant 
(LT) is the treatment of choice for HCC patients with tumor less than 5 cm and up to 3 tumors ≤ 3 cm. The 
5 years survival rate in these patients are 70% with less than 20% recurrence rate[2]. However, not all HCC 
patients can undergo transplantation due to a lack of liver donors, resulting in an extended time on the 
waiting list (WL) and a high dropout rate[3]. 

Bridging treatments are locoregional therapies given to HCC patients on the WL to reduce the disease 
progression as well as the dropout rate. These treatments act as a temporary “bridge” until a suitable donor 
is identified. Liver resection, radiofrequency ablation (RFA), transarterial chemoembolization (TACE), 
and stereotactic body radiation therapy (SBRT) are main bridge modalities to LT in patients with HCC[2]. 
The rates of drop out at 6 months and 1 year were estimated as high as 12% and 15%-30%, respectively, if 
HCC is left untreated[4,5]. The strongest risk factors for dropout from WL are tumor size ≥ 3 cm or multiple 
tumors, waiting time ≥ 6 months, alpha fetoprotein (AFP) ≥ 200 ng/mL, and poor response to bridging 
therapies[6]. In patients with HCC within Milan criteria, bridging therapy is estimated to decrease the 
dropout rate to 0-10%. To reduce the dropout rate from the WL, a consensus statement recommends that 
bridging therapies should be considered for HCC patients with one nodule size 2 cm-5 cm or up to 3 
nodules each ≤ 3 cm, expected to wait longer than 6 months[2]. 

Another aim of bridge therapy is to treat patients initially outside criteria for LT to fulfill Milan criteria 
which allows entry to the WL for LT after an adequate period of follow-up. In this case, bridge therapy is 
used as a downstaging procedure[3].

There are several studies of bridge therapy to LT for HCC with TACE[7-9] or SBRT[10-12] alone. Some trials 
have shown that adjuvant SBRT post-TACE was safe and effective for patients with HCC[13-15]. In this paper, 
we report an HCC patient in the BCLC intermediate stage who we successfully treated with a combination 
of TACE and SBRT as a bridge therapy to LT in our center.

CASE REPORT
A 39-year-old male with a history chronic hepatitis B virus infection was diagnosed with intermediate 
BCLC HCC in October 2018. His liver function test (LFT) showed that he had Child-Pugh A5 cirrhosis. 
The tumor was in VI-VII segments and the patient characteristics were shown in Table 1. He had one 
tumor with a size bigger than 5 cm and very high serum AFP levels.

Because the patient was young with a good performance status of ECOG 0, the LT team decided that he 
was an optimal candidate for LT and bridge therapy was needed to downstage the tumor while he was 
on the WL. Two DC beads TACE treatments were carried out in October and November 2018. The DC 
beads TACE technique was done in the same manner as conventional TACE. We used doxorubicin (Ebewe, 
Austria) loaded with DC-beads (Bicompatibles, UK) at least 90-120 min before the intervention. The dose of 
doxorubicin was 100 mg per each treatment. Two sizes of DC-beads were used (100-300 µm and 300-500 µm). 
These treatments resulted in partial response according to the modified Response Evaluation Criteria in 
Solid Tumors and Response Evaluation Criteria in Cancer of the Liver[16]. 

Due to serum AFP level still too high post-TACE, as well as there was no suitable donor, we decided that 
he needs further bridge therapy with SBRT. The patient underwent SBRT with a total dose of 45 Gy in 3 
fractions, one fraction delivered in every other day in January 2019. 
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SBRT procedure for the patient
CT simulation in GE CT 580 RT (USA)
The patient lied supine, arm up, and was immobilized in a vacuum bag (Qfix - USA). A non-contrast 4D 
CT performed with 2.5 mm slice thickness (used for treatment planning). A contrast-enhanced 4D CT with 
2.5 mm slice thickness, intravenous injection of Omnipaque (GE Healthcare) 2 mL/kg, and 2.5 mL/second 
was performed (used for target volume contouring). Both 4D CT data sets were then transferred to the 
treatment planning system (TPS).

Target volume and organs at risk contouring using Eclipse 13.6 (Varian, USA)
The average CT images were created for both non-contrast and contrast-enhanced 4D CT data sets. Non-
contrast average CT was co-registered and fused with the contrast-enhanced one. Then 10 gross tumor 
volumes (GTVs) were contoured in 10 contrast-enhanced 4D CT data sets: only delineated tumor with 
contrast enhancement. The 10 GTVs were copied to contrast-enhanced average CT data set and combined 
to create internal target volume (ITV). The ITV was propagated from contrast-enhanced average CT data 
set to the non-contrast one. The planning target volume (PTV) was created in non-contrast average CT 
from ITV: PTV = ITV + 5 mm. The organs at risk were contoured in non-contrast average CT including 
liver, lung, heart, stomach, duodenum, small and large bowel, spinal cord, chest wall, kidneys, and gall 
bladder.

Dose prescription
The prescription dose was 45 Gy in 3 fractions, based on normal tissue constraints (the report of AAPM 
Task Group 101[17]).

Treatment planning
Treatment technique was VMAT with 2 coplanar arcs. Plan optimization was done in Eclipse 13.6 (Varian, 
USA). Based on normal tissue constraints, we selected a treatment plan with a total dose of 45 Gy in 3 
fractions for the patient [Figure 1].

SBRT treatment plan parameters were shown in Table 2, with plan normalization 100% prescription dose 
covered 95% PTV and doses of OARs were within tolerance of AAPM Task Group 101[16]. Normal liver 
volume received less than 17 Gy (V17) was 812.7 mL.

Quality assurance of treatment plan
The treatment plan was verified by portal dose dosimetry (Varian, USA) with a 2%/1mm gamma passing 
rate of 99.5%.

Treatment delivery
The patient was treated in TrueBeam STx (Varian, USA) with position and immobilization just like in CT 
simulation. We used the Optical Surface Monitoring System (OSMS - Vision RT, UK) to help set up and 

Table 1. Patient characteristics pre-treatment and post-TACE and SBRT

Lab test and imaging Pre-treatment Post-TACE 1 months Post-SBRT 3 months
AFP (IU/mL) 2479 1128 143
PIVKA-II (mAU/mL) 272.6 29.4 0.8
Child Pugh A5 A5 A5
AST 28 43 47
ALT 33 65 70
Tumor size (mm) 71 × 60 × 53 72 × 63 × 43 60 × 43 × 38

PIVKA: a protein induced by vitamin K absence; AST: aspartate transaminase; ALT: alanine transaminase; TACE: transarterial 
chemoembolization; SBRT: stereotactic body radiation therapy; AFP: alpha fetoprotein
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monitor patient movement during treatment. The patient’s position was verified by cone-beam CT before 
each fraction. After the verification was done, the linac was beamed on to treat the patient. Total treatment 

Figure 1. SBRT treatment plan and 100% dose color wash (with courtesy of Department of Radiation Oncology and Radiosurgery, 
Military Central Hospital 108). SBRT: stereotactic body radiation therapy

Table 2. SBRT treatment plan parameters

Structures Volume (cm3) Min dose (Gy) Max dose (Gy) Mean dose (Gy)
ITV 130 43.97 68.31 55.62
PTV 201.3 34.68 68.31 53.44
Liver 1235.1 0.26 66.46 17.11
Normal liver 1112.5 0.26 65.93 12.87
Gallbladder 28.9 3.03 24.42 12.43
Duodenum 40 0.26 8.08 2.3
Stomach 265.5 0.26 5.4 2.3
Jejunum 327.8 0.08 2.8 0.5
Ileum 769.3 0.07 14.62 1.14
Esophagus 12 3.43 8.54 5.65
Lung 888.9 0.13 65.98 3.81
Heart 359.3 0.19 8.9 2.16
Spinal cord 35.9 0.03 7.48 2.08
Right kidney 129.2 0.14 2.02 0.53
Left kidney 134.3 0.05 0.48 0.17

SBRT: stereotactic body radiation therapy; ITV: internal target volume; PTV: planning target volume
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time for each fraction was about 30 min: patient set up and verification 20 min, beam on 10 min. The total 
SBRT course lasted for two weeks.

Follow-up
The patient was treated with tenofovir (Savi Tenofovir) 300 mg one tablet per day and scheduled for 
checkup one month post-SBRT and then every 3 months. Clinical examination, lab tests, and imaging were 
done during checkup including cell blood count, LFT, serum AFP, PIVKA II, abdominal ultrasound, chest 
Xray and abdominal CT.

The patient was well tolerated with SBRT and showed only minimum adverse effects such as mild fever and 
increased AST, ALT. Three months post SBRT, his LFT was still Child Pugh A5, serum PIVKA II and AFP 
levels were decreased, the tumor size was also decreased with central necrosis [Table 1, Figure 2]. In July 
2019, we found a suitable donor for him, and his LT was successfully performed in August 2019. His post 
LT histopathology report showed that the tumor was mostly necrotized. He went on with tenofovir (Savi 
Tenofovir) 300 mg one tablet per day, tacrolimus (Prograf) 1 mg six capsules per day to treat HBV, and 
prevent rejection and routine follow-up. Until now, seven months post LT, he has no evidence of HCC, his 
LFT is normal with a mild increase of AST, ALT.

DISCUSSION
Several locoregional therapies have been used as bridging treatments for HCC patients awaiting LT. The 
most common treatments include TACE, RFA, and recently SBRT. Nowadays, TACE is still the most widely 
used as bridging therapy. In the procedure, a chemotherapeutic drug (commonly doxorubicin, cisplatin or 
mitomycin C), emulsified in lipiodol with embolizing material, is injected into the hepatic artery branch 
that feeding the tumor, to induce hypoxemia and tumor necrosis. The technique has been enhanced by 
drug-eluting beads (DEB-TACE), which allows a higher dose and uptake of chemotherapeutic drugs 
into the tumor and less systemic toxicity. In the histological examination, TACE achieves a complete 
pathological response in less than 30% of cases. Some studies focused on the efficacy of TACE as bridging 
treatment to LT on dropout rates in WL, survival, and recurrence after LT. The reported results of bridge 
therapy with TACE are controversial and no prospective randomized control trials have confirmed its 
efficacy in reducing dropout rates[2]. Several authors demonstrated that a good response to TACE (necrosis 
> 60%) is significantly related to improved long-term survival after LT and a lower recurrence rate[18]. 
Others did not find any significant advantage of bridge therapy with TACE in overall and recurrence-free 
survival after LT in HCC patients[19,20].

SBRT uses stereotactic conformal RT with 1-5 fractions of large fraction sizes (8-20 Gy/fraction) to the 
tumor while reducing the dose to adjacent normal tissues. The precise treatment and steep dose gradient 
within the target volume lead to excellent conformity with steep dose fall-off and high dose delivery to the 
target volume[21]. These advantages of SBRT over conventional radiotherapy allows a high chance of tumor 
control and minimizing treatment toxicities. SBRT for liver tumors was first introduced in the 1990s[22]; 
however, it has not frequently been performed because of the concern of radiation-induced liver disease 
(RILD). Recently, with the development of medical linear accelerators and motion management solutions 
as well as supported data, SBRT has been recommended as a local treatment for HCC by NCCN guidelines. 
Now it is considered as an option for HCC patients who are not candidates to other bridging therapies[23].

Data regarding the use of SBRT as a bridging treatment are emerging. In a paper by Sandroussi et al.[24], ten 
HCC patients awaiting LT with tumor diameters ranging from 2.5 to 10.8 cm received conformal radiation 
therapy in 5-6 fractions. The treatment was done in nine patients with acceptable toxicities. Five patients 
underwent LT, and their explant pathology report showed that tumor necrosis ranging from 40%-90%. 
At a median follow-up of 6 months, no patients had tumor recurrence after LT. The author suggested that 
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Figure 2. The patient’s CT images. A: non-contrast enhancing primary tumor (red rings) in arterial phage CT images pre SBRT; B, C: 
mild contrast-enhancing of normal liver tissue surrounding the primary tumor (yellow rings) in arterial phage CT images one month 
and three months post-SBRT; D: new transplanted liver and local pleural effusion in the right lung (white arrow). With courtesy of 
Department of Radiation Oncology and Radiosurgery and Department of Hepatobiliary and Pancreatic Surgery, Military Central Hospital 
108. SBRT: stereotactic body radiation therapy
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conformal radiation therapy is a safe and efficacious local bridging therapy for patients with HCC on the 
WL for LT[24]. In another article, Sapisochin et al.[12] reported an intention to treat analysis about SBRT used 
as bridge therapy in HCC patients not eligible for other locoregional treatments and observed similar drop-
out rate with SBRT and TACE or RFA. SBRT is proven to be safe and effective for tumors with a diameter 
< 6 cm, even in lesions near the central biliary system, where surgery or RFA is impossible[25]. In a recent 
study by Moore et al.[26], 23 early-stage HCC patients who were not candidates for resection or local therapy 
treated with SBRT as bridge therapy to LT. The median prescribed doses to the tumor and the normal livers 
were 54 Gy (range 30-54 Gy) and 6.0 Gy (range 1.6-12.6 Gy), respectively. 22 patients had no significant 
changes in lab tests in 12 weeks follow-up but one patient developed RILD. 16 patients were on WL post 
SBRT and 11 were successfully transplanted. The median overall survival (OS) and progression-free survival 
(PFS) for the transplanted patients were not reached (range, 2.0-53.7 months, and 54 months, respectively) 
and were 23 and 14 months, respectively for the non-transplanted patients. Pathology report of liver 
explant post LT revealed 3 tumors (27.3%) with complete response (CR), 6 tumors (54.5%) with partial 
response (PR), and stable disease in 2 tumors (18.2%). The authors concluded that SBRT was effective and 
safe to be used as a bridge therapy to LT without compromising the surgical procedure[26]. Furthermore, in 
a retrospective study, Gresswell et al.[27] found that SBRT with functional treatment planning can be used 
safely as a bridge to LT in select patients with CP ≥ 8 cirrhosis.

Until now, there are no guidelines available to define which bridging therapy is the preferred treatment 
for specific patients. The choice of suitable bridging therapies has to be tailored to the the patient’s status, 
the tumor characteristics, and more important the center experience. RFA is the treatment of choice in 
patients with a single tumor size < 5 cm. The benefit of RFA as bridging therapy is best seen in patients 
with small tumors < 3 cm and < 1-year waiting time[28]. TACE should be considered for patients with HCC 
between 3-5 cm, because nodules with 3 cm of diameter or more are better vascularized, with a large 
feeding artery, therefore the effectiveness of TACE appears to be better; whereas smaller HCC has not yet 
a completely developed arterial neoangiogenesis[29,30]. SBRT has the advantage to treat the tumors adjacent 
to the central biliary system, in the liver dome or subcapsular HCC, these lesions are not suitable for 
RFA. However, SBRT is not suitable for tumors close to the duodenum, stomach, or bowel, for high risk 
of ulcer, hemorrhage, and perforation[25]. Up to now, there are several ongoing prospective phases 2 and 3 
randomized trials to compare the safety and effectiveness of SBRT and TACE as a bridge therapy to LT[31,32].

Experiences with combined therapies such as SBRT and TACE have been published in recent years, mostly 
in the scenario of unresectable HCC with diameter > 3 cm[33,34]. The rationale for treatment combination 
is to achieve a higher local control rate due to higher rates of complete tumor necrosis. The potential 
advantages when combining TACE followed by SBRT are: (1) TACE is most effective at the center of the 
HCC and failures are most commonly seen at the periphery of the tumor, where the ischaemic effects of 
TACE are least potent because the surrounding normal liver parenchyma is well oxygenated; (2) on the 
contrary, SBRT is most effective in the well-oxygenated periphery of the HCC and failures often occur in 
the more hypoxic zone at the tumor center; (3) large tumors that are not suitable for SBRT alone become 
more amenable to this therapy following TACE due to the effect of TACE in the hypoxic area at the tumor 
center; and (4) a theoretical radio-sensitization by the cytotoxic agents used in TACE may result in the 
improvement of tumor response[34]. 

The approach of SBRT and TACE combination may be applied even as bridging therapy to LT. A 
retrospective study combined TACE followed by SBRT in patients with HCC size ≥ 3 cm by Jacob et al.[33] 
showed that local recurrence was significantly decreased in the TACE plus SBRT group (10.8%) when 
compared with the TACE-only group (25.8%) (P = 0.04). The TACE plus SBRT group also had significantly 
longer OS than the TACE-only one (33 months and 20 months, respectively; P = 0.02). The author 
supposed that combined TACE and SBRT resulted in a survival advantage over treatment with TACE 
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alone in HCC patients with tumor size ≥ 3 cm and a prospective randomized clinical trial is required to 
confirm the result[33]. In another pilot phase II trial, Buckstein et al.[34] combined drug-eluting bead (DEB) 
TACE followed by SBRT in 25 HCC patients with single tumor size 4-7 cm. 92% of target lesions showed 
objective response including 64% CR (n = 16) and 28% PR (n = 7). 2-year OS and PFS were 67% and 
52%, respectively. Cause-specific survival (CSS) was 91% at 1 year and 83% at 2 years. He suggested that 
the results show very promising response rates when combining TACE and SBRT in large, unresectable 
HCC with the excellent OS, PFS, and CSS[34]. However, up to date, we do not found any paper address the 
combination of TACE and SBRT as a bridge therapy to LT for patients with HCC.

In our case, the patient had a big tumor size > 5 cm with very high serum PIVKA II and AFP levels so we 
combined both TACE and SBRT to increase the chance of local control as well as downstage the lesion 
to LT criteria. TACE was performed first and adjuvant SBRT was followed to exploit the advantage of 
combination therapies. It took 6 months for both therapies to downstage the tumor and 10 months on WL 
for the patient to find a suitable donor. After two TACE treatments, the tumor showed partial response but 
the serum AFP was still higher than 200 ng/mL. The patient had a high risk of drop out from the WL for 
LT post TACE because there was still no suitable donor for him. Adding SBRT had kept the patient in the 
WL and finally, his LT was successfully done. 

However, SBRT for HCC is a highly specialized procedure requiring both clinical and technical 
expertise. Considerations such as accurate target localization, rigid patient immobilisation, strict motion 
management, and proximity to adjacent viscera such as bowel and biliary structures must be considered 
prior to, and throughout treatment. As such, this technique can only be delivered safely and effectively 
in experienced centers with synchronized equipment, coupled with a well-oiled multi-disciplinary team 
comprising radiation oncologists, medical physicists and radiation therapy technologists.

At our center, we use 4D CT, gating, breath-hold techniques, or abdominal compression to manage the 
respiratory movement of the tumor, so that we can treat the tumor precisely with a 3-5 mm margin from 
ITV to PTV. Moreover, when combining SBRT with TACE as a bridge therapy to LT, it is necessary to have 
close teamwork between surgeons, gastroenterologists, and radiation oncologists. Additionally, adjuvant 
SBRT to TACE can do more harm to liver function and cause gastrointestinal toxicities such as bleeding 
or ulcer. So patient selection is very important to safely combine TACE and SBRT. Our patient had a good 
liver function with CP A5 and normal liver volume > 700 mL. His tumor was close to the chest wall and 
liver dome so it is difficult for RFA and more suitable for adjuvant SBRT post-TACE. That is why he had 
only grade hepatic toxicity and no gastrointestinal toxicities post-TACE and SBRT. It is also important that 
after bridge therapy with TACE and SBRT, patients must continue the treatment of chronic liver disease, in 
our case was HBV, to prevent tumors from progression. 

Finally, we should be cautious when evaluating treament response after TACE combined with SBRT for 
HCC. With this patient, we found that the tumor size did not change one month after SBRT and only 
decreased slightly 3-month post-SBRT with central necrosis. Interestingly, contrast enhancement was seen 
in normal liver tissue surrounding the primary tumor one month post SBRT and it seemed increased with 
time [Figure 2B and C]. It was a normal liver reaction after SBRT and can be misinterpreted with tumor 
progression. In a series of 26 HCC patients treated with SBRT, Price et al.[35] found that this phenomenon can 
even last 6 months post-SBRT. He suggested that nonenhancement on imaging, a surrogate for ablation, maybe 
a more useful indicator than size reduction in evaluating HCC response to SBRT in the first 6 to 12 months[36]. 
Sanuki-Fujimoto et al.[36] also noted in their study that the CT appearances of the normal liver seen in 
reaction to the treatment of an HCC by SBRT were therefore related to background liver function and 
should not be misread as recurrence of HCC.
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In conclusion, Via this case report and review of literature, we suppose that bridging therapy combining 
SBRT and TACE may be most beneficial over TACE alone in HCC patients with a high risk of drop-
out from WL for LT. It is necessary to perform a randomized trial to provide more evidence to guide the 
treatment options for these patients.
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Abstract
Liver transplantation (LT) provides an excellent option for the long-term survival of patients with unresectable 
hepatocellular carcinoma (HCC) based on the Milan criteria. Despite careful selection of patients, HCC may still 
recur after LT, which represents the most important negative predictor of post-transplant survival. The growing 
demand for LT in HCC has led to the expansion of patient selection criteria, with a resultant increase in the risk of 
post-transplant HCC recurrence. Numerous tumor and host factors predict HCC recurrence. The morphological, 
histological, and serological characteristics of tumors in predicting HCC recurrence have been extensively studied. 
Furthermore, the type and duration of anticancer response before LT has also been considered a surrogate marker 
of tumor aggressiveness and is associated with the risk of recurrence. The demographic and clinical characteristics 
of recipients, as well as the type and duration of exposure to immunosuppressive therapy, represent the main host-
related risk factors. Many studies have attempted to describe predictive models for the risk of HCC recurrence, 
considering evaluable parameters both before and after LT. Although many models have been proposed, 
relatively few have been externally validated on different patient populations. This paper aims to comprehensively 
summarize the available data on the predictive factors of HCC recurrence after LT, and to examine and discuss 
those that have been externally validated.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequent primary liver cancer and is ranked as the sixth most 
common neoplasm and the third leading cause of cancer death[1]. In Western countries, the vast majority of 
HCCs develop in the presence of liver cirrhosis caused by chronic viral hepatitis, alcohol abuse, and - more 
recently - following the complications of non-alcoholic steatohepatitis[2,3].

In 1963, liver transplantation (LT) was originally introduced in clinical practice with the concept of treating 
unresectable liver tumors[4]. Early LT experiences were unsatisfactory since it became clear that post-
transplant survival was reduced due to high rates of primary tumor recurrence[5]. The major revolution in 
improving the survival of HCC transplanted patients has been the introduction of more stringent selection 
criteria. The Milan criteria, published in 1996, highlighted that the selection of patients to be transplanted 
should be based on both the number (up to three) and diameter (up to 5 cm) of HCC nodules[6]. In the 
absence of macrovascular invasion and extrahepatic spread, LT allowed patients a 4-year survival rate of 
75%[6]. Despite these excellent results, HCC recurred in 8% of patients and was the main cause of death[6]. 
In subsequent studies focused on LT patients fulfilling the Milan criteria, HCC recurrence were found 
in 10%-16% of cases[7-9]. These data demonstrated that HCC recurrence occurs despite the application of 
stringent selection criteria for LT, and is likely due to HCC dissemination from circulating cancer cells and 
micrometastases before or during total hepatectomy[10]. A recent debate on the need to expand the Milan 
criteria for LT poses the question of whether the price to pay for adopting this policy is increased HCC 
recurrence[11].

The purpose of this paper is to present a review of the scientific data available on the risk factors for 
HCC recurrence after LT. Risk factors related mainly to cancer and the host, as well as the impact of 
immunosuppressive therapy regimens adopted after transplantation, have been considered. Since many of 
the risk factors have been incorporated into predictive HCC recurrence risk models, this review focuses 
only on models that have been validated in different cohorts of LT patients.

FACTORS ASSOCIATED WITH HCC RECURRENCE AFTER LIVER TRANSPLANTATION
The development of post-LT HCC recurrence appears to be multifactorial [Table 1]. Risk factors involved 
in HCC recurrence may be divided into factors related to the tumor and those unrelated to the tumor. 
Risk factors related to the tumor are those pertaining to the morphological, histological, and serological 
characteristics of HCC, as well as those from the response of HCC to anticancer treatments. Risk factors 
unrelated to the tumor are those referring to the demographic and clinical characteristics of the recipient 
(age, gender, severity of underlying liver disease), of the liver graft (percentage of steatosis, cold ischemia 
time, living versus cadaveric donor), and the impact of immunosuppression after LT. All of these have been 
studied extensively to develop risk prediction models of HCC recurrence after LT.

Risk prediction models can be classified into three categories: preoperative, postoperative, and general 
models. Preoperative models consider the morphological, serological, and histological characteristics of 
HCC [Table 2]. Thus, these models may be adopted to select a candidate for LT by estimating the future 
risk of developing HCC recurrence. Postoperative models [Table 3] are developed from histological risk 
factors based on the evaluation of HCC characteristics in the explanted liver, such as tumor grade and 
the presence of microvascular invasion (MVI). General risk models are derived from a combination of 
pre- and postoperative risk factors; for this reason, they cannot be used to select candidates with HCC 
for LT. Conversely, general risk models can be adopted to determine optimal screening intervals for HCC 
recurrence in high-risk patients or to design clinical trials on neo-adjuvant therapies[12].
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PRE-LIVER TRANSPLANTATION TUMOR-RELATED RISK FACTORS ASSOCIATED WITH HCC 

RECURRENCE
Morphological factors
The simplest morphological characteristics of HCC, such as the number of nodules and their size, were 
adopted to develop the Milan criteria[6]. The reason why these criteria, based exclusively on morphological 
features, made it possible to obtain an accurate selection of patients with HCC for LT, is linked to the size 
and number of HCC nodules which are considered as a surrogate marker for the presence of MVI and/
or poor differentiation of the tumor[13,14]. It has been demonstrated that the presence of MVI and/or poor 
HCC differentiation are independent predictors for HCC recurrence[15]. Since the Milan criteria were 
published, several studies conducted in Western countries have reported similar survival rates of HCC 
liver transplanted patients using less stringent morphologic selection criteria. These results suggest that the 
Milan criteria might exclude some patients with HCC who may benefit from LT[16]. Thus, several studies 
have since explored the possibility of expanding the Milan criteria by considering only the morphologic 
characteristics of the tumor(s), which are assessed in the pre-LT period using radiologic techniques[17-20]. 
Among these studies, two were validated in different patient cohorts. The first was conducted in China 

Risk factors
Tumor-related

Morphology
Number and size of the nodules
Macrovascular invasion
Extrahepatic spread

Histology
Grading
Microvascular invasion
Genetic signature

Expression of serum markers
AFP
DCP
CRP
NLR
PLR
Molecular markers

TP53 mutations
Gene expression signatures
FAI
HDACs and MMPs
miRNAs
CTC

Response to anticancer treatments
Bridge treatments
Downstaging treatments

Tumor unrelated
Recipient characteristics

Age, gender
Severity of underlying liver disease
Immunological status

Donor characteristics
Age, gender
LDLT vs . DCD
Percentage of graft steatosis
Cold and warm ischemia times

Immunosuppressive regimen after liver transplantation
CNI
mTOR inhibitors

Table 1. Classification of risk factors implicated in hepatocellular carcinoma recurrence after liver transplantation

AFP: alpha-fetoprotein; DCP: des-gamma-carboxyprothrombin; CRP: C-reactive protein; NLR: neutrophil/lymphocyte ratio; PLR: 
platelet/lymphocyte ratio; TP53: tumor protein p53; FAI: fractional allelic imbalance; HDACs: histone deacetylases; MMPs: matrix 
metalloproteinases; miRNAs: micro-RNAs; CTC: circulating tumor cells; LDLT: living donor liver transplantation; DCD: deceased donor, 
CNI: calcineurin inhibitors; mTOR: mammalian target of rapamycin
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in patients transplanted for HCC due mainly to chronic hepatitis B virus (HBV) infection. The authors 
demonstrated that expanding the indications for LT in patients with solitary HCC ≤ 9 cm in diameter, 
or with no more than 3 lesions (the largest ≤ 5 cm) with a total tumor diameter of ≤ 9 cm, there was no 
significant difference in 1- and 3-year survival and in recurrence-free survival as compared to the Milan 
criteria[21]. The aforementioned Fudan-Shanghai criteria were subsequently validated in seven Shanghai 
liver transplant centers, which included 1,078 patients[22]. The second study was conducted in the US and 
gave rise to the University of California San Francisco (UCSF) criteria[23]. These criteria suggested that 
having a single lesion ≤ 6.5 cm or 2-3 lesions ≤ 4.5 cm each, with a total tumor diameter ≤ 8 cm, resulted in 
5-years post-LT recurrence-free survival in 80.7% of cases, which was not worse compared to that observed 
when applying the Milan criteria. 

The most important limitation of morphologic criteria based exclusively on radiological imaging 
-performed by contrasted computed tomography (CT) scan or magnetic resonance imaging (MRI) - is 
the accuracy in detecting any single lesion in the liver, and, more importantly, to properly characterize it. 

Table 2. The pre-operative models assessing the risk of hepatocellular carcinoma recurrence after liver transplantation. 
Only risk models that have been externally validated for use before liver transplantation are presented

Table 3. The post-operative models to assess the risk of hepatocellular carcinoma recurrence after liver transplantation. In 
the table are presented the only risk models that have been externally validated for use after liver transplantation

Authors - model name Factors included in the model Outcomes after liver transplantation
Mazzaferro et al .[6]

Milan criteria
Number (up to three identified as < 3 cm in diameter) and 
size (up to 5 cm if single) of nodules

4-year post-LT survival 75%
4-year RFS 83%

Fan et al .[21]

Fudan-Shanghai criteria
Number and size of nodules (≤ 9 cm if single, no more than 3 
lesions with the largest ≤ 5 cm), total tumor diameter ≤ 9 cm

3-years post-LT survival 80%
3-years RFS 88%

Yao et al .[23]

San Francisco (UCSF) criteria
Number and size of nodules (≤ 6.5 cm if single or 2-3 lesions 
≤ 4.5 cm), total tumor diameter ≤ 8 cm

5-year RFS 80.7%

DuBay et al .[51]

Toronto criteria
Tumor confined to the liver, no poor histologic differentiation 
on biopsy, AFP serum levels < 400 ng/mL

5-year post-LT survival 70%
5-year RFS 66%

Toso et al .[55]

Toso criteria
Total tumor volume ≤ 115 cm3 and AFP serum levels ≤ 400 
ng/mL

4-year post-LT survival 74.6%
4-year RFS 68%

Duvoux et al .[43]

French model
Size and number of nodules (≤ 3 cm, between 3-6 cm or ≥ 
6 cm) and AFP serum levels ≤ 100, between 100-1000, or > 
1000 ng/mL

5-year post-LT survival 69.9%
5-year RFS 66.6%

Mazzaferro et al .[59]

Metroticket 2.0
Number and size of nodules (up-to-seven criteria) and AFP 
serum levels 

5-year post-LT survival 74.9%
5-year RFS 77.9%

Zheng et al .[53]

Hangzhou criteria
HCC ≤ 8 cm or > 8 cm associated with AFP < 400 ng/mL and 
tumor histological grade I or II

5-year post LT survival 70.7%
5-years RFS 62.4%

Kaido et al .[68]

Kyoto criteria (LDLT)
Up to 10 nodules ≤ 5 cm in diameter and DCP serum levels ≤ 
400 mAU/mL

5-year post-LT survival 82%
5-year HCC recurrence rate 4.4%

Lee et al .[71]

MoRAL model (LDLT)
DCP and AFP serum levels 5-year post-LT survival 86%

5-year RFS 66.3%

LDLT: living donor liver transplantation; AFP: alpha-fetoprotein; DCP: des-gamma-carboxyprothrombin; RFS: recurrence-free survival

Authors - model name Factors included in the model Outcomes after liver transplantation
Onaca et al .[113] Single lesion ≤ 6 cm or 2-4 lesions ≤ 5 cm each 5-year post-LT survival 67.8%

5-year RFS 63.9%
Mazzaferro et al .[11]

Up-to-seven Metroticket criteria
Sum of the size of the largest tumor (in cm) and the number 
of tumors not exceeding 7 in the absence of MVI 

5-year post-LT survival 71.2%
5-year recurrence rate 9.1% 

Decaens et al .[114] Number of nodules, largest tumor diameter, and tumor 
differentiation 

5-year RFS 60.2%
5-year recurrence rate 20.8%

Halazun et al .[115]

Combo-MoRAL score
Pre LT largest HCC nodule < 3 cm, NLR < 5 and AFP < 200 
ng/mL plus post LT HCC number < 3, largest nodule < 3 cm, 
HCC histological grade < 4 and no MVI

5-years RFS 80% 

Mehta et al .[116]

RETREAT criteria
AFP serum levels at LT, the sum of the largest viable tumor 
diameter, and number of viable tumors

5-year recurrence rate 12.8%

MVI: microvascular invasion; NLR: neutrophil/lymphocyte ratio; AFP: alpha-fetoprotein; LT: liver transplantation; RFS: recurrence-free 
survival
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The American College of Radiology developed the Liver Imaging Reporting and Data System (LI-RADS) 
to standardize the acquisition, interpretation, reporting, and data collection of liver imaging[24]. LI-RADS 
is being increasingly adopted in clinical practice for patients at high risk of HCC, thereby enabling the 
categorization of observations from LR-1 (definitely benign) to LR-5 (definitely HCC) based on the 
level of suspicion for HCC. However, a recent meta-analysis[25] derived from 14 studies showed that the 
performance of LI-RADS for diagnosing HCC has a sensitivity of 67% and specificity of 92%. These data 
confirm previous reports indicating that radiologic imaging alone inaccurately stages as many as 20%-25% 
of patients undergoing LT for HCC[26-28].

Histological factors
To increase the prognostic accuracy of the predictive models of HCC recurrence based exclusively on 
morphological data, some authors explored using the histological characteristics of HCC obtained by 
nodule biopsy performed before LT. Cillo et al.[26] selected 33 patients with HCC for LT based on tumor 
grading obtained by liver biopsy. Patients with moderately to well-differentiated HCC had a 5-year post-LT 
survival of 75% despite approximately one-third of them failing to meet the Milan criteria at explanted liver 
examination. With respect to MVI, Shah et al.[28]. evaluated 155 patients with confirmed HCC after LT that 
satisfied the Milan criteria, then assessed the presence of MVI via pathological analysis. The presence of 
MVI was significantly associated with both the number and size of the nodules and, more importantly, 68% 
of patients who developed HCC recurrence were positive for MVI. Despite the undoubted diagnostic value 
of pre-LT pathological assessment of tumor grading and MVI, routine tumor biopsy is often unfeasible 
either due to the presence of multiple nodules or the risk of cancer cells seeding[29].

To overcome these limitations, a recent approach to non-invasively detect the presence of MVI in HCC 
is the application of 18F-FDG PET/CT imaging[30]. In HCC, the growth rate and activity of glycolytic 
enzymes are related[31]. Thus, contrary to what occurs in well-differentiated HCC, poorly differentiated 
HCC cells exhibit low glucose-6 phosphatase activity and high 18F-FDG uptake[32]. Recent studies appear 
to confirm that maximum standardized uptake values of 18F-FDG PET/CT imaging are strongly correlated 
with the histological characteristics of HCC, such as MVI and tumor grade[33-35]. The optimal cutoff values 
for the SUVmax of HCC (SUVmax T) and SUVmax of the normal liver (SUVmax L) in predicting MVI 
have been identified as 3.80 and 1.49, respectively[36]. Moreover, in a study that enrolled 34 HCC liver 
transplanted patients, none of the patients with a SUVmax L/T ratio > 1.5 had well-differentiated HCC[37]. 
A further improvement in the radiological detection of MVI in patients with HCC was derived from the 
application of gadoxetic acid-enhanced MRI and 18F-FDG PET/CT examinations. With the application 
of these radiological techniques, the presence of peritumoral enhancement and the ratio of SUVmax T/
SUVmean L ≥ 1.2 had a statistically significant association with MVI, with an odds ratios of 10.6 and 14.2, 
respectively[38]. When both MRI and PET/CT imaging techniques have been applied in combination, the 
sensitivity and specificity for the prediction of MVI were 78.6 and 80% respectively[30]. Recent experiences 
have demonstrated how the combination of 18F-FDG PET/CT can represent valid help in selecting LT 
patients with HCC who exceed the Milan criteria. A Japanese study[39] that enrolled 182 living donor 
liver transplanted (LDLT) patients with HCC demonstrated that, in patients exceeding the Milan criteria 
with negative 18F-FDG PET/CT and alpha-fetoprotein (AFP) serum levels < 115 ng/mL, the 5-year HCC 
recurrence rate was not statistically different from those fulfilling the Milan criteria (19% compared to 7%, 
P = 0.1). Similar results have been obtained in a Korean study involving LDLT, wherein patients exceeding 
either the Milan or UCSF criteria, but with negative 18F-FDG PET/CT, had 5-year HCC-free survival rates 
after LT of 73.3 and 72.8%, respectively[40]. However, these encouraging results require extensive validation 
in Western populations, in patients with different etiologies of liver disease, and in LT performed using 
cadaveric donors. Undoubtedly, the combined use of 18F-FDG PET/CT could represent a new and more 
accurate system to non-invasively assess the morphological and histological features of HCC in the near 
future, which could guide the selection of patients for LT.
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Biological markers
Biological markers can be divided into three categories: (1) serum markers directly related to HCC biology, 
such as AFP and des-gamma-carboxyprothrombin (DCP); (2) systemic inflammation markers, such 
as neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR)[41]; and (3) molecular 
biomarkers in tumor tissue and in serum, such as DNA alterations/mutations, enzymes, and micro-RNAs 
(miRNAs)[42].

Serum markers
AFP
AFP is a surrogate marker of HCC differentiation and vascular invasion[43,44]; thus, the measurement of 
AFP serum levels before LT has been proposed as a useful tool to identify patients with a high risk of HCC 
recurrence[45]. Although AFP has proven to be a valid and simple tool to discriminate HCC recurrence risk, 
opinions regarding what the discriminating plasma values of the protein should be are not unanimous. 
Several authors have suggested that serial measurements of AFP levels might be more accurate than a 
single measurement. Increasing AFP levels to more than 15 ng/mL[46,47], more than 50 ng/mL/month[48], or 
0.1 ng/mL/day[49] during the LT waiting period have been proposed as strong predictors for HCC 
recurrence.

The most effective method of using AFP serum levels to predict HCC recurrence after LT is to associate it 
with tumor morphological criteria[50]. Four selection criteria for LT in HCC patients, including AFP serum 
levels and the morphologic characteristics of the tumor - both evaluated pre-LT - have been extensively 
validated. The “Toronto criteria”[51] were derived from a general assumption that acceptable survival rates 
in LT for HCC can be achieved for any size or number of HCC, provided that: imaging studies ruled out 
vascular invasion, the HCC was confined to the liver, and the HCC was not poorly differentiated on biopsy. 
The authors demonstrated that by applying these criteria, the only pre-transplant variable associated with 
5-year disease-free survival was an AFP serum level value > 400 IU/mL at the time of transplant. In the 
validation cohort of the study[52], it was confirmed that AFP was the only independent predictive variable 
associated with post-LT survival and HCC recurrence, albeit with a cutoff value of 500 IU/mL.

The association of morphologic and histologic characteristics of HCC and AFP serum levels has also been 
utilized in China to develop the Hangzhou criteria[53]. These criteria were defined as no portal vein tumor 
invasion, HCC diameter ≤ 8 cm, or patients who have HCC larger than 8 cm would still be eligible for LT if 
their AFP serum levels were < 400 ng/mL, and their HCC histological grade was I or II. The 1- and 3-year 
survival rates of patients transplanted for HCC within the Hangzhou criteria were not significantly different 
from those transplanted within the Milan criteria.

The criteria proposed by Toso et al.[54] were derived from a large study including over 6000 patients. The 
authors demonstrated that a total tumor volume (TTV) of ≤ 115 cm3 and AFP serum levels ≤ 400 ng/mL 
identified patients at low risk of HCC recurrence after LT more effectively than both the Milan and UCSF 
criteria. The TTV-AFP criteria were validated in a prospective study with patients from different European 
countries and Canada[55].

The Liver Transplantation French Group developed and validated a prognostic model for predicting HCC 
recurrence after LT, known as the AFP model[43]. This model considered the predictive variables of AFP 
serum level, and size and the number of nodules, with different cutoffs for each variable. The following points 
were assigned for tumor size: 0, 1, or 4 points when the largest tumor size was ≤ 3 cm, 3-6 cm, or > 6 cm, 
respectively. Concerning the number of nodules, 0 or 2 points were assigned for the presence of ≤ 3 or 
≥ 4 nodules. Moreover, 0, 2, or 3 points were assigned to AFP serum levels ≤ 100, 100-1000, or > 1000 ng/mL, 
respectively. The maximum score obtainable from the AFP model was 9. Patients with a final score of up to 
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2 points were classified as having a low risk of HCC recurrence; on the contrary, patients with a final score 
≥ 3 were classified as high risk. Interestingly, patients with AFP serum levels > 1000 ng/mL reached 3 points 
irrespective of the number or size of nodules; therefore, they could immediately be classified as patients 
at high risk of HCC recurrence. The validation of the AFP model in several countries[44,56-58] and LDLT 
confirms that this model better discriminated the risk of HCC recurrence compared to the Milan criteria. It 
is evident that patients within the Milan criteria but with AFP serum levels > 1000 ng/mL experienced HCC 
recurrence in 37.7% of cases, compared to patients exceeding the Milan criteria but with AFP < 100 ng/mL, 
with HCC recurrence in 14.4% of cases[41]. Due to the aforementioned characteristics, the AFP model was 
adopted for the liver allocation policy of France in 2013.

More recently, Mazzaferro et al.[59] developed a new predictive model of HCC recurrence based on AFP 
serum levels and the morphological characteristics of HCC in Italy, and validated this model in Asian 
patient cohorts. This model, known as the Metroticket 2.0 model, identified the sum of tumor number and 
size, and the log10 of AFP level as being significantly associated with HCC-specific death. For patients with 
HCC to have a 70% chance of HCC-specific survival 5 years after transplantation, their AFP level should be 
< 200 ng/mL and the sum of the number and size of tumors (in centimeters) should not exceed 7 cm; if the 
AFP level was 200-400 ng/mL, the sum of the number and size of tumors should be ≤ 5 cm; if their AFP 
level was 400-1000 ng/mL, the sum of the number and size of tumors should be ≤ 4 cm. This model, based 
on serum AFP level and HCC number and size, outperformed the Milan, UCSF, and AFP French model to 
predict which patients will survive for 5 years after LT. 

The availability of recent models that combine the morphological and biological elements of the tumor 
has made it possible for patients with HCC, who would have been excluded by applying selection models 
based exclusively on morphological characteristics of the tumor, to undergo LT. More importantly, this has 
been achieved by keeping post-transplant survival unchanged. The relative simplicity of calculating the 
size and number of nodules in addition to AFP serum levels as surrogate biological markers of the tumor, 
make these models suitable for extensive and standardized use. An important innovation of these models 
is their possibility of being used “dynamically”, to evaluate the evolution of the tumor in the patient before 
the transplant. This implies that these models could be used in addition with the response to neo-adjuvant 
treatments as the reference criteria for defining transplant feasibility in patients with HCC. 

DCP
Increased serum DCP levels have been detected in patients with HCC[60] and they correlate with the degree 
of HCC malignancy, including the presence of intrahepatic metastases, capsule infiltration, and portal 
vein invasion[61,62]. Moreover, HCC expressing normal levels of AFP and increased levels of DCP showed a 
lower grade of differentiation and more frequent MVI[63,64]. For these reasons, DCP has been proposed as 
a stronger predictor of HCC recurrence after LT than AFP[61,65]. Two Japanese groups have developed and 
validated the selection criteria for LDLT by considering the size and number of nodules as well as DCP 
serum levels. The Kyoto criteria[66-68] were considered for LT patients with up to 10 HCC ≤ 5 cm in diameter 
and DCP serum levels ≤ 400 mAU/mL. Patients that exceeded the Milan criteria but met the Kyoto criteria 
had similar HCC recurrence rates to patients within the Milan criteria[66]. Similar results were obtained by 
adopting the Kyushu criteria[69], which selects for LT patients with any number of HCC < 5 cm in diameter 
and DCP serum levels < 300 mAU/ml. These criteria were more sensitive than the UCSF and Kyoto criteria 
in predicting HCC recurrence[61,70].

A further attractive strategy to construct a model to predict HCC recurrence involves combining AFP and 
DCP levels. The MoRAL model[71] was developed from this hypothesis in patients exceeding the Milan 
criteria who underwent LDLT. The authors included a total of 566 consecutive patients who underwent 
LDLT in Korea, 410 of which exceeded the Milan criteria. Serum levels of AFP and DCP provided good 



Page 8 of 21                                         Toniutto et al. Hepatoma Res  2020;6:50  I  http://dx.doi.org/10.20517/2394-5079.2020.40

discriminatory function with respect to time to HCC recurrence. A low MoRAL score (cutoff ≤ 314.8) 
was associated with significantly longer recurrence-free (vs. > 314.8) and overall survival in the cohort 
exceeding the Milan criteria. The 5-year recurrence-free and overall survival rates of patients exceeding the 
Milan criteria with a low MoRAL score were as high as 66.3% and 82.6%, respectively. Moreover, patients 
within the Milan criteria with a high MoRAL score showed a higher risk of recurrence than patients 
exceeding the Milan criteria with a low MoRAL score. 

Only one retrospective study[72] combining AFP and DCP serum levels to predict HCC recurrence was 
performed outside of Asia, in the US. The authors demonstrated that AFP ≥ 250 ng/mL and DCP ≥ 7.5 ng/mL 
were associated with a higher risk of HCC recurrence. When AFP and DCP were combined with the Milan 
criteria, the hazard ratio increased from 2.6 for outside the Milan criteria to 8.6 for outside the Milan 
criteria and AFP ≥ 250 ng/mL, and to 7.2 for outside the Milan criteria and DCP ≥ 7.5 ng/mL.

Systemic inflammation biomarkers
The option of considering inflammatory markers as elements associated with greater HCC invasiveness or 
with more frequent recurrence after LT arises from certain studies conducted on C-reactive protein (CRP). 
CRP is a protein synthesized by hepatocytes in response to systemic inflammation and has been implicated 
in the prognosis of HCC[73]. Some Asian studies have demonstrated that in patients outside the Milan 
criteria, high serum CRP levels were significantly associated with a higher risk of HCC recurrence[74,75].

Besides CRP, recent studies have identified NLR and PLR as two inflammation markers involved in the 
prognosis of HCC[41]. Halazun et al.[76] reported that in patients within the Milan criteria, an NLR ≥ 5 was 
associated with worse recurrence-free survival after LT than in patients with an NLR < 5 (25% vs. 75%). 
These observations led the authors to propose a risk model for predicting HCC recurrence that includes 
NLR and tumor size > 3 cm in diameter. Further studies have been conducted to assess the real impact of 
NLR on the independent risk of HCC recurrence along with MVI and the size and number of nodules. 
Recent meta-analyses have highlighted that the cutoff value of NLR is rather heterogeneous among different 
studies, which is justified since the results obtained were not comparable. By applying an NLR cutoff value 
of 4, the majority of studies have indicated that a high NLR value is associated with MVI and a lower HCC 
recurrence-free survival after LT[77,78].

Regarding PLR, high PLR has been associated with a significant increase in HCC recurrence after LT[79]. 
Notably, the prognostic value of PLR in determining the risk of HCC recurrence should be evaluated with 
caution. Moreover, some reports indicate that the absolute platelet count seems to be as important as PLR. 
In patients with a platelet count ≥ 75 × 109/L on the day before transplant, the HCC recurrence rate was 
significantly higher than in patients with a platelet count < 75 × 109/L (28.2% vs. 13.2%)[80]; interestingly the 
former group of patients presented more frequently with poorly differentiated HCC, MVI, and bile duct 
invasion compared to the latter group.

Many hypotheses have been proposed in an attempt to explain the pathophysiological mechanisms 
involved in determining the influence of NLR and PLR in HCC recurrence after LT. Both neutrophils and 
platelets are implicated in promoting vascular invasion and the development of metastasis of tumors by 
increasing the production of vascular endothelial growth factor (VEGF)[81,82]. Furthermore, platelets may 
promote the establishment of HCC metastases by blocking tumor cell removal[83,84]. Since high NLR and 
PLR are determined by low lymphocyte numbers, it may be hypothesized that the reduction in lymphocyte 
numbers could result in impaired immune surveillance against HCC[41]. While existing studies conducted 
on inflammatory markers have provided interesting results, they also have several limitations. Specifically, 
the retrospective nature of the studies and the small number of cases represent the major limitations. 
Moreover, the different cutoffs applied to NLR and PLR make adoption of these models for predicting the 
risk of HCC recurrence in the clinical practice unvalidated.
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Molecular biomarkers
Several studies investigated the usefulness of molecular biomarkers to predict HCC recurrence in liver 
transplanted patients[85]. Regarding DNA alterations/mutations evaluable in liver tissue, the presence of 
TP53 mutations, high fractional allelic loss, significant hypo-methylation of 8 tumor suppression genes, 
and the absence of CTNNB1 mutations, identified a molecular subclass of aggressive HCC. These features 
were predictive of reduced recurrence-free survival in a small group of 25 liver transplanted patients[86]. 
A further interesting approach is to evaluate the impact of gene expression signatures in liver tissue, both 
inside and outside of the tumor, in predicting HCC recurrence. Applying this approach in a large cohort of 
132 liver transplanted patients for HCC outside Milan criteria, Miltiadous et al.[87] demonstrated that the 
S2 molecular subclass[88] and progenitor cell markers (CK19 signature[89]) were independent predictors of 
overall survival and of HCC recurrence after LT, respectively. 

The fractional allelic imbalance rate index (FAI), determined from tissue samples, is used to compare the 
acquired mutational load between different tumors[90]. FAI was evaluated in a cohort of 71 liver transplanted 
patients with HCC, 18 of whom experienced tumor recurrence. Among the 19 microsatellites evaluated, 
3 loci (D3S2303, D9S251, and D9S254) were found to be predictive of recurrence after LT[91]. If confirmed 
in other prospective studies, and in patients outside the Milan criteria, FAI could represent an interesting 
tool to identify recipients at higher risk of tumor recurrence.

Enzymes such as histone deacetylases (HDACs) and matrix metalloproteinases (MMPs) have also been 
studied in liver transplanted patients. HDACs regulate genes and are involved in tumor cell proliferation, 
differentiation, invasion, and metastasis. Liver transplanted patients carrying T alleles in HDAC1 rs1741981 
and HDAC3 rs 2547547 single nucleotide polymorphisms have been found to have a low risk of HCC 
recurrence[92]. On the contrary, high expression of HDAC3 was related to high risk of HCC recurrence in 
HBV positive recipients[93].

MMPs are extracellular matrix-degrading enzymes that can be secreted by tumor cells to enhance tumor 
invasiveness and metastasis. Although results among different studies are conflicting[42], MMP-9 and MMP-2 
positive staining in stromal tissue adjacent to tumors seems to be associated with HCC recurrence[94]. 
While there is a rationale for investigating the role of enzymes in predicting HCC recurrence, the results of 
the studies are still too heterogeneous to draw solid conclusions for use in clinical practice. 

Besides DNA changes and aberrant gene expression, miRNAs have been evaluated as potential prognostic 
biomarkers in HCC. An interesting report proposed a prognostic score incorporating the expression in 
liver tissue of miR-214, miR-3187, and the Milan criteria, which improved the accuracy of predicting HCC 
recurrence compared with the Milan criteria alone[95]. Despite several studies reporting a potential role of 
miRNAs in predicting HCC recurrence[85], none of them were really prospective and adequately powered. 
The major limitation in introducing miRNAs in clinical practice is probably the need for a liver tissue 
biopsy to evaluate their expression. To overcome this important limitation, liquid biopsy has emerged as a 
minimally invasive alternative approach to analyze HCC components without the need of tissue samples. 
This method allows the analysis of DNA, RNA in extracellular vescicles such as the exosomes, or circulating 
tumor cells released by the tumor in the bloodstream[85]. Among the few studies that have applied this 
technology, Nakano et al.[96] demonstrated that circulating exosomal miR-92b could have clinical value for 
predicting HCC recurrence post-LT. The main limitation of liquid biopsy is the low sensitivity and lack of 
reproducibility when different technologies were applied[97]. 

Among the serological markers that can be measured before transplantation, AFP remains the most 
clinically useful to date, albeit with the major limitation that it can only be used in protein secreting HCC.
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HCC response to anticancer treatments as a surrogate biological marker of tumor aggressiveness
Alongside the morphological, histological, and serological criteria used to predict the risk of HCC 
recurrence after LT, an innovative and more flexible approach involves considering the response of HCC 
to anticancer loco-regional treatments as a surrogate marker of the biological aggressiveness of the tumor 
- and thus, of the risk of post-LT recurrence. This approach shifts the concept of selecting HCC patients 
for LT from the characteristics of disease presentation to the final characteristics of the tumor after it has 
undergone available treatment. Regarding this point, it is important to differentiate “bridge treatments” 
from “downstaging treatments”. Bridge treatments refer to patients already on the waiting list for LT 
that undergo HCC loco-regional treatments to reduce dropout rates from the waiting list. Downstaging 
treatments refer to those initially applied to patients beyond the accepted criteria for LT (e.g., Milan, 
UCSF, TTV-AFP, and others) to bring the tumor back within the accepted criteria for LT[98]. The increasing 
rate of applying the approach of merging HCC tumor stage and response to anticancer treatments in 
European countries[99] is justified by observations that post-LT survival outcomes in patients with HCC 
exceeding the Milan criteria with objective and sustained response to pre-LT therapies are not significantly 
different compared to those patients who meet conventional criteria at presentation[100]. In the US, the 
UCSF downstaging protocol has recently been adopted as a national policy for granting priority listing 
for LT[101]. This protocol implies that the initial selection criteria are single lesions ≤ 8 cm, or 2-3 lesions < 
5 cm with total tumor diameter < 8 cm, or 4-5 nodules all < 3 cm with total tumor diameter < 8 cm. In a 
retrospective analysis of the UNOS database of 3819 patients who underwent LT from 2012 to 2015, and 
were classified as always within the Milan criteria or achieving UNOS downstaging criteria (UNOS-DS), 
3-year post-LT survival was 83.2% for the Milan criteria and 79.1% for the UNOS-DS. The 3-year HCC 
recurrence probability was 6.9% for Milan and 12.8% for UNOS-DS. Interestingly, AFP ≥ 100 ng/mL 
was the only independent predictor of HCC recurrence in downstaging groups[102]. The application of 
downstaging protocols involves a minimum observation period of 3 months of disease stability from 
successful downstaging to LT[101,103]. This implies that liver transplant centers should adopt dynamic graft 
allocation protocols to assure “on time” LT in those patients who can maximize the benefit of successful 
downstaging[99]. Thus, both AASLD and EASL guidelines recommended loco-regional treatments 
in patients with HCC exceeding the Milan criteria and to consider those who underwent successful 
downstaging as candidates for LT, when this status is maintained for at least 3-6 months[104-106].

Although the rationale for supporting the application of downstaging strategies exists, it is much more 
complex to evaluate the ways in which to obtain it. There are in fact multiple loco-regional therapies 
applicable for the treatment of patients with HCC with both bridging and downstaging purposes. These 
therapies include transarterial chemoembolization (TACE) and radioembolization, percutaneous ethanol 
injection, radiofrequency ablation, and stereotactic body radiation. Liver resection may be a further part of 
a multimodal downstaging strategy[107,108]. The long list of therapeutic strategies highlights how indications 
to perform them can be varied between different transplant centers, thus results obtained are not always 
comparable[107]. Since every treatment can negatively impact upon residual liver function, it has been 
proposed that only patients with adequate liver function (Child Pugh class A/B) and with serum bilirubin ≤ 
3 mg/dL can be candidates for downstaging procedures[102,103]. TACE is the most commonly used treatment, 
so it is recommended as first-line for downstaging[108]. 

A further critical element relates to the method used in various studies to judge the response to loco-
regional treatments. In more recent studies, this has been done by applying the modified Response 
Evaluation Criteria in Solid Tumors (mRECIST), which assesses both the change in tumor volume 
and in arterial enhancement by means of contrast CT or MRI scan of the liver[109]. A very recent report 
demonstrated that the addition of the mRECIST criteria into the Metroticket 2.0 framework improved 
its predictive ability[110]. However, although sufficiently detailed, the mRECIST criteria may have 
reproducibility limits between different transplant centers, such that the results obtained by loco-regional 
therapies are not always reproducible. 
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Despite these important limitations, it has recently been accepted that patients with HCC listed for LT 
and receiving loco-regional treatments associated with objective response, improved waitlist and post-
transplant outcomes. More importantly, the degree of tumor response to loco-regional treatments may help 
in defining LT priority in candidates with HCC[108].

POST-LIVER TRANSPLANTATION TUMOR-RELATED RISK FACTORS ASSOCIATED WITH 

HCC RECURRENCE
In all prognostic risk models, the number and size of tumors, as well as the presence of MVI, were found 
to be statistically associated with the risk of HCC recurrence after LT. As previously mentioned, it is known 
that pre-transplant staging methods based on radiologic imaging fail to predict the exact number and size 
of HCC at pathology in approximately 25%-35% of patients due to over- or understaging[28,111,112]. These 
observations justified the development of HCC recurrence risk models based on the accurate assessment of 
tumor burden in the explanted liver. In a large US database of HCC liver transplanted patients, Onaca et al.[113] 
evaluated the number and size of HCC in all explanted livers and correlated them with HCC-free survival 
after LT. The authors demonstrated that patients with 2-4 tumors < 5 cm or with a single lesion < 6 cm had 
recurrence-free survival equivalent to patients with a single tumor of 3.1-5.0 cm or 2-3 lesions all < 3 cm in 
diameter, which represents the Milan criteria.

As previously reported, the assessment of MVI before LT is difficult and often inaccurate[29]; on the 
contrary, evaluation of the presence of MVI appears very accurate on histological examination obtained in 
the explanted liver. On this basis, Mazzaferro et al.[11] developed a predictive model of the risk of mortality 
and recurrence of HCC after LT based on histopathological analysis performed on the explanted liver. The 
histological characteristics evaluated include the number and size of the nodules, the presence of MVI, 
and the grading of the tumor. The authors collected a sample of 1,556 patients transplanted for HCC from 
several US, European, and Asian centers, of which only 444 had tumor characteristics under the Milan 
criteria at explant. The combination of HCC characteristics exceeding the Milan criteria but resulting in 
an estimated 5-year overall survival of at least 70% generated a subgroup of patients that, in the absence of 
MVI, fulfilled the so-called “up-to-seven criteria”, which involves seven being the result of the sum of the 
size (in cm) and the number of tumors, for any given HCC. The overall survival reported in this subgroup 
of patients was 71.2%, which was similar (73.3%) to that obtained in the subgroup of patients fulfilling 
the Milan criteria, irrespective of the presence of MVI. On the contrary, patients exceeding the up-to-
seven criteria, plus patients with MVI who were beyond the Milan criteria and within the up-to-seven 
criteria, had a 5-year survival rate after LT of 48.1%. The presence of MVI at any size and number category 
of tumors was paralleled by a significant worsening of survival and the cumulative incidence of HCC 
recurrence.

A similar model was developed and validated in France[114], which considered the pathological 
characteristics of HCC assessed in the explanted liver, including the number, size, and grading of tumors. 
To obtain a final numeric risk score, the authors attributed point values for any of the following tumor 
characteristics: the number of nodules, the diameter of the largest nodule, and tumor differentiation (well, 
moderate and poor). For Cox regression analysis, the number of nodules, maximal diameter of the largest 
nodule, and tumor differentiation were independent predictors of HCC-free survival. Interestingly, in 
patients with a score < 4, there was no significant difference in 5-year tumor-free survival between those 
within and exceeding the Milan criteria. A very similar approach was followed in one of the largest single 
institution dataset of HCC patients undergoing LT in the US[115], to update the original MoRAL score. 
The evaluation of histology in the explanted liver showed that grade IV HCC, the presence of more than 
3 lesions, the largest tumor size > 3 cm, and MVI were independently associated with HCC recurrence. 
This model, called the post-MoRAL score, was therefore combined with the original pre-MoRAL score to 
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develop a new model, called the combo-MoRAL score. In this new model, patients were stratified according 
to an increased HCC recurrence risk score ranging from 0 to 26. Those patients presenting a combo-
MoRAL score of up to 6 were identified as low-intermediate risk, while those exceeding 6 points were 
considered to have a high-very high risk of HCC recurrence. Patients outside the Milan criteria who had a 
combo-MoRAL score of up to 6 experienced a risk of recurrence similar to those within the Milan criteria. 
A recent and particularly relevant Risk Estimation of Tumor Recurrence After Transplant (RETREAT) 
score[116] was developed and validated for patients with HCC that met the Milan criteria based on imaging. 
A total of 1061 patients were enrolled in the study, which was developed in the US and validated in 
Canada. In the development cohort, 9.4% of patients had MVI and 22.1% exceeded the Milan criteria on 
explant. Cumulative probabilities of HCC recurrence at 1 and 5 years were 5.7% and 12.8%, respectively. 
For multivariable Cox proportional hazards regression, three variables were independently associated with 
HCC recurrence: MVI, AFP value at time of LT, and the sum of the largest viable tumor diameter and the 
number of viable tumors on explant. The RETREAT score was created using these three variables, with 
scores ranging from 0 to 5 or higher being highly predictive of HCC recurrence. The RETREAT model was 
able to stratify 5-year post-LT recurrence risk ranging from less than 3% with a score of 0 to greater than 
75% with a score of 5 or higher.

A critical point that can be applied to the majority of models that aim to predict HCC recurrence is that the 
time of recurrence after transplant is rarely mentioned. Although this time is variable, several studies have 
identified a peak of HCC recurrence within 2-3 years after transplant while after 5 years, recurrence is very 
infrequent[117]. Since HCC recurrence after LT impacts negatively on overall survival, the time to recurrence 
represents an important prognostic factor. Early (within 12 months after LT) HCC recurrence is associated 
with a more severe prognosis[117]. The reasons why it occurs may be related to the presence of non-detected 
extra-hepatic HCC metastases at the time of transplant, or as a consequence of circulating neoplastic clones 
of HCC able to engraft and growing in the transplanted liver or in other organs. Recurrences occurring 
more than 12 months following LT, particularly if associated with AFP serum levels < 100 ng/mL at the time 
of recurrence, are associated with a better prognosis and with 5-year survival nearing 50%[118,119]. These data 
strongly suggest maintaining a very stringent surveillance of the recurrence of HCC in the first 3 years after 
LT, prolonging up to the fifth year, since very late recurrence of the tumor is also associated, if promptly 
discovered and treated, with a better prognosis[10]. Regarding the best way to perform surveillance, in the 
absence of specific evidence-based risk stratification criteria, the majority of LT centers suggest to perform 
a total body contrast CT or MRI scan every 6 months for at least 3 years, that can then be extended to 
5 years after LT, in addition to AFP serum measurements[117].

Taking into account the aforementioned considerations HCC recurrence risk models based on the 
evaluation of tumor characteristics on the explanted liver should improve post-LT HCC surveillance 
strategies and to help identify patients who may benefit from future adjuvant therapies. On the contrary, all 
of these models have the major limitation in that they cannot be used to select patients with HCC for LT.

TUMOR UNRELATED RISK FACTORS ASSOCIATED WITH HCC RECURRENCE
Transplant type
Conflicting results exist regarding the potential impact of influencing HCC recurrence following LT 
performed using cadaveric donors versus LDLT[120-126]. In addition to more advanced clinical characteristics 
of the tumor that are often recognized in LDLT[120], there are other potential explanations to support 
the hypothesis that HCC recurrence may be more frequent in LDLT when compared to using cadaveric 
donors. A potential mechanism to promote tumor progression and recurrence may be related to the 
release of growth factors in the course of liver regeneration involving a partial graft. Moreover, it has 
been demonstrated that small-sized grafts are more likely to cause acute phase graft injury, promoting 
cell adhesion, increased angiogenesis, and cell migration. All of these factors may contribute to increased 
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HCC recurrence[127-129]. A further mechanism could be linked to the short waiting time on LDLT 
waiting lists[130,131]. This short waiting time may not be able to highlight tumors with greater biological 
aggressiveness, expressed as having rapid growth over time. Finally, the LDLT technique associated with 
sparing of the inferior vena cava and with more extensive manipulation of the liver during transplant 
operations may contribute towards increasing the risk of HCC recurrence[132]. The same considerations 
may be applied to LT performed by the piggyback technique with cadaveric donors since it theoretically 
carries a higher risk of positive vena cava margins and requires greater manipulation of the diseased liver, 
thus leading to an increased risk of HCC spread[133]. Nevertheless, it remains important to highlight that 
the piggyback technique is the preferred approach in many liver transplant centers since it provides several 
advantages compared to conventional techniques, such as shorter operation times, anhepatic phases, warm 
ischemia times, and stays in intensive care units[132,134].

Graft and donor-related factors
Besides the use of partial grafts for LT, several reports have indicated that prolonged cold and warm 
ischemia times could be associated with an increased risk of HCC recurrence[135]. Multiple biological 
mechanisms have been proffered to explain how ischemia-reperfusion injury can affect the risk of HCC 
recurrence, based on in vivo and in vitro experiments[136-138] One of these mechanisms hypothesizes that 
the exposure of micrometastases to prolonged hypoxia could lead to the abnormal expression of genes and 
cytokines that increase angiogenesis, cell proliferation, and growth[136]. Notably, it has been hypothesized 
that female grafts may be more susceptible to ischemia-reperfusion injury and may have increased 
sensitivity to reoxygenation damage following prolonged cold storage[139,140]. Furthermore, hypoxia stabilizes 
and activates the transcription factor for hypoxia - inducible factor, which represents a key oxygen 
response regulator able to activate the transcription of genes stimulating angiogenesis such VEGF-A[141,142]. 
However, the relationship between prolonged graft ischemia time and the risk of HCC recurrence was most 
convincing in recipients who presented additional risk factors for recurrence at baseline, such as HCC 
beyond the Milan criteria, the presence of MVI, or high AFP serum levels[126].

The increased susceptibility to ischemia-reperfusion injury of older grafts support some observations, thus 
indicating that recipients transplanted with older donors experienced HCC recurrence more frequently 
than those transplanted with younger donors[143]. Although these observations are of interest, previous 
studies have not confirmed them in subsequent studies[144,145].

Given the growing number of donors with metabolic syndrome, one aspect that appears to be of particular 
interest is the potential impact of graft steatosis on the risk of HCC recurrence. It has been accepted that 
grafts with moderate to severe steatosis present low tolerability to ischemia-reperfusion injury[146]. This 
injury may be able to promote a release of lipid peroxides and downregulate the secretion of adipokines 
that can protect the steatotic grafts[147]. Thus, the induced inflammatory cascade within the graft could 
be responsible for the increase in angiogenesis, which is considered the key factor in promoting tumor 
recurrence. All of these observations have not been validated in prospective studies and a large number of 
patients; thus, no current evidence exists to modify the allocation criteria for steatotic grafts based on the 
presence of HCC in recipients.

There is emerging evidence that persistent HBV infection contributes to cancer development within the 
liver, increasing genetic instability of and promoting hepatocyte destruction and regeneration. Several 
reports indicate that in patients transplanted for HCC related to chronic HBV infection, the reappearance 
of active HBV replication in the graft was associated with an increased risk of HCC recurrence and with 
shorter overall survival[126]. These reports were more frequent in the past when prophylaxis against HBV 
recurrence was given only with immunoglobulins against HBV or with Lamivudine. 
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Recipient characteristics
Overweight or obese recipients transplanted for HCC seem to be more exposed to HCC recurrence 
compared to lean recipients[148]. The mechanisms proposed to support this observation are very similar to 
those discussed for steatotic grafts. The altered production of adipokines could occur in obese patients, and 
are known to be responsible for increased cell proliferation and the reduction of apoptosis in neoplastic cell 
lines. In certain cases, adipokines can also be responsible for the increased expression of VEGF and other 
mediators capable of increasing angiogenesis and tumor recurrence[149,150].

Clinical studies have identified a body mass index cutoff value of > 30 kg/m2 or the presence of obesity as 
independent predictors of more frequent HCC recurrence[148,151]. Regarding recipient age, several studies 
have reported that elderly patients who underwent LT experienced lower survival and higher rates of HCC 
recurrence[126]; however, the mechanisms involved in explaining these observations are not entirely clear. 
The most probable hypothesis is that advanced age represents a factor associated with reduced efficiency of 
the immune system in reducing the development of neoplastic cell clones, which would be more evident 
during prolonged immunosuppressive therapy[152].

Impact of immunosuppression schemes adopted after LT
The impact of immunosuppressive therapy after LT has been extensively studied with regard to the 
development of metabolic complications such as diabetes, arterial hypertension, hyperlipidemia, and renal 
failure. This was motivated by the observation that the main cause of mortality in the medium to long term 
after LT is not linked to allograft dysfunction, but rather to the development of metabolic complications 
and de novo tumors[153].

Much less studied has been the impact of immunosuppressive therapy in modifying the risk of HCC 
recurrence after LT. The role of immunosuppression in promoting oncologic cell transformations has been 
extensively proven in both in vitro and in vivo studies[154]. Furthermore, research conducted in cell lines 
and observational clinical studies indicate that not only the type and the schemes of immunosuppressive 
treatments, but also the total immunosuppressive load, are likely determinants in promoting cancer 
recurrence[154].

Among the very few studies designed to evaluate the impact of immunosuppressive treatment on HCC 
recurrence after LT, a high level of heterogeneity among patients and HCC selection criteria are present. 
Furthermore, many immunosuppressive schemes have adopted the simultaneous use of different classes of 
drugs, with potential pro- or anti-oncogenic effects that may not always be synergistic. Thus, the inherent 
limitations in the design of these studies make it very difficult to draw solid conclusions.

A recent literature review[154] identified 21 studies, of which only one was prospective and randomized, 
while two were meta-analyses and evaluated the potential anticancer effect of sirolimus[155]. Other studies 
evaluated the impact of the type and load of calcineurin inhibitors (CNIs), as well as the impact of 
corticosteroids or anti-thymoglobulin antibodies. By summarizing the results of these studies, which 
highlighted HCC recurrence rates ranging from 12% to 54%, two key messages may be reported: (1) an 
increased rate of HCC recurrence risk was associated with higher exposure to both CNIs (cyclosporine or 
tacrolimus); and (2) the use of a mammalian target of rapamycin (mTOR) inhibitors was associated with a 
lower risk of HCC recurrence[156]. To confirm the potential beneficial role of the mTOR inhibitor sirolimus 
in decreasing the risk of HCC recurrence after LT, a prospective multicenter and randomized study was 
performed[157]. The results of this study were disappointing since they only showed a lower recurrence rate 
3 years after LT in patients with early HCC, though this advantage was lost at 5 years. Moreover, in patients 
with HCC within the Milan criteria, the rate of recurrence was not statistically different from that obtained 
by adopting immunosuppressive schemes without mTOR inhibitors[154]. The main limitations of this study 
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were likely related to the high heterogeneity of the immunosuppressive drugs added to sirolimus and to 
having left the LT centers completely free to manage therapy with steroids.

Studies performed with the other mTOR inhibitor, everolimus[158], suggested that patients treated with this 
inhibitor had significantly lower HCC recurrence rates when compared to those treated with sirolimus 
or with CNI. However, it is important to note that everolimus-treated recipients had a shorter follow-up 
period and were more frequently transplanted for HCC within the Milan criteria. Overall, based on the 
available data from retrospective studies, meta-analyses, and post-hoc assessments of randomized trials, it 
seems advisable to consider mTOR inhibition-based immunosuppression after transplantation for HCC, 
particularly in patients who exceed the Milan criteria; however, prospective data are required to verify this 
claim.

If immunosuppression load appears to serve a determinant role in cancer recurrence[159,160], it seems 
justified to explore immunosuppressive protocols aimed at weaning exposure to immunosuppressive 
drugs. The liver is a solid organ that - more than other organs - is suitable for tolerating transplantation 
with total withdrawal of immunosuppression without developing rejection. This phenomenon is known as 
operational tolerance[161]. A large European prospective study on immunosuppressive treatment withdrawal, 
which enrolled 102 adult LT recipients, showed that 40% of them reached the status of operational tolerance 
for at least 1 year[162]. The clinical predictors for achieving operational tolerance were a minimal time of 
3 years from LT to immunosuppression weaning, the absence of autoimmune liver disease, and recipient 
age > 60 years[163]. Regarding the impact of operational tolerance on HCC recurrence, 17 patients 
transplanted for HCC were enrolled in a protocol of immunosuppression weaning in Italy[163]. The results 
demonstrated that no HCC recurrence was detected in those patients achieving operational tolerance, 
while one patient who presented only transient tolerance experienced HCC recurrence after 3 years from 
LT and died within 4 years. Despite these promising results, the identification criteria for precisely selecting 
patients who may develop operational tolerance remain lacking. Furthermore, if the purpose of utilizing 
the development of operational tolerance is to reduce the risk of HCC recurrence, it would be essential to 
obtain the suspension of immunosuppression within the first 2 to 3 years after LT, since this is the time 
interval during which the recurrence of HCC is more likely[117].

CONCLUSION
LT remains an effective treatment in patients with unresectable HCC within the Milan criteria or in those 
who can be downstaged to being within the Milan criteria; however, HCC recurs despite careful selection 
of recipients. The growing demand for LT for HCC is expected, and the probable modest increase in the 
availability of organs to allocate for this indication - in the face of a clear decrease in transplantation for 
hepatitis C virus-related liver disease - makes the intention to expand the Milan criteria justifiable. The 
key question will now be: how can we balance the expansion of the Milan criteria with the risk of an 
exponential increase in HCC recurrence after LT? From a mathematical perspective, squaring the circle 
is a geometry problem that consists of constructing a square with the same compass and ruler with the 
same area as a circle. The study of the relationship between circumference and diameter of the rim has 
accompanied the history of humanity since the invention of the wheel. In 212 B.C., Archimedes was the 
first to attempt a calculation based on geometry through the method of exhaustion, which consisted of 
attempting to trap the circumference between a registered and a circumscribed polygon. Using 96-sided 
polygons, he calculated the value of π at 3.14163. Trapping that number in a finite series of digits is a feat 
that almost all mathematicians do, and when the mathematician Johan Lambert showed that it is irrational 
in 1761, he took the real challenge to calculate the highest number of decimal places to make it as precise 
as possible. Lambert’s proof marks a turning point since it shows, that our number cannot be trapped in the 
relationship between two numbers in practice (one in the numerator and one in the denominator); thus, it 
cannot be “rationalized”.
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From a clinical perspective, the search for the perfect solution between expanding the Milan criteria and 
maintaining a sufficiently low risk of tumor recurrence to allow a patient survival rate of at least 60% at 
5 years represents a major challenge for the coming years. The models used to predict the risk of HCC 
recurrence based on the pre-transplant evaluation of all tumor characteristics (including its response to 
treatments) currently represent those that combine both rigorous aspects of patient selection and organ 
allocation for transplant. These two factors work synergistically to increase the benefit, effectiveness, and 
justice of transplantation for HCC. The evaluation of the results obtained by adopting these criteria on large 
patient series in different geographical areas will be crucial for defining their validity and applicability.
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Abstract
The Liver Imaging Reporting and Data System (LI-RADS) is a comprehensive and robust system which provides 
an algorithmic approach to stratify the probability of hepatocellular carcinoma (HCC) for each observation found 
in patients at risk for HCC. LI-RADS uses a standardized terminology and approach to improve communication 
between the radiologist and clinicians. LI-RADS version 2018 is noteworthy for its adoption by the American 
Association for the Study of Liver Disease into its HCC practice guidance. This manuscript provides an overview 
of the history of LI-RADS, reviews the Computed tomography/magnetic resonance imaging diagnostic algorithm, 
highlights the key diagnostic criteria for each category, and discusses the advantage of incorporating LI-RADS in 
clinical practice.

Keywords: Liver Imaging Reporting and Data System, hepatocellular carcinoma, cirrhosis, hepatocellular carcinoma 
diagnosis

INTRODUCTION
Hepatocellular cancer (HCC) is the most common primary malignancy of the liver[1]. It is the fifth most 
common cancer in the world and fourth leading cause of cancer mortality[1,2]. The incidence of HCC in the 
United States has been rapidly rising over the last 20 years and predicted to increase until 2030[3,4]. Imaging 
plays a critical role in the management of HCC, as the diagnosis of HCC is usually made non-invasively in 
the appropriate at-risk patient population, based on imaging features alone without the need of pathologic 
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confirmation[5]. When biopsy is required, it is often done with image guidance; furthermore, imaging 
plays an integral role in patients undergoing surveillance or following loco-regional therapy[6]. The Liver 
Imaging Reporting and Data System(LI-RADS) is a comprehensive and dynamic system which provides 
a standardized means of assessing and communicating the entire spectrum of lesions and pseudolesions 
in studies performed in patients who are at risk for developing HCC[7,8]. LI-RADS is developed by an 
international multidisciplinary consortium of radiologists, hepatologists, hepatobiliary surgeons, and 
hepatopathologists[7,8]. 

OVERVIEW
Multiple societies and organizations have proposed image-based systems for the diagnosis of HCC. In 
2008, the American College of Radiology proposed the LI-RADS with the primary goal of standardizing 
the lexicon, interpretation, and reporting of imaging studies specifically in patients who are at risk for 
developing HCC. The aim was to establish a comprehensive algorithm that would accurately stratify the 
probability of HCC and malignancy in each observation, while still maintaining a high specificity for 
HCC[7]. The first version was released in 2011, followed by major updates in 2013, 2014, 2017, and 2018. 
With the most recent changes in 2018, LI-RADS was integrated into the American Association for the 
Study of Liver Disease (AASLD) practice guidance for HCC[6].

Currently, LI-RADS has four individual algorithms that are used in different clinical contexts. Ultrasound 
LI-RADS is used for surveillance of at-risk patients. Contrast-enhanced ultrasound LI-RADS is used for 
the diagnosis of HCC. Computed tomography/magnetic resonance imaging (CT/MRI) LI-RADS algorithm 
is used for diagnosis and staging of HCC. Treatment response LI-RADS algorithm is used following local-
regional therapy. This manuscript focuses on LI-RADS CT/MRI diagnostic algorithm.

CT/MRI DIAGNOSTIC ALGORITHM
LI-RADS CT/MRI Diagnostic Algorithm version 2018 (v2018) includes eight diagnostic categories which 
are applied to individual observations with increasing probability of HCC and malignancy with higher 
categories. The various categories do not have an exact correlation to the histologic categories but instead 
reflect the probability of individual observations being benign, HCC, or non-HCC malignancy. For 
instance, although all observations in LR-1 are benign and all observations in LR-5 are HCC, the opposite 
is not true, as many benign lesions may not be categorized LR-1 and not all HCC meet criteria for the LR-5 
category[9].

A multiphase contrast-enhanced study is required for appropriate assessment of liver observations. 
Multiphase studies include late arterial phase, portal venous phase, and delayed phase. Extracellular 
contrast agents are used for CT exams, while either an extracellular or hepatobiliary agent may be used 
for MRI[7]. Extracellular MRI contrast agents provide lesion characteristics based primarily on blood flow, 
while hepatobiliary agents utilize information from both blood flow and the hepatocellular function[6]. 
Although recent meta-analyses studies have shown multiphase contrast-enhanced MRI to have a higher 
sensitivity than CT for the diagnosis of HCC with similar specificity, there is currently insufficient evidence 
to recommend one modality or contrast agent over the other[6,7,10]. Practitioners and institutions are 
encouraged to make decisions based on their best judgement, as well as to develop their own approach 
based on a multidisciplinary consensus that would be best suited both for the individual patient and the 
institution as a whole[6]. In treatment-naïve patients, the unenhanced phase on CT is optional, while it 
is required in patients following loco-regional therapy[7]. Late arterial phase (AP) imaging is strongly 
preferred over the early AP to improve detection of the arterial phase hyperenhancement, an imaging 
feature that is required for imaging diagnosis of HCC[7].
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LI-RADS CT/MRI diagnostic algorithm is equally applicable to CT and MRI. It is important to note, 
however, that the assigned categories may be discordant between the two modalities. Several studies have 
demonstrated that the LI-RADS categories are discordant between CT and MRI in about 35%-70% of 
cases[9]. MRI categorizes more benign lesions as LR-1 compared to CT (25%-30% of those lesions were 
categorized as LR-3 on CT)[11,12]. When excluding the LR-1 category, MRI-assigned categories are higher 
compared to the CT-assigned categories (12%-31% of LR-5 observations on MRI were categorized as LR-4, 
12% as LR-3, and 15%-29% were not seen on CT)[9,11,12]. The discrepancies in category assignment is 
likely multifactorial, and they are related to inherent differences between the modalities, inter-reader 
disagreements, and the fact that some of the imaging features are only assessable by MRI. 

To maintain high specificity of the HCC diagnosis, the LI-RADS algorithm must be applied to a well-
defined at-risk target population with a high pretest probability of HCC[7,13]. It is essential that the patients 
meet the inclusion criteria for LI-RADS patient population, and have none of the exclusion criteria. The 
LI-RADS patient population includes patients with cirrhosis, chronic hepatitis B with or without cirrhosis, 
and a personal history of HCC[7,13]. The exclusion criteria include patients < 18 years of age, those with 
vascular causes of cirrhosis, or those with congenital hepatic fibrosis[8]. 

The LI-RADS CT/MRI algorithm is applied in a stepwise fashion beginning with LR-NC[7]. This is followed 
by LR-TIV, LR-1, LR-2, and LR-M. Once the above categories are excluded, the CT/MRI diagnostic table 
is then used to assign an observation LR-3, LR-4, or LR-5 category. Observations with a pathological 
diagnosis are reported as such and not assigned a LI-RADS category to avoid confusion and uncertainty 
(i.e., pathology proven intrahepatic cholangiocarcinoma or pathology proven hemangioma). The exception 
to this is in pathological proven benign or premalignant hepatocellular lesions such as regenerative or 
dysplastic nodules, which are assigned LI-RADS categories[9]. The rationale is that such lesions may evolve 
over time and progress to frank malignancy.

The CT/MRI diagnostic table uses a combination of the major features [Figure 1] to assign LR-3, LR-4, and 
LR-5 categories, with the option of applying ancillary features (AF) to adjust the final category. The LI-RADS 
category can be upgraded or downgraded by one, if there are more than one AF favoring malignancy or 
benignity, respectively[14]. It is important to note that an LR-4 observation cannot be upgraded to LR-5 
based on AF[14]. The category is also not adjusted where there are ancillary features favoring both benignity 
and malignancy[14].

CT/MRI diagnostic categories
LR-NC: not categorizable
Observations are included in this category when they cannot be meaningfully categorized because of 
image omission and/or degradation, preventing assessment of one or more of its major features resulting 
in the inability to differentiate categories in which cancer is unlikely (LR-1 or LR-2) from categories in 
which cancer is likely (LR-4, LR-5, and LR-M)[7,15]. LR-NC should be applied only to observations that are 
specifically affected by the limitation and not applied to the entire liver[15]. Management in this category 
includes a repeat diagnostic imaging usually within three months with the option of using an alternative 
modality or contrast agent to improve diagnostic quality[16].

LR-TIV: definite tumor in vein
Observations in this category demonstrate definite enhancing soft tissue in vein, regardless of the presence 
of parenchymal mass [Figure 2][7,15]. Approximately 92% of observations are malignant[17]. Approximately 
80% of LR-TIV is attributed to HCC, and some intrahepatic cholangiocarcinoma (iCCA) and combined 
HCC-cholangiocarcinoma (cHCC-CCA) may also cause tumor in vein[17]. When a LR-5 parenchymal 
observation is associated with TIV, it is reported as “LR-TIV, definitely due to HCC”, and, in the absence of 
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a discernable parenchymal mass, it is reported as “LR-TIV, probably due to HCC”[9]. Occasionally, TIV may 
be associated with a targetoid parenchymal mass, in which case the category is reported as “LR-TIV, may 
be due to non-HCC malignancy”[9]. Management in this category requires multidisciplinary discussion and 
may require a biopsy if the tumor in vein is not definitely due to HCC[16,18].

LR-1: definitely benign
Observations in this category have a 100% certainty of being benign [Figure 3][7,15]. Observations in this 
category are usually benign non-hepatocellular lesions or vascular pseudolesions and include cysts, 
hemangiomas, focal fatty deposition, or sparing and perfusion related changes[9]. Benign lesions when 
evaluated by MRI are more often categorized as LR-1, compared to CT[11,12]. Management of observations in 
this category involves routine surveillance in six months[16,18].

LR-2: probably benign
Observations in this category have a high probability but lack 100% certainty of being benign [Figure 4][7,15]. 
A recent systematic review showed about 13% of observations in this category to be HCC and 14% of the 

Figure 2. LR-TIV (Definite tumor in vein). Axial computed tomography in a 63-year-old woman with hepatitis C cirrhosis. Arterial phase 
(A); and portal venous phase (B) demonstrate definite enhancing soft tissue extending to the left portal vein (arrow). The observation is 
categorized LR-TIV. Note that the presence of parenchymal mass is not required for this category

Figure 1. Liver Imaging Reporting and Data System computed tomography/magnetic resonance imaging diagnostic table, used to assign 
LR-3, LR-4, and LR-5 categories. Reprinted with permission from Ref.[8]

A B
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observations to be malignant[17]. The majority of the observations in this category are the same as in LR-1 
but display atypical imaging features, which result in less than 100% certainty of making the diagnosis. 
Additionally, distinctive nodules less than 20 mm without major imaging features of HCC, features 
of LR-M, and ancillary features favoring malignancy are categorized LR-2[9]. LR-2 distinctive nodules 
include siderotic nodules, T1-hyperintense nodules, T2-hypointense nodules, and nodules hyperintense 
on hepatobiliary phase. Some LR-3 observation can be down-categorized to LR-2, if there are ancillary 

Figure 3. LR-1 (Definitely benign). Axial computed tomography in a 53-year-old woman with hepatitis C cirrhosis. Arterial phase (A); 
and portal venous phase (B) demonstrate a 17-mm well-defined round observation (arrow) with attenuation values of simple fluid, 
consistent with a definite simple cyst

A B
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Figure 4. LR-2 (Probably benign). Axial computed tomography in a 46-year-old woman with alcoholic cirrhosis. Arterial phase (A); 
portal venous phase (B); and delayed phases (C) demonstrate an 8-mm well-defined hypodense observation. The observation is too 
small to definitively characterize, but probably represents a small cyst
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features favoring benignity and no ancillary features of malignancy[9]. Management in LR-2 category 
usually includes routine surveillance in six months; however, occasionally repeat diagnostic imaging with a 
different modality in six months and/or multimodality discussion may be warranted[16,18].

LR-M: probably or definitely malignant, not HCC specific
Observations in this category have a high probability or 100% certainty of being malignant but the features 
are not specific for HCC [Figure 5][7,15]. Approximately 93% of observations in this group are malignant, 
with non-HCC malignancies such as iCCA, cHCC-CCA, and metastases comprising the majority of the 
LR-M category and HCC accounting for 36% of the observations in this group[17]. On rare occasions, benign 
lesions such as sclerosed hemangiomas may have features that meet the criteria for LR-M. Both targetoid 
and non-targetoid lesions are included in this category. Targetoid lesions include observations with a 
targetoid morphology, such as targetoid dynamic enhancement pattern, targetoid diffusion restriction, and 
targetoid transitional or hepatobiliary phase hypointensity[19]. Non-targetoid lesions in the LR-M group 
include observations that do not meet the criteria for LR-5 or LR-TIV and with at least one of the following 
features: infiltrative appearance, marked restricted diffusion, necrosis or severe ischemia, or other features 
suggesting non-HCC malignancy[19]. Management requires multidisciplinary discussion and often a biopsy 
is needed for diagnosis, staging, and management[16,18].

LR-3: intermediate probability of malignancy
Observations in this category include malignant and nonmalignant lesions, resulting in a moderate 
probability of being malignant [Figure 6][7,15]. Forty percent of observations in this category are malignant 

A
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B

Figure 5. LR-M (Probably or definitely malignant, not hepatocellular carcinoma specific). Axial Computed Tomography in an 80-year-old 
man with hepatitis C cirrhosis. Arterial phase (A); portal venous phase (B); and delayed phases (C) demonstrate a 40-mm observation 
with rim arterial phase hyperenhancement [arrows (A)], peripheral washout appearance [arrow (B)], and delayed central enhancement 
[arrow (C)] observation. Subsequent biopsy confirmed an intrahepatic cholangiocarcinoma
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with 38% being HCC[17]. Observations < 20 mm demonstrating nonrim arterial phase hyperenhancement 
(APHE) alone are categorized in this category[7,15]. Observations without APHE can also be categorized in 
this group if they are < 20 mm with ≤ 1 additional major feature, or if the observations are ≥ 20 mm with 
no additional major features[7,15]. LR-4 observations can be down-categorized to LR-3 if there are ≥ 1 AF of 
benignity[7,15]. Management options include repeat diagnostic imaging in 3-6 months with or without the 
use of an alternative modality or contrast agent and occasionally a multidisciplinary discussion may be 
warranted[16,18].

LR-4: probably HCC
Observations in this category have a high probability but not 100% certainty of being HCC [Figure 7][7,15]. 
The probability of observations being HCC in this category approaches 75%-80%[17,20]. Observations in this 
category include observations < 10 mm with nonrim APHE and ≥ 1 additional major feature, observations 
that are 10-19 mm with nonrim APHE and enhancing “capsule” as the only major feature, and observations 
≥ 20 mm with nonrim APHE and no additional major feature. Observations without nonrim APHE can 
be categorized LR-4 with the size < 20 mm and ≥ 2 additional major features or with size ≥ 20 mm and ≥ 1 
additional major feature[7,15]. LR-3 observations with ≥ 1 AF favoring malignancy can be upgraded to LR-4, 
while LR-5 observations with ≥ 1 AF favoring benignity can be downgraded to LR-4[9]. Management often 

Figure 6. LR-3 (Intermediate probability hepatocellular carcinoma). Axial computed tomography in a 68-year-old man with 
hepatitis C cirrhosis. Arterial phase (A); and portal venous phase (B) demonstrate a 12-mm observation with nonrim arterial phase 
hyperenhancement [arrow (A)] and no washout appearance or enhancing capsule appearance [arrow (B)]

Figure 7. LR-4 (Probable hepatocellular carcinoma). Axial computed tomography in a 68-year-old man with hepatitis C cirrhosis. 
Arterial phase (A); and portal venous phase (B) demonstrate a 9-mm observation with nonrim arterial phase hyperenhancement [arrow 
(A)], nonperipheral washout appearance [arrow (B)], and no enhancing capsule appearance

A
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B
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involves multidisciplinary discussion and may include repeat or alternate imaging within three months, 
biopsy, or, in some patients, definitive treatment without confirmatory biopsy[16,18].

LR-5: definitely HCC
Observations in this category have 100% certainty of being HCC [Figure 8][7,15]. Ninety-four percent of 
observations in this category are HCC and 97% are malignant[17]. Since HCC can be diagnosed based on 
imaging features alone and treated without the need for pathologic confirmation, observations in this 
category have specificity close to 100% with resulting modest sensitivity in the range of 50%-80%[21-23]. Size ≥ 
10 mm and nonrim APHE are absolute requirements to LR-5 categorization[7,15]. Observations measuring > 
20 mm with ≥ 1 additional major feature and observations measuring 10-19 mm with ≥ 2 additional major 
features are included in this category[7,15]. Observations measuring 10-19 mm with either nonperipheral 
“washout” or threshold growth as the only additional major feature are also categorized LR-5.[7,15]. Ancillary 
features cannot be used to upgrade LR-4 observations to LR-5 in order to maintain the required high 
specificity in this category[7,15]. Management includes multidisciplinary discussion for staging and treatment 
without the need for a biopsy[16,18]. In some patients, a tissue sample may be required for histologic grading, 
molecular characterization, or enrollment in clinical trials[16,18].

INTEGRATION INTO AASLD
LI-RADS has undergone several major updates since its initial release in 2011. The most recent update 
(LI-RADS v2018) has revised its criteria for LR-5 (definite HCC), and as a result LI-RADS has been 
integrated into the AASLD HCC practice guidelines and simplified[6]. In v2018, 10-19-mm observations 
with nonrim APHE and nonperipheral “washout” are categorized LR-5, regardless of visualization on the 
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Figure 8. LR-5 (Definite hepatocellular carcinoma). Axial computed tomography in a 60-year-old man with hepatitis C cirrhosis. 
Arterial phase (A); portal venous phase (B); and delayed phases (C) demonstrate a 21-mm observation with nonrim arterial phase 
hyperenhancement [arrow (a)], nonperipheral washout appearance [arrow (B,C)], and enhancing capsule appearance [arrowhead (c)]
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antecedent surveillance ultrasound[7,8]. Additionally, v2018 updated the definition for threshold growth 
to be congruent with that of the Organ Procurement and Transplantation Network: threshold growth 
is defined as ≥ 50% increase in size of a mass in ≤ 6 months[8]. Any other size increase, including new 
observations and observations with ≥ 100% increase in size on studies > 6 months apart, are characterized 
subthreshold growth[8].

LI-RADS: ADVANTAGES FOR CLINICIANS
As the diagnosis of HCC is often made based on imaging findings alone in patients at risk without the need 
for a biopsy confirmation, it is imperative to maintain a high level of accuracy among radiologists in both 
the interpretation and the reporting of liver observations[24-26]. LI-RADS uses a strict diagnostic criterion 
and an algorithmic approach to determine the likelihood of focal liver observations being HCC, while 
maintaining substantial inter-reader reliability and a high specificity for HCC[17,27,28]. In fact, LI-RADS inter-
reader agreement on MRI compares favorably to other commonly used RAD systems, such as breast and 
prostate[29].

The use of non-standardized lexicon in liver imaging reports may result in confusion, especially when 
communicating results to the referring clinicians[30]. The same phrase may be used differently by different 
radiologists and may be interpreted differently by the referring clinicians[31]. Corwin et al.[31] reported that 
the use of radiology phrases such as “consistent with HCC” and “suspicious for HCC” were associated with 
a high variability in the LI-RADS categories. Conversely, use of LI-RADS terminology and reporting results 
in a more comprehensive, clearer, and ultimately more actionable report[32]. 

DISCUSSION
While LI-RADS offers numerous advantages for radiologists, clinicians, and patients, the system is not 
perfect. Unlike many other imaging-based systems for HCC diagnosis which have binary approach for 
diagnosis (i.e., HCC vs. all other lesions), LI-RADS utilizes ordinal categories which reflect increasing 
probability of HCC. Furthermore, LI-RADS is unique in that it recognizes the increased risk of non-HCC 
malignancies in patients with cirrhosis and provides diagnostic criteria for LR-M category. This level of 
detail requires greater complexity of the diagnostic criteria, and as a result LI-RADS may be intimidating 
for novice users or may be perceived as too cumbersome for clinical practice. However, a recent survey 
of radiologists and clinicians found that nearly 90% preferred the use of LI-RADS compared to other 
standardized reporting systems[33].

LI-RADS has undergone several major updates since its original release in 2011. As scientific evidence 
accumulates, and user feedback is accrued, the criteria are refined and updated[7]. The goal of each release is 
to improve accuracy and ease of use[7]. The need for the system to be in congruence with the latest scientific 
knowledge is balanced against the need for a stable system[7]. As a result, major updates to the system are 
planned for every 3-5 years.

CONCLUSION
This manuscript reviews CT/MRI LI-RADS. CT/MRI LI-RADS is a comprehensive and dynamic system 
with standardized terminology and an algorithmic diagnostic approach for the diagnosis and subsequent 
management of HCC, enabling clear communication between radiologist and clinicians. The most recent 
version has revised its criteria for LR-5 and simplified its definition for threshold growth, and it is now 
incorporated into the AASLD HCC practice guidelines. 
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Abstract
Aim: To describe the global pattern and trend of liver cancer survival, using data from the population-based studies 
or cancer registration. 

Methods: By searching CNKI, Wanfang Data, PubMed, Web of Science, EMBASE and SEER. All population-based 
survival studies of liver cancer from 1 January 2000 to 30 April 2020 were collected and evaluated by patient 
gender, time period, and country. The overall or age-standardized five-year relative survival rate was used to 
describe the pattern and changes in liver cancer survival over the past decades.

Results: Globally, the highest age-standardized five-year relative survival rate was observed in Italy (18.0%, 2005-
2007) and the highest overall five-year relative survival rate was observed in Korea (34.6%, 2012-2016), when 
compared to other countries. The most remarkable increase in overall five-year relative survival rate can be seen 
in Korea (from 10.7% during 1993-1995 to 34.6% during 2012-2016). In general, worldwide, the five-year relative 
survival rate of younger patients with liver cancer was higher than old people. For most countries, the five-year 
relative survival rate of liver cancer was slightly higher in women than in men. In China, the overall five-year 
relative survival rate of liver cancer in Taiwan was higher than that in other areas, while Cixian of Hebei and Qidong 
of Jiangsu were lower. 
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Conclusion: Over the past decades, the survival rates of liver cancer have gradually improved, but great variations 
are also observed globally. Worldwide, younger patients with liver cancer have experienced a better prognosis. 
Gender disparity in liver cancer survival was not obvious.

Keywords: Primary liver cancer, relative survival rate, prognosis, population-based study, cancer registration

INTRODUCTION
Primary liver cancer (PLC) is the sixth most common cancer and the fourth most common cause of 
cancer death worldwide[1]. The top five countries with the highest incidence of liver cancer are Mongolia 
(71.8/100,000), Thailand (33.7/100,000), North Korea (32.3/100,000), Japan (27.9/100,000), and China 
(27.6/100,000)[2]. In the United States, the incidence has increased rapidly by 2% to 3% per year from 
2007 to 2016, although the change was smaller than that in previous years[3]. According to Global cancer 
statistics 2018[1], an estimated 841,080 incident cases of liver cancer occurred worldwide, with 392,868 in 
China, accounting for 46.71%. 

Certainly, incidence, mortality, and prevalence are commonly applied to describe the burden of disease. 
However, it is also crucial to comprehend and employ survival rate, which is another important descriptive 
indicator of disease burden and widely used in the evaluation of cancer prognosis. Survival data are 
available from three sources: clinical studies, hospital-based follow-up data, and population-based follow-
up data[4]. Interpretations of the outcomes of each source are different. The population-based follow-up 
data include the survival information of all patients in the population, which can reflect the cancer survival 
status of the entire population. Population-based survival data usually exclude death certificate only (DCO) 
and autopsy cases during analysis because evidence of diagnosis is weak. 

Cancer registries are the premise and foundation of cancer prevention and control. They help obtain 
comprehensive, accurate, and timely information on the incidence, mortality, survival, and other 
factors related to cancer in the population[4]. Survival analysis can be conducted with these data, and 
provide valuable indicators such as population-based relative survival rate (RSR) for the effectiveness of 
cancer control and reflect the prospects of cure in a country or region[5]. To describe the global pattern, 
chronological changes, and enable comparisons between different populations or regions, this review 
collected all available population-based survival rates of primary liver cancer in different populations. 

METHODS
Data source
A literature search of related studies from 1 January 2000 to 30 April January 2020 was conducted using 
the databases of CNKI, Wanfang Data, PubMed, Web of Science, EMBASE and SEER, with the following 
keywords: “liver cancer”, “hepatocellular carcinoma”, “HCC”, “population-based survival studies”, “relative 
survival”, “observed survival” “cancer registry”. Two researchers collected the data independently according 
to the search criteria, and 129 articles were retrieved by titles and abstracts. After screening with the 
following criteria: (1) provided RSR or observed survival rate (OSR) of patients with primary liver cancer; 
and (2) data were population-based or from cancer registries, and excluding duplicate, incomplete or 
unavailable articles. The final analysis included 53 studies, 9 of which were in Chinese and the remaining 
44 were in English [Figure 1].

Statistical analysis
Estimates of one to five-year RSRs from the published studies were extracted. We used overall and age-
standardized 5-year RSR mainly to describe and compare different countries or regions, age groups, and 
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gender. Most of the included publications provided the age-standardized relative survival rates which were 
extracted. SPSS 22.0 and Excel 2016 were used for data management and analysis.

RESULTS
Global pattern and trend
Table 1 shows the sex-specific overall 5-year RSRs from Korea[6-11], Japan[12], Singapore[13], USA[14,15], and 
Europe[14,16-22]. Table 2 shows the sex-specific age-standardized 5-year RSRs mainly from Singapore[13] and 
Europe[16,19,23,24]. In addition, the overall 10-year RSRs in Japan during 2002-2006 were 9.6% for men and 
9.1% for women. It can be inferred from Tables 1 and 2 that although the 5-year RSRs of PLC in women is 
higher than that in men in most countries or regions, the difference is not obvious. The greatest difference 
in overall 5-year RSRs between male and female was observed in Scotland during 2005-2007 (4.4% for male 
and 10.6% for female)[18], followed by the USA during 1986-1988 (3.5% for male and 8.5% for female)[14]. In 
age-standardized 5-year RSRs, the greatest difference was observed in Norway during 1990-1994 and 1994-
1998 (both 5.0% for male and 11.0% for female)[24]. When comparing Tables 1 and 2 to determine whether 
age-standardization of 5-year RSRs has an effect on outcomes, the dissimilarity is not striking. In Europe 
(1990-1994)[16], after age standardization, the 5-year RSRs in both men and women decreased; in France 
(1989-1997)[19], the indicator in men increased, but remained the same in women. Besides, some studies 
have provided one to five-year RSRs or one and five-year age-standardized RSRs, as the details displayed in 
Supplementary Tables 1 and 2.

Figure 2A and B demonstrate age-standardized and overall 5-year RSRs since 1974 of PLC respectively, in 
selected countries and regions from Asia[6-12,25-28], North America[11,12,14,15,29-32], Europe[14,16,17,19,21,22,33-36], and 
Africa[37,38]. Figure 2A revealed that the highest age-standardized 5-year RSR was 18.0% and observed in 
Italy during 2005-2007[36], followed by Canada during 2004-2006[30], which was 17.0%. The lowest age-
standardized 5-year RSR was 2.3% observed in Iceland during 1995-1999[17]. Figure 2B showed that in the 
1980s and before, the overall 5-year RSRs in all regions was lower than 5%, with the lowest being the USA 
(1977-1981)[32] and Vaud of Switzerland (1984-1988)[22], both of which were 2.0%. However, after entering 
the 21st century, the 5-year RSRs in most regions have improved greatly. In general, the survival rates have 

Figure 1. Study selection process. OSR: observed survival rate; RSR: relative survival rate
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Region Year
5-year RSR (%)

Male Female
Korea[6-11] 1993-1995 9.9 13.6 

1996-2000 12.9 14.2 
2001-2005 20.1 20.3 
2007-2011 28.5 28.7 
2005-2009 25.1 25.1 
2008-2012 30.4 29.3 
2010-2014 33.1 31.9 
2012-2016 35.2 32.7 
2006-2010 26.6 26.7 

Japan[12] 1993-1996 21.0 21.8 
1997-1999 23.7 21.8 

USA[14,15] 1983-1985 2.7 6.2 
1986-1988 3.5 8.5 
1989-1991 3.4 7.0 
1992-1994 4.7 5.3 
1996-1998 8.3 9.1
1999-2001 10.9 12.1
2002-2004 14.9 14.7
2005-2009 17.7 17.3
2010-2016 20.8 20.9

Europe[14,16,17] 1983-1985 2.8 5.3 
1986-1988 3.7 5.2 
1989-1991 5.3 6.0 
1990-1994 7.0 7.0 
1992-1994 7.2 7.0 
1995-1999 8.9 8.4 

Scotland[18] 1985-1989 0.4 0.5 
1990-1994 2.2 5.4 
1995-1999 5.5 7.1 
2000-2004 8.7 8.7 
2005-2007 4.4 10.6 

France Total[19] 1989-1997 7.0 9.0 
Côte-d’Or, Burgundy[20] 1976-1985 1.1 2.0 

1986-1995 4.6 2.6 
1996-2005 10.3 10.3 

Spain[21] 2000-2007 13.8 10.6 
Switzerland[22] Vaud 1974-1978 - 22.0 

1984-1988 3.0 -
1989-1993 8.0 7.0 

Table 1. Population-based sex-specific overall 5-year relative survival rates of primary liver cancer in selected countries

-: No report or non-available in the original articles; RSR: relative survival rate

gradually increased in all regions with time. Korea’s growth was the most obvious, rising from 10.7% in the 
early 1990s to 34.6% during 2012-2016[6-11].

Time changes in survival rates for liver cancer were also reviewed in our study. Figure 3 shows the age-
standardized 5-year RSRs of PLC in specific regions in Europe[36] at a specific calendar period. It was 
confirmed again in Figure 3 that the RSRs of PLC have been increasing over time. During three identical 
periods, we found that the rates were almost higher in Southern Europe (12.0% during 1999-2001, 14.0% 
during 2002-2004, 17.0% during 2005-2007), but consistently poorest in Eastern Europe (6.0% during 1999-
2001 and 2002-2004, 7.0% in 2005-2007). 

Figure 4 shows a comparison of age-specific relative survival rates of PLC. Because some reports did not 
provide age-specific survival data, and some reports adopted different age groups, Figure 4 demonstrated 
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Table 2. Population-based sex-specific age-standardised 5-year relative survival rates of primary liver cancer in selected 
countries

Region Year
Age-standardised 5-year RSR (%)

Male Female
Singapore[13] 1968-1972 5.0 3.0

1973-1977 1.0 6.0
1978-1982 3.0 8.0
1983-1987 2.0 3.0
1988-1992 3.0 2.0

Europe[16] 1990-1994 6.2 6.7
Austria[16] 1990-1994 7.0 -
Czech Republic[16] 1990-1994 1.1 3.4
Denmark[16,23,24] 1989-1993 3.0 3.0

1990-1994 - 2.3
1994-1998 4.0 4.0
1999-2003 3.0 5.0

England[16] 1990-1994 6.1 7.2
Estonia[16] 1990-1994 5.5 -
Finland[16,23,24] 1989-1993 4.0 5.0

1990-1994 3.9 4.4
1994-1998 7.0 7.0
1999-2003 8.0 8.0

Iceland[23,24] 1989-1993 14.0 -
1994-1998 7.0 -
1999-2003 7.0 -

France[16,19] 1989-1997 8.0 9.0
1990-1994 6.9 -

Germany[16] 1990-1994 - 3.8
Italy[16] 1990-1994 6.2 8.6
The Netherlands[16] 1990-1994 6.2 5.8
Norway[16,23,24] 1989-1993 6.0 8.0

1990-1994 2.1 3.2
1994-1998 5.0 11.0
1999-2003 5.0 11.0

Poland[16] 1990-1994 - 1.3
Scotland[16] 1990-1994 - 4.8
Slovakia[16] 1990-1994 - 1.8
Slovenia[16] 1990-1994 - 4.9
Spain[16] 1990-1994 10.4 11.6
Sweden[16,23,24] 1989-1993 5.0 3.0

1990-1994 2.9 3.1
1994-1998 6.0 7.0
1999-2003 7.0 8.0

Switzerland[16] 1990-1994 5.9 -
Wales[16] 1990-1994 5.1 6.3

-: No reports or non-available in the original articles; RSR: relative survival rate

the age-specific 5-year RSRs from Europe[16,17,36], USA[15], Japan[26], Canada[30,31], Korea[11], and China[39-41] 
in the period between 1990-2010. The 5-year RSRs decreased with age. The rates of patients aged 15-44, 
followed by those aged 45-54, were higher than other age groups, while the prognosis of patients aged 75 
or older was poor. In the age groups of 35-44 and 45-54, the rate in Canada (2004-2006)[30] was markedly 
higher than that in other regions. In the age 65-74 group, the rate of Korea (2006-2010)[11] was markedly 
higher than that in other regions, and that in those age 75 or older, was highest in the Zhejiang Province 
(2005-2010)[41] of China compared to other regions or countries. Of note however, some reports estimate 
RSRs after excluding DCO and autopsy cases[11-14,18,21,22,24,26,28,30,31,35,36,39,40,42-45].
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A B

Figure 2. Age-standardised and overall 5-year relative survival rates of primary liver cancer in some selected countries during 1974-
2016. A: Age-standardised 5-year relative survival rates (a: Europe*[17,19,35,36]; b: other regions[27,28,30,31]); B: overall 5-year relative 
survival rates (a: Europe[14,16,19,21,22,33-35]; b: Asia[6-12,25,26]; c: North America[11,12,14,15,29-32]; d: Africa[37,38]). *The divisions of Europe refer to the 
EUROCARE report

Liver cancer survival in China
Table 3 shows the details of the population-based overall and age-standardized 5-year RSRs of PLC in some 
areas in China. It mainly includes the survival of PLC in the nation[46], Beijing[45], Shanghai[39], Zhejiang 
Province[41], Liaoning Province[28], Taiwan[47], Hong Kong[28], Haining and Jiashan (Zhejiang Province)[48], 
Cixian (Hebei Province)[49,50], Huaian (Jiangsu Province)[51], Qidong (Jiangsu Province)[40,52], and Jintan 
district (Changzhou, Jiangsu Province)[53]. Among them, cases of DCO were explicitly excluded in the 
reports of Shanghai[39], Qidong of Jiangsu[40], Haining, and Jiashan of Zhejiang[48], and Liaoning[28]. 

As shown in Table 3, the 5-year RSRs of PLC improved gradually over time. The age-standardized 5-year 
RSRs of liver cancer patients in China (2003-2015) are lower than that of Korea and Japan for a similar time 
period. For the overall 5-year RSRs, gender difference was not found in our review as the survival rates of 
liver cancer in women were not consistently higher than that in men. The highest overall 5-year RSR of 
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Figure 3. The age-standardised 5-year relative survival rates of primary liver cancer in different areas of Europe*, 1999-2007[36]. 1: 1999-
2001; 2:2002-2004; 3: 2005-2007. *The divisions of Europe refer to the EUROCARE report

Figure 4. Age-specific 5-year relative survival rates of primary liver cancer in different years in some selected countries and regio
ns[11,15-17,26,30,36,39-41]

28.9% was in Taiwan during 2004-2008, which was 28.1% and 31.7% in men and women respecitvely[47]. 
Since 2000, the overall 5-year RSR of Cixian (Hebei Province) was the lowest, at only 4.2% in 2000-2002[49]. 
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Area Year
5-year RSR (%) Age-standardised 5-year RSR (%)

Total Male Female Total Male Female
China[46] 2003-2005 - - - 10.1 10.2 10.3

2006-2008 - - - 10.1 10.0 11.0
2009-2011 - - - 9.8 9.8 10.7
2012-2015 - - - 12.1 12.2 13.1

East China Shanghai[39] 2002-2006 15.5 16.0 14.8 - - -
Zhejiang Total[41] 2005-2010 19.1 19.5 18.0 - - -

Haining and 
Jiashan[48]

2003-2006 10.3 9.8 11.4 10.2 - -
2007-2010 8.9 9.5 7.9 9.0 - -
2011-2014 10.6 11.3 8.9 10.2 - -

Jiangsu Huaian[51] 2010 8.4 8.9 6.9 - - -
Jintan District of 
Changzhou[53]

2012-2013 11.6 - - - - -

Qidong[40,52] 1972-2011 4.7 4.5 5.4 - - -
1973-1977 2.8 - - - - -
1978-1982 1.4 - - - - -
1983-1987 2.6 - - - - -
1988-1992 4.7 - - - - -
1993-1997 4.7 - - - - -
1998-2002 5.1 - - - - -
2001-2007 10.0 9.8 10.6 - - -
2003-2007 7.1 - - - - -

Taiwan[47] 2004-2008 28.9 28.1 31.7 27.6 27.0 31.5
North China Beijing[45] 1982-1983 - 2.2 2.4 - - -

1987-1988 - 3.4 5.3 - - -
Hebei[49,50] Cixian 2000-2002 4.2 - - - - -

2003-2013 7.6 7.1 8.7 - - -
South China Hong Kong[28] 1996-2001 - - - 22.4 - -
Northeast China Liaoning[28] 2000-2002 - - - 10.7 8.8 15.2

Table 3. Population-based overall and age-standardised 5-year relative survival rates of PLC in some areas of China

-: No reports or non-available in the original articles; RSR: relative survival rate

DISCUSSION
Survival data based on clinical trials, hospital-based follow-up studies, and population-based cancer 
registration are disparate in their aims, methods of survival estimation, and application. This study 
collected overall or age-standardized RSRs of liver cancer worldwide so that we can describe the prognosis 
of liver cancer in the general population, and make comparisons between different countries and regions. 
All publications in the study were from the cancer registries or population-based survival analysis, which 
aimed to provide valuable information for epidemiologists, basic scientists, oncologists, and clinical 
physicians in liver cancer research.

The aim of clinical trials and hospital-based follow-up studies are quite different from that of population-
based survival studies. The survival obtained from clinical trials or studies comes from the evaluation 
of certain therapeutics, and generally adopts overall survival (defined as the date from randomization 
to death from any cause) and progression-free survival (defined as the date from randomization until 
progression or death from any cause) as endpoints. For instance, a randomized, phase 3 clinical trial 
published in the New England Journal of Medicine evaluated cabozantinib as compared with placebo in 
previously treated patients with advanced hepatocellular carcinoma, and demonstrated that cabozantinib 
treatment significantly prolonged survival in patients with longer overall survival and progression-free 
survival (median overall survival and median progression-free survival were 10.2 months and 5.2 months, 
respectively) compared to placebo (8.0 months and 1.9 months, respectively)[54]. Hospital-based survival 
or follow-up studies rely on hospital-based cancer follow-up or registries that collect survival information 
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of patients who have been hospitalized, which reflects the service’s capacity and treatment effects in a 
particular department. For example, using follow-up data in a hospital’s registry, a study in Qidong of 
Jiangsu Province from China[55] calculated the 5-year observed survival rate of patients with liver cancer 
from 2002 to 2016 to be 14.6% [Supplementary Table 3], which was higher than the population-based OSR 
of 8.9% reported in the general population of Qidong during 2001-2007. For hospital-based survival, the 
follow-up time starts from the first hospitalization date, while the population-based cancer registry starts 
from the date of diagnosis of cancer. However, according to the data in China, the survival rates of PLC 
in the more developed areas such as Shanghai and Zhejiang were higher than that of other areas and the 
national average during the similar period, and studies have additionally supported the observation that 
the survival rates of PLC in urban areas were higher than that in the rural areas for the same period.

A common reason to study population-based cancer survival is to estimate the net survival, a measure of 
patient survival following primary cancer in the absence of other causes of death[56], which can be obtained 
by calculating disease-specific survival. Since the estimation of net survival must rely on complete and 
accurate information on the cause of death, which is often difficult to obtain, an alternative indicator - 
RSR[5] - can be used. RSR is defined as the ratio of the observed survival rate (where all causes of deaths are 
considered as events) to the expected survival rate (which is estimated from national population life tables 
stratified by sex, age, and calendar period) in the general population with the same distribution of key 
demographic factors (sex, age, calendar, period, and country). It provides a measure of the excess mortality 
hazard experienced by cancer patients, irrespective of whether the excess mortality is directly or indirectly 
attributable to the cancer[56] and enables direct comparison of survival rates between different populations 
or regions by eliminating the effects of age, gender, ethnicity, and calendar period on cancer survival to 
some extent. In addition, to further eliminate the effect of age structure, international comparisons of RSRs 
ought to use age-standardized relative survival[57]. 

It is apparent from our review then that the prognosis of PLC has shown continuous improvement 
overtime, whether in China or around the world. Over the past decades, numerous changes in clinical 
practice, public health, and social economy may affect the survival of PLC. For instance, advances 
in imaging diagnosis, clinical treatment such as chemoembolization, ablation, and surgical resection 
techniques, increased surveillance and screening for early-stage disease and anti-cancer health education, 
the improvement of socio-economic status (SES) and the transformation of peoples’ health consciousness 
and lifestyles[39,58,59]. However, it is these factors that can improve survival rates that may lead to regional 
disparity in survival rates of PLC as well, because of their varying degrees of development between different 
regions. Globally, the 5-year RSRs in Africa such as Eastern Libya and Uganda Kampala are much poorer 
than in the countries of Europe and North America during the same time period, and 5-year RSRs of 
PLC were also varied across regions in Europe. Studies have shown that people from the highest SES have 
better survival outcomes compared to those in the lowest SES[60-62]. The low SES and the attendant delayed 
diagnosis and treatment, unfair distribution of medical resources, incomplete medical insurance systems, 
lack of health education, and other factors will all affect cancer survival.

The data we have summarized from the literature implied that there are gender and age disparities in liver 
cancer survival. For example, in the majority of countries and regions, the prognosis of liver cancer in 
women was better than men, although the situation was not systematic. Therefore, it is inappropriate to 
draw the conclusion that the prognosis of women with PLC is better than men. Gender-specific distinctions 
in the survival rate of PLC require more population-based follow-up studies. In terms of the age at 
diagnosis, survival was highest among patients in the 35-44 age group, followed by the 45-54 age group, 
and lowest for the 75 or older age group. This might have been due to the presence of comorbidities and 
various chronic diseases in the aged patients that reduced their tolerance of cancer treatments or affected 
physicians’ decisions for treatment options, as compared to younger patients[63-65]. In addition, studies have 
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suggested that the proportion of late-diagnosis of PLC in the older age group was higher, resulting in poor 
long-term survival[39].

When comparing survival rates in different countries, times, or populations, etc., the following points need 
to be considered. Firstly, the relative survival rate was the only indicator analyzed in this review. However, 
descriptive indicators of cancer survival also include observed survival rate (all the OSRs collected 
were showed in Supplementary Table 3), cause-specific survival, etc. The estimation methods and their 
interpretations are completely different and cannot be substituted for each other. Next, close attention to 
additional comorbidities or variables (such as age, gender, ethnicity, etc.) used in survival rate estimation 
in the study is required. As in this review, some studies excluded patients aged under 15 or 20 during analy
sis[11,18,21,30,34,35,44,47]. Thirdly, it should be noted whether DCO cases or autopsy cases were excluded from the 
analysis, which would affect outcomes.

In conclusion, we summarized one to five-years RSRs of liver cancer, which were markedly distinct between 
different regions or periods in the same region. This implied that the region, period, and age might affect 
the survival rate of PLC; however, whether gender is a relevant factor remains to be studied. Therefore, 
more attention should be drawn to PLC prevention and screening, in particular, must be developed and 
implemented. Epidemiological, basic, and clinical studies of PLC have a long way to go still.
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Abstract
Contrast-enhanced ultrasound (CEUS) is a powerful imaging modality for the diagnosis of focal liver lesions, 
including hepatocellular carcinoma (HCC). The American College of Radiology Contrast-Enhanced Ultrasound 
Liver Reporting and Data System (CEUS LI-RADS®) was created as a standardized reporting system to facilitate 
consistent and high-quality technique, interpretation, reporting, and data collection for CEUS diagnosis of HCC. 
This article describes the history and background of CEUS LI-RADS®, its major concepts and algorithm, and the 
differences between CEUS LI-RADS® and CT/MRI LI-RADS®.

Keywords: Contrast-enhanced ultrasound, LI-RADS, hepatocellular carcinoma, diagnosis

INTRODUCTION
Hepatocellular carcinoma (HCC) can be diagnosed non-invasively by imaging without histological 
confirmation as endorsed by major liver society guidelines[1,2]. Contrast-enhanced computed tomography 
(CT) and magnetic resonance imaging (MRI) have been used for HCC diagnosis, with contrast-
enhanced ultrasound (CEUS) recognized as an alternative imaging modality[3]. Indeed, focal liver lesion 
characterization is the most widely recognized and used application for CEUS[4].

CEUS is an advanced form of ultrasound imaging utilizing tiny microbubble contrast agents, with 
diameters similar to that of red blood cells[5]. After intravenous injection, the microbubbles stay in the 
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bloodstream for minutes, allowing ultrasound imaging machines with specialized contrast-specific modes 
to visualize differences in the vascularity of tissues of interest[6]. The microbubbles resonate and exhibit 
harmonic signals under very weak ultrasound exposure while the background tissues exhibit only a linear 
response to ultrasound signals[7]. Contrast-specific imaging utilizes this unique property of microbubble 
contrast agents, and cancels the linear tissue signal, resulting in a contrast-enhanced microbubble-only 
image[8]. CEUS is highly sensitive owing to the intrinsically high contrast of microbubbles[7].

Microbubble contrast agents demonstrate multiple contrast phases in the liver after they are injected 
intravenously, progressing from arterial phase (~10-20 s to 30-45 s after injection) to portal venous phase 
(~30-45 s to 2 min after injection) to late phase (~2 min to 4-6 min after injection)[4,9]. Most malignancies 
within the liver derive their blood supply from the hepatic arteries and not the portal vein. As a result, 
malignancy typically manifests on CEUS as hyperenhancing compared to the surrounding liver on the 
arterial phase and as hypoenhancing in the portal venous and late phases. This temporal reduction in the 
enhancement of a lesion from earlier to later phases is also known as washout[9]. It is important to note 
that the washout of CEUS is different from that of CT or MRI, as microbubble contrast agents of CEUS 
are purely intravascular, whereas CT and MR contrast agents are both intravascular as well as interstitial. 
As a result, fibrous lesions such as intrahepatic cholangiocarcinoma (ICC) will appear to have delayed 
enhancement by CT or MRI, while they will demonstrate washout on CEUS[10].

ADVANTAGES AND LIMITATIONS OF CEUS
CEUS has a number of advantages as an imaging modality. CEUS is a real-time imaging technique with 
much higher temporal resolution than CT or MRI, and therefore it does not suffer from mistiming or 
acquiring contrast phases that are too early or too late, as can be seen with CT or MRI[10]. CEUS is highly 
sensitive to the microbubble contrast agents[7]. Therefore, CEUS is a good modality to confirm subtle 
enhancement when it cannot be seen on CT/MRI[5,11].

CEUS does not use ionizing radiation as does CT. CEUS is also less costly than CT or MRI [12]. The 
microbubble contrast agent for CEUS is safe in patients with severe renal impairment, unlike those used in 
CT or MRI[13,14]. CEUS is approved for the pediatric population and is a very safe alternative that does not 
require sedation or anesthesia[15]. 

CEUS has some potential limitations that the practitioner must recognize to tailor its use appropriately. 
CEUS is usually not suitable for staging of hepatocellular carcinoma, as it is difficult to survey the entire 
liver effectively with CEUS[16]. In general, a few lesions can be characterized in one session of CEUS. 

CEUS may require more planning and time on the part of the interpreting physician as lesions of interest 
must be identified on the precontrast portion of the examination and correlated to the prior imaging[5,17]. 
As a result, the interpreting physician is often involved in the acquisition of CEUS. As CEUS is acquired 
by a sonographer and/or interpreting physician, it is typically more operator-dependent than CT or MRI. 
The microbubble imaging agent Lumason® (Bracco Diagnostics, Monroe Township, NJ) became the 
first agent approved by the US Food and Drug Administration (FDA) for contrast-enhanced abdominal 
ultrasound imaging in adults and children in April 2016. While this agent has been used worldwide under 
the name SonoVue® for well over a decade before this[13], given the relatively short history of FDA-approved 
microbubble contrast agents, practitioner knowledge of CEUS acquisition techniques and interpretation is 
generally less than conventional ultrasound, CT, and MRI.

HISTORY AND BACKGROUND OF CEUS LI-RADS
The American College of Radiology (ACR) Liver Reporting and Data System (LI-RADS®) was created as a 
standardized reporting system to facilitate consistent and high-quality technique, interpretation, reporting, 
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and data collection for diagnosis of HCC in patients at risk of HCC, initially for CT and MRI in 2011[18]. 
Recognizing the value and worldwide utilization of CEUS to diagnose HCC, ACR convened a Working 
Group of international experts in CEUS to develop CEUS LI-RADS® starting in April 2014. The first official 
version of CEUS LI-RADS® (version 2016) was published online in September 2016[19].

Similar to CT/MRI LI-RADS®, CEUS LI-RADS® is updated at regular intervals. As of the time of writing, the 
Working Group is finalizing the CEUS LI-RADS® v2019 manual. The most updated versions of LI-RADS®, 
including CEUS LI-RADS® version 2017, can be found on the ACR website (https://www.acr.org/Clinical-
Resources/Reporting-and-Data-Systems/LI-RADS/). 

CEUS is recognized as one of the imaging modalities for HCC diagnosis by many societies worldwide 
including European Association for the Study of the Liver (EASL)[2], the Asian Pacific Association for 
the Study of the Liver (APASL)[20], Japanese Society of Hepatology[21], Korean Liver Cancer Study Group-
National Cancer Center[22], Canadian Association for the Study of the Liver (CASL)[23], Italian Association 
for the Study of the Liver (AISF)[24], and the World Federation for Ultrasound in Medicine and Biology- 
European Federation of Society for Ultrasound in Medicine and Biology (WFUMB-EFSUMB) [17]. 
Historically it was removed in the prior American Association for the Study of Liver Diseases (AASLD) 
guidelines[25] and EASL 2012 guidelines[26] due to the concern of misdiagnosis of ICC as HCC based on a 
small retrospective study[27]. The authors reviewed 21 ICC cases retrospectively and reported 10/21 (47.6%) 
of ICC showed homogeneous hyperenhancement followed by a washout on CEUS, therefore they could 
have been misdiagnosed as HCC. However, subsequent experience and publications do not support the 
interpretation of this small retrospective study[28-30]. While current EASL guidelines now endorse CEUS[2], 
AASLD has not included CEUS in its new guidelines[3]. More data and experience in the United States may 
help recognition of CEUS for HCC diagnosis in the United States. 

MAJOR FEATURES OF CEUS LI-RADS®
The characteristic appearance of HCC by CEUS is due to the purely intravascular nature of the microbubble 
contrast agent as well as the biology of HCC, which is a vascular tumor that derives its blood supply from 
the hepatic artery (and not the portal vein). As a result, HCC has a typical CEUS appearance of arterial 
phase hyperenhancement (APHE) and relative hypoenhancement (washout) in the portal venous or late 
phase compared to the surrounding liver[9]. The washout of HCC is most commonly late (defined as > 60 s) 
and mild. As a result of these observations regarding the appearance of HCC by CEUS, the “major features” 
that are used to define HCC by CEUS LI-RADS® are arterial phase hyperenhancement and late and mild 
washout[19].

DESCRIPTION OF THE CEUS LI-RADS ALGORITHM
The algorithm of CEUS LI-RADS® integrates the major features of HCC by CEUS (enhancement and 
washout) as well as size to stratify the likelihood of HCC by imaging appearance[19]. The stratification is 
performed according to the same Likert scale of CT/MRI LI-RADS®, from LI-RADS 1 (LR-1) meaning 
definitely benign to LI-RADS 5 (LR-5) meaning definitely HCC [Table 1]. Figure 1 is the CEUS LI-RADS® 
algorithm and its diagnostic table for LR-3 to LR-5. 

If one or more major features cannot be assessed due to image omission or degradation, the nodule/
observation should be designated as LR-NC (non-categorizble).

Tumor in a vein (LR-TIV) is categorized when the classic arterial hyperenhancement and late mild washout 
of HCC are seen in soft tissue mass within a vein. A review and subsequent meta-analysis of the diagnostic 
accuracy of CEUS for diagnosis of a tumor in vein support high sensitivity and specificity from several 
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CEUS LR-NC Not Categorizable:
The observation that cannot be meaningfully categorized because image omission or degradation prevents the 
assessment of one or more major features

CEUS LR-1 Definitely Benign:
100% certainty that the observation is not malignant

CEUS LR-2 Probably Benign:
High probability but not 100% certainty that the observation is not malignant

CEUS LR-3 Intermediate probability of malignancy:
Non-malignant and malignant entities each have a moderate probability

CEUS LR-4 Probably HCC:
High probability but not 100% certainty that the observation is HCC

CEUS LR-5 Definitely HCC:
100% certainty that the observation is HCC

CEUS LR-M Probably or definitely malignant, not HCC specific:
High probability or 100% certainty observation is malignant but features are not HCC specific

CEUS LR-TIV Tumor in vein:
100% certainty there is malignancy with tumor in vein

Table 1. The CEUS LI-RADS categories

CEUS LI-RADS: Contrast-Enhanced Ultrasound Liver Reporting and Data System; HCC: hepatocellular carcinoma

Figure 1. The CEUS LI-RADS Algorithm and Diagnostic Table (reproduced with permission from the ACR). CEUS LI-RADS: Contrast-
Enhanced Ultrasound Liver Reporting and Data System; HCC: hepatocellular carcinoma; ACR: American College of Radiology
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published studies[31,32], with a pooled sensitivity of 94% and a pooled specificity of 99%. On the other hand, 
diagnosis using CT or MRI can be more challenging with a poorer reported performance for more widely 
available CT/MRI techniques. The reported sensitivity and specificity for contrast-enhanced CT is 43% 
and 100%, respectively[33]. More recent reports of conventional MRI findings suggest that sensitivity and 
specificity up to 100% and 90%, respectively, can be achieved with a “careful” evaluation of findings[34]. 
Arguably, diagnosis is simpler and more direct using CEUS as indirect signs (such as primary mass size and 
distance from a vein) are not used. 

LR-1 (definitely benign) observations include cysts, hemangiomas, focal hepatic fat deposition, focal 
hepatic fat sparing, and hypertrophic pseudo mass. The reader is referred to several excellent reviews for 
a thorough description of the imaging appearance of these entities[35-39]. An examination performed as a 
followup of observation could also be categorized as LR-1 if the observation spontaneously disappeared on 
followup.

LR-2 (probably benign) observations include several classes of nodules. First, a distinct nodule was seen 
on non-contrast grayscale ultrasound < 10 mm without APHE is categorized at LR-2 (if ≥ 10 mm, the 
nodule would be categorized as LR-3). Nonmasslike (i.e., regional or geographic) isoenhancement of any 
size would also be categorized as LR-2. Second, an LR-3 nodule that has been stable for ≥ 2 years could be 
downgraded to an LR-2. Third, observations that are probably LR-1 - cysts, hemangiomas, focal hepatic 
fat deposition, focal hepatic fat sparing, and hypertrophic pseudo mass - but are not definite by imaging 
criteria would be categorized as LR-2.

LR-M (Probably or malignant, not HCC specific) is an important category. Major criteria include rim 
arterial phase hyperenhancement with any washout, OR early (< 1 min) OR marked (becomes black, 
punched out appearance within 2 min). An example LR-M case is shown in Figure 2. The existence of 
the LR-M category is crucial to maintain the high specificity of LR-5. All LR-5 should be HCC, while not 
all HCC are categorized in LR-5. LR-M are typically non-hepatocellular malignancy such as ICC, and 
metastasis, however, some HCC especially poorly differentiated HCC is most likely categorized as LR-M. 
LR-M are recommended to have a biopsy for diagnosis, therefore, the diagnosis will be accurately achieved 
not by imaging but by histology. 

Figure 2. Example case of a LR-M nodule. 78-year-old male with HBV and a growing nodule on MRI, approximately 3 cm, previously 
diagnosed as a hemangioma on MRI. CEUS imaging demonstrated arterial phase hyperenhancement at 16 s followed by almost 
immediate washout by 34 s. Biopsy showed the mass to be intrahepatic cholangiocarcinoma (image reproduced with permission from 
the ACR). MRI: magnetic resonance imaging; HBV: hepatitis B virus; CEUS: contrast-enhanced ultrasound; ACR: American College of 
Radiology
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After the above lesions are categorized appropriately and therefore excluded from consideration as possible 
or definite HCC, the CEUS LI-RADS® diagnostic table is applied to categorize LR-3, LR-4, and LR-5. The 
table integrates the presence of arterial hyperenhancement, presence of late mild washout, and nodule size 
[Figure 1]. It is important to distinguish that the arterial hyperenhancement used to categorize nodules as 
LR-3, LR-4, or LR-5 should not be “rim” or peripherally continuous, as this is not characteristic of HCC. 
Rather, such arterial phase hyperenhancement would categorize a nodule as LR-M (probably or definitely 
malignant but not HCC specific). Also, if a nodule shows washout and it is not the late mild washout 
typical of HCC, then such a nodule would be categorized as LR-M. Examples of washout atypical of HCC 
include early washout (within 60 s) and marked washout that results in a “punched out” appearance within 
2 min. Figure 3 is a typical HCC (LR-5) case. 

After the above algorithm is applied, ancillary imaging features may be used to upgrade or downgrade a 
nodule between CEUS LI-RADS® categories. These ancillary imaging features include nodule-in-nodule/
mosaic architecture (favoring HCC in particular), definite growth (favoring malignancy, not HCC in 
particular), size stability more than 2 years and size reduction (favoring benignity). Of note, a nodule 
cannot be upgraded to LR-5 in keeping with stringent criteria to maintain high specificity of an LR-5 
categorization, and imaging features can only upgrade/downgrade by a maximum of one category (i.e., 
LR-3 to LR-4). Additionally, CEUS LI-RADS® has fewer ancillary imaging features than CT/MR LI-RADS®.

INDICATIONS FOR CEUS
Taking into account the advantages and potential drawbacks of CEUS, as well as the major features and 
algorithm of CEUS LI-RADS®, the following are common indications for CEUS in patients at risk for HCC: 
(1) assessment of nodules ≥ 10 mm detected on surveillance ultrasound; (2) assessment of observations 
that are indeterminate on prior CT or MRI (i.e., LR-3, LR-4, or LR-M); (3) detection of arterial phase 
hyperenhancement when it is suspected that contrast mistiming is suspected as a cause of lack of 
arterial enhancement on prior CT or MRI; (4) detection of CEUS washout when CT or MRI washout is 
indeterminate but shows APHE; (5) further evaluation of biopsied observation with inconclusive histology; 
(6) guiding biopsy or percutaneous ablation of observations difficult to visualize with precontrast US; (7) 
guiding biopsy of heterogeneous observations; (8) monitor changes in enhancement pattern over time for 
selected CEUS LR-3 or CEUS LR-4 observations; and (9) differentiating tumor in vein (‘tumor thrombus’) 
from bland thrombus. With regards to the first indication listed above, studies and experience have shown 

Figure 3. Example case of a LR-5 nodule. A 34 mm observation in a 66 year-old man with HCV cirrhosis, demonstrating arterial phase 
hyperenhancement (APHE), isoenhancement through the portal venous and late phase, with late mild washout observed at 5 min after 
contrast injection. (Image reproduced with permission from the ACR). HCV: hepatitis C virus; ACR: American College of Radiology
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that having CEUS available at the time of surveillance ultrasound reduces time to diagnosis, healthcare 
expenditures, and patient anxiety[12,40].

Similar to CT/MRI LI-RADS®, CEUS LI-RADS® should only be applied in populations at risk for HCC by 
AASLD guidelines, including patients with cirrhosis of any etiology or noncirrhotic patients with chronic 
hepatitis B.

DIFFERENCES BETWEEN CEUS LI-RADS AND CT/MRI LI-RADS
As the reader may be more acquainted with CT/MRI LI-RADS®, we will highlight some differences between 
CEUS LI-RADS® and CT/MRI LI-RADS® to reinforce the utility and some unique aspects of CEUS.

CEUS practitioners have long used the term “nodule” to describe possible lesions of interest, so in CEUS 
LI-RADS® “nodule” is often used interchangeably with the term “observation”. In CT/MRI LI-RADS®, the 
term “observation” is favored as APHE on CT/MRI may be due to arterioportal shunting or other pseudo-
lesions. By contrast, CEUS does not show these AP shunts and is a very important tool to differentiate 
them from HCC without washout[10]. Conversely, a suspected arterioportal shunt on CT/MRI associated 
with a distinct nodule on US will raise suspicion for HCC[41].

CEUS and CT/MRI exhibit differences in enhancement and washout due to differences in the contrast 
agents employed for each. CEUS agents are several microns in diameter, which confines them to be purely 
intravascular contrast agents. CT/MRI contrast agents are much smaller in size and therefore have an 
extracellular interstitial phase of contrast. As a result of these differences, a “capsule” appearance is typically 
seen in HCC when assessed by CT/MRI and is therefore a major criterion for categorization as LR-5 by 
CT/MRI LI-RADS®. Capsule appearance is not seen by CEUS and is therefore not one of the major features 
used for categorization by CEUS LI-RADS®[10].

DISCUSSION
Structured reporting systems such as BI-RADS® and LI-RADS® emerged due to the need for increased 
consistency of imaging diagnostics[18]. These systems typically are created based on existing data and 
expertise, but the validation of real-world use is critical. An international multi-center prospective clinical 
trial has been organized by members of the CEUS LI-RADS® working group to assess the diagnostic 
accuracy of CEUS for HCC diagnosis in patients at risk for HCC, assess the interreader reliability of 
diagnosis, and to validate CEUS LI-RADS®[42]. Recruitment is still ongoing as of the time of writing.

There are existing retrospective data to support the use of CEUS LI-RADS® and provide the prevalence 
of HCC within each of the categories from a large international case series out of Europe and Canada. 
Terzi et al.[43] showed that in 848 patients with 1006 lesions of median size 2 cm, the specificity of LR-5 for 
HCC diagnosis was 98.5%. Concern has been raised historically that CEUS may misdiagnose ICC, however, 
this was not found to be of concern in this large case series. None of the 519 LR-5 nodules were pure 
ICC, although one nodule was found to represent mixed HCC-ICC. Regarding the LR-M category (8% of 
lesions), 38% were ICC, 10% were mixed HCC-ICC, 48% were HCC, and 2% were metastases. A large study 
of 2020 patients with hepatitis B virus (HBV) infection from China validated CEUS LI-RADS® for patient 
populations in whom HBV is endemic - with LR-5 showing high specificity of 96% and positive predictive 
value of 98% for the diagnosis of HCC[44]. More recently, similar diagnostic accuracy was observed in 
another large retrospective study of patients from China who were predominantly (92%) HBV positive - 
with LR-5 showing a sensitivity and specificity of 73% and 97%, respectively for nodules 20 mm or less[45].

Retrospective data regarding the interreader reliability of CEUS LI-RADS® is encouraging. The largest 
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retrospective study of 1,366 patients showed excellent specificity for HCC of 90.2% with an interreader 
agreement of 0.61-0.73 for LI-RADS categories. Another retrospective study of 258 patients comparing 
inexperienced and experienced radiologists showed that not only was interreader agreement high between 
the two groups, but diagnostic accuracy was also excellent when using CEUS LI-RADS® (sensitivity 84.2%-
87.5%, sensitivity 90.6%-97%)[46]. A smaller case series of 50 patients found that the interreader agreement 
of CEUS LI-RADS® categories was only fair, with a kappa of 0.309, and that agreement of APHE was higher 
than that of washout[47].

CONCLUSION
In summary, CEUS LI-RADS® is a recent addition to the constellation of LI-RADS® structured reporting 
systems for HCC. Retrospective data supports a high specificity for the diagnosis of HCC by the LR-5 
category, and a large multi-center prospective validation study is ongoing. Additional future areas of 
expansion of CEUS LI-RADS® include treatment assessment.
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Abstract
Aim: To validate a novel Japanese indication criteria for liver transplantation (LT) for hepatocellular carcinoma 
(HCC), i.e., the 5-5-500 criteria (nodule size ≤ 5 cm in diameter, nodule number ≤ 5, and alfa-fetoprotein (AFP) 
value ≤ 500 ng/mL) and the Japanese double eligibility criteria (DEC) (patients meeting the Milan or the 5-5-500 
criteria) in the University of Tokyo cohort. The usefulness of biomarkers in predicting the recurrence of HCC was 
also verified.

Methods: The overall survival and recurrence rates of patients meeting the Milan, 5-5-500, and the Japanese DEC 
were compared among 153 patients who underwent living donor LT (LDLT) between 1996 and 2019. A receiver-
operating characteristics curve analysis was conducted to evaluate the usefulness of AFP, lens culinaris agglutinin-
reactive fraction of AFP, des-gamma-carboxy prothrombin, neutrophil-lymphocyte ratio, and the platelet-
lymphocyte ratio to detect recurrence. 

Results: The 5-year recurrence rate for all patients, those meeting the Japanese DEC, 5-5-500 criteria, and the 
Milan criteria was 10.9%, 9.2%, 7.4%, and 7.6%, respectively. Compared with the conventional Milan criteria, the 
5-5-500 criteria and the Japanese DEC could increase the number of eligible LDLT candidates by 6.1% and 11.4%. 
Among five biomarkers, the area under the curve value of AFP was the highest (0.852).
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Conclusion: The results suggest that the 5-5-500 criteria and the Japanese DEC are the appropriate selection 
criteria for patients with HCC in LDLT. Among five biomarkers investigated, AFP was most reliable to predict HCC 
recurrence, which justified the utilization of AFP in the 5-5-500 criteria and the Japanese DEC. 

Keywords: Indication criteria of liver transplantation for hepatocellular carcinoma, the 5-5-500 criteria, the 
Japanese double eligibility criteria, alfa-fetoprotein, the lens culinaris agglutinin-reactive fraction of alfa-
fetoprotein, the des-gamma-carboxy prothrombin, the neutrophil-lymphocyte ratio, the platelet-lymphocyte ratio

INTRODUCTION
Expansion of the conventional Milan criteria[1] has been debated over the last two decades[2-11]. Though 
recurrence of hepatocellular carcinoma (HCC) after liver transplantation (LT) has decreased since the 
proposal of the Milan criteria in 1996, it has been criticized as being too restrictive[11]. Initially, several 
extended criteria focused on expanding the upper limit of tumor size and number were reported[2-5]. 
In recent years, however, many authors have reported that an extended criteria should include the 
parameters reflecting the biologic behavior of the tumor[6-10]. With regard to the biomarkers incorporated 
into the expanded criteria, tumor markers such as alfa-fetoprotein (AFP)[7,10,12-15] and des-gamma-carboxy 
prothrombin (DCP)[6,8,15] have been investigated by many researchers and recently, other markers such 
as the neutrophil-lymphocyte ratio (NLR)[16,17], the platelet-lymphocyte ratio (PLR)[17], and fluorine-18-
fluorodeoxyglucose positron emission tomography (FDG-PET)[18,19] were reported to be useful for selection 
of the high risk group and prediction for recurrence. Another biomarker, the lens culinaris agglutinin-
reactive fraction of AFP (AFP-L3), is widely used for the prediction of malignant biological behavior and 
poor prognosis of HCC patients in Japan, and may be a possible biomarker for recurrent HCC after LT[20-23].

In Japan, living-donor liver transplantation (LDLT) has been the mainstay for end-stage liver disease 
patients with HCC due to the severe scarcity of deceased donors. While the gold standard has long been the 
Milan criteria, several center-oriented expanded criteria have been reported[3,6,8]. We proposed the Tokyo 
criteria in 2007, the detail of which was as follows; the number of tumors should be five or less, and the 
maximum diameter should be 5 cm or less, without distant metastasis nor vascular invasion[3]. Similarly, 
Kyoto and Kyushu advocated their own expanded criteria and included DCP as a biological marker[6,8]. 
These expanded criteria, however, had not been approved by the government, and those beyond the Milan 
criteria but still within each expanded criterion had to undergo LDLT as private practice, which led us to 
establish the government-approved expanded criterion. Most recently, the 5-5-500 criteria (nodule size ≤ 
5 cm in diameter, nodule number ≤ 5, and AFP value ≤ 500 ng/mL) was established based on retrospective 
data analysis of the Japanese Liver Transplant Registry by our colleagues[24]. This expanded criteria was 
approved as the new national selection criteria for liver transplant candidates with HCC and started in 
August 2019. Now, the double eligibility criteria (DEC), Milan + 5-5-500, has been adopted as the new 
indication criteria for Japanese patients with HCC.

The aim of the present study was to validate the Japanese DEC and the 5-5-500 criteria in our single-center 
cohort. In addition, the usefulness of biological markers (AFP, AFP-L3, DCP, NLR, and PLR) in predicting 
the recurrence of HCC after LT was also verified.

METHODS
Patients
From January 1996 until the end of 2019, a total of 563 adult patients underwent LDLT at the University 
of Tokyo Hospital. Among them, 153 patients were treated for HCC and were the subjects of the present 
study. Preoperative diagnosis of HCC was based on dynamic multi-detector computed tomography (MDCT) 
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performed within a month before LT in all cases. Lesions presenting with typical radiological characteristics 
of classical HCC, that is, lesions with arterial phase enhancement and low density during the portal phase, 
were diagnosed as HCC to be counted and measured. In cases that underwent pretransplant locoregional 
treatments, only the size of the viable lesion was measured on the basis of MDCT before LDLT, and on the 
basis of pathological findings after LDLT. Essentially, we used the Milan criteria as a standard indication 
for LT for HCC; however, we allowed the expanded criteria, i.e., Tokyo criteria, in a private practice setting 
as mentioned above. Six cases exceeding the Tokyo criteria exceptionally, underwent LDLT in the early 
period. We did not use biomarkers such as AFP and DCP in patient selection.

Donor selection and postoperative management
Until 2015, the estimated graft volume to the recipient standard liver volume (SLV) ratio must be over 40% 
for LT at our institution. Since 2016, we have changed the threshold of the graft volume criteria to 35% of 
the recipient SLV. The left liver was the first choice for the graft if it satisfied the lower limit. Otherwise, 
right liver procurement was indicated if the estimated right liver graft volume was less than 70% of the 
donor’s total liver volume, and a right lateral sector graft was used in selected cases. Details of donor 
evaluation and graft selection are described elsewhere[25]. The basic immunosuppression regimen comprised 
tacrolimus and steroid for all recipients, and the doses of each drug were gradually tapered over 6 months 
after LDLT. Our detailed postoperative recipient management including the immunosuppression protocol 
has been described elsewhere[26]. We do not modify immunosuppression for HCC recipients and do not 
use m-TOR inhibitors nor adjuvant chemotherapies. All patients were followed up at our department after 
LT according to the following protocol: monthly measurements of AFP and DCP, abdominal ultrasound 
performed every 3 months, and contrast-enhanced dynamic MDCT every 6 months. Recurrence was 
defined as the emergence of radiological findings in MDCT or magnetic resonance imaging compatible 
with typical HCC.

Statistical analysis
Categorical variables were expressed as number (%) and continuous variables were expressed as median 
with range. NLR and PLR were calculated by dividing the number of neutrophils or platelets, respectively, 
by the number of lymphocytes. Patient overall survival and recurrence rates were calculated using Kaplan-
Meier with Log rank test. A receiver-operating characteristics (ROC) curve analysis and Youden index 
were used to define the ideal cut-off values for AFP, AFP-L3, DCP, NLR, and PLR to detect recurrence. 
Univariate and multivariate analysis was performed using a Cox proportional hazards model to identify 
the predictors of recurrence. Factors with a P value less than 0.05 in a Cox proportional-hazard model 
as a univariate analysis were considered potential risk factors and further analyzed in a multivariate Cox 
model. The hazard ratio (HR) and 95% confidence interval (CI) were calculated for each variable. Although 
seventeen variables listed in the table were examined as potential risk factors, AFP-L3 was excluded from 
multivariate analysis because of the quantity of missing data (AFP-L3 was not checked in 19 patients). 
Beyond the Milan, 5-5-500, and Japanese DEC were also excluded from multivariate analysis because they 
were not considered to be independent factors but composite factors having a strong relation to tumor 
number, size, and AFP value. All statistical calculations were performed using JMP Pro 15 (SAS Institute 
Inc., Cary, NC, USA). P values less than 0.05 were considered statistically significant.

RESULTS
Patient characteristics
Recipient demographics are summarized in Table 1. There were 116 males and 37 females, with a median 
age of 56 (range, 37-67) years. The median model for end-stage liver disease score was 12 (range, 2-34). 
Hepatitis C virus positive cases comprised 57% of the cohort. Sixty percent (92/153) had undergone loco-
regional treatments for HCC before LT, including 69 cases with transcatheter arterial chemoembolization, 
31 with radiofrequency ablation, 23 with percutaneous ethanol injection therapy, and 14 with surgical 
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resections. There were no cases of intentional downstaging or bridging therapy in this cohort. The median 
number and size of the tumor were 1 (range, 0-14) and 2.0 (range, 0-8.0) cm in the preoperative radiologic 
evaluation, while these were 2 (range, 1-19) and 2.0 (range, 0.5-11.0) cm in pathological examination of the 
explants. In histologic examination of explants, vascular invasion was confirmed in 21/153 (13.7%) cases, 
and 67 (44%), 67 (44%), 8 (5%), and 11 (7%) patients had well-, moderately-, poorly-differentiated HCC, 
and necrosis, respectively. Two patients were diagnosed as having combined HCC-cholangiocarcinoma 
histologically. The median follow-up period after LDLT was 139 (range, 1-231) months for all patients.

Recipients with hepatocellular carcinoma (n  = 153)
Pretransplant factors

Age (years) 56 (37-67)
Gender (male/female) 116/37
Model for end-stage liver disease score 12 (2-34)
Child-Pugh score 9 (5-14)

Child-Pugh classification
Child A 11 (7%)
Child B 70 (46%)
Child C 72 (47%)

Etiology
HBV 44 (29%)
HCV 85 (56%)
HBV, HCV, co-infection 2 (1%)
Alcohol 6 (4%)
Primary Biliary Cholangitis 5 (3%)
Nonalcoholic Steatohepatitis 4 (3%)
Other 7 (5%)

Pretransplant treatments
Transcatheter arterial chemoembolization 69 (45%)
Radiofrequency ablation 31 (20%)
Percutaneous ethanol injection therapy 23 (15%)
Liver resection 14 (9%)
Proton therapy 1 (1%)

Biomarker
AFP (ng/mL) 16 (1-11999)
AFP-L3 (%) 5 (undetectable-88)
DCP (mAU/mL) 33 (6-13248)
NLR 2.4 (0.5-27.7)
PLR 74 (18-578)

Tumor number (pretransplant) 1 (0-14)
Tumor size (pretransplant) (cm) 2 (0-8)
Tumor number (explants) 2 (1-19)
Tumor size (explants) (cm) 2 (0.5-11)
Differentiation

Well differentiated 67 (44%)
Moderately differentiated 67 (44%)
Poorly differentiated 8 (5%)
Necrosis 11 (7%)

Intraoperative factors
Operation time (min) 860 (601-1890)
Total blood loss (mL) 5390 (568-53835)
Graft volume (g) 554 (300-880)
Graft volume ratio to standard liver volume (%) 45 (28-68)

Table 1. Characteristics of recipients with hepatocellular carcinoma

HBV: hepatitis B virus; HCV: hepatitis C virus; AFP: alpha-fetoprotein; AFP-L3: lens culinaris agglutinin-reactive fraction of alpha-
fetoprotein; DCP: des-gamma-carboxy prothrombin; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio
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Validation of the 5-5-500 criteria and the Japanese DEC
The relationship of the Milan criteria, the 5-5-500 criteria, and the Japanese DEC is presented in the 
Venn diagram [Supplementary Figure 1]. The number of patients and patients with recurrence meeting 
each indication criteria was summarized in Supplementary Table 1. The recurrence rate was the lowest in 
patients meeting the 5-5-500 criteria (6.5%) followed by the Milan criteria (6.9%) and then the Japanese 
DEC (8.2%). All criteria achieved the target of a recurrence rate below 10%. When focusing on each 
area of the Venn diagram, the recurrence rate was the highest (42.9%) in patients within the Milan but 
beyond the 5-5-500 criteria and in patients beyond the Japanese DEC. Meanwhile, the recurrence rate in 
patients within the 5-5-500 but beyond the Milan criteria was lower (20%) than these patients. As for the 
comparison of the number of patients, the number of patients included in the 5-5-500 criteria was larger 
than that included in the conventional Milan criteria by eight (6.1% increase). In the Japanese DEC, 15 
additional patients were included (11.5% increase). The overall survival and recurrence rate curves in 
patients meeting each indication criteria are presented in Figure 1. The 5-year overall survival and the 
5-year recurrence rate of all the patients, patients meeting the Japanese DEC, 5-5-500 criteria, and Milan 
criteria was 76.9%, 77.9%, 79.0%, and 76.2%, and 10.9%, 9.2%, 7.4%, and 7.6%, respectively. There was no 
significant difference both in the 5-year recurrence and 5-year survival rates amongst each criterion.

Usefulness of biomarkers in predicting the recurrence of HCC
The results of the ROC curve analysis for biomarkers is presented in Figure 2. Among the five biomarkers, 
the area under the curve (AUC) value of AFP was the highest (0.852). The sensitivity of AFP was also the 
highest (86.7%). Meanwhile, the false-positive rate (1-specificity) of AFP-L3 was the lowest (8.3%). Patient 
recurrence rate curves stratified by each biomarker using the cutoff value obtained from the ROC curve 
analysis are presented in Supplementary Figure 2. Though recurrence rate curves were well stratified with 
AFP, AFP-L3, and DCP (P < 0.0001), significant results were not obtained with NLR and PLR (P = 0.076 
and = 0.263 respectively).

Factors associated with HCC recurrence
Risk factors associated with HCC recurrence were evaluated with univariate and multivariate analyses. 
Univariate analysis revealed that beyond the Milan, 5-5-500, and Japanese DEC were all significant 
predictors [Table 2]. Among these three criteria, the hazard ratio and P value beyond the 5-5-500 criteria 
was the highest (7.99) and the smallest (0.0005), respectively. Except for factors associated with these three 
criteria, the high AFP value ≥ 60 ng/mL, high AFP-L3 value (≥ 35%), high DCP value (≥ 130 mAU/mL), 
and large tumor size (≥ 2.0 cm) were all identified as significant predictors by univariate analysis. Among 
the five biomarkers evaluated, the hazard ratio and P value of a high AFP value was the highest (11.50) and 
the smallest (< 0.0001), respectively. Multivariate analysis revealed that high AFP and DCP values were the 
independent significant predictors.

DISCUSSION
The results of the present study suggest that the 5-5-500 criteria and the Japanese DEC are appropriate and 
acceptable since the 5-year recurrence rate in patients meeting these criteria were both below 10% in our 
cohort. Compared with the conventional Milan criteria, the 5-5-500 criteria and the Japanese DEC could 
increase the number of eligible LDLT candidates by 6.1% and 11.4%, respectively. As for the usefulness of 
biomarkers in predicting the recurrence of HCC, AFP seems to be the most reliable. Though there were 
some missing data, AFP-L3 also seems promising.

In Japan, the national insurance system had restricted LDLT to those falling within the Milan criteria until 
recently, although some centers have been performing LDLT in private practice with a center-oriented 
expanded criteria that has achieved a 5-year patient survival over 80% and a 5-year recurrence rate of 
10%[27,28]. Consequently, a few patients had given up the chance for LDLT because of financial reasons, 
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Figure 1. Overall survival (A) and recurrence rate (B) of patients meeting each indication criteria. DEC: double eligibility criteria

despite the potential of a live donor, and there has been strong demands to expand insurance coverage for 
those beyond the Milan criteria. When establishing government-approved expanded criteria, achieving 
a 5-year recurrence rate of less than 10% and a 5-year survival rate of over 70% seems reasonable and 
socially acceptable in the setting of LDLT for HCC[29], which was achieved in the benchmark study by 
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Figure 2. Receiver operating characteristic curves of true-positive (sensitivity) vs. false-positive (1 - specificity) rates with respect to 
recurrence plotted for AFP, AFP-L3, DCP, NLR, and PLR. AFP: alpha-fetoprotein; AFP-L3: lens culinaris agglutinin-reactive fraction of 
alpha-fetoprotein; DCP: des-gamma-carboxy prothrombin; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; 
AUC: area under the curve

Variables
Univariate analysis Multivariate analysis

HR (95%CI) P  value HR (95%CI) P  value
Age ≥ 60 years 1.02 (0.28-2.99) 0.970
Gender (male) 1.16 (0.37-5.09) 0.816
MELD score ≥ 12 1.22 (0.44-3.64) 0.703
Child-pugh score ≥ 9 1.11 (0.40-3.57) 0.844
HBV infection 2.00 (0.70-5.58) 0.187
HCV infection 0.51 (0.17-1.41) 0.194
Pre-treatment therapies 1.78 (0.61-6.43) 0.303
AFP ≥ 60 ng/mL 11.50 (3.64-50.51) < 0.0001 6.16 (1.84-28.20) 0.002
AFP-L3 ≥ 35%* 8.72 (2.97-25.57) 0.0002
DCP ≥ 130 mAU/mL 7.22 (2.56-23.26) 0.0002 4.42 (1.52-14.60) 0.006
NLR ≥ 5 2.47 (0.83-6.85) 0.101
PLR ≥ 140 1.90 (0.53-5.56) 0.298
Tumor number ≥ 2 (pretransplant) 2.46 (0.87-7.90) 0.089
Tumor size ≥ 2.0 cm (pretransplant) 9.06 (1.82-164) 0.004 4.74 (0.90-87.59) 0.071
Beyond Milan criteria* 3.92 (1.31-10.89) 0.016
Beyond 5-5-500 criteria* 7.99 (2.67-22.22) 0.0005
Beyond Japanese DEC* 5.80 (1.32-18.33) 0.024

Table 2. Univariate and multivariate analysis for recurrence

*These variables were excluded from multivariate analysis. HR: hazard ratio; CI: confidence interval; MELD score: model for end-stage 
liver disease score; HBV: hepatitis B virus; HCV: hepatitis C virus; AFP: alpha-fetoprotein; AFP-L3: lens culinaris agglutinin-reactive 
fraction of alpha-fetoprotein; DCP: des-gamma-carboxy prothrombin; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte 
ratio; DEC: double eligibility criteria
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Mazzaferro et al.[1]. In line with this recommendation, the 5-5-500 criteria was established with the intent 
to enable the maximal enrollment of candidates while securing a 5-year recurrence rate below 10% and a 
5-year survival rate over 70% based on a retrospective data analysis of the Japanese nationwide survey[24]. 
Because the exclusion of patients within the Milan but beyond the 5-5-500 criteria seems not socially 
acceptable nor rationale, and considering the worldwide prevalence and acceptance of the Milan criteria, 
the Japanese DEC, Milan + 5-5-500, was adopted as the new indication criteria now in Japan.

In the present study, the 5-year recurrence and survival rate in patients meeting the 5-5-500 criteria and 
the Japanese DEC were superior to those socially accepted as mentioned above [Figure 1]. In addition, 
the number of LDLT candidates increased considerably using these criteria [Supplementary Figure 1 and 
Supplementary Table 1]. The outcomes of survival and recurrence were similar to our previous national 
report[24] though the increase of LDLT candidates was a bit modest in the present study. Univariate analysis 
revealed that both beyond the 5-5-500 criteria and beyond the Japanese DEC were significant predictors 
of recurrence [Table 2]. Meanwhile, the recurrence rate was higher in patients beyond the Japanese DEC 
[Supplementary Figure 1 and Supplementary Table 1]. On the basis of these findings, we consider that the 
Japanese DEC are the appropriate selection criteria to maximize the number of LDLT candidates while 
securing acceptable outcomes. The major concern is that the recurrence rate was considerably high (42.9%) 
in patients within the Milan but beyond the 5-5-500 criteria in the present study [Supplementary Table 1]. 
The exclusion of patients within the Milan criteria, however, seems not socially acceptable at present. In 
addition, when the Japanese DEC was adopted, the 5-year recurrence and survival rate still fell within the 
target as a whole.

Amongst five biomarkers, AFP seems to be the most reliable marker with the highest AUC value [Figure 2]. 
The usefulness of AFP in predicting recurrence after LT has been investigated by many researchers[12-14,30-32], 
and AFP is incorporated in some selection[7,10,12,33] and prognostic models[12-14]. The AFP model, developed 
by the Liver Transplantation French Study Group, combines serum AFP level, tumor size, and tumor 
number[12]. Another famous prognostic model is the RETREAT score, which incorporated microvascular 
invasion, tumor diameter, and tumor number other than the AFP value as prognostic variables[13]. Another 
prognostic model, the TRAIN score, incorporated the AFP slope, which was defined as [(final-AFP)-
(initial-AFP)]/time[14]. The cut-off value of AFP differs from study to study, ranging from 15 ng/mL to 
1000 ng/mL[7,10,12,13,30-33]. The AFP cut-off value of 60 ng/mL, used in the present study, is relatively low 
compared with those used in other studies, however, the cut-off value was shown to be useful in predicting 
recurrence [Supplementary Figure 2]. The present results as well as the previous reports justifiy the use of 
pretransplant AFP values in the expanded indication criteria of LT for HCC patients. 

AFP-L3, a reliable marker for the diagnosis of HCC[20], proved to be a promising marker for recurrence 
after LT since the specificity of AFP-L3 was the highest [Figure 2] and patient recurrence rate curves 
were well stratified using AFP-L3 [Supplementary Figure 2]. However, there has been little study[34] 
investigating the usefulness of AFP-L3 in predicting HCC recurrence after LT. Highly sensitive AFP-L3 
became available around 2010 in Japan, which enabled the measurement of AFP-L3 even in patients with 
total AFP levels below 20 ng/mL[20,35-37]. Highly sensitive AFP-L3 is reported to be 5-10 times more sensitive 
than conventional AFP-L3[37]. Along with these studies in non-transplant HCC patients, the present results 
warrant further investigation and validation for the usefulness and efficacy of AFP-L3 in predicting HCC 
recurrence after LT.

The AUC value of DCP was the 3rd highest [Figure 2] and multivariate analysis revealed that DCP is 
one of the independent risk factors for recurrence [Table 2] in this cohort. Though DCP has not been 
commonly used in the west[38], some argued that DCP is more predictive than AFP[8,39], and indeed, DCP is 
incorporated in the extended indication criteria of LT at two major centers in Japan[6,8]. A new prognostic 
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model was developed in Korea, i.e., the MoRAL score, using only serum levels of AFP and DCP[15], which 
was shown to be more effective than the Milan criteria in predicting recurrence after LT. While DCP is 
criticized for not being a routine laboratory test in the West and for its dependence on vitamin K status and 
warfarin administration in clinical settings, reports from Asia as well as the present study warrant further 
study on the DCP in predicting HCC recurrence after LT.

NLR and PLR are indicators of inflammatory status previously reported as prognostic markers for the 
recurrence of various cancers, including HCC[16,17]. As the usefulness of NLR has been presented in 
both DDLT and LDLT settings[40,41], NLR is incorporated in some prognostic models[14,42]. Although the 
usefulness of PLR has also been reported since 2012, supporting evidence is still limited[40,41]. NLR and 
PLR were not as useful as AFP, AFP-L3, and DCP in predicting HCC recurrence after LT in the present 
study [Figure 2, Table 2, Supplementary Figure 2]. One of the drawbacks of these inflammatory markers 
may be the inconstant nature of neutrophil, platelet, and lymphocyte counts. This is more so in cirrhotic 
patients who suffer from portal hypertension, splenomegaly, and consequently, pancytopenia. As for other 
biomarkers, we could not evaluate the usefulness of FDG-PET, one of the promising biomarkers reported 
previously[18,19], because FDG-PET was not routinely performed at our institute.

Our analysis has several weaknesses related to its retrospective design and the limited number of patients 
included. Both the present and the national cohorts used in the establishment of the 5-5-500 criteria 
were based on the long time-course with a considerable number of cases from nearly 20 years ago. As 
the developments and advances in imaging modalities, anti-viral treatments, and immunosuppression 
regimens might have changed practice in the management of LT considerably over the last two decades, 
it seems mandatory to validate the criteria in the recent cohort or in the prospective study. Although the 
usefulness of tumor downstaging before LT has been reported recently[43], unfortunately there was no case 
of intentional downstaging in the present cohort. In Japan, where the indication of LT for HCC is restricted 
to those with decompensated cirrhosis by the national insurance system, HCC patients with compensated 
cirrhosis are usually recommended for locoregional treatments and will be referred for LT when they 
develop decompensated cirrhosis not amenable to locoregional treatments. The downstaging strategy for 
those beyond the selection criteria and the expansion of the indication criteria are two opposite ways to 
expand the indication of LT for candidates, which should be compared and discussed in future studies.

In conclusion, the present study suggests that both the 5-5-500 criteria and the Japanese DEC are 
appropriate for patients with HCC in LDLT. AFP, including AFP-L3, was demonstrated to be a reliable 
biomarker and could reasonably be incorporated into the expanded selection criteria. Further validation 
with more recent cases and a prospective study is warranted.
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Abstract
Imaging plays a notable role in hepatocellular carcinoma (HCC) surveillance, diagnosis, and treatment response 
assessment. Whereas HCC surveillance among at-risk patients, including those with cirrhosis, has traditionally 
been ultrasound-based, there are increasing data showing that this strategy is operator-dependent and has 
insufficient sensitivity when used alone. Several novel blood-based and imaging modalities are currently being 
evaluated to increase sensitivity for early HCC detection. Multi-phase computed tomography (CT) or contrast-
enhanced magnetic resonance imaging (MRI) should be performed in patients with positive surveillance tests to 
confirm a diagnosis of HCC and perform cancer staging, as needed. HCC is a unique cancer in that most cases can 
be diagnosed radiographically without histological confirmation when demonstrating characteristic features such 
as arterial phase hyperenhancement and delayed phase washout. The Liver Imaging Reporting and Data System 
offers a standardized nomenclature for reporting CT or MRI liver findings among at-risk patients. Finally, cross-
sectional imaging plays a critical role for assessing response to any HCC therapy as well as monitoring for HCC 
recurrence in those who achieve complete response. 

Keywords: Liver cancer, ultrasound, screening, computed tomography, magnetic resonance imaging, contrast-
enhanced ultrasound, Liver Imaging Reporting and Data System
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary liver cancer and the fourth leading cause 
of cancer-related death worldwide[1]. Common risk factors for the development of HCC include alcohol 
use, chronic hepatitis B (HBV) or hepatitis C infection, and nonalcoholic fatty liver disease (NAFLD). 
Prognosis for HCC depends on tumor stage at diagnosis; curative treatment options for early stage tumors 
provide 5-year survival exceeding 70%, whereas late stage HCC is only amenable to palliative therapies 
with a median survival of 2-3 years. Imaging plays a central role in the management of patients with HCC, 
including surveillance, diagnosis, and assessing treatment response. The aim of this review is to discuss best 
practices for imaging along the care spectrum of HCC.

ROLE OF IMAGING FOR HCC SURVEILLANCE
Given the strong association between early detection and improved survival, the American Association for 
the Study of Liver Diseases (AASLD) and European Association for the Study of Liver (EASL) recommend 
HCC surveillance in at-risk patients, including subgroups with chronic HBV and those with cirrhosis from 
any etiology[2,3]. HCC surveillance is supported by a large randomized controlled trial (RCT) in patients 
with HBV that showed a 37% reduction in mortality[4]. Although there is no similar RCT among patients 
with cirrhosis, several cohort studies have highlighted an association between surveillance and improved 
early detection, curative treatment receipt, and overall survival[5].

Ultrasound for HCC surveillance
The preferred imaging modality for HCC surveillance across all major professional liver organizations 
worldwide has been, and remains, abdominal ultrasound[2,3,6,7]. Ultrasound has many advantages including 
being readily available, inexpensive, and non-invasive with a favorable safety profile. A systematic 
review of test modalities for HCC surveillance found that ultrasound has a high sensitivity of 94% 
to detect HCC at any stage; however, its sensitivity to detect early stage HCC is significantly lower at 
only 63%[8]. Furthermore, the wide variation in ultrasound sensitivity between studies highlights the 
operator-dependent nature of the examination. High ultrasound quality relies heavily on the experience 
of the individual performing the ultrasound examination as well as the radiologist interpreting the 
examination[9,10]. These challenges have been observed in breast cancer screening, with ultrasound being 
more useful than mammography in women with dense breast tissue, but one of its limitations being 
variable quality based on inherent operator dependence[11]. Standardization of examination technique 
and establishment of minimum reporting requirements, as has been done for breast ultrasonography[12], 
can improve the quality of ultrasound-based screenings[13]. For HCC, regional differences have been 
observed in ultrasound sensitivity and align with differences in technique[8]. In the U.S., ultrasound is 
typically performed by technicians with select frozen images interpreted by a radiologist at a later time, 
whereas physicians in other regions of the world often perform and interpret ultrasound in real time[14]. 
Recent data have also highlighted the impact of patient characteristics on ultrasound effectiveness. In a 
retrospective cohort study of 941 patients undergoing surveillance ultrasound, 191 (20.3%) were deemed to 
be of inadequate quality for exclusion of HCC lesions[15]. In multivariable analysis, inadequate ultrasound 
quality was associated with obesity and alcohol- or nonalcoholic steatohepatitis (NASH)-related cirrhosis, 
suggesting that inadequate ultrasound quality and poor sensitivity may be more common as the prevalence 
of obesity and NASH continue to rise globally[16,17]. Since this study, the Liver Imaging Reporting and 
Data System (LI-RADS) has proposed that ultrasound assessment and reporting include an ultrasound 
visualization score, including score A (no or minimal limitation), score B (moderate limitations that may 
obscure small masses), and score C (severe limitations that significantly lower sensitivity for focal liver 
lesions). The visualization score is based on liver heterogeneity, beam attenuation or shadowing, proportion 
of liver visualized, and proportion of diaphragm visualized. Routine reporting of visualization is an 
important step that helps clinicians interpret ultrasound results; however, further data are needed to verify 
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that poor visualization is in fact associated with lower HCC detection as well as determining the optimal 
surveillance strategies in patients with limited visualization. A recent pilot study suggests that repeat 
ultrasound in patients with limited visualization (scores B or C) could have sufficient visualization (score A) 
in approximately half of cases; however, validation of these results are needed in larger cohorts[18]. 

Various surveillance intervals have been proposed[19]. The AASLD and EASL recommend semi-annual 
surveillance, which appears reasonable on the basis of the median doubling time of HCC tumors[20]. A 
retrospective multicenter study among 649 HCC patients from Italy found patients detected by semi-
annual surveillance had smaller tumor burden and improved survival compared to patients submitted to 
annual surveillance (40.3 months vs. 30 months, respectively, P = 0.03)[21]. An RCT evaluated if shorter 
intervals would further improve early detection and survival but found that a 6-month surveillance interval 
provided similar early HCC detection compared to a 3-month surveillance interval (79% vs. 70%, P = 0.30)[22].

Role of biomarkers for HCC surveillance
Professional societies offer differing guidance regarding the additional value of serum biomarkers 
over ultrasound alone for HCC surveillance. The best studied biomarker for HCC surveillance is 
alpha fetoprotein (AFP), which has been validated in all five phases of biomarker development[23]. The 
AASLD and Asian Pacific Association for the Study of the Liver (APASL) both recommend ultrasound 
with or without AFP[2], whereas the EASL recommends ultrasound alone, citing the poor performance 
characteristics of AFP[2,3,6,7]. The AASLD and APASL guidelines cite the improvement in sensitivity when 
adding AFP to ultrasound in clinical practice[8]. Various AFP cutoffs have been proposed, with the AASLD 
and APASL recommending AFP cutoffs of 20 and 200 ng/mL, respectively[2]. Notably, AFP levels can be 
increased in patients with active hepatitis, and thus, AFP is less accurate in patients with active HCV 
infection, whereas AFP has higher sensitivity in other subgroups (e.g., patients with cirrhosis and HIV 
infection)[24,25]. In contrast, AFP has better sensitivity in individuals with HBV and HCV, who are either 
receiving or have completed antiviral treatments, and therefore, lower threshold values can be established 
in using AFP for surveillance in this patient population[26,27]. 

Although AFP alone has poor sensitivity for early stage HCC and poor specificity in patients with viral 
hepatitis, several studies have suggested a potential benefit of using AFP as an adjunct surveillance test 
with ultrasound. A meta-analysis of cohort studies on this topic demonstrated that the combination of 
ultrasound and AFP had a significantly higher sensitivity for early stage HCC compared to ultrasound alone 
(63% vs. 45%, respectively)[8]. Although this was associated with a drop in specificity (92% for ultrasound 
alone vs. 84% for ultrasound plus AFP), this was not felt to be clinically significant and the diagnostic 
odds ratio of the combination remained higher using the two tests together 7(95%CI: 3-15) vs. 8(95%CI: 
3-23, respectively). A study by Atiq and colleagues quantified physical harms related to ultrasound with 
or without AFP, as not all false positive lesions may prompt diagnostic evaluation[28]. They found 1 in 4 
patients with cirrhosis experience physical harms for false positive or indeterminate surveillance tests, 
which are more often related to ultrasound than AFP monitoring - in part related to some patients having 
diagnostic evaluation for indeterminate ultrasound results and providers not ordering diagnostic evaluation 
in many patients with false positive AFP levels.

Other biomarkers, such as lens culinaris agglutinin-reactive AFP (AFP-L3) and des-gamma-carboxy-
prothrombin (DCP), have been evaluated in phase 2 (case-control) biomarker studies but appear to have 
insufficient performance if used alone[23]. Therefore, there has been increasing interest in biomarker panels, 
such as GALAD, which combines AFP, AFP-L3, and DCP with patient age and gender, and has been shown 
to have promising performance in large case-control studies[29,30]. In a large multi-national case-control 
study with 6,834 patients (2,430 HCC and 4,404 controls), GALAD demonstrated a sensitivity of 60%-
80% for early HCC detection. A recent study by Yang et al.[31] compared GALAD to ultrasound for HCC 
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detection and found GALAD to be superior to ultrasound, with an area under the curve (AUC) of 0.95 
(95%CI: 0.93-0.97) vs. 0.82 (95%CI: 0.77-0.87), respectively. When the GALAD model was combined with 
ultrasound, the GALADUS score had significantly better performance compared to ultrasound alone with 
a sensitivity of 95%, specificity of 91% and an AUC of 0.98 (95%CI: 0.96-0.99). In addition, there has also 
been increased interest in methylated DNA markers and circulating tumor cells (CTCs) for early detection 
of HCC[32,33]. However, these biomarkers still require evaluation in large phase II and phase III studies 
before adoption in clinical practice[34].

CT/MRI for HCC surveillance
Given the limitations of ultrasound-based surveillance, there has been increasing interest in alternative 
imaging modalities, such as computed tomography (CT) or magnetic resonance imaging (MRI), but 
neither is recommended by current practice guidelines[2,3,6,7]. Although both CT and MRI have been 
shown to be superior in sensitivity and specificity for HCC diagnosis and staging compared to ultrasound 
(discussed below), there are limited data evaluating these tests in a surveillance manner. A small 
randomized trial comparing semi-annual ultrasound to annual multiphase CT found that ultrasound was 
similar in sensitivity but less costly than CT[35]. Further, CT is associated with screening harms including 
radiation exposure and potential contrast injury[36,37]. Therefore, there has been increasing interest in 
MRI surveillance, which obviates some of these concerns. A prospective cohort study from South Korea 
(PRIUS study) comparing ultrasound and MRI surveillance in patients with cirrhosis found that MRI had 
significantly higher sensitivity for early stage HCC (86% vs. 27.9%) as well as higher specificity (97% vs. 
94.4%)[38]. The authors of this study subsequently performed a cost-effectiveness analysis, suggesting that 
MRI may be cost-effective; however, these data still require validation in non-HBV Western populations[39]. 
Furthermore, there would be concerns about radiologic capacity and patient acceptability if an MRI-based 
strategy were adopted in larger populations. There have been increasing data on alternative MRI strategies, 
including abbreviated MRI and non-contrast MRI. Abbreviated MRI protocols use selected sequences from 
a full diagnostic protocol and can shorten the examination from ~45 min to ~15 min, which may address 
some concerns about radiologic capacity and improve cost-effectiveness[40]. Abbreviated MRI protocols 
have been studied for HCC diagnosis and characterization of lesions[40,41], but no trials or studies have been 
done specifically for surveillance. There is an ongoing clinical trial at Seoul National University Hospital 
comparing annual abbreviated MRI to ultrasound for early HCC detection (NCT03731923). Two recent 
studies have also evaluated non-contrast MRI as a possible surveillance strategy. A post-hoc analysis of 
the PRIUS study suggested that non-contrast MRI is superior to ultrasound for HCC detection, with per-
lesion and per-examination sensitivity of 77.1% and 79.1% for non-enhanced MRI compared to just 25.0% 
and 27.9% for ultrasound, respectively[42]. Specificity of non-contrast MRI was also higher than that of 
ultrasound 97.9% vs. 94.5%, P < 0.001]. In addition, the estimated scan time was < 6 min with a total room 
occupancy time of only 25-35 min. Two ongoing prospective trials, MIRACLE-HCC (NCT02514434) and 
MAGNUS-HCC (NCT02551250), are comparing non-contrast MRI and ultrasound for surveillance of 
HCC[43,44]. 

Most analyses for HCC surveillance have tried to implement a “one-size-fits-all” strategy for all at-risk 
patients, despite known variation in HCC risk between patients with cirrhosis. For example, a validated 
tissue-based signature has been shown to accurately risk stratify patients with cirrhosis into high, 
intermediate, and low risk of HCC, with annual HCC incidences of 5.8, 2.2, and 1.5%, respectively[45]. 
Similarly, other risk stratification markers can accurately distinguish patients with high risk and low risk of 
developing HCC[46]. Accurate risk stratification could allow more intensive and costly surveillance strategies 
to be applied to those at highest risk, while using lower intensity and inexpensive surveillance strategies in 
lower risk patients. A modeling study suggested that a risk-stratified approach was cost-effective compared 
to ultrasound and AFP in all patients[47]. Currently, the Japan Society of Hepatology (JSH) is the only 
professional society that recommends a differential HCC surveillance strategy by individual patient risk, i.e., 
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ultrasound and serum biomarkers for most patients, with multiphase CT or MRI considered in the highest 
risk patients[7].

Unfortunately, a systematic review found that less than 20% of patients with cirrhosis in the U.S. undergo 
HCC surveillance, with even lower rates of guideline-concordant semi-annual surveillance[48,49]. Patients 
and providers have reported potential barriers to surveillance including knowledge deficits, time 
constraints, and financial costs of tests that need to be addressed to increase surveillance utilization[50,51]. 
Studies have demonstrated promise for inreach efforts such as electronic medical record reminders or 
outreach strategies including mailed invitations to complete ultrasound surveillance[52-54].

While awaiting ongoing trial data for both novel biomarkers and cross-sectional imaging techniques, 
ultrasound with or without AFP remains the gold standard surveillance strategy. 

ROLE OF IMAGING IN HCC DIAGNOSIS
For surveillance to be effective, recall procedures must be followed for patients with abnormal surveillance 
tests[55]. In patients with an ultrasound nodule < 1 cm in maximum diameter, the risk of HCC is low and 
professional society guidelines recommend repeat short-interval ultrasound in ~3 months. If the lesion is 
stable in size, it can be followed on ultrasound; however, diagnostic evaluation with cross-sectional imaging 
(i.e., contrast-enhanced MRI or 4-phase CT) is recommended once a lesion is ≥ 1 cm in size[2] [Figure 1].

HCC is unique compared to other cancers, in that the diagnosis can often be made radiographically without 
histological confirmation. Historically, HCC diagnosis has been made on the basis of the presence of “arterial 
enhancement and delayed washout”, i.e., hypervascularity during the arterial phase and hypointensity on 
the portal venous or delayed phases of imaging. This classic appearance is related to the liver’s dual blood 
supply, where the background liver receives most of its blood supply from the portal vein and HCC lesions 
obtain most of their blood supply from hepatic artery branches. In the setting of cirrhosis, this appearance 
was demonstrated to have a specificity of 95% for the diagnosis of HCC[56,57]. 

LI-RADS criteria
More recently, the American Association for Cancer Research (AACR) and AASLD have adopted the 
LI-RADS criteria for HCC diagnosis and classification, and have chosen specific populations for which 
these criteria should be applied, namely patients with cirrhosis and chronic hepatitis B infection[57]. The 
LI-RADS criteria do not apply to pediatric patients or patients with cirrhosis secondary to vascular 
disorders (e.g., Budd-Chiari syndrome, sinusoidal obstruction syndrome)[58]. The LI-RADS criteria include 
a combination of major and minor imaging criteria, and classifies lesions on a scale ranging from LR-1 
(definitely benign) to LR-5 (definitely HCC) or LR-M (malignant but not definite for HCC) [Table 1]. 
Major LI-RADS criteria include arterial phase hyperenhancement (APHE), delayed washout, enhancing 
capsule, and threshold growth. Patients with LR-1 and LR-2 lesions are definitely and likely benign, 
respectively, so most of these patients can return to ultrasound-based surveillance. Patients with LR-3 
and LR-4 lesions have an intermediate risk of HCC, so these patients can be considered for continued 
observation versus biopsy after multidisciplinary discussion. A recent systematic review found 38 and 74% 
of LR-3 and LR-4 lesions were HCC, respectively, highlighting that these lesions should not be ignored and 
must be followed clinically[59]. In this systematic review, LR-5 lesions had a positive predictive value of 94% 
for being HCC, and therefore do not warrant biopsy for histological confirmation prior to treatment. The 
LR-M classification is reserved for lesions that are suspicious for malignancy but have features that are not 
definite for HCC, e.g., peripheral enhancement, and can be seen in other malignancies such as intrahepatic 
cholangiocarcinoma. Therefore, biopsy is typically recommended in these cases to make a definitive 
diagnosis. It should also be noted that the LI-RADS criteria do not apply to patients without cirrhosis 
and/or chronic HBV infection, as the positive predictive value of the aforementioned classic imaging 
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Figure 1. Diagnostic algorithm for HCC. *In select patients in whom US has high likelihood to be inadequate, HCC surveillance may be 
performed using contrast-enhanced CT or MRI. HCC: hepatocellular carcinoma; CT: computed tomography; MRI: magnetic resonance 
imaging; US: ultrasound 

findings is substantially lower[60]. Therefore, these patients should typically undergo biopsy for histological 
confirmation prior to treatment[2].
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CT/MRI for HCC diagnosis
Several studies have compared the accuracy of CT and MRI for the diagnosis of HCC. In a meta-analysis 
by Roberts et al.[61], contrast-enhanced CT was compared to both extracellular contrast-enhanced MRI 
and Eovist MRI for HCC diagnosis. Compared to CT, MRI had a significantly higher sensitivity (82% vs. 
66%) with similar specificity (92% vs. 91%). In addition, MRI was more sensitive for diagnosis of HCC in 
lesions < 1 cm compared to CT (69% vs. 49%), although specificity was lower (46% vs. 69%, respectively). 
Conversely, MRI was associated with higher cost, greater technical complexity (including longer scan time), 
and less consistent imaging quality (e.g., difficulty with breath holding, difficulty holding still, large volume 
ascites). Thus, although MRI was noted to have marginally higher sensitivity compared to CT in this meta-
analysis, one imaging modality could not be definitively recommended over the other, and the choice of 
modality should be individualized considering both the risks of either imaging test and the patient’s clinical 
status[61].

Although contrast-enhanced MRI and 4-phase CT are the primary modalities used for HCC diagnosis 
in the Western world, APASL guidelines recommend the use of hepatobiliary agents (e.g., gadoxetic acid 
or Eovist), which can provide information on hepatocellular function in addition to blood flow. This 
recommendation is largely based on data suggesting increased sensitivity to detect HCC lesions compared 
to dynamic CT and MRI. A 2015 meta-analysis compared the diagnostic performance of dynamic CT, MRI 
using conventional extracellular contrast agents, and MRI using hepatobiliary contrast agents. Overall, on a 
per-lesion basis, MRI was more sensitive than CT for HCC diagnosis (80% vs. 68%, P = 0.02). In subgroup 
analyses, the per-lesion sensitivity of gadoxetic acid-enhanced MRI was significantly higher compared to 
MRI using other contrast agents (87% vs. 74%, P = 0.03)[62]. However, gadoxetic acid-based MRI has some 
limitations in the diagnosis of HCC. While HCC are usually hypointense on the hepatobiliary phase (due to 
lack of contrast uptake by the tumor compared to the background liver showing peak enhancement at this 
time), up to 20% of HCCs will have uptake of the contrast and instead appear hyperintense[63]. Additionally, 
the classic feature of “pseudocapsule” may not be apparent due to lack of a delayed phase, leading to 
misdiagnosis[6]. Furthermore, in patients with more advanced cirrhosis, decreased contrast uptake in the 
background liver may lead to lower sensitivity for HCC detection[64].

PET for HCC diagnosis
The use of positron-emission tomography (PET) has been evaluated for diagnosis of HCC but has not 
produced favorable results for detection of primary tumors. The most widely used radiotracer is 18F-fluoro-
deoxy-6-glucose phosphate (FDG), which has added utility in assessing metabolic cellular function, but 
18F-FDG uptake in PET/CT for primary HCC has only been seen in 40% of cases[65]. This is due to high 
18F-FDG uptake by both normal hepatocytes and malignant neoplastic cells associated with HCC, resulting 
in difficulty in identifying HCC lesions[66,67]. However, PET may be beneficial for diagnosis of extrahepatic 
or metastatic HCC. One of the most common sites for extrahepatic HCC metastasis is the retroperitoneal 
lymph nodes, and the sensitivity of FDG PET/CT to detect lymph node metastasis is greater than in other 
areas of the body[68]. Other forms of PET imaging that have been studied for HCC diagnosis include PET 

Non-rim arterial phase enhancement Absent Present
Observed size of lesion (mm) < 20 ≥ 20 < 10 10-19 ≥ 20
Presence of additional major features

Enhancing “capsule”
Nonperipheral washout
Threshold growth

None LR-3 LR-3 LR-3 LR-3 LR-4
One LR-3 LR-4 LR-4 LR-4/LR-5* LR-5
≥ Two LR-4 LR-4 LR-4 LR-5 LR-5

Table 1. LI-RADS classification for liver lesions 

*If a lesion is classified in this category and has enhancing capsule, it is categorized as LR-4. However, if a lesion is classified in this 
category and has either nonperipheral washout OR threshold growth, it is classified as LR-5. LI-RADS: Liver Imaging Reporting and Data 
System
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MRI and immuno-PET/CT. PET MRI has the benefit of improved soft tissue contrast and a lack of ionizing 
radiation. However, its availability is limited and requires a technologist experienced in both nuclear 
medicine and MRI for accurate interpretation[69]. Immuno-PET/CT uses 89Zr-tagged monoclonal antibodies 
to target glypican-3, a cell surface protein that is highly expressed in HCC, and has shown improvement in 
differentiating primary HCC cells from normal hepatocytes and identifying small HCC lesions compared 
to PET alone[65]. However, studies evaluating immuno-PET have been limited to animal models, and 
further studies are needed before its routine use in clinical practice[70]. 

Contrast-enhanced ultrasound for HCC diagnosis
There has also been increasing interest in the role of contrast-enhanced ultrasound (CEUS) for HCC 
diagnosis. This imaging modality uses the intravenous administration of microbubble contrast agents to 
evaluate the hyperenhancement of a liver nodule in “real-time”. These contrast agents have a short half-
life of only a few minutes and are eliminated through respiration, eliminating concerns for potential 
renal toxicity seen with most contrast agents used for CT and MRI[71]. The LI-RADS criteria have been 
modified for using CEUS for characterization of liver nodules, similar to the LI-RADS criteria for CT/
MRI[72]. A meta-analysis showed that the pooled sensitivity and specificity of CEUS to detect HCC was 85 
and 91%, respectively; however, the authors noted the findings were limited by publication bias[73]. There 
are several notable limitations of CEUS that are similar to conventional ultrasound in HCC diagnosis. 
First, ultrasound is operator-dependent, which may lead to inconsistencies in diagnosis outside of expert 
centers[74]. Second, CEUS can also be limited by patient-level factors, including large body habitus, 
overlying bowel gas, poor acoustic windows, and movement artifact[72,74]. A limitation of CEUS in HCC 
diagnosis that differs from conventional ultrasound involves the nuances of contrast administration to 
properly characterize suspicious lesions. Multiple injections of contrast may be needed to properly classify 
lesions, thereby limiting its role for staging, and the administration of contrast must be done in a medically 
controlled setting to ensure safety[74]. Lastly, CEUS has lower detection rate for washout than CT/MRI[75], 
and its ability to distinguish HCC from intrahepatic cholangiocarcinoma (ICC) has been controversial[76,77]. 
However, some studies have suggested that dynamic, timed administration of contrast can be used in 
CEUS to help distinguish the two malignancies, as the rapid loss of signal intensity in the early portal phase 
is more characteristic of ICC than HCC[78]. Additional criteria have been proposed to distinguish ICC and 
HCC using CEUS with reported improved performance but require further validation[79]. Based on current 
practice guidelines, CEUS is reserved as a second-line diagnostic imaging modality when multiphase CT or 
MRI are indeterminate in HCC diagnosis, although data continue to evolve regarding its potential role[7]. 

ROLE OF IMAGING FOR POST-TREATMENT RESPONSE AND SURVEILLANCE
Patients with early stage HCC are typically eligible for curative therapies including local ablation, surgical 
resection, or liver transplantation. Although resection and local ablation are considered curative, they are 
associated with a high risk of recurrence, approaching up to 70% at 5 years[80]. Therefore, close observation 
is critical, with most centers performing CT or MRI every 3 months for the first 1-2 years and then semi-
annual surveillance with CT or MRI thereafter. Some centers return to ultrasound-based surveillance 
after a period of 4-5 years, although there is substantial center-to-center variation. Liu and colleagues 
used clinical and tumor features to risk stratify patients into 3 categories (low, intermediate, and high risk 
of recurrence) following surgical resection to determine the optimal time interval for post-hepatectomy 
surveillance imaging[81]. They calculated recurrence detection rates between consecutive CT for each 
surveillance schedule for each risk group, and found surveillance schedules could be tailored on the basis 
of risk; for example, low-risk patients could undergo surveillance CT every four months for the first two 
years and yearly over the next three years without compromising surveillance benefits while reducing 
examination costs and radiation burden.
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Surveillance after liver transplantation
Liver transplantation has the advantage of curing not only HCC but also the underlying cirrhosis, and is 
thus associated with significantly lower recurrence rates (~10% at 5 years) when restricted to patients within 
the Milan criteria on imaging (one lesion < 5 cm or 2-3 lesions each < 3 cm, without vascular invasion 
or extrahepatic spread)[82]. More recently, liver transplant criteria have been expanded to include patients 
who are “downstaged”, i.e., patients with larger tumor burden who are treated with locoregional therapy 
(LRT) and brought to within Milan criteria. Radiographic response is used as a prognostic biomarker and 
serves as a surrogate for tumor biology, with those who exhibit response likely having favorable tumor 
biology. Several single and multicenter studies have shown similar survival and rates of post-transplant 
recurrence among extended-criteria patients who were successfully downstaged with LRT compared to 
those who initially presented within Milan criteria[83,84]. In the largest multicenter study to date including 
patients with HCC from 10 of 11 UNOS regions that underwent liver transplantation, Kardashian et al.[85] 
found 5-year overall survival to be acceptable in patients downstaged to within Milan criteria compared to 
those initially within Milan criteria (64% vs. 71%). In addition, the authors noted that AFP response to LRT 
provided a useful adjunct to radiographic response in assessing likelihood of successful downstaging[85]. 
Post-transplant, HCC surveillance is evolving from a one-size-fits-all strategy to a tailored one based on 
an individual’s risk of recurrence. The Risk Estimation of Tumor Recurrence After Transplant (RETREAT) 
score developed and validated in a multicenter study by Mehta and colleagues includes 3 variables - AFP 
at time of transplantation, presence of microvascular invasion, and the largest viable tumor diameter (cm) 
plus the number of viable tumors on explant pathology[86]. Patients are assigned a risk score of 0-8 based on 
the presence or absence of these features. The RETREAT score accounts for the effect of pre-transplant LRT 
(as only viable tumor on explant is counted) and stratifies 5-year HCC recurrence risk - noted to be < 3% in 
patients with a score of 0 to > 75% in patients with a score ≥ 5. Post-operative imaging surveillance intervals 
can then be tailored on the basis of an individual patient’s RETREAT score. For instance, a patient with a 
RETREAT score of five might undergo surveillance with CT chest and abdomen every three to four months 
for the first two years followed by every six months through year five, while patients with a RETREAT score 
of zero might not require post-transplant imaging surveillance at all.

Surveillance after locoregional therapies
LRTs, including ablation, transarterial chemoembolization, transarterial radioembolization, and radiation 
therapy, are a standard treatment for patients with early to intermediate stage HCC who are not candidates 
for surgical resection or liver transplantation. Furthermore, as previously mentioned, LRT also has a role 
in downstaging and “bridging” patients to surgical treatments including transplantation. Response to LRT 
is typically assessed radiographically using CT or MRI, with serum biomarkers used as adjuncts. One 
of these such systems is known as the Response Evaluation Criteria in Solid Tumors (RECIST), which 
uses tumor size and characteristics, involvement of lymph nodes, maximum number of target lesions, 
and disease progression to qualify treatment response for malignancy[87]. The use of RECIST has several 
limitations for HCC response assessment, as it does not consider tumor necrosis nor decrease in tumor size 
in HCC treated with LRT, and antitumor activity may be poorly correlated. To overcome these limitations, 
EASL recommended measuring change in area of tumor enhancement to assess treatment response, and 
in 2008, the AASLD proposed modified RECIST (mRECIST) criteria to include change in lesion size, 
lesion characteristics, and viable portions of the lesions determined by arterial phase enhancement to 
determine the response to treatment[88,89]. Both RECIST and mRECIST criteria classify treatment response 
for HCC lesions as complete, partial, stable disease, progressive disease, or development of new lesion(s). 
Overall response by both the EASL and mRECIST criteria have been associated with survival and are 
thus preferable to RECIST for HCC response assessment[90]. Still, mRECIST has some notable limitations. 
First, the response assessment requires radiologic expertise as ascertainment of viable tumor may not be 
straightforward. Second, patients with underlying renal disease or impairment may be unable to tolerate 
a contrast-enhanced examination and, therefore, mRECIST evaluation[91]. In addition, timing of contrast 
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administration and imaging acquisition must be precise to prevent misinterpretation. LI-RADS has also 
proposed a nomenclature for reporting response, categorizing patients as having residual disease (LR-TR 
viable), having complete response with no viable tumor (LR-TR non-viable), or situations in which it is 
unclear if there is viable tumor remaining (LR-TR equivocal). There are few, if any, data comparing LI-RADS 
response assessment to other response assessments such as mRECIST.

Surveillance after systemic therapy
Systemic therapy is the mainstay of treatment for patients with advanced HCC, and valid radiologic 
response criteria are critical for the assessment of treatment response in clinical trials. Sorafenib, an oral 
multikinase inhibitor, was the first chemotherapy agent approved for first-line treatment of HCC in the 
U.S. on the basis of data from the multicenter, randomized, double-blind placebo-controlled Sorafenib 
Hepatocellular Carcinoma Assessment Randomized Protocol (SHARP) trial[92,93]. Since 2017, several 
additional tyrosine kinase inhibitors (TKIs) for HCC have been approved for first- and second-line 
indications, including lenvatinib, regorafenib and cabozantinib[94-96]. A study by Edeline et al.[97] compared 
RECIST to mRECIST in patients receiving sorafenib for treatment of advanced HCC and found mRECIST 
objective response correlated with an increased overall survival. Similarly, Kudo et al.[98] demonstrated 
that objective response per mRECIST was associated with improved survival in a post-hoc analysis of 
the REFLECT Trial including patients treated with sorafenib or lenvatinib. Median overall survival for 
patients with an objective response was 22.4 months, compared to 11.4 months for non-responders[98]. 
Most recently, Llovet and colleagues evaluated 21 clinical trials in HCC and found a moderate correlation 
between progression-free survival or time to progression and overall survival; however, a hazard ratio 
of ≤ 0.6 appeared to be a potential surrogate for improved survival[99]. Overall, these data highlight the 
importance of monitoring for both response and progression. 

With the introduction of checkpoint inhibitors (e.g., nivolumab, pembrolizumab, atezolizumab/
bevacizumab), durable response rates in approximately 15%-30% of patients have been observed[100]. In 
an exploratory analysis of data from Checkmate 040, patients with durable objective responses appeared 
to have prolonged survival compared to those with stable disease or progressive disease[101]. However, 
it is possible some patients treated with immunotherapy may display “pseudoprogression”, a distinct 
radiologic pattern in which deep and durable responses occur after initial progression[102,103]. Although this 
is well described for other tumor types, e.g., melanoma, it is currently unclear how commonly this occurs 
in patients with HCC. This phenomenon has resulted in the development of specific imaging response 
assessment guidelines (irRECIST and iRECIST) for this population, in which radiographic progression 
must be confirmed with repeat imaging 4-8 weeks after the first response assessment[104,105]. These various 
response assessment classifications are being used in ongoing HCC clinical trials and there has yet to 
emerge a standard across all trials[106]. Despite this potential uncertainty regarding optimal ways to assess 
response, monitoring for treatment response or disease progression can identify patients who are benefiting 
from therapy and those who may benefit from transition to an alternative treatment. Our institutional 
practice is to monitor patients with cross-sectional imaging every 2 months while on systemic therapy.

FUTURE DIRECTIONS FOR IMAGING IN HCC
Radiomics, the automated high-throughput extraction and analysis of quantitative and phenotypic features 
from radiographic images[107], has emerged as a non-invasive tool for diagnosis and prognostication in 
several cancers, including HCC[108]. Qualitative and quantitative radiomics features may predict HCC 
recurrence and treatment response[109], and are promising as novel biomarkers that may be complementary 
to existing serum biomarkers for HCC surveillance and treatment response assessment. However, lack 
of reproducibility is a major challenge and further validation studies are needed prior to the adoption of 
radiomics in routine clinical practice.
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SUMMARY
Imaging has played a significant role in the advancements of surveillance, diagnosis, and treatment of HCC. 
Across all professional societies, ultrasound is the most recognized imaging modality for HCC screening 
among at-risk patients. CT and MRI are currently not recommended for surveillance given similar 
sensitivities as ultrasound and cost-effectiveness, but recent trials are studying abbreviated MRI protocols 
for surveillance. Non-invasive diagnosis of HCC relies heavily on CT and MRI with application of the 
LI-RADS in classifying suspicious lesions for HCC. PET imaging is best utilized to identify extrahepatic 
metastases but has poor performance for diagnosis of primary HCC. CEUS has also been studied for its 
role in HCC diagnosis and is currently accepted as a second line imaging modality in most professional 
societies. Imaging with CT and MRI has also been shown to be effective in monitoring treatment response, 
with most centers using RECIST or mRECIST for trial analysis.
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Abstract
Liver metastases can present synchronously or at different time points. While systemic therapy continues to be 
the mainstay of treatment for patients with liver metastases, it is unlikely to completely eradicate the disease. 
Surgical “metastectomy” for patients with limited metastatic burden, particularly from colorectal cancers, has 
been shown to improve survival. However, owing to medical co-morbidities or tumour location, not all patients are 
eligible for surgical resection. In recent years, there has been an increase in the use of non-surgical techniques, 
including high dose radiation using stereotactic body radiotherapy, or brachytherapy, to ablate liver metastases. 
The purpose of this narrative review is to describe the role of radiotherapy in the management of liver metastases, 
both for local ablation and symptom palliation. We will elaborate on the techniques used, patient selection 
process, expected outcomes and toxicities based on the current literature. 

Keywords: Radiotherapy, stereotactic body radiotherapy, liver metastases, brachytherapy, palliation 

INTRODUCTION
The liver is one of the most common sites for metastases from primary cancers of the colon, pancreas, 
breast, and lung. Liver metastases are associated with considerable morbidity and shortened survival. 
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While systemic therapy is still the mainstay of treatment, most tumour responses are short-lived. Moreover, 
the response to systemic therapy can be mixed, with some tumours regressing and others remaining 
stable or progressing. Aggressive local therapy (such as surgical resection) can be considered for patients 
with oligometastatic disease. For example, surgical resection is recommended for patients with isolated 
liver metastases from colorectal primaries, with the potential of long-term disease control[1]. Early studies 
demonstrated a 30% 5-year survival in patients who underwent “metastectomy” for one to three liver 
metastases[2]. Factors that determine patient eligibility for resection include the size, number, and location 
of lesions, and hepatic reserve. While surgical techniques have improved, not all patients are good surgical 
candidates because of surgical factors and patient co-morbidities. Thus, such patients may be considered for 
non-surgical liver-directed therapies. These include invasive techniques such as radio-frequency ablation 
(RFA) and non-invasive techniques such as stereotactic body radiotherapy (SBRT).

Traditionally, the role of radiation therapy in liver metastases has been purely for palliation, as the 
tolerance of whole liver to radiation is limited to 30 Gy (in 2 Gy fractions)[3], and sustained tumor control 
is very unlikely at such doses. Technological advances with improvements in target localization, patient 
immobilization, motion management, and delivery of conformal radiation have allowed the use of high 
doses of radiation to ablate liver metastases. Moreover, mounting evidence shows that high doses of 
radiation can be delivered to small targets within the liver without causing toxicity[3]. In the context of 
SBRT, doses ranging from 45 to 60 Gy, over three to five fractions (given over 1-2 weeks), is delivered 
conformally to the target while sparing normal liver parenchyma.

The purpose of this narrative review is to describe the role of radiotherapy in liver metastases - both in the 
setting of ablative treatment (including SBRT and brachytherapy) for patients with oligometastatic disease, 
and in the setting of symptom palliation in patients with uncontrolled liver metastases. We will elaborate 
on the treatment technique, patient selection, expected outcomes and treatment-related toxicities. 

USE OF RADIOTHERAPY IN PATIENTS WITH OLIGOMETASTATIC LIVER DISEASE 
Hellman and Weichselbaum were the first to introduce the concept of oligometastatic disease, which 
represented an intermediate state in the spectrum between locally confined and widely metastatic cancer[4]. 
They proposed that the process of metastatic disease occurs in a step-wise manner, and patients with 
limited disease should be managed aggressively. In more recent years, advances in systemic and targeted 
therapy have rendered a greater number of patients with upfront widely metastatic disease to a state of 
limited volume metastatic disease. In these patients, aggressive management of drug-resistant clones may 
improve cancer outcomes. However, to date, there is no universally accepted definition of oligometastasis 
with regards to the number of lesions involved. The most accepted number of metastatic lesions is 
considered to be 5 or less (with up to 3 metastases in any one organ). 

Although surgery and RFA have a longer history of being used in management of oligometastatic disease 
involving the liver, there are no trials directly comparing these to SBRT. However, the use of SBRT has been 
reinvigorated by a recently published randomized phase II trial (SABR-COMET) which investigated the 
use of SBRT in patients with oligometastatic disease (including liver metastases). They compared SBRT to 
standard of care palliative treatment, and showed an overall survival benefit with SBRT[5].

The role of SBRT in oligometastatic liver disease
Technique
Stereotactic radiosurgery was first applied for intracranial targets, and similar concepts have been adapted 
to treat extracranial targets. SBRT involves the use of high doses of radiation delivered to a well-defined 
target whilst minimizing radiation to surrounding healthy tissue. The American College of Radiology and 
American Society for Radiation Oncology defines SBRT as the use of very large doses of radiation, defined 
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as more than 6 Gy per fraction, given over few (up to 5) fractions[6]. This is in contrast to conventional 
external beam radiotherapy which is usually given in 1.8-2 Gy fractions, leading to protracted treatments. 

SBRT is administered via a linear accelerator (LINAC) delivering ionizing radiation in the form of mega-
voltage photons. The radiation dose is highly conformal to the target, leading to a rapid dose fall off outside 
the target. This is achieved using multi-directional beams or arc therapy and modulating the intensity of 
each beam. Patient immobilisation is essential, and generally whole-body vacuum bags are utilised. As 
each treatment session can last up to 30 min, patient comfort and reproducibility are important for the 
accurate delivery of SBRT. The liver moves as much as 2-3 cm in the cranio-caudal direction. Motion 
management strategies are therefore critical in SBRT. Several methods exist such as 4D CT scanning with 
abdominal compression, breath holding in the form of active breathing control or voluntary breath holding, 
respiratory gating (synchronizing delivery of RT with specified respiratory phases) and real-time tumour 
tracking systems using radio-opaque fiduciary markers. On-board imaging must be incorporated prior the 
delivery of SBRT. This allows for the online correction of patient position. Several solutions exist in modern 
linear accelerators, such as integrated cone-beam computed tomography or magnetic resonance imaging 
(MR-LINAC). An example of an SBRT plan is shown in Figure 1.

Patient selection
Patient selection for SBRT is critical and should take into account factors such as age, performance status, 
disease burden and patient preferences. In addition, tumour factors such as the volume of hepatic disease, 
location of metastases (particularly proximity to critical structures such as bowel, biliary tract, and heart), 
number of lesions (less than 3), size (preferably each less than 6 cm, and combined less than 15 cm) should 
be considered. In addition, sufficient hepatic reserve (ideally total liver volume more than 1000 mL, with 
at least 700 mL spared from doses more than 15 Gy) is essential, to mitigate toxicities, as will be explained 
below.

Figure 1. Example of an SBRT plan (40 Gy in 5 fractions) for a single hepatic metastasis in a patient with a castration-resistant prostate 
primary who had progressed after abiraterone. Axial image; red line showing gross tumour volume, peach line showing planning target 
volume, orange colourwash showing the 95% isodose line, and blue colourwash showing the 50% isodose line (A) coronal image; 
showing the 50% isodose line away from the heart (B) dose-volume histogram of the SBRT plan (C) dramatic PSA response following 
SBRT treatment (D). SBRT: stereotactic body radiotherapy
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Outcomes
Local control of hepatic metastases with SBRT are generally encouraging with most studies achieving 
approximately 80% at 2 years (range 32% to 91%) [Table 1]. This is mostly influenced by size of tumour, 
prior treatment, and biologically equivalent dose delivered. Median overall survival after SBRT can vary 
from 26% to 75% at 2 years [Table 1]. However, it is recognised that the patient’s overall prognosis may 
be related to extra-hepatic metastases, thus reinforcing the need for multimodal treatment with effective 
systemic therapy as opposed to monotherapy with either alone. In most studies concerning the outcomes 
of SBRT for liver metastases, patients would have received systemic therapy (e.g., chemotherapy, targeted 
therapy) before and/or after SBRT. This reinforces the need for both effective local and systemic therapy.

Toxicity
Radiation-induced liver disease (RILD) is a feared complication which can be hard to manage[12]. RILD 
typically presents 4-8 weeks after completion of radiotherapy (RT). The occurrence of RILD is related to 
the volume of liver irradiated, pre-existing hepatic functional reserve, and patient co-morbidities. Classic 
RILD symptoms include fatigue, abdominal pain, anicteric ascites and hepatomegaly. RILD however is 
more common in whole liver RT (WLRT), although it can occur with SBRT[13]. Collateral damage to nearby 
structures is known to occur, including biliary obstruction and stricture formation (for lesions near the 
porta hepatis), and gastro-intestinal injury (resulting in bleeding, perforation or strictures). With adherence 
to known dose limits, the risks of these complications can be reduced to below 5%. 

Comparison of SBRT with RFA
The most common technique of thermal ablation is radiofrequency ablation (RFA). RFA uses a high 
frequency alternating electric current which produces ionic agitation and frictional heating, thereby 
heating tumour tissue to over 60 degrees Celsius. Tumour heating causes extracellular and intracellular 
dehydration, resulting in tissue destruction by coagulative necrosis. RFA can be performed percutaneously, 
laparoscopically, or during open surgery[14]. RFA is usually limited, however, by proximity to the biliary 
tree as well as to blood vessels because of the “heat sink” effect. Stang et al.[15] reported that local recurrence 
rates were 5% to 42% after RFA and that the dominant factor affecting local failure rates were the size of the 
lesion, particularly those larger than 3 cm. Jackson et al.[16]. also reported similar efficacy of SBRT and RFA 
for lesions smaller than 2 cm, however SBRT achieved better local control comparatively for lesions larger 
than 2 cm[16]. As such, RFA and SBRT are complementary modalities. SBRT is preferred for lesions near 
blood vessels or the dome of the liver, and for larger lesions.

Authors Study design n Primary tumor Dose/fractionation 
(#)

Median Followup 
in months

2 year LC 
(%) 

2 year OS 
(%)

Scorsetti et al .[7] 2015 Prospective (Phase 2) 42 CRC 75 Gy/3 # 24 91 65
Goodman et al .[8] 2016 Retrospective 81 CRC 66.6%

Breast 7.4%
Lung 3.7%
Ovarian 3.7%
GI 13.6%
Others 4.9%

32-60 Gy/3-5 # 33 90.5 68.6

McPartlin et al .[9] 2017 Prospective (Phase 1 & 2) 60 CRC 22.7-62.1 Gy/6 # 28.1 32 26
Joo et al .[10] 2017 Retrospective 70 CRC 45-60 Gy/3-4 # 34.2 73 75
Mahadevan et al .[11] 
2018

Retrospective 427 CRC 44.3%
Lung 12.2%
Breast 9.8%
GI 7.7%
Gynae 5.9%
Pancreas 4.9%
Other 15.2%

Median 45 (12-60) 
Gy/median 3 (1-5) 
#

14 72 49

Table 1. Outcomes of SBRT to liver metastases from selected recent studies

SBRT: stereotactic body radiotherapy; LC: local control; OS: overall survival; CRC: colorectal cancer; GI: gastrointestinal
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The role of interstitial brachytherapy for oligometastatic liver disease
Technique
Although brachytherapy has a long history in oncology, it was not until the early 1980s when it was used 
for liver tumours. Dritschilo et al.[17] described the percutaneous implantation of interstitial brachytherapy 
applicators under sonographic guidance in 1986. Subsequently, intraoperative catheter placement (under 
direct visualisation and/or sonography-assisted) has also been described[18]. Later, in 2004, Ricke et al.[19] 
published a phase II trial using CT-guidance for interstitial high dose-rate brachytherapy (HDRBT) of liver 
tumours which were unsuitable for thermal ablation. 

The choice of image guidance for interstitial liver HDRBT application is operator-specific. In general, 
the use of CT, or a hybrid method combining ultrasound and CT, is the preferred choice. CT guidance 
allows better visualization of gastrointestinal structures, major vessels and intrahepatic bile ducts. The use 
of ultrasound, even when combined with CT, can reduce radiation exposure of the healthcare personnel 
involved. 

The procedure is performed under sterile conditions using local anaesthesia and mild to moderate sedation. 
The skin puncture site is identified based on CT images. Under CT-guidance, the applicator is advanced 
past the liver capsule, into the target, in the same phase of breathing. The applicators are advanced at least 
5 mm beyond the target, to account for breathing motion. After insertion of the applicators, CT or MRI 
with contrast is usually performed with thin axial cuts (2 mm) for applicator reconstruction. Doses in the 
range of 15-25 Gy in a single fraction are usually prescribed depending on the histology and organs-at-risk 
tolerance. Colorectal and sarcoma metastases tend to be radioresistant, and are usually treated with 25 Gy. 
In view of the clear dose-response reported by Ricke et al.[20], higher doses should be used when possible. 

Applicators are removed immediately after completing the treatment. An example of a CT HDRBT plan is 
shown in Figure 2.

Patient selection 
Most centres adopt the selection criteria used by Mohnike et al.[21], with some variation. These include 
Child-Pugh score of B8 or less, platelet counts > 50,000, prothrombin time < 1.5X. Generally, chemo- 
and radio-sensitive primaries (such as lymphomas and germ-cell tumours) are excluded. Chemotherapy 
should be withheld one week pre- and post-HDRBT. The time-interval from prior therapies need to be 
considered: for RFA at least 1 month, Yttrium-90 at least 6 months, and brachytherapy to the same site at 
least 3 months. Lesion size and number have no specific cut-off, provided that not more than one third 
of normal liver parenchyma receives more than 5 Gy. The requirement is more stringent for patients 
with cirrhotic-appearing livers, with an aim for not more than half of non-target liver tissue to receive 
more than 5 Gy. Proximity of the target to major vessels or the target adjacent to the hilum is also not a 
contraindication[22,23].

Outcomes
Local control rates are highly dependent on the isodose lines covering the target’s periphery. In a 
prospective trial of three single fraction HDRBT dose levels, Ricke et al.[20] (2010) reported a recurrence in 
only 1 out of 33 lesions (3%) in the 25 Gy group, in contrast to 34 out of 98 lesions (35%) recurring in the 
15 Gy group. 

Overall, local control rates with HDRBT appear favourable, as shown in Table 2.

Toxicity
Interstitial HDRBT in the liver is a well-tolerated procedure. Post-procedural fever is very common and 
is related to cytokine-release. Nausea and vomiting may also occur, which is usually related to the volume 
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of treatment. Prophylactic anti-emetics may be used to counteract these effects. Pain is also a common 
complaint which may be treated with appropriate analgesia.

Procedure-related toxicity, such as bleeding, is usually limited to the subcapsular space and rarely requires 
transfusion. Potentially serious, but rare, complications include intra-hepatic biliary occlusion, liver 
abscess, gastrointestinal ulceration, and non-classic RILD, occurring in less than 1% of cases[21].

Figure 2. Example of a CT HDRBT plan for a single hepatic metastasis. axial images; the patient has 2 after-loading catheters advanced 
into the lesion. Dose distribution is adjusted by 3D treatment planning. The planned minimal enclosing dose was 20 Gy (red line) (A, B), 
coronal image (C), dose-volume histogram (D). HDRBT: high dose-rate brachytherapy

Authors Study design n Primary tumor Dose/fractionation 
(#)

Median follow 
up in months 1 year LC (%) 1 year OS 

(%)
Ricke et al .[20]

2010
Prospective (Phase III) 73 Colorectal 15-25 Gy/1 # 15.2 74.9 NR

Wieners et al .[24] 
2011

Prospective (Phase II) 41 Breast 15-25 Gy/1 # 18 93.5 79

Collettini et al .[25] 
2012

Prospective 37 Breast 15-20 Gy/1-4 # 11.6 97.4 80

Sharma et al .[26] 
2013

Prospective 10 Breast 30%
CRC 20%
GB 20%
Stomach 20%
Others 10%

20 Gy/1 # 9 75% NR

Kieszko et al .[27] 
2018

Retrospective 61 GI 75.4%
Breast 11.5%
Lung 8.2%
Others 4.9%

15-25 Gy/1 # 11 70.7 79.6

Omari et al .[28]

2019
Retrospective 14 Renal 16 (6.5-27.4) Gy/1-5 # 10 92.6 (at 

median 10.2 
months)

NR

Table 2. Outcomes of CT-HDRBT to liver metastases from selected recent studies

HDRBT: high dose-rate brachytherapy; LC: local control; OS: overall survival; GI: gastrointestinal; GB: gallbladder; NR: not reported
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Comparison between Brachytherapy, SBRT and RFA 
Unlike SBRT, interstitial HDRBT to the liver delivers highly lethal doses of radiation from inside to out. 
As such, the physical property of HDRBT plays to its advantage, as the central part of the tumour is often 
radio-resistant due to tumour hypoxia. Hass et al.[29] performed a dosimetric comparison and demonstrated 
HDRBT to be superior to SBRT in terms of tumour coverage, whilst reducing the dose received by the 
unaffected liver parenchyma. However, SBRT has better dose manoeuvring options as compared to 
HDRBT, especially in non-oval shaped targets. SBRT has the advantage of being a non-invasive procedure 
which reduces the procedure-associated risks, such as bleeding and infection. 

Compared to RFA, the outcomes of interstitial HDRBT liver are not affected by the proximity to the great 
vessels or vascularized tumour (“heat sink effect”). Lesions near the main intra-hepatic biliary ducts are 
better treated with HDRBT compared to RFA[22]. Similarly, lesions near segment VII/VIII, and those near 
the diaphragm, are technically difficult to treat with RFA. RFA is limited by lesion size, as discussed earlier, 
whilst in HDRBT, large lesions can be treated with the use of multiple applicators. RFA does have the 
advantage of real-time manoeuvrability, whereby under ultrasound guidance the operator can keep the 
RFA probe away from non-static structures such as the stomach and small intestine.

THE USE OF RADIOTHERAPY FOR PALLIATION OF SYMPTOMS 
In cases of uncontrolled hepatic metastases, patients may consequently experience abdominal pain (from 
capsular stretch), nausea and vomiting, jaundice, and constitutional symptoms such as weight loss or night 
sweats. In general, systemic therapy for palliation can be used for such patients, although a large number 
will eventually be refractory in end-stage disease. WLRT or partial liver irradiation (PLRT) has been 
shown to effectively palliate such patients, thereby improving quality of life[30-32]. Examples of regimens 
include 8Gy/1 fraction, 21Gy/7 fractions, and 30Gy/15 fractions. Bydder et al.[33] reported prospectively 
between 53% to 66% improvement in symptoms at 2 weeks. Edyta et al.[34] reported a 100% improvement 
in symptoms at 1 month in a retrospective study. The results of these studies are shown in further detail in 
Table 3.

Palliative liver radiotherapy is delivered using a simple method of conventional radiotherapy. Patients are 
positioned supine and treated with 2 to 3 portals, including most of the liver. Treatment is generally well-
tolerated and serious adverse events are rare. Most patients may experience grade 1 to 2 anorexia, and 
nausea and vomiting following treatment with radiotherapy, and these can be managed symptomatically. 
Dexamethasone and anti-emetics are useful to counter radiotherapy-induced nausea. 

CONCLUSION
Alongside surgical resection of hepatic metastases, local ablative therapies in the form of SBRT and CT-
HDRBT have a role in the management of oligometastatic disease. Prospective randomized trials comparing 

Authors Primary tumor n Treatment Dose/fractionation 
(#) Outcome Toxicities

Bydder et al .[33]

2003
CRC 39%
NSCLC 4%
Esophageal 11%
SCLC 7%
Other 29%

28 WLRT/PLRT 10 Gy/2 # 54% partial or 
complete symptomatic 
response

2 patients with 
Grade 3 vomiting 
and diarrhoea

Yin et al .[35]

2014
CRC 19 WLRT + tumor boost + 

concurrent chemotherapy
53.4 Gy (including 
boost)/# NR

52.6% overall response 2 patients with Grade 
3 elevated bilirubin

Edyta et al .[34]

2015
Colon 59%
Stomach 26%
Pancreas 15%

27 WLRT Mean 17 Gy/
5-12 #

40% partial or 
complete symptomatic 
response

1 patient with Grade 
3 vomiting and 
diarrhoea

Table 3. Outcomes of recent palliative whole or partial liver irradiation

CRC: colorectal cancer; NSCLC: non-small cell lung cancer; SCLC: small cell lung cancer; NR: not reported
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the various modalities are needed to elucidate comparative long-term outcomes of RT specifically. Dose 
selection is currently arbitrary, based on lesion size, location and liver function. However, we acknowledge 
that the spectrum of primary tumours may have varying radio-sensitivity, and an attempt to tailor the 
dose (biologically-guided treatment), according to the different primaries, should be investigated[36]. In 
addition, the patient and disease should be considered holistically. As such, multidisciplinary discussion 
and collaboration between surgeons, interventional radiologists and oncologists is crucial. Treatment 
options should be personalized, with the pros and cons of each therapy balanced against the risk of disease 
progression. On the other end of the palliative spectrum, low-dose whole or partial liver radiotherapy may 
be used for patients with high disease burden and severe symptoms.
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Abstract
Non-invasive imaging is the current method of choice for the characterization of frequently discovered focal liver 
disease. Although historically, contrast-enhanced computed tomography (CT) and magnetic resonance (MR) 
scans have been selected for this purpose, contrast-enhanced ultrasound (CEUS) now offers a less expensive 
and safer method to acquire the same information. Performed with the intravenous injection of a microbubble 
contrast agent, CEUS provides some unique advantages that make it a valuable addition to an imaging toolbox. 
CEUS is performed in dynamic real-time, providing superior temporal resolution compared to other modalities 
and allowing detection of enhancement regardless of its timing or duration. CEUS is performed with a purely 
intravascular contrast agent, providing accurate depiction of the presence of microbubbles in the circulation in 
all phases of imaging. This compares with CT and MR contrast agents, which have a well-recognized interstitial 
phase. Resulting discordant imaging may occur especially in the portal venous phase, when CT and MR may 
show pseudoenhancement from interstitial contrast, while CEUS will accurately show washout in malignant 
tumors. Lastly, the contrast specific software used to perform CEUS has an excellent subtraction technique, which 
produces a contrast only image with high sensitivity to enhancement in thin septations and small nodules. CEUS 
makes a positive contribution to liver mass characterization in any situation.

Keywords: Contrast-enhanced ultrasound, liver, cancer, diagnosis

INTRODUCTION
Focal liver masses are a frequent occurrence and reflect a wide spectrum of histology ranging from 
benign and totally insignificant tumors to life-threatening malignancies. Incidental discovery on imaging, 
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performed for an unrelated reason, is common, especially for benign tumors. Alternately, tumors may be 
found as a result of a directed search in those with symptoms, with primary malignancy elsewhere, or in 
those identified to be at risk for hepatocellular carcinoma (HCC). 

Regardless of the nature or method of discovery of a focal liver mass, contrast-enhanced imaging is now 
a mainstay for its noninvasive characterization. Originally, computed tomography (CT) and magnetic 
resonance (MR) scans comprised the recommended modalities for this purpose. However, since the 
introduction of microbubble contrast agents for ultrasound (US) two decades ago, CEUS has become an 
additional lower cost and safer option with unique benefits[1]. 

The late approval of a contrast agent for CEUS in the United States in 2016 makes this an expanding but 
still introductory modality in North America today. However in other parts of the world, such as Europe, 
the role of CEUS has been well established by international and national guidelines[2-4]. Here, we describe 
the CEUS technique, emphasizing its unique benefits for characterization of focal liver disease.

Ultrasound contrast agents: what are they and how do they work? 
Ultrasound contrast agents are comprised of tiny encapsulated bubbles of a perfluoropropane gas within 
a variable, usually lipid, shell. They are on the same order of size as a red blood cell, and their distribution 
in the circulation is sparse. They are purely intravascular as their size does not allow them to pass into the 
interstitial tissues. After their venous injection, they are quickly exhaled by the lungs. They are very safe 
in clinical practise for adults and for children, they have no nephrotoxicity, and their imaging requires no 
ionizing radiation[5-7].

Specialized imaging techniques
The successful imaging of microbubble contrast agents is facilitated by their oscillation when they 
are viewed in a low-power US field. To detect the signal from the oscillating microbubbles in the 
circulation, CEUS is performed with contrast specific software[8]. This generally includes pulse inversion 
imaging, whereby two pulses are sent down each scan line with subtraction of the returning echoes[9]. 
The background tissue, a linear reflector, sends back a wave which is a reflection of the insonating 
wave. Their subtraction, therefore, equals zero, totally removing the background signal. The result is a 
relatively black image at the beginning of an imaging sequence for CEUS. The returning echoes from 
the oscillating microbubble contrast agents, by comparison, will produce additive signals so that there is 
great augmentation of the Doppler signal from blood. The result of these sequences is the creation of an 
incredibly sensitive microbubble only image, with removal of the signals from the background tissues. 
The intensity of the signal on the image occurs in direct proportion to the volume of microbubbles within 
the region of view. Today, all high-end US systems offer a contrast specific software package with low 
mechanical index (MI) imaging and also a bubble tracking technique. This bubble tracking may involve 
a transient brief high MI insonation which destroys bubbles within the field of view, following which the 
refilling of the vessels may be tracked, improving their visualization.

Contrast-enhanced imaging diagnosis of all liver masses on all modalities focuses on their enhancement 
following contrast injection. Although CEUS follows the very same principles as CT and MR scan for 
diagnoses, with similar result, CEUS shows, in addition, unique capabilities that give it a special place for 
this application[10].

Unique capabilities of CEUS 
Dynamic real-time imaging
 Microbubble contrast agents allow US imaging of organ and lesion perfusion in real time. In comparison 
to CT or MR which creates single snapshots in time, CEUS shows all images as dynamic real-time studies. 
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Therefore, CEUS has superior temporal resolution compared to CT and MR scan, and it has, consequently, 
the ability to show enhancement changes regardless of their timing or intensity.

Subtraction technique
CEUS uses a subtraction technique which effectively removes all of the background echogenicity such that 
all imaging reflects microbubbles only. This microbubble only image provides exceptional sensitivity for 
CEUS to show enhancement even in very small nodules and thin septations.

Purely intravascular contrast agent
CEUS is performed with purely intravascular contrast agents which will therefore always reflect the 
presence of contrast agent in a tumor or the liver vasculature. Contrast agents for CT and MR, by 
comparison, have a well-recognized interstitial phase whereby contrast may leak out of the vasculature into 
the interstitium of a tumor. The resultant discordant imaging between CEUS and CT/MRI scan makes a 
very positive contribution to the diagnosis of focal liver masses[11]. 

These unique features of CEUS imaging require that CEUS have its own algorithms.

CEUS IMAGING OF FOCAL LIVER MASSES
CEUS of a focal liver mass is based on the enhancement changes that occur over time in a nodule, which 
is preidentified on greyscale US and maintained within the field of view for the entire scan. These changes 
are described for the nodule relative to the adjacent liver parenchyma. Initial imaging of the pre-identified 
nodule should be performed continuously, from contrast injection until peak arterial phase enhancement. 
Subsequent imaging is intermittent (5-10 s every 30-60 s) to detect any washout and assess its degree, until 
the end of useful enhancement, generally around 5 to 6 min.

This described technique, with only a brief initial acquisition of multiframe continuous images, audio video 
interleave (avi), will minimize microbubble destruction. This improves the ability to detect late washout 
and assess its degree.

Additional valuable scanning techniques include sweeping the entire liver in the portal/late phase 
with suspended inspiration to identify additional areas of abnormal enhancement, especially washout. 
Furthermore, injections can be repeated as needed including “on top” of a prior injection to assess 
vascularity of an identified area of washout. 

ALGORITHMS FOR DIAGNOSIS OF FOCAL LIVER MASSES ON CEUS
Experience with the use of microbubble contrast agents for liver mass characterization has led to the 
recognition that multiple constant features lead to reliable differentiation of benign and malignant masses 
and also to their specific accurate diagnoses. Resultant algorithms for diagnosis of focal liver tumors 
on contrast imaging are all based on interpretation of enhancement features of an identified nodule 
relative to the adjacent liver from the injection of the contrast agent to the end of useful enhancement, 
generally around 5 or 6 min following injection[12]. Time zero corresponds to the beginning of the saline 
flush following the contrast injection[13]. On CEUS, all timing is given in seconds and minutes rather 
than in phases. Nonetheless, we include both specific timing and phases for completeness and modality 
comparisons.

Arterial phase (AP) (from 10 to 20 - 30 to 45 s)[13] observations include: 
Enhancement (yes or no)
(1) Intensity (hyper, iso, hypo, or nonenhancing)
(2) Pattern of AP hyperenhancement (APHE) (Diffuse, nodule-in-nodule, rim, peripheral discontinuous 
globular, or stellate) 
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(3) Direction of vascular filling (centrifugal or centripetal) 

Portal venous phase (PVP) (45 s - 2 min) and Late phase (LP) (from 2 min to 5 or 6 min) observations 
include: 
Washout (yes or no)
(1) Timing (rapid, < 1 min; or late, > 1 min)
(2) Intensity (weak, with some bubbles remaining in a nodule which is less enhanced than the liver; or 
marked, whereby the nodule appears black or punched out by 2 min)

Importance of the clinical scenario
Additionally, for all contrast-enhanced liver imaging, interpretations must be made with knowledge of 
demographic and clinical information. Age and sex are helpful as are relevant health events with the 
greatest importance given to a history of cancer and also risk factors for development of HCC. The clinical 
indication for a scan, whether it be for surveillance for metastatic tumor or HCC or related to symptoms 
may also be directive. The algorithmic interpretation of CEUS should always be guided by what is a 
reasonable answer for the patient under study.

FUNDAMENTALS FOR INTERPRETATION OF CEUS OF FOCAL LIVER DISEASE
Principle 1. The intensity in a CEUS image reflects the number of microbubbles in the field of 
view
As these are exclusively in blood vessels, echo-enhancement is therefore indicative of the volume of blood 
and its change with time indicative of the rate of perfusion in the region of interest. All interpretations 
compare nodule enhancement levels with the adjacent and enhancing liver parenchyma.

Principle 2. Determination of malignancy: importance of washout
Most malignant masses are identified by washout of the mass in the portal venous or late phase[14,15]. 
Washout refers to the decline in the enhancement of a mass relative to that of the adjacent liver 
parenchyma, following initial AP enhancement. Therefore, if washout is present, malignancy should be 
considered likely [Figures 1 and 2]. Conversely, if washout is not present and if the mass shows sustained 
enhancement, there is a high likelihood that it is benign[16]. These rules are guidelines and there are, of 
course, exceptions. These exceptions to this important rule are very important, since occasionally, benign 
tumors, focal nodular hyperplasia (FNH), hemangioma, and most often adenoma, may show washout, and 
some malignant tumors, especially precursor nodules for HCC and well-differentiated HCC, may show no 
washout. Nonetheless, the fundamental rule is invaluable. 

Principle 3. Differentiation of malignancy: importance of timing and intensity of washout
Although CT and MR scan also determine the presence of washout, CEUS additionally evaluates 
the intensity and timing of washout, further differentiating hepatocellular from nonhepatocellular 
malignancy[17]. HCC tends to show late (later than 1 min) and weak washout (so that some bubbles 
remain in the washout zone) [Figure 1, Video 1], whereas all nonhepatocellular malignancies, including 
intrahepatic cholangiocarcinoma (ICC), lymphoma and metastasis are characterized by rapid (earlier than 
1 min) and marked washout, so that all bubbles are absent from the nodule, making it appear as a black, 
punched out hole [Figure 2, Video 2][18,19]. This rapid washout may even occur so early as to be within the 
traditionally defined AP, prior to 30 s.

Principle 4. Detection of malignancy
A natural consequence of the two previous principles is that the portal venous phase is the optimal 
time to detect metastases, when their conspicuity will be increased relative to the enhanced background 
parenchyma[20]. This increased conspicuity makes sweeping of the entire liver at this time the ideal 
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Figure 1. Hepatocellular carcinoma (HCC). 64-year-old male with a history of cirrhosis related to alcohol and fatty liver. Mass found 
on regular US surveillance. A greyscale image shows a small hypoechoic liver nodule in a very heterogeneous liver (A); at the peak 
of arterial phase (AP) enhancement, 20 s, the mass is brightly enhanced (B); at one minute, there is isoenhancement. The nodule is 
now invisible but marked by the arrow (C); there is late and weak washout at 3 min. Weak washout shows less enhancement than the 
immediately adjacent liver parenchyma but retains bubble signals within the nodule as here. AP hyperenhancement and late weak 
washout comprise the diagnostic features of HCC (D)

technique and timing for improved detection of metastatic liver masses on CEUS. Although CEUS is not 
generally involved in the protocolled search for metastases which are developed for follow-up of common 
tumors of the colon, lung and breast, in particular, it has been shown that CEUS is comparable to CT scan 
in tumor detection and exceeds CT in some instances[21]. Additionally, CEUS plays an important role in 
the oncology patient, resolving many indeterminate CT and MR scans and generally problem-solving in 
this population. In our department, CEUS is invaluable to resolve the low-attenuation small indeterminate 
masses shown regularly on portal venous phase CT scans, easily differentiating small cysts from solid 
tumors with CEUS features of metastatic disease[22]. 

Principle 5. Diagnosis of benign tumors
Benign tumors commonly encountered on CEUS examinations include hemangioma, focal nodular 
hyperplasia and, much less often, hepatic adenoma. It is recognized that CEUS has a unique capability 
for their diagnosis in that all may demonstrate highly suggestive enhancement patterns in the AP[23]. 
Optimally shown by the real-time dynamic scanning afforded by CEUS. Recognizing the significance of 
washout as an indicator of malignancy, it follows that sustained enhancement, such that the lesion will 
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remain as enhanced as the adjacent liver to 4 or even 5 min following injection, is highly associated with 
benign outcome. Hemangiomas are characterized by peripheral nodular enhancement with centripetal 
progression of this enhancement over time [Figure 3, Video 3]. If these enhancement patterns are rapidly 
changing, they may not be appreciated on CT and MR scans, both of which obtain snapshots in time. This 
is especially important for the recognition of rapid, or “flash”, filling hemangiomas on CEUS which may 
show only as a zone of APHE on CT/MRI scan. 

FNH is a highly vascular tumor and is characterized by stellate vessel morphology with filling of the lesion 
from its center to the periphery[24] [Figure 4, Video 4]. 

Hepatic adenoma, a fairly rare liver tumor, is an exception to these general rules and may show diffuse 
enhancement or a more specific filling from the periphery to the center of the lesion [Figure 5, Video 5]. 
Additionally, adenoma is shown to have the possibility for washout, occurring in up to 50% of cases[25]. 

The above described benign tumors, FNH and adenoma, are most often detected incidentally, often on 
imaging performed for a totally unrelated reason. Adenoma has the additional association of long history 
of use of oral contraceptives. Both of these tumors have a propensity to occur in asymptomatic young 

Figure 2. Metastasis. 70-year-old female with abdominal ultrasound performed for right upper quadrant pain, query gallstones. 
Greyscale ultrasound shows a focal hypoechoic mass in the right lobe of the liver (A); at 20 s, the mass is hypoenhanced, appearing 
very slightly less bright than the liver (B); at 30 s, there is already washout of the mass, so that it is now much less enhanced than the 
adjacent liver. It is also less enhanced than it was at 20 s (C); at 2 min, the mass appears as a black hole due to marked washout. This 
rapid transition from enhancement to washout is typical of metastatic disease. Biopsy showed adenocarcinoma, of unknown origin (D)
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females, and CEUS ranks with MRI performed with a liver specific agent with a dual elimination pathway 
for accurate differentiation of the two.

Principle 6. Precise diagnosis of malignant tumors 
Unlike benign lesions, malignant tumors are not generally characterized as reliably by their AP 
enhancement pattern, which may be highly variable, but instead by the identification of washout in the 
portal venous and late phases[26]. Nonetheless, HCC most often shows a globular pattern of APHE [Figure 1, 
Video 1]. Nonhepatocellular malignancies may show a similar pattern but also frequently show highly 
suggestive rim enhancement in the AP[27]. 

Principle 7. Discordance of imaging between CEUS and CT/MRI scan 
Discordance of imaging between CEUS and CT/MRI scan in the portal venous phase is often related to 
differences in the mechanism of action of the contrast agents for each modality[11]. Microbubble contrast 
agents for ultrasound are purely intravascular agents and they do not have any interstitial phase. This 
is unlike contrast agents for CT and MR scanning where there is a well-recognized interstitial phase, 

Figure 3. Hemangioma. 39-year-old asymptomatic female with an incidentally discovered liver mass during an US examination for 
unrelated reasons. A greyscale image shows a focal slightly hypoechoic mass with a thin echogenic rim. It is suggestive of an atypical 
hemangioma (A); an early AP image, at 35 s, shows a rim of peripheral enhancement with tiny peripheral puddles (B); there is 
centripetal progression by 45 s with no linear vascularity (C); by 1 min, there is further centripetal progression with eccentric growth 
of the peripheral puddles of enhancement (D); by 2 min, there is virtually complete fill in with non-uniform enhancement (E); there 
is sustained enhancement to 4 min. Peripheral nodular enhancement with sustained enhancement is the classic description of an 
insignificant hemangioma. Hemangiomas may fill very rapidly, within seconds, or very slowly as here, over several minutes (F)
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especially evident in malignant tumors with permeable vascular endothelium and a fibrous stroma, such as 
ICC. Here, the contrast agent leaks into the interstitium, creating a type of pseudoenhancement in the late 
phase. Thereby, CEUS will show APHE and rapid washout for ICC whereas CT and MR scan may show 
instead sustained enhancement. This sustained enhancement is in fact pseudoenhancement related to the 
presence of interstitial contrast agent. This produces a valuable discordance with MR scan of these tumors 
where washout is appropriately recognized in association with malignant tumors on CEUS only[28]. In 
our own unpublished data, this is most important for diagnosis of cholangiocarcinoma in any liver, either 
cirrhotic or normal. 

ACCURACY OF CEUS
CEUS shows comparable performance with CT and MR for liver mass characterization and for the 
prediction of malignancy[26,29]. In a prospective multicenter trial with 1,349 patients, there was no 
statistically significant difference between CEUS and spiral CT in liver tumor differentiation (malignant 
or benign) and tumor specification[30]. In a meta-analysis of 21 studies, CEUS showed a sensitivity of 88% 
(95%CI: 87%-90%) and specificity of 81% (95%CI: 79%-84%), and diagnostic odds ratio (DOR) was 38.62 
(95%CI: 13.64%-109.35%), while all parameters were similar with no statistical difference from CECT 
or CEMRI[31]. Furthermore, although of secondary importance to characterization, CEUS is shown to 

Figure 4. Focal nodular hyperplasia. 25-year-old woman with an incidentally discovered liver mass found during ultrasound performed 
for examination of her bowel. An incidentally discovered superficial focal hypoechoic liver mass (A); an early arterial phase (AP) 
image shows a stellate pattern of linear vessels in the center of the mass (B); at the peak of AP enhancement, the mass is brightly and 
uniformly enhanced (C); at 3 min, the mass continues to show sustained enhancement greater than the adjacent liver (D)
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have equivalent, and in some cases superior, performance to CECT and CEMR scan in the detection of 
metastatic disease.

In conclusion, CEUS provides for the determination of malignancy and allows excellent differential 
diagnosis of a focal liver mass. CEUS regularly resolves an indeterminate result on CT/MRI and is 
exceptional as a problem-solving tool in liver imaging. CEUS has many similarities to contrast-enhanced 
CT/MRI but also unique and valuable differences, most showing the additional benefit of inclusion of 
CEUS with CT and MR for liver imaging.
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Abstract
Hepatocellular carcinoma (HCC) is the fourth leading global cause of tumor-related mortality. HCC has a high 
prevalence in patients with chronic liver diseases, and it mostly results from cirrhosis caused by infection with 
blood-borne viruses. Despite the implementation of various diagnostic and prevention strategies, the rates of 
new HCC cases and mortality are increasing globally due to the aging and growth of the world population as 
well as their increased exposure to dominant risk factors like alcohol, hepatitis B and C, and clinical correlates of 
metabolic syndrome. Modeling studies indicate that sanitation practices, implementation of vaccination programs 
against hepatitis B, and expanded recognition and treatment of patients with chronic hepatitis B and C could 
greatly contribute to the eradication of viral hepatitis B and C. While the availability of generic antiviral drugs could 
partially overcome the bottleneck represented by the lack of resources in low and middle-income countries, where 
viral hepatitis is the leading cause of liver cancer, the enthusiasm for the prevention of liver cancer through antiviral 
therapy is mitigated by the risk of cancer in many patients who are treated late in the hepatitis course. The present 
work aimed to review in detail the various types, epidemiology, and carcinogenesis mechanisms of viral infections 
that are associated with a significantly increased risk for the development of HCC.
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INTRODUCTION
Chronic infections with blood-borne hepatitis B (HBV), hepatitis C (HCV), and hepatitis D (HDV) 
viruses are the dominant causes of hepatocellular carcinoma (HCC) worldwide. In 2018, the death toll of 
HCC was 810,000 persons, and the attributable fractions of HCC due to HBV and HCV were 33% and 
21%, respectively[1,2]. In selected regions of Eurasia, the Far East, and Africa, HDV stands as a significant 
risk factor for HCC and liver-related mortality[3]. While this cancer is on the rise globally, reflecting the 
continuing growth of the world population, the threat is not annulled by the lifestyle changes of people 
at risk, and many hopes are posed on the delivery of effective sanitation interventions. Mirroring the 
frequency and geographical distribution of blood-borne viral hepatitis, the prevalence of HCC has long 
been lower in developed regions than in developing regions. Yet, more recently, some peculiar changes 
in disease trends have emerged. Based on the 2012 data of the World Health Organization (WHO), 
HCC mortality was on the rise in northern Europe, North America, and some parts of Asia (China, 
India, and Korea), mainly as a consequence of epidemics of blood-borne viral hepatitis due to such 
parenteral risk behaviors, such as drug injections, tattoos, and unsafe sex. Conversely, HCC is declining in 
traditionally high-risk countries, including the Mediterranean European nations, Japan, and Hong Kong, 
as a consequence of improved sanitation, screening of blood donors, and mass vaccination of newborns 
against HBV. Of note, the latter also prevents the spread of HDV, another important player in the arena 
of HCC known to enhance cancer risk in HBV carriers[4-6]. While projections have predicted a decline of 
HCC mortality following massive access of infected patients to antiviral therapy against HBV and HCV, 
currently, only a minority of individuals with chronic hepatitis B (CHB) or C have been diagnosed, and an 
even smaller percentage of them has received effective antiviral therapy. The global goal of eliminating viral 
hepatitis as a public health threat by 2030 is expected to prevent HCC-related mortality by 65%. It would 
require a 7% annual decline of the global burden of viral hepatitis, a goal that has been reached by only a 
dozen countries to date[7].

HEPATITIS B
HBV is a small, partially double-stranded DNA virus and a major contributor to chronic liver disease. 
The virus has a specific predilection for the liver, where it persists in hepatocyte nuclei in the form of 
chromosomal insertions of HBV DNA sequences and episomal covalently-closed circular DNA (cccDNA)[8]. 
Approximately 15%-40% of HBV carriers develop CHB[9]. The 5-year cumulative incidence of cirrhosis in 
untreated CHB is 8%-20%, with an annual risk of HCC in cirrhotic patients of 2%-5%[10]. At the beginning 
of the 1980s, a highly effective HBV vaccine was developed, and it proved to be very successful in reducing 
the disease burden. Nevertheless, the global number of HBV infections remains to be high, in part due 
to ineffective vaccination implementation programs in many less-developed countries and a high rate of 
perinatal transmission in certain parts of the world[11].

HBV is generally considered to be the strongest epidemiologic factor associated with HCC. Worldwide, 
CHB is responsible for almost half of all HCC cases, but the importance of this risk factor varies 
significantly between regions (e.g., critical in East Asia, but less so in Europe)[12]. Many studies have revealed 
that HBV-infected patients have a 15- to 20-fold increased risk for the development of HCC compared 
to non-infected individuals[13,14]. However, several effective antiviral therapies (e.g., nucleoside/nucleotide 
analogs (NAs) have been developed for patients with HBV over the last decade, and these agents were 
shown to reduce the rate of HCC occurrence in cirrhotic HBV patients[15].

Risk factors for HCC in HBV patients
A long list of risk factors for disease progression to HCC in CHB patients have been described. Firstly, 
several host-related factors have been shown to influence the HCC risk, with a higher risk in older 
patients and HBV carriers of African American origin[16-19]. Additionally, HCC is known to have a male 
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preponderance, and several single-nucleotide polymorphisms have been identified to be associated with 
a higher genetic susceptibility for HCC[16,18-22]. Also, the lifestyle of HBV carriers can have a profound 
influence on HCC risk. For instance, heavy alcohol use was found to accelerate the development of cirrhosis 
in HBV patients, ultimately resulting in a 1.3- to 8.4-fold increase in HCC risk[23]. Similarly, tobacco 
smoking in HBV carriers was described to be directly correlated with the development of liver cancer. In 
this respect, a meta-analysis from 2010 reported a synergistic effect in HCC risk for individuals who smoke 
and have HBV infection. Compared to HBV-negative nonsmokers, the risk of HCC was 1.87 times greater 
for HBV-negative smokers, 15.8 for HBV-positive nonsmokers, and 21.6 for HBV-positive smokers[24]. More 
recently, this finding was confirmed in a large Chinese population-based case-control study[25]. There is an 
increasing body of evidence indicating an important role of metabolic risk factors in the disease process 
of CHB. For example, a high body mass index (BMI) has been shown to worsen the disease outcomes of 
HBV carriers. In a large Korean population-based cohort study, a strong association was revealed between 
high BMI and a higher risk for HCC among patients with CHB infection[26]. Also, diabetes mellitus (DM) 
was shown to have a synergistic impact on the HBV disease course, as amply illustrated by a large meta-
analysis, including almost 22,000 patients with CHB[27]. In this analysis, HBV patients with type 2 DM were 
found to have a significantly increased risk of HCC (pooled HR = 1.77, 95%CI: 1.28-2.47) and worse overall 
mortality (pooled RR = 1.93, 95%CI: 1.64-2.27) compared to CHB patients without DM[27]. That being said, 
the relationship between nonalcoholic fatty liver disease (NAFLD) and hepatitis is complex and requires 
further clarification. Interestingly, HBV infection seems to protect patients from the development of 
steatosis, metabolic syndrome, and insulin resistance[28], whereas the presence of NAFLD-related steatosis 
impacts on the replication of HBV. The results of a large case-control study revealed that treatment-naïve 
CHB patients with NAFLD had significantly lower levels of serum HBV DNA compared to CHB without 
steatosis[29]. This, however, does not protect against liver damage, as the presence of steatosis was found 
to be associated with a higher rate of liver fibrosis and subsequent progression to HCC in HBV-infected 
patients, independent of antiviral therapy[30,31].

Also, specific virus-related features have been shown to impact the HCC risk, including HBV DNA levels, 
viral genotype, hepatitis B e-antigen/surface antigen (HBeAg/HBsAg) levels, mutations in the HBV 
genome, and coinfections with other hepatitis viruses or human immunodeficiency virus (HIV)[19,20,32-34]. 
With respect to viral factors, a high viral load has proved to be a strong predictor of the HCC risk, 
independent of whether or not the patient has cirrhosis, or displays high levels of serum HBsAg 
levels[18,20,32]. In relation to the HBV genotype, a large meta-analysis, which included more than 14,500 
patients, demonstrated that genotype C was associated with a higher risk of HCC compared to the other 
major genotypes[35]. In the past, several large-scale studies have established baseline HBV DNA levels as 
a prognostic indicator in CHB patients. However, given the fact that the new effective antiviral therapies 
can induce a complete viral response in the majority of patients, the prognostic significance of serum HBV 
DNA levels has substantially diminished[36]. Finally, studies have also identified double mutations in the 
basal core promoter of the HBV genome as an independent predictor for an increased risk of HCC[37].

Accumulating evidence indicates that an occult hepatitis B infection (OBI) may be a risk factor for HCC. 
OBI refers to a condition in which HBV DNA persists in the liver tissue (and the serum in some cases) 
in the absence of circulating HBsAg[38]. A long list of studies has demonstrated the persistence of HBV 
infection in a large proportion of HBsAg-negative HCC patients[39]. While the exact relationship between 
OBI and HCC remains to be elucidated[40], the available data suggest that OBI is not carcinogenic per se, 
but that the minimal lesions produced by the presence of the occult virus might induce a worse liver 
disease course in the presence of co-existing causative agents of liver injury (e.g., HCV and alcohol abuse)[39]. 
This hypothesis is supported by studies indicating a higher prevalence of OBI in HCV-infected patients 
with HCC compared to HCV carriers who do not develop HCC[41-43]. Other studies, however, failed to 
show a correlation between serum anti-HBV detectability and HCC risk in HCV-infected patients[44,45]. 
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Therefore, the most recent report of the Taormina occult HBV expert panel concluded that further 
studies on molecular epidemiology and carcinogenesis are required to confirm the role of OBI in HCC 
development[40].

As such, both viral- and host-related features were shown to profoundly impact HCC development in 
patients with HBV. However, the most important variables with respect to the HCC risk relate to the stage 
of liver disease. Historically, assessing the fibrosis status of the liver required a liver biopsy. However, due 
to the invasive nature of liver biopsy and its potential complications, this cannot be performed routinely 
in all CHB patients. To address this, several noninvasive methods have been validated to assess fibrosis in 
patients with chronic liver disease, of which transient elastography using the FibroScan® device is the most 
popular[46-48].

In order to help clinicians predict the risk of HCC in patients with CHB, several risk scores have been 
designed that incorporate host, viral, and liver characteristics. An overview of the most frequently 
used HCC risk prediction models is depicted in Table 1[16,18,49-51]. Of note, most of these scoring systems 
were validated before the availability of effective direct-acting antiviral (DAA) therapies. To assess the 
performance of the different risk scores in a contemporary setting, these conventional HCC prediction 
models were compared to the “modified risk estimation for HCC in CHB” (mREACH-B) score[52]. After a 
median follow-up of 75.3 months, 125 of the 1,308 subjects (9.6%) enrolled in this study developed HCC. 
Interestingly, the mREACH-B score proved to be associated with a significantly higher area under the 
receiver operating characteristic curve (AUROC) for the prediction of HCC development at 3 and 5 years 
(AUROC: 0.828 and 0.806, respectively), compared to the “liver stiffness measurement-HCC” (LSM-HCC) 
(AUROC: 0.777 and 0.759, respectively), “guide with age, gender, HBV DNA, core promoter mutations and 
cirrhosis-HCC” (GAG-HCC) (AUROC: 0.751 and 0.757, respectively), REACH-B (AUROC: 0.717 and 
0.699, respectively), and “Chinese university-HCC” (CU-HCC) (AUROC: 0.698 and 0.700, respectively) 
scores (P < 0.05)[52]. As such, the prognostic performance of the mREACH-B score seems to be superior to 
that of the more conventional risk models.

Carcinogenic mechanisms
A potential carcinogenic mechanism that is mediated through HBV consists of HBV genome integration. In 
the vast majority of HCC cases (80%-90%), HBV DNA was found to be integrated into the host hepatocyte 
genome[53]. Cancer-related DNA integrations do not occur randomly; interestingly, they seem to be an 
early event that occurs before the development of HCC. Large-scale sequencing studies revealed recurrent 
HBV DNA integration sites at genetic loci that encode for proteins with a potential role in the initiation of 
hepatocellular carcinogenesis (e.g., CCNE1, TERT, and MLL4)[53,54]. Immune-mediated processes ultimately 

Table 1. HCC prediction models for HBV-infected patients

CU-HCC[18] GAG-HCC[49] REACH-B[16] mREACH-B[52] LSM-HCC[50] PAGE-B[51]

Components Age
Albumin
Bilirubin
Cirrhosis
HBV DNA

Age
Gender
BCP mutation
Cirrhosis
HBV DNA

Age
Gender
ALT level
HBeAG status
HBV DNA

Age
Gender
ALT level
HBeAG status
LS value

Age
Albumin
HBV DNA
Liver stiffness

Age
Gender
Platelet level

Risk score Low: < 5 Low: < 100 Low: ≤ 5 Low: < 10 Low: < 11 Low: ≤ 9
Medium: 5-20 Medium: 6-11 Medium: 10-17
High: > 20 High: ≥ 100 High: ≥ 12 High ≥ 10 High: ≥ 11 High: ≥ 18

Negative predictive value 97% at 
10 years

99% at 
10 years

98% at 
10 years

96.8% at 
5 years

99.4% at 
10 years

100% at 
5 years

HBV: hepatitis B virus; HCC: hepatocellular carcinoma; BCP: basal core promoter; CU: Chinese University; GAG: Guide with age, gender, 
HBV DNA, core promoter mutations and cirrhosis; LSM: liver stiffness measurement; PAGE-B: score based on age, gender, and platelets 
count for HCC in CHB; REACH-B: risk estimation for HCC in CHB; mREACH-B: modified REACH-B
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play a dominant role in the development of HCC in HBV-infected patients. In this light, elevated serum 
levels of proinflammatory cytokines such as tumor necrosis factor-α (TNF-α) and interleukin (IL)-1β 
are typical hallmarks of HBV-infected patients[55]. The long-lasting hepatic inflammation caused by the 
host’s immune defense in response to CHB infection accelerates hepatocyte turnover, leading to increased 
mutations. As such, the proinflammatory environment in the liver of HBV patients indirectly contributes to 
the development of liver fibrosis, cirrhosis, and HCC progression[56].

In recent years, several studies have revealed an important role for micro-RNAs (miRNAs) in the 
HBV-related tumorigenesis. The miRNAs are small noncoding RNAs of 20-25 nucleotides in length 
that regulate the expression of certain target genes. For instance, HBeAg induces the expression of 
macrophage miRNA-155, which leads to an accelerated liver injury through the increased production 
of inflammatory cytokines (mediated by the targeting of BCL-6, SHIP-1, and SOCS-1)[57]. A deregulated 
miRNA expression (e.g., downregulation of miRNA-145 and upregulation of miRNA-224) occurs early 
and accumulates overtime in the stages of HBV-associated multistep hepatocarcinogenesis[58]. Apart from 
the deregulated miRNA expression, HBV was also shown to cause other epigenetic changes and regulate 
the expression of cellular oncogenes and tumor suppressor genes through a process of promotor hypo- or 
hypermethylation[59].

HBV-encoded proteins also play a role in the inflammation processes that lead to the development of 
HCC. In this respect, the HBV core protein and its splice variant HBeAg stimulate an immune response 
in the host, resulting in an increased production of proinflammatory cytokines[60]. A special role in 
hepatocarcinogenesis has also been described for the HBx protein, per the model of transgenic mice 
expressing HBx protein published in 1991[61]. Further research into the role of HBx revealed that this 
protein transactivates binding sites for the transcription factors AP-1 and NF-κB, and it activates the p53 
and β-catenin signaling pathways involved in chromatin remodeling. All these signaling cascades were 
shown to be involved in the development of HCC (recently reviewed by Kanda et al.[62]). As such, HBx 
seems to play an essential role in the transcriptional modulation that contributes to hepatocarcinogenesis[62].

Prevention of HBV-related HCC
In 2016, the WHO, along with other health authorities, launched a campaign for expanding the recognition 
and treatment of HBV with the goal of eliminating viral hepatitis by 2030[63]. A package of high impact 
interventions of high impact was designed, following modeling studies of hepatitis epidemiology, with the 
anticipation of benefits conferred by articulated interventions like sanitation and even mass vaccination 
against HBV of newborns. Indeed, early-in-life infection with HBV is the major risk factor fueling the 
global reservoir of CHB, and it predisposes those individuals to HCC development. In WHO’s vision, 
vaccination of all newborns is linked with the implementation of screening of blood donors and harm 
reduction policies for people who inject drugs (i.e., exchange of sterile syringes and needles coupled with 
opioid substitution therapies)[63]. Strategies to interrupt vertical transmission of HBV through vaccination 
are in place in almost all WHO member countries, yet only 39% of newborns received the HBV vaccine 
globally[64]. By 2015, however, 84% of all infants globally received the vaccine (WHO target for 2020 was 
set at 90%). Over the last few years, the accumulated evidence showed that vaccination had substantially 
contributed to shrinking the burden of HBV by over 30%. In China, campaigns of mass vaccination led 
to a decline of HBsAg carrier state from approximately 90% in the eighties to 1% nowadays. In turn, this 
averted 2.8-3.5 million future HBV-related deaths, of which the majority is associated with HCC[64]. The 
immune prophylaxis against HBV is long-lasting, although multiple long-term studies have demonstrated a 
decline of protective serum anti-HBs levels (10 IU/mL) over time. While 60% of vaccinated people are anti-
HBs serum positive at year 20, more than 95% retain the ability to mount an anamnestic response after a 
challenge dose at that time point[65]. However, to achieve optimal rates of immunization (95%), all neonates 
need to receive their first dose of the HBV vaccine as soon as possible after birth, preferably within 24 h. 
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In contrast, neonates born to HBV-infected mothers should receive the vaccine along with hepatitis B 
immunoglobulins within 12 h[66]. Suboptimal immunoprophylaxis in neonates can occur and is related to 
mothers with positive serum HBeAg or high viral load. Suboptimal immunoprophylaxis can also be due to 
the delivery of less than the recommended three doses of vaccine, an event which occurs in 60% of HBV 
vaccine recipients. In adulthood, failure to achieve 95% immunization rates is mostly seen in persons older 
than 60 years of age and patients with morbidities like cancer, immunosuppression, renal failure, HIV, 
and organ transplantation. Mammalian cell-derived recombinant vaccines incorporating preS1 and preS2 
antigens have shown enhanced immunogenicity and might be used to overcome non-response to second-
generation recombinant vaccines.

While HBV vaccination stands as the only pragmatic approach to prevent mortality from the HDV, a 
recent report from WHO sheds a dark light on the other pillar of the WHO campaign of viral hepatitis 
elimination, being the prolonged treatment of the HBV infected population with NAs. Currently, less than 
10% of all patients chronically infected with HBV have been identified and successfully linked to care with 
anti-HBV antivirals. This constraint might have important consequences as chemoprevention of HCC is 
more likely to be successful when antiviral therapy is started before the development of cirrhosis[67]. The 
advent of a safe, effective, and user-friendly third-generation NAs, such as tenofovir disoproxil fumarate 
and entecavir, overrode the constraints represented by first- and second-generation anti-HBV NAs that 
caused studies to be flawed by referral biases, high rates of treatment failures, and ultimately by suboptimal 
percent suppression of HBV. Collectively, both population and cohort studies that have been carried out in 
both hemispheres of the globe showed that the incidence and mortality of HCC could have been prevented 
in a majority of patients if they received NAs for more than five years[68,69]. Given the differences in patient 
access (entecavir is contraindicated in lamivudine-experienced patients), market distribution, and genetic 
sequences of HBV polymerase targeted by the two NAs, non-randomized studies comparing the HCC 
risk reduction following HBV suppression were unable to conclusively demonstrate the superiority of 
one regimen over the other[70]. Both NAs fail to clear the nuclei of infected hepatocytes from HBV DNA 
sequences integrated into chromosomes and from free viral cccDNA, two events that are known to play 
a role in the neoplastic transformation of the liver in HBV carriers[67]. More recently, both cohort and 
population studies provided some evidence that statins and aspirin may confer protection against HCC in 
HBV carriers. This effect was described to result in their ability to interfere with liver cell metabolism and 
inflammatory processes engaged in cell carcinogenesis. In a cohort of more than 7000 patients with CHB, 
statins were associated with a cumulative dose-response reduction of HCC risk of 74% over an observation 
period of 7 years, after adjustment for important confounders like age, sex, cirrhosis, antiviral therapy, and 
correlates of metabolic syndrome[71]. These observations confirm previous observations and aligned with 
other studies of statins showing potential anticancer activity in other cancer types (i.e., breast, colon, and 
prostate cancer) through inhibition of the downstream products of the mevalonate pathway, which are 
crucial for malignant cell proliferation while inhibiting hepatic fibrogenesis, another significant risk factor 
of HCC[72-74]. Last but not least, statins may also counteract HBV by slowing down cholesterol synthesis 
and HBV replication[75]. In Taiwan, a nationwide cohort study of more than 10,000 patients with CHB 
showed a statistically significant risk reduction of HCC in patients who received daily aspirin compared 
with 1:4 matched controls[76]. Prevention of HCC by aspirin is biologically plausible, considering that this 
drug may prevent the progression of liver disease and liver carcinogenesis through different mechanisms 
involving blockade of platelets, modulation of bioactive lipids, and inhibition of the proinflammatory 
cyclooxygenase-2 enzyme[77-79]. 

HEPATITIS C
While HBV is the most common underlying HCC etiology worldwide, HCV is responsible for most cases 
in Western countries[1]. In patients with a chronic HCV infection, the risk of HCC gradually increases as 
liver fibrosis progresses. Once cirrhosis is established, the annual incidence of HCC is high, at 1% to 7% 
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per year[17]. Overall, it has been established that HCV infected patients have a 15-20 fold increased risk of 
developing HCC compared with HCV negative patients[14,80,81].

Risk factors for HCC in HCV patients
The rate of HCC progression varies greatly among patients with chronic HCV infection, and this is due to 
the existence of a complex interplay between host, viral, and environmental factors. Similar to what was 
described for HBV, the most important risk factor for the development of HCC in patients with a chronic 
HCV infection is the underlying liver disease[82]. Apart from that, several other concurrent risk factors that 
impact the HCC risk in patients with HCV have been identified. To begin, male sex and older age have 
universally been described as independent risk factors for the development of HCC in patients with a 
chronic HCV infection[82-84]. Also, a coinfection with HBV or HIV seems to influence the course of an HCV 
infection. Several studies have demonstrated that coinfection with HIV promotes the progression of fibrosis 
and cirrhosis in patients with HCV, resulting in a significantly increased risk for severe liver disease[85-88]. 
As a result, it is widely accepted that an HIV coinfection in HCV patients also increases the risk of 
HCC compared to HCV mono-infected patients[89]. However, recent data from two prospective French 
cohorts demonstrate that this is no longer the case in the current context of more effective combination 
antiretroviral therapies and increased access to HCV therapy. In this analysis, the 5-year cumulative 
incidence of HCC and liver decompensation did not differ significantly between HIV/HCV coinfected and 
HCV mono-infected patients (8.5% vs. 13.2%, P = 0.12 and 12.8% vs. 15.6%, P = 0.40, respectively)[90]. Also, 
patients with a dual HBV/HCV infection have a higher risk of progression to cirrhosis and decompensated 
liver disease compared to patients with an HCV mono-infection[91,92]. Already in 1998, a meta-analysis of 
more than 30 case-control studies demonstrated a synergistic effect of HCV and HBV on the incidence of 
HCC[14]. This observation was later confirmed by a second, Chinese meta-analysis indicating that a dual 
infection by HBV and HCV was associated with a higher risk of HCC than each infection alone [odds ratio 
(OR) for the development of HCC for coinfected patients: 35.7][13]. Similarly, an Italian study reported a 
yearly HCC incidence of 6.4% in HBV/HCV coinfected patients as compared to 2.0% and 3.7% in HBV 
and HCV mono-infected patients, respectively. At 10-years, this translated into a cumulative HCC rate of 
45%, 16%, and 28%, respectively[93]. For HBV/HCV dual infection, the research data suggest that the HBV 
replication status is the crucial factor affecting the risk for HCC. HCV patients with active HBV replication 
have twice the risk of HCC compared to those with latent HBV and HCV, while the risk in coinfected 
patients with undetectable HBV DNA levels is similar to that of mono-infected HCV patients[83]. As 
discussed in the section on HBV, more research is needed to shed light on the potential effect of OBI on the 
risk for HCC in HCV-infected patients[40]. Intriguingly, certain HCV genotypes seem to be associated with a 
higher risk of HCC, particularly genotype 3 which is associated with an 80% higher risk of HCC compared 
to genotype 1[94], contradicting a previous meta-analysis that associated genotype 1 with a 78% increased 
risk of HCC relative to all other genotypes and a 60% increased risk among patients with cirrhosis[95].

Similar to what was described for HBV, there are significant associations between lifestyle factors and the 
HCC risk in HCV patients. A meta-analysis has shown a significant increase in the relative risk of HCC 
in smokers (relative risk 23) compared to non-smokers (relative risk 7.9) with HCV[24]. Also, alcohol 
consumption was shown to accelerate liver fibrosis in HCV-infected patients, resulting in an increased risk 
for progression to cirrhosis and HCC. In a study evaluating the natural history of liver fibrosis progression 
in 2,235 HCV patients, daily alcohol consumption of at least 50 g resulted in a 34% increase in the rate 
of fibrosis progression[96]. In line with this, a meta-analysis involving more than 15,000 HCV patients 
demonstrated that heavy alcohol intake (210-560 g per week) was associated with a 3.54 relative risk for 
the development of decompensated cirrhosis[97]. A study that specifically looked into the effect of alcohol 
on the development of HCC in HCV patients revealed a 2-fold increase in HCC risk for drinkers of more 
than 60 g per day[98]. Similarly, a case-control study revealed an OR for HCC development of 26.1 in HCV-
carriers with an alcohol intake of 0-40 g/day, rising to 62.6 and 126 among patients drinking a daily dose of 
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41-80 g and more than 80 g per day, respectively[99]. Interestingly, studies have indicated that the synergistic 
effect of alcohol on the HCC risk in HCV patients is not restricted to heavy drinkers and that even light to 
modest alcohol use can promote the development of cirrhosis (and subsequent HCC) in HCV patients[100]. 
In line with this, a study including 192 HCV patients with compensated cirrhosis, reported a 5-year 
cumulative HCC rate of 10.6% among abstainers as compared to 23.8% among HCV patients with a light to 
moderate alcohol consumption (median intake: 15 g/day)[101].

HCV also comes with an increased risk of HCC in patients with DM. A meta-analysis evaluating the 
association between DM and HCC in chronic HCV patients indicated a 2- to 3-fold increased risk[102]. 
Similarly, a population-based cohort study from Taiwan indicated that DM increases the risk of HCC in 
HCV-infected patients (HR = 1.36, 95%CI: 1.16-1.68;)[103]. Finally, NAFLD is a prominent characteristic of 
a chronic HCV infection. In patients with genotype 3 HCV, the presence of NAFLD is directly linked to 
the viral load, and in this setting, the NAFLD is considered to be of viral origin[104]. In contrast, in patients 
with other HCV genotypes, the NAFLD is linked to host factors such as obesity. Studies have consistently 
identified (NAFLD-related) steatosis as an independent factor associated with fibrosis progression in HCV 
patients[105-108]. As such, it is not surprising to see that several studies (both retrospective and prospective) 
have demonstrated that steatosis in HCV patients is also strictly associated with the development of 
HCC[109-113]. An interesting study in this respect demonstrated that American chronic HCV patients were 
found to progress more rapidly to HCC than their counterparts in China, with underlying fatty liver disease 
as the prominent factor fueling this difference[114].

Several prediction models for HCC have been developed for patients with an HCV infection (e.g., HALT-C, 
REVEAL-HCV, and SCOREHCC), but the performances of these scores are suboptimal, and their use and 
validity in clinical practice are limited[115-117].

Carcinogenic mechanisms
In contrast to HBV, HCV is a single-stranded RNA virus with little potential to integrate its genetic 
material into the host. Therefore, HCV must exhibit its tumorigenic potential less directly. The mechanisms 
involved in this process mainly involve two parts: induction of chronic inflammation and the expression 
of viral proteins. HCV-induced HCC development is a multistep process that involves the establishment of 
chronic HCV infection, persistent chronic hepatic inflammation, progressive liver fibrogenesis, initiation of 
neoplastic clones accompanied by irreversible somatic genetic/epigenetic alterations, and progression of the 
malignant clones in a carcinogenic tissue microenvironment[118].

Several proinflammatory cytokines, including TNF-α, IL-1, IL-23, IL-6, and lymphotoxins α and β have 
been implicated in chronic liver inflammation and the development of HCC[119]. Specifically, for HCV-
mediated hepatocarcinogenesis, a high ratio of TNF-α/IL-10 levels has been observed in the sera of patients 
with severe liver damage and HCC[120]. Apart from immunological disturbances, epigenetic processes 
were found to be involved in the development of HCV-related HCC. Like HBV-related HCC, HCV also 
seems to profoundly impact the expression of certain miRNAs[121]. Similar to HBV, miRNA-155 also plays 
a role in the development of HCC in HCV-infected patients. miRNA-155 levels are markedly increased in 
patients infected with HCV, and this overexpression was found to stimulate hepatocyte proliferation and 
tumorigenesis by activating Wnt signaling[122]. Other epigenetic studies have suggested a prominent role for 
noncoding RNAs in the development of HCV-related HCC[123,124].

With respect to the role of HCV-related proteins in the development of liver cancer, the HCV core protein 
and NS5A seem to be of interest[62]. In 1996, the HCV core protein was found to induce a carcinogenic 
phenotype in primary rat embryo through a RAS-mediated mechanism[125]. The HCV core protein was also 
shown to activate the MAPK signaling pathway, upregulate Wnt/β-catenin signaling, suppress apoptosis 
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pathways, and activate TGF-β, PI3K/Akt/mTOR, NF-κB, p53, IL-6/Stat3, and the androgen receptor 
pathways. Through these pathways, the HCV core protein could regulate cell growth, differentiation, 
apoptosis, transcription, and angiogenesis[62,126]. Similarly, NS5A interacts with multiple pro-oncogenic 
pathways, including β-catenin, PI3K/Akt/mTOR, NF-κB, and p53[62,126].

Finally, insulin resistance, commonly observed in patients with HCV, plays a crucial role in the 
development of HCC in HCV patients. Intensive research identified that cross-talk between the HCV core 
protein and molecules regulating insulin signaling might affect HCV-related hepatocarcinogenesis[62].

Prevention of HCV-related HCC
Every year, de novo HCV affects 1.75 million persons, and more than 350,000 people die of HCV-related 
cirrhosis or liver cancer[66,127]. Since new HCV infections outnumber the sum of people who die of end-
stage hepatitis C and those pharmacologically cured, HCV elimination is also a priority of the WHO[63]. 
This goal is achievable because the virus lacks a non-human reservoir, cannot amplify in the environment 
and can be identified with simple and accurate diagnostic tests. At the same time, practical interventions 
can be delivered to interrupt transmission and cure both acute and chronic infections[128]. With an 
articulated package of interventions similar to the one in place for HBV elimination, except for vaccine 
prophylaxis, which is not available, the strategy designed by WHO is expected to provide treatment to 90% 
of all infected individuals by 2030 worldwide[63]. The clinical benefits of HCV elimination are undisputed 
and are already well-established since the ages of interferon therapy for HCV. The treatment strategy is 
also well acknowledged by all international liver societies, which strongly recommend antiviral treatment 
of all HCV infected patients, independent of the severity of the underlying liver disease[129,130]. A sustained 
virologic response (SVR) heralds improvement of portal hypertension and fibrosis progression in patients 
with chronic hepatitis and may reduce HCC incidence and all-cause mortality[130]. Significant HCC 
chemoprevention already surfaced in the interferon studies, where an SVR was found to be associated with 
a relative risk reduction of 74% compared to non-responders[131]. This HCC chemoprevention by SVR was 
further amplified by the advent of safe and effective DAA against HCV. These agents extended the range 
and clinical benefits of antiviral therapy. Also, DAAs can be indicated in patients with decompensated 
liver disease who were either ineligible for treatment with interferon or did not respond to the therapy. 
HCC chemoprevention by DAA was firmly established through the retrospective scrutiny of large cohorts 
of patients in the US, Europe, and Asia. Moreover, this finding was further confirmed by prospective 
population studies. In a Veterans Health Administration cohort, which included more than 20,000 patients 
with advanced liver disease and multiple comorbidities, DAAs reduced the risk of developing HCC by 72% 
compared to non-responders[132]. More recently, an analysis of the Veterans Affair cohorts including more 
than 15,000 HCV patients demonstrated that patients who achieved an SVR after DAA treatment had a 
significantly lower all-cause mortality (78.9% reduction) and a lower HCC incidence (83.5% reduction) 
than those who did not achieve an SVR [Figure 1][133,134]. 

In a prospective population study in Sicily, Italy, the incidence rate of HCC at one year was 2.6% in SVR 
patients compared to 8% in non-responders with a clear cut association between HCC risk and liver 
disease severity[134]. Importantly, these studies had the additional merit of wiping out any doubt about the 
safety of DAA therapy in patients with advanced hepatitis C as they counteracted the initial observations 
of high rates of clinically aggressive de novo HCC after an SVR to DAA that were identified in small groups 
of cirrhotic patients in Spain and Italy[135-137]. Nowadays, it is clear that early occurrence of de novo HCC is 
confined to patients who harbor magnetic resonance imaging (MRI)-undefined liver nodules at the onset 
of DAA therapy and is promoted by the imbalance of field immunity caused by the swift eradication of 
HCV[136]. Early, aggressive recurrence was also a complication of HCV eradication with DAAs in patients 
with a history of HCC[137,138], where antiviral therapy aims to halt the progression of hepatitis C towards 
liver failure and prevent the onset of second primary tumors which result from both direct and indirect 
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carcinogenic damage of hepatocellular DNA fueled by unrested HCV replication[139]. The latter usually takes 
place 1 to 2 years after the cure of a primary HCC (late recurrence), at variance with earlier recurrence that 
is caused by the proliferation of pre-existing cancer cells surviving the removal of the primary tumor, for 
which no effective adjuvant therapy exists. The early recurrence depends on tumor size and cell grading, 
reflecting the cancer cells that invade the tumor vessels and/or to tumor satellites emerging far from 
parental HCC[140], the evidence is mounting that early recurrence of HCC in DAA-treated patients is often 
bound to pre-existing liver nodules with undefined vascular patterns at MRI[138].

In a final note on anti-HCV therapy, it is important to underscore that achieving an SVR to antiviral 
therapy does not tell the whole story. In fact, data from Lens et al.[141] reported in 2017 indicate that 
obtaining an SVR to all-oral anti-HCV therapy in patients with HCV-associated cirrhosis indeed leads to 
decrease in a hepatic venous pressure gradient, but that clinically significant hypertension did persist in 
78% of patients. These patients have a continued risk for liver decompensation, and subsequently, maintain 
a higher risk of HCC[141].

A recent study based on Swedish nationwide registries has demonstrated a significant reduction of HCC 
risk in a population including more than 50,000 HCV infected and 10,000 HBV infected adults. The 
latter had been chronically exposed to low doses of aspirin (HR = 0.69, 95%CI: 0.62-0.76). After adjusting 
for relevant confounding morbidities, chemoprevention of liver cancer was confirmed and found to be 
associated with a similar risk reduction of liver-related mortality[142]. These findings align with studies done 
in HBV patients showing chemoprevention of HBV-related liver cancer following long-term exposure to 
aspirin.

HEPATITIS D
HDV is a small replication-defective RNA virus that relies on HBV to replicate and propagate. Due to 
a lack of dedicated studies assessing the prevalence of HDV, the global disease burden of HDV is likely 
underestimated[143]. In a recently published systematic review and meta-analysis, 650-700 million people 

Figure 1. Reduction in HCC incidence and all-cause mortality in patients with advanced hepatitis C who achieve an SVR to DAA. Data 
from the Veteran Health Administration cohort[133]. HCC: Hepatocellular carcinoma; SVR: sustained virologic response; DAA: direct-
acting antiviral
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have a chronic HBV infection globally, of whom 60-70 million have an HDV coinfection, which is almost 
twice as much as the previous estimate[144]. HDV does not integrate into the genome of hepatocytes, making 
a direct oncogenic mechanism unlikely. However, preliminary data have indicated the potential indirect 
oncogenic effects of this virus. HDV can modify several key signaling pathways with a known role in 
cirrhosis and hepatocarcinogenesis, including the activation of the TGF-β, NF-κB, and JAK-STAT signaling 
pathways[145-147].

Studies comparing HCC incidence between HBV/HDV coinfected and HBV mono-infected patients 
provide better insights on the oncogenic impact of HDV. A critical Eurohep study demonstrated that HBV/
HDV-positive cirrhotic patients followed for a median of 6.6 years had a twofold increase in mortality risk 
compared to patients with HBV-related cirrhosis[148]. Moreover, the estimated risk for HCC was 13% among 
cirrhotic HBV/HDV patients compared to 2%-4% for cirrhotic patients with an HBV mono-infection, 
corresponding to a threefold increase in HCC risk for coinfected patients[148]. Also, a large Swedish 
retrospective cohort study demonstrated a significantly higher risk of HCC for patients with acute (RR = 6.1, 
95%CI: 2.8-11.7) or chronic (RR = 3.9, 95%CI: 1.6-7.2) HDV[149]. Similarly, an American study, including 
2,175 HBV patients, found a 2.9-fold increase in the incidence of HCC in individuals with an HBV/HDV 
coinfection (OR = 2.1, 95%CI: 1.1-3.9)[150]. 

Cohort studies evaluating the HCC incidence among patients with HDV yielded variable results. Among 
299 HDV infected patients who were included in a single-center Italian study (diagnosed between 1987 
and 2006), 46 HCC cases were reported, accounting for an annual rate of 2.8%[151]. Interestingly, the 
authors of this analysis later identified high serum levels of HDV RNA as a predictor of cirrhosis and liver 
cancer in HDV patients[152]. In a large cohort study which included 1,576 HDV patients, the annual HCC 
incidence was slightly lower at 1.9%[153]. The results obtained in other cohort studies with a fewer patients 
were inconsistent and reported an annual HCC incidence among HDV patients of 3%-13%[154-156]. Finally, 
a recent study addressed the HDV-associated mortality in HIV/HBV coinfected patients. HDV infection 
appeared to be strongly associated with overall death (HR = 2.33, 95%CI: 1.41-3.84), liver-related death (HR 
= 7.71, 95%CI: 3.13-18.97), and HCC occurrence (HR = 9.3, 95%CI: 3.03-28.61)[157].

Very recently, a meta-analysis pooling data from 93 studies compared the HCC risk in patients with HBV/
HDV and HBV alone (68 case-control studies with 22,862 patients and 25 cohort studies with 75,427 
patients) was published[5]. Patients with HBV/HDV had a significantly higher HCC risk than patients with 
an HBV mono-infection (pooled OR = 1.28, 95%CI: 1.05-1.57). Of note, this association was particularly 
pronounced in studies with HIV-infected patients (pooled OR = 7.13, 95%CI: 2.83-17.92)[5].

In summary, though most studies evaluating the incidence of HCC in HDV-infected patients have 
provided low-level evidence, data support an association between HDV and the development of HCC. 
Similar to what was described for HBV and HCV, the objective of antiviral treatment in patients with a 
chronic HDV infection is to eliminate HDV and HBV and, as such, prevent the long-term detrimental 
effects of hepatitis D on the liver. Unfortunately, the treatment options for patients with HDV are limited, 
and HDV elimination is not commonly achieved. In fact, 1-year of interferon-α (IFN-α) only induces 
a sustained HDV clearance in 10%-20% of patients[158]. More recently, several studies have evaluated the 
use of pegylated IFN-α in HDV patients. While response rates in these trials were higher than what was 
seen with classical IFN-α, sustained clearance of HDV RNA proved feasible in only about a quarter of 
patients[159-161]. Data on the impact of IFN-α treatment on the natural history of hepatitis D are scarce. In an 
extended follow-up of 36 chronic HDV patients treated with one year of IFN-α found that some patients 
experienced regression of their advanced stage fibrosis, indicating a positive effect on the natural HDV 
disease course[162]. Less favorable data come from the HIDIT trial in which pegylated IFN-α was used 
to treat chronic HDV. In this trial, 58% of patients who were shown to be HDV RNA negative 6 months 
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after therapy experienced a late HDV relapse[163]. Interestingly, these late relapses were not associated with 
clinical complications. This might indicate that a prolonged virologic response to pegylated IFN-α, even if 
not sustained, can be clinically relevant in patients with chronic hepatitis D[163]. 

CONCLUSION
Blood-borne viral hepatitis is a dominant cause of HCC worldwide, and the positive effect of their 
eradication on the risk of developing HCC has been extensively demonstrated even in patients carrying 
significant metabolic comorbidities that predispose them to the neoplastic transformation of the liver. 
Along this line, intriguing data have emerged, suggesting a significant chemoprophylactic activity of liver 
metabolism modifiers such as statins and aspirin. All in all, the implementation of articulated interventions 
of sanitation make reaching the WHO goal of viral elimination more realistic in some small countries 
like Georgia or Iceland, where elimination programs can easily be run, than in large countries where it 
is difficult even to identify hepatitis carriers. Further mitigating our belief of being on the right track for 
global elimination of viral hepatitis was the increasing hesitance against hepatitis B vaccination. In recent 
years, it has amounted to the level of reaching an alarming proportion of 30% in many high-income 
countries. While this could be counteracted by the recent pandemic of 2019 coronavirus disease (shortly, 
COVID-19) that has restored confidence in public health policies based on vaccination, another critical 
point in the fight against viral HCC is the existence of awareness campaigns and screening programs, since 
the first essential step in the viral hepatitis cure pathway is to be aware of the infection. Identification of 
defined risk cohorts, including baby-boomers, people who inject drugs, prisoners, and men who have sex 
with men, improves the cost-effectiveness of screening programs aimed to target infected populations; 
however, determining the infectious status is irrelevant if effective linkage-to-care programs are not in 
place. The availability of generic antivirals can partially overcome the bottleneck represented by the lack of 
resources in low and middle-income countries where HBV and HCV prevail as risk factors for HCC.
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Abstract
This review focuses on emerging abbreviated magnetic resonance imaging (AMRI) surveillance of patients with 
chronic liver disease for hepatocellular carcinoma (HCC). This surveillance strategy has been proposed as a high-
sensitivity alternative to ultrasound for identification of patients with early-stage HCC, particularly in patients with 
cirrhosis or obesity, in whom sonographic visualization of small tumors may be compromised. Three general AMRI 
approaches have been developed and studied in the literature - non-contrast AMRI, dynamic contrast-enhanced 
AMRI, and hepatobiliary phase contrast-enhanced AMRI - each comprising a small number of selected sequences 
specifically tailored for HCC detection. The rationale, general technique, advantages and disadvantages, and 
diagnostic performance of each AMRI approach is explained. Additionally, current gaps in knowledge and future 
directions are discussed. Based on emerging evidence, we cautiously recommend the use of AMRI for HCC 
surveillance in situations where ultrasound is compromised. 
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INTRODUCTION
Imaging-based surveillance for hepatocellular carcinoma (HCC) aims to detect early-stage, potentially 
curable tumors in asymptomatic high-risk patients to prolong life. First introduced about four decades 
ago, it is now an established part of routine clinical care for patients with chronic hepatitis B or cirrhosis 
in many countries across the globe. A randomized controlled trial of over 18,000 people with active or 
chronic hepatitis B showed that semi-annual screening with a combination of ultrasound (US) and serum 
alpha fetoprotein reduced HCC-related mortality by 37%[1]. Based on the above findings, other studies[2,3], 
cost and availability considerations, US is recommended by most national and international hepatology 
societies for HCC surveillance[4-10]. Since surveillance US does not permit a definitive diagnosis of HCC, 
positive surveillance US exams prompt additional diagnostic tests, usually a contrast-enhanced multiphase 
computed tomography (CT) or magnetic resonance imaging (MRI). Patients with negative US exams 
return for routine surveillance US examinations, usually at six-month intervals.

Despite universal recommendation for use of US in HCC surveillance, the efficacy of this modality is 
disappointing. US has low sensitivity for HCC[11,12], in particular for patients with early-stage tumors[12-14], 
ascites, cirrhosis or obesity[15-17]. Meta-analyses indicate that the sensitivity of surveillance US to detect 
small (e.g., ≤ 2 cm) HCCs in patients with cirrhosis is less than 50%, i.e., more than half of patients 
with potentially curable cancers are missed and may progress to advanced, incurable disease before 
diagnosis[14,18,19]. Delayed diagnosis defeats the purpose of surveillance, which aims to detect patients with 
very early- or early-stage HCC[20], allowing for curative therapies[21]. The failure to detect early disease 
contributes to HCC-related mortality[22]. 

A more sensitive surveillance test might improve outcomes in patients at risk for HCC. Compared to 
US, both CT and MRI have superior reported diagnostic sensitivity to identify patients with HCC[16,19], 
including those with early-stage tumors[15], however they also pose challenges as surveillance tools. CT 
requires injection of iodinated intravenous contrast agents, which can cause allergic reactions and possibly 
nephrotoxicity, potentially limiting the use of this modality in certain populations. In addition, CT exposes 
patients to ionizing radiation, an important consideration in younger or middle-aged adults with well-
compensated cirrhosis. Conventional MRI provides higher sensitivity than CT[16,19], but also requires 
administration of intravenous contrast material; moreover, long exam duration, interpretation complexity, 
and high cost hinder its suitability for surveillance.

Motivated to provide higher sensitivity than US while avoiding the limitations of CT and conventional 
MRI, investigators have developed abbreviated MRI (AMRI) protocols that rely on a small number of 
select sequences specifically tailored for HCC detection[12,23-36]. The rationale is that reduced scanner time 
decreases costs and complexity, while improving patient comfort, without significantly compromising 
HCC detection. AMRI also simplifies workflow and possibly interpretation, while utilizing fewer 
resources. Recent studies suggest that AMRI might be a high-sensitivity and feasible alternative to US for 
HCC surveillance, and a recent Markov model-based cost-utility analysis suggested AMRI-based HCC-
surveillance may be the most cost-effective strategy[37]. 

The purpose of this article is to review emerging concepts on AMRI-based HCC surveillance, including 
technical aspects, diagnostic performance, current gaps in knowledge, and future directions.

AMRI: APPROACHES
Three general AMRI approaches have been developed: non-contrast AMRI, dynamic contrast-enhanced 
AMRI, and hepatobiliary phase contrast-enhanced (HBP) AMRI. All can be completed in approximately 
10 min or less of scanner time, considerably less than a complete or conventional MRI exam of the liver, 
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which typically requires half an hour or more. Figure 1 illustrates how a complete MRI exam can be 
disaggregated into each of the three AMRI approaches. The approaches, discussed in detail below, are 
summarized in Table 1 along with their advantages and disadvantages.

NON-CONTRAST AMRI 
Imaging 
The simplest approach to MRI-based HCC surveillance is non-contrast abbreviated MRI (NC-AMRI), 
which implements up to three sequences without administering contrast material: 

T1 weighted in-phase and out-of-phase imaging 
With current MRI systems, T1-weighted in-phase and out-of-phase images of the liver can be acquired in 
a single breath-hold. These images can detect HCC nodules that are either hypointense or hyperintense 
relative to liver, but they generally have low sensitivity for early-stage HCC, which is usually hypointense 
on this sequence. In-phase and out-of-phase (IP/OOP) images can also provide information on fat [Figure 2] 
or iron content, which might be useful for differentiating suspicious from benign lesions. In particular, 
nodules that differ in fat content from background liver (either more fat or less) based on IP/OOP signal 
characteristics signal characteristics or nodules with lower iron content than background liver (iron 
sparing) are suspicious for malignancy. By comparison, nodules with higher iron content (siderotic) are 
usually non-malignant; if only siderotic nodules are detected, the exam is considered negative for HCC.

T2 weighted imaging
The main purpose of including T2 weighted imaging is to help differentiate suspicious from benign lesions. 
Marked T2 hypointensity or marked T2 hyperintensity suggest that a lesion is non-malignant, whereas 

Figure 1. Complete MRI exams (A: HBA MRI; B: ECA) disaggregated into each of the three AMRI approaches (NC-AMRI, HBP AMRI 
and Dynamic AMRI). MRI: magnetic resonance imaging; NC AMRI: non-contrast abbreviated MRI; HBA: hepatobiliary agents; ECA: 
extracellular contrast agents; HBP: hepatobiliary phase

A

B
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mild-to-moderately increased T2 signal, relative to the background liver parenchyma, is more concerning 
for HCC in high-risk patients[38]. T2-weighted imaging may also improve sensitivity by detecting T2-hyper 
intense HCC nodules that are difficult to see for various reasons on the other sequences; the incremental 
benefit is likely to be modest given the relatively low sensitivity of this sequence for small HCC nodules.

Diffusion weighted imaging 
Inclusion of diffusion weighted imaging (DWI) increases sensitivity[39-41] by detecting lesions based on 
restricted diffusion, which is thought to reflect hypercellularity. Some DWI features may also be used to 
help differentiate HCC from non-HCC malignancy, such as intrahepatic cholangiocarcinoma (iCCA), 
which often has a more targetoid appearance[42,43]. The highest b-values have ranged from 500-800 s/mm2 
for NC-AMRI studies.

Table 1. AMRI approaches

Sequences Pros Cons
NC-AMRI T1 weighted in-phase and out-of-

phase 
T2 weighted imaging
Diffusion weighted imaging (DWI)

Cheapest approach
Avoids risk of GBCA
No issues with contrast timing

Relies on unenhanced imaging 
Heavily dependent on DWI imaging, which 
is prone to artifacts in the upper abdomen
HCC may not exhibit restricted diffusion

Dynamic-AMRI Pre-contrast imaging
Arterial phase imaging
Portal venous phase imaging
Delayed phase imaging

Allows definitive diagnosis of HCC
Allows diagnosis of tumor in vein
Cheaper contrast agent options

Inability to detect ancillary features of 
HCC
Risk of miscategorization of vascular 
pseudolesions
Dependence on contrast timing, thus 
repeat imaging requires repeat dose of 
GBCA or repeat exam
Requires power injector

HBP-AMRI Hepatobiliary phase imaging
T2 weighted imaging
DWI (optional)

High contrast-to-noise
Contrast material can be hand injected 
in waiting room
Contrast material is retained in the 
liver for prolonged duration providing a 
long imaging window and allowing all 
sequences to be repeated if necessary
Established scoring system based on 
LI-RADS US

Contrast agent is expensive
Lesions may be obscured by severe 
cirrhosis
Can detect very early HCCs that cannot 
be confirmed with currently available call-
back tests

AMRI: Abbreviated magnetic resonance imaging; GBCA: gadolinium-based contrast agent; HCC: hepatocellular carcinoma; LI-RADS: 
Liver Imaging Reporting and Data System; US: ultrasound; HBP: hepatobiliary phase

Figure 2. Intralesional fat: 80-year-old male with HCV cirrhosis. Images show a 18 mm observation in the left lobe. The lesion has 
ancillary features favoring HCC including mild hyperintense on T2WI (A) as well as intralesional fat in the mass more than adjacent 
liver. The latter is characterized by signal drop from In-phase (B) to Out-of-phase (C) images (arrows). HCV: hepatitis C virus; HCC: 
hepatocellular carcinoma 

A B C
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Reporting 
NC-AMRI exams can be interpreted as positive in the setting of a focal observation meeting any of the 
above described criteria [Figure 3]. A positive examination would warrant a call back diagnostic study to 
provide a definitive diagnosis of HCC. Features that suggest non-HCC malignancy do not affect the need 
for call-back but might guide the radiologist’s choice of modality and contrast agent.

Advantages 
NC-AMRI offers several advantages. By avoiding gadolinium-based contrast agent (GBCA) administration, 
this approach curtails costs, avoids IV placement, saves time, and simplifies workflow. There is no need for 
image acquisition timing, and images compromised by respiratory or other motion artefacts can simply 
be repeated. It also eliminates any GBCA-associated risks, including rare but potentially serious adverse 
reactions[31], theoretical concerns about gadolinium deposition in the brain[44,45], and the remote possibility 
of nephrogenic systemic sclerosis, a disorder unique to patients with acute kidney injury or severely 
compromised renal function receiving high doses of certain GBCAs[46]. 

Disadvantages 
The main disadvantage of NC-AMRI is that it relies exclusively on unenhanced images, which tend to have 
a relatively low contrast to noise ratio, potentially diminishing the visibility of HCC nodules as compared 
to post contrast sequences used in the other AMRI approaches. The inclusion of DWI, a high-contrast 
sequence, can aid in detecting liver lesions[47], thereby improving sensitivity. However, DWI is technically 
challenging and often suffers from a variety of artifacts[48] that can cause blind spots, most often near the 
liver dome or in the left lobe. Many early stage HCCs may not exhibit restricted diffusion relative to liver. 
In addition, HCC may be isointense to liver on T2 weighted imaging[49] or obscured by altered signal in the 
liver parenchyma in the setting of cirrhosis. Such HCCs may be difficult to visualize on NC-AMRI. 

Studies to date 
Several studies have retrospectively assessed the performance of a simulated NC-AMRI (derived by 
extracting only the non-contrasted sequences from a complete MRI), most utilizing all three sequences 
outlined above[23,25,32], and some utilizing DWI alone[34,36] [Table 2]. While these studies found favorable 
sensitivities ranging from 84%-92% on a per-patient basis, sensitivity was 78% on a per-lesion basis in one 
study that used liver explant pathology as the reference standard MC[36]. Most of these were retrospective 
studies in predominantly hepatitis-B population without advanced cirrhosis, enriched with a high 
prevalence of malignancy. Only one study thus far prospectively evaluated the performance of NC-AMRI 
in an HCC surveillance population[34]. Using DWI alone, this study demonstrated a sensitivity of 83% and 
sensitivity of 98%. However, a small number of incident HCCs (n = 6) and low prevalence of Child Pugh 

Figure 3. Positive NC-AMRI examinations: 66-year-old male with HCV cirrhosis. Images show a 14 mm observation in seen in the right 
lobe. While subtle on T2WI (A) and T1WI (B, C), the presence of restricted diffusion (arrow) favors malignancy. HCV: hepatitis C virus; 
NC AMRI: non-contrast abbreviated magnetic resonance imaging
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comparing NC-AMRI to US for HCC surveillance[50], but similar studies will be needed in non-Asian 
populations before this approach can be widely recommended. Ultimately, the performance and clinical 
utility of this approach will be determined mainly by DWI, which provides higher lesion conspicuity than 
the other sequences, thus optimizing this sequence will be essential.

DYNAMIC AMRI 
Imaging 
Dynamic contrast-enhanced AMRI (Dynamic-AMRI), one of two AMRI strategies that utilize GBCAs, 
acquires dynamic contrast enhanced images using T1-weighted images with fat suppression following 
administration of an extracellular contrast agent. The dynamic component refers to images acquired at 
predetermined and successive phases to detect and characterize HCCs based on the vascular alterations of 
hepatocarcinogenesis. These phases include the following:

Pre-contrast imaging 
The pre-contrast images provide a baseline from which all post-contrast images are assessed for contrast 
enhancement. Pre-contrast images also allow detection of intrinsic T1 hyperintense observations, and for 
confirming that any hyperintensity on post contrast images represents true contrast enhancement. With 
modern MRI systems, it is possible to collect IP/OOP images simultaneously with the pre-contrast T1-
weighted images (i.e., no additional acquisition is needed). If such images are acquired, they may permit 
assessment of relative fat or iron content relative to liver, as described for NC-AMRI. 

Arterial phase imaging 
Arterial phase (AP) is the time point after contrast injection at which tumor enhancement via arterial 
inflow is expected to be maximal. This usually occurs when portal veins are moderately to fully enhanced 
but the hepatic veins are not yet enhanced by antegrade flow. Appropriate timing of the AP is essential and 
can be achieved with reasonable consistency using current bolus-tracking technology or other methods[51]. 
This sequence is used to assess arterial phase hyperenhancement (APHE), meaning enhancement greater 
than background liver parenchyma in the AP. Thought to reflect the arterialization of HCC during 
hepatocarcinogenesis, APHE is one of the defining imaging features of HCC and is required for imaging-
based diagnosis in high-risk patients, per Liver Imaging Reporting and Data System (LI-RADS)[9].

Portal venous phase imaging 
Portal venous phase (PVP) is the time point after contrast injection at which the portal veins are fully 
enhanced and the hepatic veins are enhanced by antegrade flow[9], occurring approximately 40 sec after AP 
when the liver is expected to be at its peak enhancement. Portal and hepatic vein anatomy and patency are 
assessed on this phase, including the presence of tumor in vein, which indicates macrovascular invasion. 
Washout appearance and enhancing capsule appearance, other defining imaging features of HCC, may be 
detected if present.

Delayed phase imaging 
Delayed phase (DP) images are usually acquired 2-5 min after injection. Washout appearance and 
enhancing capsule appearance are usually most conspicuous on the DP images. 

Reporting 
Reporting of dynamic-AMRI is based on the major features of HCC as defined by LI-RADS [Figure 4]. An 
exam detecting a mass, meeting criteria for HCC (i.e., LR-5), should be reported as a positive result. The 
reporting and follow-up recommendations for exams showing indeterminate lesions (i.e., LR-3 or LR-4) 
based on Dynamic-AMRI has not been standardized.
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Advantages 
Dynamic-AMRI offers unique advantages. The defining imaging features of HCC (i.e., the LI-RADS major 
features of size, APHE, washout appearance, and enhancing capsule appearance) are determined from 
dynamic imaging. When a liver observation meets the required diagnostic criteria, dynamic AMRI alone 
suffices for definitive diagnosis of HCC per LI-RADS (i.e., LR-5). It also permits the diagnosis of tumor 
in vein (TIV). Additionally, it provides cost benefits, as the contrast agents used in dynamic AMRI are 
typically less expensive than the contrast agent (gadoxetate disodium) required for HBP-AMRI[52]. Some 
investigators have used coronal T2 imaging for localizer sequences, which can aid in characterizing benign 
lesions such as simple cysts and hemangiomas.

Disadvantages 
The disadvantages of dynamic-AMRI relate to the lack of additional non-contrast sequences, which may 
provide ancillary imaging features otherwise not available from the dynamic images[53]. The inability of 
dynamic-AMRI to evaluate these features may cause miscategorization of observations. In particular, 
dynamic-AMRI might over-categorize some vascular pseudolesions (e.g., arterio-portal shunts) as 
indeterminate (LR-3), potentially leading to unnecessarily close follow up. In theory, dynamic-AMRI 
also might under-categorize some early or small HCCs as LR-3, potentially delaying diagnosis, but the 
frequency with which this occurs is thought to be low. HCC detection by dynamic-AMRI depends on the 
timing and quality of arterial-phase imaging, which cannot be repeated if these images are mistimed or 
degraded by motion artifact or other problems. Finally, dynamic-AMRI requires a power injector for bolus 
intravenous administration of GBCA, which may not be available at all facilities and introduces complexity.

Studies to date 
A few studies to date have retrospectively assessed the performance of a simulated dynamic-AMRI (derived 
by extracting only the dynamic sequences from a complete MRI) for HCC detection in patients with 
cirrhosis [Table 2]. These studies have shown that dynamic AMRI is diagnostically similar to complete MRI 
for HCC detection[26,27], with per-patient reported sensitivity and specificity of 94% and 88%, respectively[26]. 
However, these studies were conducted in diagnostic cohorts, in whom complete MRIs were indicated for 
known or clinically suspected liver lesions, which may have caused inflation in the sensitivity estimates. 
Dynamic-AMRI has yet to be tested prospectively in an HCC surveillance population. 

Summary Statement 
Dynamic-AMRI can characterize the defining imaging features of HCC and allows the detection and 
diagnosis of HCCs in a single surveillance exam. The absence of T2 weighted and DWI sequences, however, 
may cause diagnostic uncertainty, particularly for benign vascular pseudolesions, and lead to unnecessary 

Figure 4. Positive dynamic-AMRI examination: 80-year-old male with HCV cirrhosis, images show a 11 mm observation in segment 7. 
The lesion has major features of HCC including nonrim APHE, washout and enhancing capsule (arrows) indicating definite HCC (LI-
RADS-5). AMRI: abbreviated magnetic resonance imaging; HCV: hepatitis C virus; HCC: hepatocellular carcinoma; LI-RADS: Liver 
Imaging Reporting and Data System; APHE: arterial phase hyperenhancement 
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short interval follow-up or call-back. The requirements for a power injector and for precise arterial phase 
timing complicate the workflow compared to other AMRI approaches. HCC detection accuracy for 
dynamic AMRI needs to be validated prospectively in a surveillance patient cohort.

HEPATOBILARY-PHASE AMRI 
Imaging 
HBP contrast-enhanced AMRI (HBP-AMRI), the other AMRI approach that utilizes GBCA, is performed 
after administration of the hepatobiliary agent, gadoxetate disodium. The sequences include:

Hepatobiliary phase imaging 
Acquired about 15-20 min following the administration of gadoxetate, when parenchymal enhancement 
with this agent is expected to be maximal, the hepatobiliary phase T1-weighted images provide high 
contrast-to-noise for lesion detection. In the hepatobiliary phase (HBP masses that are not of benign 
hepatocellular nature (e.g., HCCs and non-HCC malignant neoplasms) are hypointense relative to the high 
signal background liver, creating high liver to lesion contrast and increasing sensitivity. Hepatobiliary phase 
hypointensity is not specific for malignant nodules, however, and can be seen in benign non-hepatocellular 
entities, such as cysts and hemangiomas. Hence, any detected lesion must be correlated on T2-weighted 
imaging. If IP/OOP images are acquired, they may permit assessment of relative fat or iron content relative 
to liver, as described for the other AMRI approaches. 

T2 weighted imaging 
T2 weighted imaging is included to increase specificity. Benign lesions like cysts or hemangiomas have 
high intrinsic T2 signal and can be readily identified, while marked T2 darkness also suggests benignity, 
which helps with reducing unnecessary call-backs. In contrast, HCC tends to be mildly to moderately T2 
hyperintense. 

Optional: DWI 
Similar to NC-AMRI, inclusion of DWI is meant to increase sensitivity for malignancy via a mechanism 
distinct from HBP imaging. Some DWI features may also be used to help differentiate HCC from non-
HCC malignancy, such as intrahepatic cholangiocarcinoma (ICC), as discussed earlier[43].

Reporting 
Reporting of HBP-AMRI is the most developed of all AMRI approaches since HBP-AMRI has been 
implemented in clinical practice in selected centers in the United States. HBP-AMRI reporting mirrors 
that of LI-RADS US surveillance reporting with three outcomes: Positive (suspicious nodules ≥ 1 cm), 
subthreshold (suspicious nodules < 1 cm), and negative (no suspicious nodules)[49]. Positive examinations 
prompt call back for diagnostic MRI or CT. The scoring of HBP-AMRI has been reported previously[31], 
with an example provided in Figure 5.

Advantages 
HBP-AMRI provides several advantages. The core T1-weighted HBP images have high-contrast-to-noise, 
aiding in lesion detection. Importantly, hepatocytes retain gadoxetate for an extended period of time. 
Thus, images can be repeated as necessary. The 20-min delay also allows hand injection of contrast while 
the patient is in the waiting room, which simplifies workflow, reduces the time the patient is on the MRI 
table, thus reducing the examination cost, and diminishes the chance of contrast extravasation. This also 
eliminates the need for a power injector. Finally, HBP-AMRI are reported and interpreted using a simple 
scoring system modeled from LI-RADS US surveillance[54], which many radiologists are already familiar 
with, in theory facilitating implementation.



Page 10 of 16                                        Brunsing et al. Hepatoma Res  2020;6:59  I  http://dx.doi.org/10.20517/2394-5079.2020.50

Disadvantages 
The disadvantages of HBP-AMRI center on the contrast agent used and sequelae from cirrhosis. The 
contrast agent used in HBP-AMRI, gadoxetate, is more expensive than the extracellular agents used for 
dynamic-AMRI, which may counterbalance some of the cost gains from a simplified workflow. Patients 
with advanced cirrhosis may have reduced hepatocyte function, which may limit contrast uptake 
(i.e., reduced liver to lesion contrast), or may have areas of confluent fibrosis, which may reduce the 
accuracy for HCC detection by obscuring tumors (false negatives) or being mistaken for tumors (false 
positives). An additional problem is that HBP-AMRI detects HCC based on a very early alteration during 
hepatocarcinogenesis, namely reduced expression of the OATP transporter, the molecule required for 
uptake of gadoxetate into hepatocytes[55], which occurs prior to neoangiogenesis[56]. This means very early 
HCC may be detected as hypointense lesions on HBP-AMRI even before they exhibit APHE, making them 
impossible to definitively characterize as HCC on call back diagnostic imaging[9,57]. Centers that elect to 

Figure 5. (A) Positive HBP-AMRI examination: 53-year-old male with chronic hepatitis B without cirrhosis. Images show an 8 mm HBP 
defect in segment 4, with mild T2 hyperintensity and restricted diffusion (arrows). On follow-up extra-cellular contrast MRI dynamic 
images (B) the lesion exhibits nonrim arterial phase hyperenhancement and capsule. An HCC was confirmed after lesion resection. 
HBP: hepatobiliary phase; AMRI: abbreviated magnetic resonance imaging; HCC: hepatocellular carcinoma

A

B
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apply HBP-AMRI need to be aware of this potential pitfall and understand that HBP-AMRI will detect 
some patients with HCC precursor nodules prior to overt malignant transformation. Conversely, some 
reports have shown that occasionally HCCs can be iso- or hyperintense on HBP imaging and may be 
mistaken for benign lesions[15,23,40].

Studies to date 
Three studies have retrospectively assessed the performance of a simulated HBP-AMRI (derived from a 
complete MRI with gadoxetate) for HCC detection in patients with cirrhosis or chronic hepatitis B [Table 2], 
the largest of which was a dual center study in a surveillance population[28]. These studies have reported per-
patient sensitivities in the range of 80%-83%, per-patient specificities in the range of 93%-96%, and a per-
lesion sensitivity of 85%. One study evaluated the performance of HBP-AMRI interpreted prospectively in 
an HCC surveillance population, demonstrating a sensitivity of 91% and sensitivity of 99%[31]. In this study, 
20% of patients had Child Pugh B or C cirrhosis with 12 HCC in the cohort. To our knowledge, this study 
and the previously discussed study evaluating DWI alone[34] are the only two studies to date evaluating the 
performance of AMRI interpreted prospectively in the clinical setting. Clinical trials are underway[58].

The financial implications of HBP-AMRI have also been studied. By one estimate, HBP-AMRI screening 
would result in a 30% immediate cost savings relative to complete contrast enhanced-MRI[29]. In another 
estimate, an HCC screening strategy using HBP-AMRI had a favorable incremental cost-effectiveness ratio 
(ICER) ($3,000) per quality-adjusted life year (QALY) gained compared to US, across a wide range of HCC 
incidences[59]. 

Summary statement 
HBP-AMRI, perhaps the most well studied of the AMRI approaches, offers a streamlined workflow with 
simple, established reporting guidelines, the use of high-contrast sequences that can be repeated if needed, 
and preliminary studies demonstrating its cost effectiveness and diagnostic performance in surveillance 
populations. The disadvantages are the potential for reduced accuracy in some patients with advanced 
cirrhosis, the increased cost of the GBCA used for HBP-AMRI compared to dynamic-AMRI, and the 
possibility of detecting very early HCCs that cannot be confirmed with currently available diagnostic 
imaging tests. 

CURRENT ISSUES AND GAPS IN KNOWLEDGE 
Despite the growing body of literature suggesting AMRI offers superior sensitivity in HCC detection to 
that reported for surveillance US, there is insufficient evidence to recommend widespread adoption of 
AMRI by international guidelines. Prospective studies evaluating the performance and cost-effectiveness 
of AMRI versus US in surveillance populations for detecting HCC and prolonging life will be needed to 
inform changes to existing guidelines. Although it may take years for that evidence to be generated, AMRI 
can be of use today. One potential way to integrate AMRI into current practice is to apply it in patients who 
have severe limitations of their US examinations, such as those with an US LI-RADS visualization score 
of C[54], or at the discretion of hepatologists, who might be concerned about the reliability of US imaging 
for patients with markedly heterogeneous liver parenchyma due to underlying cirrhosis or with poor liver 
visualization due to large body habitus, ascites, or other factors. 

Another challenge of implementing AMRI, at least in the United States, is insurance reimbursement. 
The overarching goal of AMRI is to leverage the high sensitivity of MRI in a cost-effective manner. 
Moreover, one of the key elements in evaluating or implementing a surveillance program is the overall 
cost effectiveness of the approach. However, in order to accurately assess the cost-effectiveness of AMRI 
there must be a billing mechanism that appropriately reflects the reduced scanner time and other health-
economic benefits of the shortened protocols. This mechanism currently does not exist in the United States. 
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Objective assessment and wide-spread implementation of AMRI may require the development of new, 
exam-specific billing codes, like what was done for MR Elastography in 2019. Other countries will likely 
have to weigh the efficacy, availability, and relative costs to determine the feasibility of AMRI in practice. 

While increasing sensitivity by using AMRI addresses one of the problems of surveillance US, it does not 
solve the problem of poor compliance with surveillance programs[60]. The reasons for poor compliance 
are complicated and not entirely understood. Contributing factors in the United States may include 
wait times and access to specialists[60]. It is not clear if a surveillance modality that requires intravenous 
contrast and screening like MRI would pose an additional barrier for patient compliance. There is the 
potential that the higher sensitivity of AMRI would allow for less frequent surveillance, perhaps from 
twice a year (the current standard) to only once a year, as has been previously proposed[61]. However, 
increasing the surveillance interval remains a theoretical benefit of AMRI and it is unclear if this would 
improve compliance[62]. The impact of AMRI on surveillance compliance should be included in prospective 
comparative studies.

No study to date has directly compared the different AMRI approaches, and head-to-head studies will be 
needed to determine the optimal approach. It is possible that no one approach will be best in all patients, 
and tailored strategies may be needed. 

FUTURE DIRECTION: MEETING CHALLENGES OF MRI WITH NEW TECHNOLOGY
Existing data suggests that AMRI techniques maintain the high sensitivity of complete MRI examinations, 
however there remains room for improvement and innovation[63]. Human and technical factors can 
contribute to artifacts and undermine image quality, reducing sensitivity for malignancy, especially small 
lesions. MRI is extremely versatile with many ways to collect data during image acquisition and continuous 
development of tools for image reconstruction.

Recent advances[64-70] that allow acquisition of multiple arterial phases in a single breath hold are finding 
their way into clinical practice, increasing the chances of capturing an optimally timed arterial phase, when 
HCC most commonly shows the highest degree of APHE [Figure 6]. 

Motion artifacts commonly degrade liver MRI quality. Free-breathing MRI tools are being developed 
for dynamic post-contrast imaging[71,72], HBP imaging[73,74], and DWI[75-77], as are tools to address cardiac 
motion, which is particularly problematic in the left lobe of the liver[78-81]. 

There is great interest in applying artificial intelligence to improve MRI image quality, image registration, 
and workflow[73,82-84] all of which are active areas of investigation.

Figure 6. MRI multiarterial phase acquisition (Arterial phase 1-5): the multiphase acquisition in a single breath hold allows capturing 
the optimally timed arterial phase for HCC detection (in this example, arterial phase 5). A 8 mm observation with nonrim APHE is 
seen in segment 6, confirmed as a suspicious observation due to restricted diffusion (arrows). MRI: magnetic resonance imaging; HCC: 
hepatocellular carcinoma; APHE: arterial phase hyperenhancement; DWI: diffusion weighted imaging
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KEY POINTS 
There are three variations of AMRI for HCC surveillance (non-contrast, dynamic, and hepatobiliary), each 
offering unique advantages.

There is a growing body of literature suggesting the sensitivity of AMRI may be higher than US, however 
existing data does not yet support widespread adoption of AMRI-based HCC surveillance by international 
guidelines.

Current utilization of AMRI should focus on patients in whom US-based HCC surveillance is compromised.

Clinical trials directly comparing AMRI to US for HCC surveillance in high-risk populations are underway.

Continued evolution of MRI technology is expected to increase the robustness of AMRI for HCC detection.

RECOMMENDATION
We cautiously recommend AMRI in situations where US is compromised. With regard to the exact 
approach - NC-AMRI, Dynamic-AMRI, or HBP-AMRI - all are reasonable. There is not yet sufficient 
evidence to recommend one approach over another. Hence, we leave protocol selection to the individual 
radiologist, referrer, and institution, considering patient preferences.
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Abstract
Hepatocellular carcinoma (HCC) is a poor prognosis tumor when not accessible to potentially curative treatments 
such as surgical resection, thermal ablations or liver transplantation. Systemic cytotoxic chemotherapies have 
shown inconsistent clinical benefit. In 2007, sorafenib, a tyrosine kinase inhibitor (TKI), was the first systemic 
therapy able to significantly improve the outcome of HCC patients non-eligible for curative or loco-regional 
therapies, despite a modest tolerance and low tumor objective response rate (ORR). Among the newer TKIs 
approved after 2017, lenvatinib was the first to show a striking ORR and demonstrate non-inferiority vs. sorafenib 
in the first-line setting. Furthermore, phase 3 trials showed the benefit of other TKIs, regorafenib and cabozantinib, 
and the anti-angiogenic ramucirumab monoclonal antibody, in systemic second-line therapy. Immune checkpoint 
inhibitors targeting PD1, achieved striking tumor shrinkage in some patients in monotherapy, seeming to be 
associated with exciting outcomes. Unfortunately, this occurred in too few patients to improve the median overall 
survival. More recently, the combination of anti-angiogenic drugs targeting the liver microenvironment with PD-1/
PD-L1 inhibitors, such as the combination of bevacizumab and atezolizumab, proved to be substantially effective 
in phase 3, and other combinations of PD-1/PD-L1 and CTLA-4 inhibitors or TKIs have raised a lot of hopes for the 
systemic treatment of HCC. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a poor prognosis tumor ranking fourth as the leading cause of cancer 
death worldwide, with about 841,000 new cases and 782,000 deaths annually inventoried in 2018[1]. 
Due to the frequently silent clinical character and the low sensitivity of currently available diagnostic 
biomarkers, HCC is commonly diagnosed at an advanced stage when curative treatments, i.e., surgical 
resection, ablations, and liver transplantation, or radiologic palliative loco-regional therapies are not 
feasible. Thus, these patients are eligible for systemic strategies[2]. Until 2007, treatment options for 
advanced HCC were lacking. No systemic cytotoxic chemotherapies, including new compounds loaded 
onto nanoparticles[3], have ever shown to significantly improve overall survival (OS) of HCC patients. 
Similarly, hormonotherapy and somatostatin analogs have failed to definitely benefit OS[2]. The approval in 
2007 of the first oral tyrosine kinase inhibitor (TKI) and antiangiogenic agent (AAA), sorafenib, and the 
more recent development of other TKIs and immune checkpoint inhibitors (ICIs) as well, have completely 
revolutionized the therapeutic paradigm for HCC. The perspectives for advanced HCC patients have 
changed from palliative short-term mortality towards long-term survival expectations. Several drugs are 
now available, and in this review, we will compare their efficacy with respect to OS and other surrogate 
endpoints as well, keeping in mind that they are still controversial and their pertinence must be carefully 
discussed. We will only focus on data emerging from positive phase 3 trials, and from those phase 1b/2 
studies that led to an early US-FDA approval. 

EFFICACY OF DRUGS: ENDPOINTS OF CLINICAL TRIALS
Clinical trials in HCC have been originally designed according to conventional biostatistical rules applied 
in oncology trials[4], following the traditional linear model of cancer drug development in which drug 
activity assessment occurs in randomized confirmatory phase 2 and 3 clinical trials with OS as the most 
important endpoint for demonstrating clinical benefit. Nevertheless, OS has some disadvantages such as 
the requirement for long follow-up time, the need for a high number of patients and the possibility to be 
affected by sequential therapies administrated after tumor progression. The need to achieve a more rapid 
development of new targeted antitumor agents led to the adoption of innovative clinical trial designs 
and the identification of surrogate endpoints of survival such as progression-free survival (PFS), time to 
progression (TTP) and objective response rate (ORR).

Objective response rate 
ORR directly reflects the treatment antitumor activity and is usually defined as the sum of complete (CR) 
and partial response (PR) rates. In HCC, ORR is measured according to Recist (Response Evaluation 
Criteria In Solid Tumors) version and/or liver modified-Recist (mRecist) criteria[5]. ORR has been 
considered to be the primary endpoint for phase 2 studies dealing with local ablations or loco-regional 
therapies studies in HCC where this endpoint is consistently associated with OS[6]. Whereas with the 
introduction of molecularly targeted treatments with TKIs, reliance on ORR needs to be reconsidered 
because clinically significant survival advantages are reported despite faint ORRs. Of course, long-lasting 
stable disease with the absence of progression is a beneficial characteristic, as death due to progression 
would not occur. In contrast, ORR has shown to be a potentially promising endpoint to obtain clinical 
benefit from some systemic drugs and in particular ICIs in HCC[7,8]. 

Although Recist 1.1 and mRecist criteria can both be used to assess ORR in HCC, Recist 1.1 remains the 
gold-standard in phase 3 trials with systemic therapies. Of course, it is quite simple to apply Recist 1.1 after 
liver resection or transplantation. In contrast, local thermoablations or loco-regional intra-arterial therapies 
induce tumor necrosis, and thus, Recist 1.1 is not appropriate any more since it is unable to capture such 
an effect since relying on size reduction and ignoring necrosis. That is the reason why the EASL introduced 
criteria including the use of absence of contrast uptake in dynamic imaging to register response[9], 
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which corresponds to mRecist criteria. If Recist 1.1 can miss the initial antitumor effect on HCC such as 
devascularization, no study has definitely demonstrated its correlation with OS. Antiangiogenic agents may 
prompt a variable degree of vascular shutdown - i.e., sorafenib, regorafenib, cabozantinib, ramucirumab - 
and have marginal impact in terms of response as per Recist 1.1[10-14]. 

Further, another issue comes from the inter-observer variability in tumor response assessment per Recist 1.1 
and mRecist for HCC. However, although it remains poorly known and warrants prospective assessment, it 
is possible that concordance is good between operators with expertise in liver imaging and lower with non-
specifically trained operator, independently of the response criteria[15]. 

As detailed in Table 1, in ORR assessed by Recist 1.1, atezolizumab/bevacizumab[16] and nivolumab/
ipilumumab[8] combinations displayed the best ORR (27% and 32%, respectively), followed by lenvatinib/
TKI (18.8%)[11], ICI monotherapy with pembrolizumab (17%-18.3%)[17,18] and nivolumab (15%-19%)[19,20], 
and at a disappointing lower level all the remaining TKIs such as sorafenib (2%-6.5%)[10,11], regorafenib (7%)[12] 
and cabozantinib (4%)[13], and finally the monoclonal antibody ramucirumab (5%)[14]. These data suggest 
that these latter drugs have mostly a tumor-static rather than tumoricidal activity by comparison to the 

Led to 
committee 

approval

Systemic 
line

ORR (%)
(95%CI)

Median duration of 
response in months 

(95%CI)
DCR (%) First author

(TRIAL)

Sorafenib
(vs . placebo)

US-FDA, EMA 1L IRF Recist 1.1
2%

ND IRF Recist 1.1
71%

Llovet et al .[10]

(Ph 3, SHARP)
Lenvatinib
(vs . sorafenib)

US-FDA, EMA 1L IRF Recist 1.1
18.8% (15.3-22.3)
vs .6.5% (4.3-8.7)
IRF mRecist
40.6% (36.2-44)
vs .12.4% (9.4-15.4)

ND IRF Recist 1.1
72.8% (68.8-76.8) vs . 
59.0% (54.6-63.5)
IRF mRecist
73.8% (69.9-77.8) vs . 
58.4% (54.0-62.8)

Kudo et al .[11]

(Ph 3, REFLECT)

Regorafenib
(vs . placebo)

US-FDA, EMA 2L Per investigator 
Recist 1.1
7% 

Per investigator 
mRecist
3.5 (1.9-4.5)

Per investigator Recist 
1.1
66%

Bruix et al .[12]

(Ph 3, RESORCE)

Cabozantinib
(vs . placebo)

US-FDA, EMA 2L or 3L Per investigator 
Recist 1.1
4%

ND Per investigator Recist 
1.1
64%

Abou-Alfa et al .[13]

(Ph 3, CELESTIAL)

Ramucirumab
(vs . placebo)

US-FDA, EMA 2L Per investigator 
Recist 1.1
5%

Per investigator Recist 
1.1 
at 6 months
59.9%

ND Zhu et al .[14]

(Ph 3, REACH-2)

Nivolumab US-FDA 1L or 2L Per investigator 
Recist 1.1
19%

Per investigator Recist 
1.1
9.9 months (8.3-NE)

Per investigator Recist 
1.1
64%

El-Khoueiry et al .[19]

(Ph 1/2, 
CheckMate-040, dose-
expansion phase)

Nivolumab
(vs . sorafenib)

- 1L IRF Recist 1.1
15%

IRF Recist 1.1
23.3 (3.1-34.5+) vs . 
23.4 (1.9+-28.7+)

IRF Recist 1.1
55% vs . 55%

Yau et al .[20]

(Ph 3, CheckMate-459)

Pembrolizumab US-FDA 2L IRF mRecist
17% (11-26)

IRF mRecist
NR (3.1-14.6+)

IRF mRecist
61%

Zhu et al .[17]

(Ph 2, KEYNOTE-224)
Pembrolizumab
(vs . placebo)

- 2L IRF Recist 1.1
18.3% (14-23.4)

IRF Recist 1.1
13.8 (1.5+-23.6+)

IRF Recist 1.1
62.2%

Finn et al .[18]

(Ph 3, KEYNOTE-240)
Atezolizumab 
+ bevacizumab
(vs . sorafenib)

Ongoing for 
US-FDA and 
EMA

1L IRF Recist 1.1 
27% (23-33)
IRF mRecist
33% (28-39)

IRF Recist 1.1
NR
IRF mRecist
NR

IRF Recist 1.1 
74%
IRF mRecist
72%

Finn et al .[16]

(Ph 3, IMbrave150)

Nivolumab 
+ ipilimumab

US-FDA 2L IRF Recist 1.1 
32%

IRF Recist 1.1 
17.5 (4.6-30.5+)

IRF Recist 1.1 
50%

Yau et al .[8]

(Ph 1/2 CheckMate-040, 
Arm A)

Table 1. Objective response rate per Recist 1.1 and/or mRecist

US-FDA: American Federal Drug Administration; EMA: European Medicines Agency; NR: not reached; NE: not estimable; ND: not 
determined; ORR: objective response rate; CR: complete response; PR: partial response; SD: stable disease; DCR: disease control rates: 
CR+PR+SD; IRF: independent review facility; First (1L), second (2L) or third (3L) systemic therapeutic line; Ph: phase
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former. In those, comprising atezolizumab/bevacizumab[16] and nivolumab/ipilimumab[8] combinations, 
durations of response were long-lasting (median not reached and 17.5 months, respectively) as well as with 
ICI monotherapies (median 23.3 months with nivolumab[20], 13.8 months with pembrolizumab[18]), and 
unfortunately not determined with lenvatinib[11]. 

ORR might be a surrogate endpoint of drug efficacy in some cases. In phase 1/2 trials with ICIs, ORR by 
Recist 1.1 seemed to deeply correlate with OS of patients treated either with nivolumab monotherapy[7] 
or with the nivolumab/ipilimumab combination[8]. In both cases, tumor responders (CR + PR) had the 
best OS [median non-reached (NE-NE) for both cases]. Patients in progression disease (PD) did not 
seem to have any benefit on OS by comparison to well known patients randomized in the placebo arms 
in controlled trials [8.9 months (7.3-13.4) and 8.3 months (6.6-10.8), respectively]. Intermediately, stable 
diseases (SD) had better but not striking data [16.7 (13.8-20.2) and 14.5 (8.4-29.6), respectively]. However, 
it has not been assessed so far in the atezolizumab/bevacizumab phase 3 trial[16] or other kind of ICI plus 
AAA combination in phase 1/2 studies, whether ORR has the same predictive value on the outcome of 
HCC patients. Furthermore, no data on the field are available regarding the correlation between ORR by 
mRecist and OS of HCC patients treated with ICIs.

These observations do not seem so evident with TKIs, which have the disadvantage of resulting in very 
low levels of ORR except for lenvatinib[11]. ORR (and TTP) have been suggested as potential surrogate 
endpoints for OS in advanced HCC with brivanib[21,22], and seemed to be confirmed with sorafenib and 
lenvatinib in REFLECT[11,23]. However, a weak correlation was reported between ORR, TTP/PFS and OS in 
SHARP with sorafenib[10], and with regorafenib in RESORCE[12,24]. In this later study, since ORR was rather 
low either by Recist 1.1 (2%) or mRecist (10%), a bootstrap approach was applied to simulate 10,000 trials 
of patients with advanced HCC from RESORCE (n = 573), and the mean simulated results were calculated. 
A Pearson correlation was calculated between estimated median OS and estimated ORR for regorafenib 
and placebo arms separately. The Pearson correlation of log-rank test statistics was calculated comparing 
regorafenib and placebo. The Pearson correlation of log-rank test statistics comparing the two arms for 
OS was used and the Cochran-Mantel-Haenszel test statistic used to compare the two treatment arms for 
ORR. Finally, a weak correlation between median OS and ORR was found for regorafenib and placebo 
in RESORCE, indicating that mRecist/Recist 1.1 ORR may not be a reliable surrogate endpoint for OS in 
patients with advanced HCC. The same observation was found for TTP in this study. 

In summary, ORR could be as a good surrogate marker for OS in HCC patients under lenvatinib or ICI 
therapy, which give high levels of ORR, whereas it is more complex, debatable and doubtful for drugs 
with low level of ORR such as sorafenib and regorafenib, keeping in mind that this research has not been 
performed so far for cabozantinib and ramucirumab. 

Progression-free survivals and/or time to radiologic progression 
In HCC, progression-free survival (PFS) is frequently used in phase 2 trials. PFS is a composite endpoint 
that includes: (1) radiologic progression as defined by Recist 1.1 or mRecist; and (2) death due to tumor 
progression or the terminal natural history of the underlying chronic liver disease. In general, regulatory 
agencies prefer PFS to TTP for drug approval because the former endpoint may be better correlated with 
OS[25]. However, in HCC, PFS might not be reliable because death resulting from the natural history 
of cirrhosis might confound the detection of potential benefits from effective drugs. The risk of bias in 
detection of potential benefits from effective antitumor drugs due to death related to liver failure despite 
a relevant antitumor response can be avoided using restrictive inclusion criteria for evaluation of liver 
function[25]. 

Time to radiologic progression (TTP), on the other hand, is a pure radiologic endpoint[26], and requires 
repeated radiologic measurements to capture relevant differences between groups that can be missed if the 
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intervals between measurements are too long. Symmetric assessment should be ensured between treatment 
arms. TTP can be recommended as the main time-to-event endpoint to capture possible antitumor 
benefits in phase 2 trials testing systemic therapies in HCC because it is less vulnerable (only progression is 
captured) than composite endpoints. However, TTP has been measured less commonly than PFS in HCC 
phase 3 studies.

In the present review, PFS has been assessed in 7 out of 8 phase 3 studies, and TTP in only 4 of them [Table 2]. 
When both were available, a close correlation existed between PFS and TTP, thus suggesting that the 
drugs tested in those trials were not toxic enough to engender death independently of tumor radiologic 
progression. Taking into account PFS only, atezolizumab/bevacizumab combination clearly gave the best 
PFS (6.8 months)[16] as well as lenvatinib (7.3 months)[11], although comparison of PFS between trials should 

PFS in months (95%CI) TTP in months (95%CI) Authors (Trial)
Sorafenib
vs . placebo

ND IRF Recist 1.1
5.5 vs . 2.8; 
HR = 0.58, 95% CI: 0.45-0.74; P  < 
0.001

Llovet et al .[10]

(Ph 3, SHARP)

Lenvatinib
vs . sorafenib

IRF Recist 1.1
7.3 vs . 3.6 
HR = 0.65, 95% CI: 0.56-0.77; P  < 
0.0001
IRF mRecist
7.3 vs . 3.6 
HR = 0.64, 95% CI: 0.55-0.75; P  < 
0.0001

IRF Recist 1.1
7.4 vs . 3.7 
HR = 0.61, 95% CI: 0.51-0.72; 
P<0.0001
IRF mRecist
7.4 vs . 3.7 
HR = 0.60, 95% CI: 0.51-0.71; P  < 
0.0001

Kudo et al .[11]

(Ph 3, REFLECT)

Regorafenib
vs . placebo

Per investigator Recist 1.1
3.4 vs . 1.5
HR = 0.43, 95%CI: 0.35-0.52; P  < 
0.0001

Per investigator mRecist
3.1 vs . 1.5
HR = 0.46, 95% CI: 0.37-0.56; P  < 
0.0001

Per investigator Recist 1.1
3.9 vs . 1.5
HR = 0.41, 95%CI: 0.34-0.51; P  < 
0.0001

Per investigator mRecist
3.2 vs . 1.5
HR = 0.44, 95% CI: 0.36-0.55; P  < 
0.0001

Bruix et al .[12]

(Ph 3, RESORCE)

Cabozantinib
vs . placebo

Per investigator Recist 1.1
5.2 vs . 1.9
HR = 0.44, 95%CI: 0.36-0.52; P  < 
0.001

ND Abou-Alfa et al .[13]

(Ph 3, CELESTIAL)

Ramucirumab 
vs . placebo

Per investigator Recist 1.1
2.8 vs . 1.5
HR = 0.57, 95%CI: 0.47-0.69; P  < 
0.0001

ND Zhu et al .[14]

(Ph 3, REACH-2)

Nivolumab Per investigator Recist 1.1
4.0 (2.9-5.4)

ND El-Khoueiry et al .[19]

(Ph 1/2, CheckMate-040, dose-
expansion phase)

Nivolumab
vs . sorafenib

Per investigator Recist 1.1
3.7 vs . 3.8
HR = 0.93, 95%CI: 0.79-1.10

ND Yau et al .[20]

(Ph 3, CheckMate-459)

Pembrolizumab IRF mRecist
4.9 (3.4-7.2)

IRF mRecist
4.9 (3.9-8.0)

Zhu et al .[17]

(Ph 2, KEYNOTE-224)
Pembrolizumab
vs . placebo

IRF Recist 1.1
3.0 vs . 2.8
HR = 0.72, 95%CI: 0.57-0.90; P  = 
0.0022

IRF Recist 1.1
3.8 vs . 2.8
HR = 0.69, 95%CI: 0.54-0.87; P  = 
0.0011

Finn et al .[18]

(Ph 3, KEYNOTE-240)

Atezolizumab 
+ bevacizumab
vs . sorafenib

IRF Recist 1.1 
6.8 vs . 4.3
HR = 0.59, 95%CI: 0.47-0.76; P  < 
0.0001

ND Finn et al .[16]

(Ph 3, IMbrave150)

Nivolumab 
+ ipilimumab

ND ND Yau et al .[8]

(Ph 1/2 CheckMate-040, Arm A)

Table 2. Median PFS and/or TTP following Recist 1.1 and/or mRecist 

PFS: progression-free survival; TTP: time to radiologic progression; IRF: independent review facility; ND: not determined
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be done with considerable cautioun. However, the long duration of tumor response under atezolizumab/
bevacizumab combination as discussed above in “ORR” paragraph, was clearly of huge importance to 
impact on the long median OS (not reached)[16], whereas the quite similar PFS under lenvatinib was 
associated with a much lower OS (13.6 months)[11]. Unfortunately, the duration of response under lenvatinib 
has not been assessed, although it is likely shorter than under ICIs and similar to those of other TKIs [Table 1], 
for instance 3.5 months with regorafenib[12]. This difference in OS cannot be explained by the disease 
control rate (DCR by Recist 1.1) since very similar in both trials (74% for atezolizumab/bevacizumab[16] vs. 
72.8% for lenvatinib[11]) [Table 1]. 

PFS by Recist 1.1 for monotherapies of ICI gave values around 4 months (3.0-4.9)[17-20], quite similar to 
those of TKIs such as sorafenib (3.6 months)[11] and regorafenib (3.4 months)[12]. PFS seems to be better 
with cabozantinib (5.2 months)[13], but worse with ramucirumab (2.8 months)[14], which supported a poor 
prognosis subpopulation. When available, TTP was in accordance with PFS. It is important to underline 
that ICI monotherapy responders have a long duration of response [Table 1], but the number of responders 
was too low in the trials to have a significant impact on median PFS or median TTP, and finally on median 
OS. Differences on PFS/TTP/OS cannot be explained by different DCRs [Table 1] since they were quite the 
same between ICI and TKI schedules: atezolizumab/bevacizumab (74%)[16], nivolumab/ipililumab (50%)[8], 
nivolumab (55%-64%)[19,20], pembrolizumab (61%-62.2%)[17,18], lenvatinib (72.8%)[11], sorafenib (59-71%)[10,11], 
regorafenib (66%)[12], and cabozantinib (64%)[13]. 

Overall survival 
Overall survival (OS), defined as the time from randomization to death, is a direct measure of clinical 
benefit to a patient and the gold standard primary endpoint to evaluate the outcome in oncologic clinical 
trials. OS is easily measured, unambiguous, objective, not subjected to researcher bias and it is used by the 
international authorities worldwide for cancer drug approval. OS is the primary endpoint recommended 
for all phase 3 studies in HCC. When selecting endpoints in HCC clinical trials, it must be also considered 
that OS is impacted by liver failure due to both the end stage natural history of underlying chronic liver 
disease and the HCC loco-regional spread, which in turn promotes liver failure and leads to death. Thus, 
if the treatment aims to reduce HCC-related death (i.e., the endpoint is cancer-related death), but the 
competing mortality from progressive liver failure is high in both the active treatment and in the control 
arms, the risk ratio will be reduced and the required sample size increases. Thus, phase 3 studies in HCC 
require a larger sample size to include competing risk analysis and assess cancer-related deaths as compared 
to OS evaluation. 

In the present review, regarding OS [Table 3] and taking into account potential confounding factors that 
may influence the median OS, atezolizumab/bevacizumab therapy has not reached median OS so far 
taking into account that the median follow-up is only 17 months[16], the nivolumab/ipilimumab combination 
(22 months)[8], nivolumab (16.4 months)[20], pembrolizumab (12.9-13.9 months)[17,18], lenvatinib (13.6 months)[11], 
sorafenib (10.7 months)[10], regorafenib (10.6 months)[12] and cabozantinib (10.2 months)[13], while worse 
with ramucirumab (8.5 months) due to the poor prognosis assessed subpopulation[14]. The 1L or 2L design 
of the trials does not impact much the spontaneous OS of patients since in the placebo arms of randomized 
controlled trials, median OS is quite the same in 1L or 2L for HCC patients eligible for systemic therapies 
with ECOG PS status 0-1 and Child-Pugh A liver functions. Indeed, OS of placebo arms seems similar in 
1L phase 3 trials (7.9 months in SHARP[10], 8.5 months in SEARCH[27]) by comparison to 2L/3L phase 3 trials 
(7.9 months in RESORCE[12], 8 months in CELESTIAL[13], 10.6 months in KEYNOTE-240[18], 8.2 months 
in BRISK-PS[21], 7.3 months in EVOLVE-1[28], 7.6 months in REACH[29], and 9.1 months in METIV-
HCC[30]).

The control arm and subsequent therapies administered after trial withdrawal are of prominent importance. 
Indeed, OS in HCC randomized controlled trials depends on the target population, the parameters assessed 
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and reported in the trial, the stratification before randomization in both the active and the control arms. 
For most HCC trials, the study population is composed of approximately 80% BCLC-C and 20% BCLC-B 
HCCs, with a good general status (PS ECOG 0-1) and conserved liver functions (Child-Pugh A). A critical 
element that can substantially affect the interpretation of trial results is whether patients are allowed to 
receive medications or undergo procedures potentially active against HCC after trial withdrawal. 

As far as control arms are considered, the SHARP trial[10] still represents a paradigm since patients were 
treated in both arms up to symptomatic progression, and patients could not be treated by other active drugs 
after radiologic progression since such drugs were not existing [Table 3]. Thus, in SHARP, OS of the control 
arm (composed of placebo only or subsequent inactive drugs against HCC) was 7.9 months, and sorafenib 

Table 3. Median overall survival 

OS in months 
(95%CI) Subsequent systemic therapy after trial withdrawal Authors

(Trial)
Sorafenib
vs . placebo

10.7 vs . 7.9
HR = 0.69, 95%CI: 0.55-0.87; P  < 
0.001

Absence of active drug against HCC Llovet et al .[10]

(SHARP)

Lenvatinib
vs . sorafenib

13.6 vs . 12.3
HR = 0.92, 95%CI: 0.79-1.06; 
meeting criteria for non-inferiority

32.6% (sorafenib 25%; investigational therapy)
vs . 
38.7% (sorafenib 12%; investigational therapy)

Kudo et al .[11]

(Ph 3, REFLECT)

Regorafenib
vs . placebo

10.6 vs . 7.8
HR = 0.63, 95%CI: 0.50-0.79; P  < 
0.0001

ND Bruix et al .[12]

(Ph 3, RESORCE)

Cabozantinib
vs . placebo

10.2 vs . 8.0
HR = 0.76, 95%CI: 0.63-0.92; P  = 
0.005

25% [anti-PD1/PD-L1 5%; TKI (sorafenib, lenvatinib, 
regorafenib) 6.5%; systemic chemotherapy 12%; 
investigational agents 6%]
vs .
30% [anti-PD1/PD-L1 6%; TKI (sorafenib, lenvatinib, 
regorafenib) 3%; systemic chemotherapy 17%; 
investigational agents 7%]

Abou-Alfa et al .[13]

(Ph 3, CELESTIAL)

Ramucirumab
vs . placebo

8.1 vs . 5.0
HR = 0.69, 95%CI: 0.57-0.84; P  = 
0.0002

26.9% [immunotherapy 6.6%; TKI (regorafenib, 
sorafenib, cabozantinib, BLU-554, lenvatinib) 13.7%; 
systemic chemotherapy 11.2%; investigational drug 
2.5%; other 0.5%]
vs .
28.4% [immunotherapy 6.3%; TKI (regorafenib, 
sorafenib, cabozantinib, BLU-554, lenvatinib) 6.3%; 
systemic chemotherapy 15.8%; investigational drug 
2.1%; other 1.1%]

Zhu et al .[14]

(Ph 3, REACH-2)

Nivolumab NR ND El-Khoueiry et al .[19]

(Ph 1/2, CheckMate-040, 
dose-expansion phase)

Nivolumab
vs . sorafenib

16.4 vs . 14.7
HR = 0.85, 95%CI: 0.72-1.02; P  = 
0.0752

49% (ICI 2%; TKI 36%; systemic chemotherapy 4%; 
investigational agent 3%; other 1%)
vs . 
53% (ICI 20%; TKI 23%; systemic chemotherapy 
7%; investigational agent 11%; other 1%)

Yau et al .[20]

(Ph 3, CheckMate-459)

Pembrolizumab 12.9 
(95%CI: 9.7-15.5)

ND Zhu et al .[17]

(Ph 2, KEYNOTE-224)
Pembrolizumab
vs . placebo

13.9 vs . 10.6
HR = 0.78, 95%CI: 0.61-0.99; P  = 
0.0238

41.7% [approved anticancer medication 31.7%: ICI 
6.8%, others (lenvatinib, regorafenib, ramucirumab) 
31.7%]
vs . 
47.4% [approved anticancer medication 31.9%, ICI 
10.4%, others (lenvatinib, regorafenib, ramucirumab) 
31.9%]

Finn et al .[18]

(Ph 3, KEYNOTE-240)

Atezolizumab 
+ bevacizumab
vs . sorafenib

NR vs . 13.2
HR = 0.58, 95%CI: 0.42-0.79; 
P  = 0.0006

ND Finn et al .[16]

(Ph 3, IMbrave150)

Nivolumab 
+ ipilimumab

22.8
(95%CI: 9.4-NE)

ND Yau et al .[8]

(Ph 1/2 CheckMate-040, 
Arm A)

OS: overall survival; NR: not reached; NE: not evaluable; ND: not determined; TKI: tyrosine kinase inhibitor; ICI: immune checkpoint 
inhibitor
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increased OS vs. placebo with a hazard ratio (HR) of 0.69 (95%CI: 0.55-0.87, P < 0.0001)[10]. REFLECT 
was a head-to-head comparison of lenvatinib and sorafenib, within a non-inferiority trial[11], but after trial 
withdrawal, 33% and 39% of patients received potentially active medications against HCC, likely one of the 
reasons why the OS of sorafenib improved from SHARP (10.7 months) conducted a couple of years before 
2008[10], towards REFLECT (12.3 months) conducted 10 years later[11] [Table 3]. In the other 1L systemic 
therapies with control arm, the same comments can arise from CheckMate-459 comparing nivolumab to 
sorafenib[20]. It was an open label trial, and at radiologic progression, patients were withdrawn and received 
potentially active subsequent medications [Table 3]. That explains, at least in part, the high OS value in 
the sorafenib arm (14.7 months), that maybe led to conceal the benefit of nivolumab (OS 16.4 months) 
vs. sorafenib (HR 0.85 [95%CI: 0.72-1.02]; P = 0.0752)[20]. The same conclusions can be drawn from the 
IMBrave150 trial[16] [Table 3] where OS under sorafenib was surprisingly high at 13.2 months, and the 
atezolizumab/bevacizumab combination increased OS (not reached) vs. sorafenib (13.2 months) with HR 
of 0.58 (95%CI 0.42-0.79, P < 0.0006)[16], the efficacy of the atezolizumab/bevacizumab combination being 
high enough to prevent any concealing by the overestimated value of OS in the sorafenib arm. 

However, operator experience acquired over time is also likely a relevant factor that has a 
greater impact on OS in the sorafenib arms
In 2L setting, all control arms were placebo arms, also debatable due to post-withdrawal medications [Table 3]. 
In spite of the overestimated values of OS in placebo arms in 2L, regorafenib increased OS with HR of 0.63 
(95%CI: 0.50-0.79, P < 0.0001)[12], cabozantinib improved OS with HR of 0.76 (95% CI 0.63-0.92, P < 0.005)[13], 
and ramucirumab improved OS with HR of 0.71 (95%CI: 0.53-0.95, P = 0.0199)[14]. In the KEYNOTE-240 
phase 3 study, the trial did not meet the statistical criteria for either of the dual endpoints (OS and PFS) 
although pembrolizumab improved OS over placebo with HR of 0.78 (95% CI 0.61-0.99, P = 0.0238)[18], but 
the placebo arm showed abnormally high OS value of 10.6 months, in part due to post-withdrawal trial 
medication [Table 3]. 

CONCLUSION
For more than a decade, huge improvements have arisen in the systemic strategy of HCC therapy. The 
coming 1L will associate atezolizumab and bevacizumab. Of course, a lot a work remains to be done to 
improve this combination and find some strategies overwhelming primary or secondary resistances. Results 
are soon expected from other 1L combinations in phase 3: pembrolizumab/lenvatinib (NCT03713593), 
atezolizumab/cabozantinib (NCT03755791), durvalumab/tremelimumab (NCT03298451), and nivolumab/
ipilimumab (NCT 04039607). At the moment, there is also an urgent need for prospective controlled trials 
to identify the best TKI therapy following progression under any ICI combination schedule. Sorafenib and 
lenvatinib were the two possible 1L. Will they remain the gold standard after ICI combination schedule 
failure? If yes, the subsequent TKIs after their own failure would likely remain regorafenib, cabozantinib or 
ramucirumab, if not used in the prior ICI combination schedules of 1L. Only randomized controlled trials 
will guide the future ways of research and draw the future therapeutic algorithms to improve more and 
more the treatment of HCC. 
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Abstract
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors worldwide and is associated 
with poor clinical prognosis, which is mainly caused by tumor recurrence and metastasis. Circulating tumor cells 
(CTCs) are tumor cells shed into the bloodstream and regarded as the “seeds” of tumor recurrent or metastatic 
lesions. Over the past decade, the clinical value of CTC analysis has been extensively explored. CTC analysis is 
a representative form of liquid biopsy, offering a novel solution that can bypass the problems of invasive biopsy 
procedures, enabling comprehensive, non-invasive, and real-time disease monitoring. In HCC, CTC analysis has 
facilitated early detection and prognosis prediction, as well as treatment monitoring and therapeutic intervention 
guiding. In this review, we summarize available literature and provide an overview of CTC biology, detection 
technologies, and clinical applications in the diagnosis, prognosis prediction, and personalized treatment of HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most prevalent malignancy worldwide and is currently 
listed as the fourth leading cause of cancer-related death[1]. HCC is a highly aggressive neoplasm; distant 
organ metastasis can occur at a very early stage[2]. Thus, early detection of HCC is of great importance 
in the management of HCC. Surgical resection or liver transplantation remains the primary therapy for 
HCC patients. However, only approximately 20%-30% of patients are eligible for surgical intervention 
at the time of the first diagnosis, most patients have already reached an advanced cancer stage[3]. The 
5-year survival rate of HCC with Barcelona Clinic Liver Cancer (BCLC) stage 0-A treated with curative 
therapeutic modalities is 40%-70%, but the median overall survival (OS) for patients with BCLC stage B-C 
is only 11-20 months[4]. Even after curative resection, the five-year cumulative recurrence rate is 50%-70%, 
which results in the unsatisfactory long-term outcomes of HCC patients[5,6]. Currently, early detection or 
monitoring HCC recurrence mainly relies on imaging examinations and serum tumor biomarkers such as 
alpha-fetoprotein (AFP); however, their diagnostic sensitivity is limited and often fails to foresee the tumor 
metastatic potential[7,8]. Therefore, there is an unmet need for reliable biomarkers for early HCC detection 
and tumor recurrence monitoring.

In recent years, various “liquid biopsy” techniques have emerged and shown significant promise as novel 
biomarkers for HCC. Liquid biopsy represents a modality of collecting bodily fluids instead of solid tissue 
for pathophysiological or sequencing analysis. Liquid biopsy offers a solution that can bypass the problems 
of invasive biopsy procedures, enabling repeated and real-time disease status monitoring[9]. Circulating 
tumor cells (CTCs) and circulating tumor DNA are two of the most widely studied biomarkers in liquid 
biopsy[10]. CTCs are the cells that derive from the primary or metastatic lesions and migrate into circulation 
and are regarded as the “seeds” of tumor metastasis[11]. CTCs represent a unique liquid biopsy form that 
is different from any of the existing cancer biomarkers, as they are a sampling of the patient’s live tumor 
cells, carrying comprehensive biological information of the primary tumor, including genomic mutations, 
cancer subtypes, and drug sensitivity[12]. CTC research has flourished over the past decade, spanning fields 
including CTC detection, identification of prognostic significance, and evaluation for treatment response 
and disease surveillance[13,14]. 

In the context of HCC, excellent progress has been made using CTCs as blood-based biomarkers[9,14,15]. 
Herein, to gain comprehensive insight into the role of CTCs in HCC, this review article provides an 
overview of their biology, detection technologies, and clinical significance in HCC.

OVERVIEW OF CTC BIOLOGY
To date, the definition of CTC from CellSearchTM system is considered as the current standard: a CTC is an 
intact nucleated epithelial cell, expressing epithelial cell adhesion molecule (EpCAM) and/or cytokeratin 
8, 18, and 19, and negative for the leukocyte-biomarker CD45[16]. EpCAM+ CTCs were also identified as a 
stem cell-like subpopulation in HCC, with a highly invasive and metastatic capacity[17]. 

Thousands of tumor cells are shed into the bloodstream everyday[18]; however, most CTCs are eliminated 
in the bloodstream by shear stress, immune attack, and anoikis[11,19]. Only a small number of viable and 
highly metastatic subpopulations of CTCs could eventually survive and develop into metastatic lesions[20-22]. 
However, the biological mechanism of how CTCs survive the bloodstream and home to distant organs 
remains largely unknown. CTCs may undergo several adaptations to survive in a hostile environment. 
A recent study used in vivo genome-wide CRISPR to screen and identify a subset of CTCs with the 
deregulation of ribosomal protein expression and translation. This CTC subset was significantly associated 
with enhanced metastatic capabilities and poor clinical outcome[23]. Meanwhile, one of the key biological 
events is epithelial-to-mesenchymal transition (EMT), during which CTCs downregulate epithelial 
markers such as E-cadherin and gain mesenchymal markers, thus acquiring increased ability to invade the 
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adjacent tissues and survive the environmental stress[24-26]. Recently, Sun et al.[27] compared EMT-features of 
CTCs isolated from different vascular sites of HCC patients prior to resection, including peripheral vein, 
peripheral artery, hepatic veins, infrahepatic inferior vena cava, and portal vein. Single-cell transcriptional 
characterization demonstrated that CTCs were initially epithelial phenotype at release, but they switched 
to EMT-activated phenotype during hematogenous transit via Smad2- and b-catenin-related signaling 
pathways. They suggested such heterogeneous EMT status during the CTC transition may be the result of 
shear stress in circulation. Nevertheless, while the loss of E-cadherin increased invasion, it also reduced 
cancer cell proliferation and survival of CTCs in multiple models of breast cancer, indicating the complex 
phenotypic plasticity of CTCs in EMT status[28,29]. 

In addition, CTCs may aggregate to form CTC clusters [also referred to as CTC microemboli (CTM)] 
and travel together in circulation, with or without fibroblasts, leukocytes, endothelial cells, or platelets, 
which possess significantly higher invasiveness and increased survival ability compared to individual 
CTCs[30]. Notably, clusters of circulating tumor cells (CTCs) possessed an up to 50 times greater metastatic 
potential compared with single CTCs[31]. CTC clusters have been identified in many cancer types including 
HCC; these clinical studies confirmed that CTC clusters are a much stronger prognostic factor for cancer 
metastasis than single CTCs[27,32-34]. A recent study comprehensively profiled the DNA methylation 
landscape of single CTCs and CTC clusters from breast cancer patients and mouse models, and the results 
revealed that binding sites for stemness- and proliferation-associated transcription factors were specifically 
hypomethylated in CTC clusters, thus promoting the stemness and metastasis of CTC clusters[35]. Szczerba et al.[36] 
identified a specific of CTC-neutrophil cluster in circulation and further confirmed this interaction drove 
cell cycle progression within the bloodstream and expanded the metastatic potential of CTCs. Targeting 
this interaction may be rational in treating cancer metastasis. Additionally, the formation of CTC clusters 
can induce a hypoxic environment that drives hypoxia-inducible factor 1-alpha-mediated mitophagy, 
clearing damaged mitochondria, and limiting reactive oxygen species. Such a metabolic switch may support 
the survival and metastatic spread of CTCs in circulation[37]. Although the specific mechanism driving CTC 
cluster formation remains unclear, it is currently considered that CTC clusters arise from oligoclonal tumor 
cell groupings from the primary tumor or intra-vascular aggregation of single CTCs in circulation[31,38]. A 
recent study has proposed that CTC cluster formation was a dynamic event rather than grouped migration 
derived from the primary tumor by their multi-vascular sampling, in which CTM displayed an “aggregated-
apart-aggregated” pattern during the circulatory pathway. They hypothesized that single CTCs might 
aggregate spontaneously in blood vessels against the unfavorable microenvironment in the bloodstream[27]. 
Characterization of the mechanism that determines the cluster formation may identify viable therapeutic 
targets for inhibiting metastasis.

CTC DETECTION TECHNOLOGY
CTCs are extremely rare and surrounded by numerous blood cells in the bloodstream, thus CTCs are 
generally required to be firstly enriched from blood samples[39]. Reliable CTC enrichment technologies 
are essential to the downstream comprehensive CTC analysis. Many different technologies have been 
developed for CTC detection in the past years, and they can be classified into two categories based on 
whether they make use of the physical or biological properties of the target cells [Table 1][40]. However, 
most of these technologies for CTC capture and downstream analyses are designed for scientific research, 
requiring multiple batch-process steps and having relatively limited throughput. The price of CTC analysis 
is still on the high side (it generally costs hundreds of dollars per patient). A standardized and easy-to-use 
platform that facilities integrated CTC analysis is still needed.

Immunoaffinity-based method
The immunoaffinity-based method for CTC detection relies on the tumor-specific antibodies against cell 
surface markers, including EpCAM, human epidermal growth factor receptor (EGFR)2, prostate-specific 
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Platform Enrichment method Phenotypic Markers Study cohort Blood 
volume

CTC
positive rate Ref.

Immunoaffinity-based method
CellSearch 
platform

Immunomagnetic EpCAM, CK8/18/19 964 metastatic 
carcinomas, 199 NLD, and 
145 HD

7.5 mL 36.0%
(≥ 2 CTCs)

[16]

Flow cytometric 
analysis

Immunomagnetic CD90 34 HCC, 19 LC, and 19 HD 10 mL 91.2% [44]

Flow cytometric 
analysis

Flow cytometry ICAM-1 60 HCC NA 50.0% [46]

ASGPR sorting Immunomagnetic ASGPR, Hep Par 1 85 HCC, 37 NLD, 20 HD, 
and 14 patients with other 
advanced cancers

5 mL 81.0% [67]

ASGPR sorting Density gradient 
centrifugation and 
Immunomagnetic

ASGPR, pan-cytokeratin, 
CPS1

27 HCC patients 5 mL 89.0% [68]

Glypican-3 
sorting

Density gradient 
centrifugation and 
Immunomagnetic

Glypican-3 85 HCC patients 8 mL 38.8%
(≥ 5 CTCs)

[69]

NanoVelcro CTC 
assay

Microfluidic device ASGPR, glypican-3, 
EpCAM, vimentin

61 HCC, 11 NLD, and 8 HD 4 mL 97.0% [70]

Biophysical properties-based method

qRT-PCR-based 
platform

Density gradient 
centrifugation and Ficoll-
Paque

AFP (mRNA) 44 HCC, and 7 HD 5 mL 72.7% [39]

qRT-PCR-based 
platform

Density gradient 
centrifugation and Ficoll-
Paque

Cytokeratin 20 (mRNA) 65 patients with colorectal 
cancer

10 mL 41.4% [50]

qRT-PCR-based 
platform

Density gradient 
centrifugation and 
OncoQuick

Cytokeratin 20 (mRNA) 37 patients with 
gastrointestinal tumors

10 mL 30.0% [51]

ISET platform Microfiltration AFP (mRNA) 37 HCC 15 mL 42.9% [54]
ISET platform Microfiltration AFP 44 patients with primary 

liver cancer, 30 patients 
with chronic active 
hepatitis, 39 LC, and 38 
HD

6 mL 52.3% [55]

ScreenCell 
platform

Microfiltration Cytokeratins NA NA NA [56]

CTC-Chip Microfluidic device EpCAM 116 patients with 
metastatic cancer

1 mL 99.0% [58]

HB-Chip Microfluidic device EpCAM 15 patients with 
metastatic cancer

1 mL 93.0% [59]

CTC-iChip Microfluidic device Cytokeratins NA 8 mL 97.0% [60]
Cluster-Chip Microfluidic device Cytokeratins, Ki67 27 patients with breast 

cancer, 20 patients with 
melanoma, and 13 patients 
with prostate cancer

1 mL 30%-40% [61]

qRT-PCR-based 
platform

Density gradient 
centrifugation and 
RosetteSep Human CD45 
Depletion Cocktail

EpCAM (mRNA) 299 HCC, and 120 HD 5 mL 41.2% [71]

digital PCR-based 
platform

Microfluidic device and 
immunomagnetic

10 liver-specific 
transcripts (mRNA)

16 HCC, and 31 NLD 4 mL 56.0% [72]

CanPatrol 
platform

Microfiltration EpCAM, CK8/18/19, 
vimentin, twist (mRNA)

33 HCC, and 10 HD 5 mL NA [73]

Labyrinth 
microfluidic 
device

Microfluidic device Glypican-3, Glutamine 
Synthetase, HepPar-1, 
CD44

42 HCC 10 mL 88.1% [74]

Table 1. Overview of CTC detection technology

CTC: circulating tumor cells; EpCAM: epithelial cell adhesion molecule; CK: cytokeratin; NLD: non-malignant liver disease; HD: healthy 
donor; HCC: hepatocellular carcinoma; LC: liver cirrhosis; ASGPR: asialoglycoprotein receptor; CPS1: carbamoyl phosphate synthetase 1; 
qRT-PCR: quantitative reverse transcription polymerase chain reaction; AFP: alpha-fetoprotein
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antigen, and so on[41]. EpCAM is the most frequently used antigen in CTC recognition, as the only FDA-
approved semi-automated CTC detection device, CellSearchTM system, is based on the expression of surface 
EpCAM. CellSearchTM system utilizes anti-EpCAM-coated magnetic beads for CTC sorting in 7.5 mL 
of blood, and the extracted CTCs are then fixed, stained by antibodies against EpCAM and cytokeratin, 
and counted. EpCAM and cytokeratin also have been regarded as a clinical standard in CTC labeling 
among other markers[16,42]. CellSearchTM system can retain morphological and immunological characters 
of isolated cells, thus allowing the following fluorescence-based assays. However, CellSearchTM system is 
incompatible with direct downstream single-cell molecular analysis since these cells have been fixed, which 
limits their clinical utility in CTC-based comprehensive analysis[43]. Fluorescence-activated cell sorting is 
another widely used CTC detecting method that combines conventional flow cytometry technique and 
immunoaffinity sorting, while this strategy is limited by the makers’ selection[44-46]. 

Biophysical properties-based method
The biophysical property-based enrichment utilizes various physical properties including density, size, 
shape, inertia, and electrical property of CTCs to distinguish them from other blood cells[47]. These 
so-called “label-free” methods are gaining increasing attention, as they avoid cell loss when choosing 
specific antigens targeting CTCs. In addition, unlabeled CTCs are generally compatible with a variety of 
downstream analyses[48].

Among these strategies, density-based gradient centrifugation is the most commonly used method, 
which utilizes the differences in specific densities CTCs to separate the target tumor cells and blood 
cells[49]; this is also a common pre-processing step integrated with many methods for CTC detection. 
Ficoll-PaqueTM is a cell separation medium used for the isolation of CTCs in patients with various types 
of cancer, including liver cancer and colorectal cancer[39,50]. OncoquickTM has made improvements in the 
centrifuge tubes that combines filtration and centrifugation and has superior CTC recovery rate and less 
blood cell contamination[51]. RossetteSepTM CTC enrichment cocktail is as an example of label-free CTC 
enrichment, where a mixture of antibodies is used to target and cross-link unwanted blood cells to form 
immunorosettes, and then density gradient centrifugation is performed to deplete the unwanted cells[52,53]. 

Another common method that utilizes the biophysical properties of CTC is size-based filtration. The 
diameter of tumor cells is generally larger than blood cells, and CTCs would be retained in the filter, 
while smaller blood cells pass through. Isolation by size of epithelial tumor cells (ISET) was developed as 
a microfilter to isolate tumor cells by a polycarbonate membrane with calibrated pores[54]. ISETTM system 
can visualize and count CTCs and CTC clusters in blood samples obtained from HCC patients[55]. More 
recently, ScreenCellTM device was developed as an advanced microfilter to isolate viable CTCs with a 
high recovery rate. Immunocytochemistry assays for CTCs can be performed directly on the filter[56]. To 
conclude, the filtration method is one of the simplest and most widely studied methods for capturing CTCs. 
However, this method is limited by its low specificity that the products may be contaminated by other cells 
owing to natural variation in size of leukocytes, and small CTCs may be lost during the filtration[34].

Alternatively, microfluidic techniques are now increasingly being exploited in CTC isolation, which allows 
for precise control of fluids in a small volume and rapid sample processing at relatively low cost and high 
sensitivity[57]. Microfluidic platforms enable on-chip CTC isolation, identification, and even culturing. 
The first microfluidic device named “CTC-chip” was developed to capture rare CTCs in 2007, which 
successfully identified CTCs in the peripheral blood of patients with metastatic lung, prostate, pancreatic, 
breast, and colon cancer[58]. In 2010, an improved herringbone-chip was developed. The herringbone-
shaped grooves of this chip can generate a microvortex when blood is pumped, which enhances the contact 
between the chip surface and tumor cell. Its clinical utility was demonstrated in specimens from patients 
with prostate cancer[59]. Another novel CTC-iChip platform utilizes the distinct differences between cancer 
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cells and blood cells in size and deformability, reaching a 97% yield of rare tumor cells[60]. The Cluster-
Chip is a unique 3D microfiltration system, designed specifically to capture CTC clusters[61]. One obvious 
advantage of microfluidic chip is that it can isolate CTCs from whole blood in a high-throughput fashion 
without complicated initial preparation step, thus decreasing the possibility of destruction and loss of 
CTCs[62].

Technology developed for detecting CTC in HCC 
CTCs in patients with HCC are a highly heterogeneous population; currently, there are no widely accepted 
antigens specifically targeting HCC CTCs[27,63]. Although CellSearchTM system is commonly used in CTC 
detection, it is reported that the EpCAM-based CTC-sorting strategy could only identify approximately 
10%-35% of the total amount of tumor cells in blood due to the EMT process and heterogeneous CTC 
molecular phenotypes[64,65]. Thus, a clinically relevant subset of CTCs may be missed by singular epithelial 
markers-based sorting strategies[29,66]. Some research groups have broadened target epitopes to include 
alternative candidates specific to hepatocytes. For example, Xu et al.[67] developed a novel CTC enumeration 
system for HCC by taking advantage of a “biotin and anti-biotin antibody” combination, in which 
circulating HCC cells were bound by biotinylated asialofetuin, an asialoglycoprotein receptor (ASGPR) 
ligand and subsequently magnetically labeled by anti-biotin antibody-coated magnetic beads, followed by 
magnetic separation. This system was able to detect CTCs in 69 out of 85 (81%) HCC patients. The same 
group used an anti-ASGPR antibody instead of ASGPR ligand with successful CTC detection in 89% of 
HCC patients[68]. Glypican-3 (GPC3) is an oncofetal heparan sulfate proteoglycan that is currently used as 
a pathologic biomarker for HCC diagnosis. It can also be used for the detection of HCC-specific CTCs[69]. 
Recently, the novel NanoVelcro CTC assay uses an antibody cocktail targeting the cell-surface markers 
ASGPR, GPC3, and EpCAM to detect CTCs. It has been showed that multi-marker capture detected 
greater numbers of CTCs than any individual antibody alone in both cell line and HCC patient samples[70].

“Label-free” strategies have also exhibited great utilities in HCC CTC enrichment. RosetteSepTM and 
quantitative reverse transcription-polymerase chain reaction (qRT-PCR) were combined for the optimized 
CTC detection in HCC patients, yielding a 41.2% positive rate of EpCAMmRNA+ CTCs[71]. Kalinich et al.[72] 
integrated a microfluidic chip device and RNA-based digital PCR to detect molecular signatures derived 
from HCC CTCs. Using the identified 10 liver-specific transcripts, 9 out of 16 (56%) untreated HCC 
cases had detectable CTCs. The CanPatrolTM CTC analysis platform used a two-step technique including 
microfiltration and subsequent RNA in situ hybridization (ISH) assay, to characterize epithelial (EpCAM 
and cytokeratin 8/9/19) and mesenchymal (Vimentin and Twist) markers of CTCs from patients with 
HCC[73]. Wan et al.[74] used a labyrinth microfluidic device to detect CTCs in patients with HCC. They 
showed that 71.4% of the HCC patients had CTCs positive for cancer stem cell marker CD44, while 55% of 
the patients had the presence of CTM, which was correlated with advanced HCC stage.

EARLY DETECTION AND PREDICTION OF TUMOR PROGRESSION IN HCC
Research focusing on clinical implications of CTCs in HCC patients has flourished over the past decade. 
CTCs have shown great potential for the early diagnosis and prognostication of HCC patients[14]. The 
clinical applications of CTC detection in patients with HCC are summarized in Table 2.

Currently, EpCAM+ CTCs have been extensively investigated in HCC, as immunoaffinity-based CTC 
enrichment techniques such as CellSearchTM have been widely used to capture EpCAM+ CTCs. In 2013, 
Sun et al.[17] used CellSearchTM to detect EpCAM+ CTCs in HCC patients undergoing tumor resection. 
They found that 66.7% of HCC patients had detectable EpCAM+ CTCs preoperatively; moreover, EpCAM+ 
CTCs ≥ 2 per 7.5 mL of blood was the strongest predictor of HCC recurrence. The prognostic value of 
CTCs was retained in patient subgroups with minor recurrence risk by traditional evaluation. They also 
found that CTC numbers were significantly correlated to the systemic immune-inflammation index 
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Year Techniques/
Platform Model Objective Main findings

Quality of 
the evidence 

(GRADE)
Ref. 

2011 Flow 
cytometric 
analysis

82 HCC patients Prognostic significance of 
stem cell-like CTCs in HCC 
undergoing liver resection

Circulating cancer stem cells > 0.01% 
predicted post-hepatectomy HCC 
recurrence with high accuracy

●●○○
Low

[86]

2012 In vivo  flow 
cytometry

HCC orthotopic 
metastatic tumor 
model (mouse)

Monitor CTC dynamics in 
vivo

The number of CTCs and early 
metastases rates decreased significantly 
after the resection of primary tumor

●○○○
Very Low

[99]

2013 CellSearch 123 HCC patients Prognostic significance of 
CTCs in HCC undergoing 
liver resection

A preoperative EpCAM CTCs ≥ 2/7.5 
mL of blood was an independent 
prognostic factor for tumor recurrence; 
such prognostic value retained in patient 
subgroups; a significant decrease of 
CTC-positive rates and numbers was 
observed 1 month after resection

●●●○
Moderate

[17]

2013 CellSearch 59 HCC patients Prognostic significance of 
CTCs in HCC undergoing 
liver resection

Presence of EpCAM-positive CTC 
was associated with intermediate or 
advanced HCC stage and worse OS

●●○○
Low

[77]

2013 Flow 
cytometric 
analysis

60 HCC patients Prognostic significance of 
stem cell-like CTCs in HCC 
undergoing liver resection

Increased numbers of ICAM-1(+) cells 
in blood samples of HCC patients 
correlated with worse clinical outcomes

●●○○
Low

[46]

2013 ASGPR 
sorting

60 HCC patients Relationship between 
the EMT status of CTCs 
and HCC metastasis and 
prognosis after surgical 
resection

Twist and Vimentin expression levels 
in CTCs could serve as promising 
biomarkers for evaluating metastasis 
and prognosis in HCC

●●○○
Low

[87]

2014 qRT-PCR-
based 
platform

299 HCC patients Diagnostic value of CTC; 
Clinical significance of 
CTCs in patients treated 
with surgical resection, 
TACE and radiotherapy

Negative enrichment and qRT-PCR-
based platform can effectively detect 
CTCs; the platform might be clinically 
useful in auxiliary diagnosis, treatment 
response assessment, and early decision 
making of antitumor strategies for HCC

●●●○
Moderate

[71]

2015 CellSearch 20 HCC patients Prognostic significance of 
CTCs and CTC-based DNA 
signature

CTC detection was associated with 
elevated AFP, vascular invasion, and 
poor prognostic factors; sequencing 
of CTC DNA identified known HCC 
mutations

●○○○
Very Low

[78]

2015 In vivo  flow 
cytometry

HCC orthotopic 
metastatic tumor 
model (mouse)

Monitor CTC dynamics 
following sorafenib 
treatment in vivo

CTCs can be a biomarker in predicting 
disease progression and monitoring 
therapeutic efficacy in HCC

●○○○
Very Low

[107]

2016 qRT-PCR-
based 
platform

49 HCC patients Prognostic significance 
of CTCs and T regulatory 
cell in the prediction of 
postoperative recurrence

Combination of EpCAM CTC and T 
regulatory/CD4(+) cell may be a novel 
prognostic predictor for HCC patients

●○○○
Very Low

[83]

2016 CanPatrol 
platform

33 HCC patients Diagnostic value of CTCs of 
EMT phenotypes in HCC; 
relationship between the 
EMT process of CTCs and 
HCC

Epithelial-mesenchymal-mixed CTCs 
might be a vital factor for intrahepatic 
metastasis, and mesenchymal CTCs 
predicated extrahepatic metastasis in 
HCC

●○○○
Very Low

[73]

2016 qRT-PCR-
based 
platform

72 HCC patients Dynamic monitoring of 
CTC counts after surgical 
resection

Increased AFP mRNA(+) CTCs can be a 
predictor for HCC metastasis before and 
after hepatectomy

●●○○
Low

[101]

2016 Density 
gradient 
centrifugation

59 HCC patients Determining pERK and 
pAkt expressions in CTCs 
isolated from HCC patients

pERK+/pAkt- CTCs were the 
most sensitive to sorafenib and an 
independent predictive factor of PFS in 
HCC patients treated with sorafenib

●●○○
Low

[109]

2016 Microfluidic 
device and 
ASGPR 
sorting

36 HCC patients Isolation of viable CTCs of 
HCC for their culture and 
drug sensitivity assays

The device can accurately enumerate 
CTCs and release viable CTCs for in 
vitro culture and further functional 
assays

●○○○
Very Low

[110]

2017 CellSearch 61 HCC patients Prognostic significance of 
CTCs in HCC undergoing 
liver resection

Detection of CTC prior to curative-
intended liver resection disclosed an 
elevated risk of HCC recurrence

●●○○
Low

[80]

2017 CanPatrol 
platform

195 HCC patients EMT phenotypes of CTCs in 
the early diagnosis of HCC 
metastasis and progression 
after surgical resection

CTCs count and EMT classification 
are correlated with clinical stages and 
metastasis of HCC

●●○○
Low

[88]

Table 2. Applications of CTC detection in HCC
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2018 CellSearch 73 HCC patients Spatial heterogeneity of 
phenotypic and molecular 
characteristics of CTCs

Multi-vascular measurement of 
CTCs facilitates precise prediction of 
postoperative relapse or metastasis 
pattern; profound spatial heterogeneity 
in cellular distribution and biological 
features of CTCs during circulation

●●●○
Moderate

[27]

2018 CellSearch 139 HCC patients Prognostic significance of 
CTCs and effect of liver 
resection on CTCs

Both CTC detection incidence and mean 
CTC counts increased postoperatively; 
increased postoperative CTC numbers 
were associated with a worse prognosis

●●○○
Low

[79]

2018 CellSearch 97 HCC patients Prognostic significance of 
CTCs in predicting survival 
outcomes of patients with 
unresectable HCC treated 
with TACE

High EpCAM-positive CTC count 
predicts poor survival of patients 
with unresectable HCC treated with 
chemoembolization

●●○○
Low

[81]

2018 qRT-PCR-
based 
platform

445 HCC patients Clinical value of CTCs with 
stem-like phenotypes for 
diagnosis, prognosis, and 
surveillance in HBV-related 
HCC

CTC panel may be a useful tool in HCC 
diagnosis, risk prediction, and treatment 
response monitoring

●●●○
Moderate

[63]

2018 CanPatrol 
platform

165 HCC patients Prognostic significance of 
EMT phenotypes of CTCs 
after surgical resection

Presence of mesenchymal CTCs 
predicted the shortest relapse-free 
survival

●●●○
Moderate

[89]

2018 CanPatrol 
platform

80 HCC patients Relationship between 
expression of Twist in 
CTCs and HCC clinical 
parameters

Twist+ CTCs were closely correlated with 
the rate of metastasis or recurrence and 
the mortality rate in HCC

●●○○
Low

[90]

2018 CanPatrol 
platform

42 HCC patients Prognostic significance of 
the change of CTC numbers 
in tumor recurrence and 
metastasis after surgical 
resection

Unfavorable changes after surgery 
in CTC counts may be independent 
prognostic indicators for PFS in patients 
with HBV-related HCC

●●○○
Low

[91]

2018 CanPatrol 
platform

62 HCC patients Relationship between 
postoperative circulating 
tumor cells subtypes and 
HCC recurrence

HCC patients with positive 
postoperative peripheral mesenchymal 
CTCs had a higher risk of early 
recurrence

●○○○
Very Low

[93]

2018 CanPatrol 
platform

112 HCC patients Prognostic significance of 
EMT phenotypes of CTCs 
after surgical resection

CTCs were highly correlated with HCC 
characteristics, representing a novel 
marker for early diagnosis and early 
recurrence prediction

●●●○
Moderate

[94]

2018 CanPatrol 
platform

47 HCC patients Prognostic significance of 
EMT phenotypes of CTCs in 
HCC patients treated with 
liver transplantation 

CTC levels and subtypes were not 
predictive of HCC recurrence following 
liver transplantation

●○○○
Very Low

[96]

2018 iFISH platform 30 HCC patients Prognostic significance 
of CTCs in HCC patients 
treated with liver 
transplantation 

iFISH-CTC ≥ 5 may be a good prognostic 
indicator for patients with HCC 
undergoing liver transplantation

●○○○
Very Low

[97]

2018 Flow 
cytometric 
analysis

43 patients with 
liver malignant 
tumor

Effect of percutaneous 
radiofrequency ablation on 
CTCs

Liver tumor ablation might increase the 
level of mesenchymal phenotype CTCs

●○○○
Very Low

[103]

2018 Flow 
cytometry

HCC orthotopic 
metastatic tumor 
model (mouse)

Monitor CTC dynamics 
following transcatheter 
arterial embolization

EGFR inhibitor application may 
reduce circulating cancer cells during 
transcatheter arterial embolization and 
improve the therapeutic outcomes for 
advanced HCC

●○○○
Very Low

[108]

2019 CanPatrol 
platform

113 HCC patients Diagnostic value of different 
EMT phenotypes of CTC in 
HCC

Total CTCs were more effective than 
AFP in the diagnosis of HCC; combined 
use of total CTCs and AFP can enhance 
the sensitivity of HCC diagnosis

●●○○
Low

[92]

2019 CanPatrol 
platform

256 HCC patients Prognostic significance of 
EMT phenotypes of CTCs 
after surgical resection

CTC count and EMT classification were 
not correlated with clinical stages or 
predictive of HCC recurrence

●○○○
Very Low

[95]

2019 Tapered slit 
filter platform

105 HCC patients Monitor CTC before 
and after surgery and its 
association with clinical 
outcomes in early-stage 
HCC

Count of ΔCTC is predictive of 
recurrence in patients with early HCC 
undergoing surgery

●●○○
Low

[100]
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2019 FISH analysis 155 HCC patients Value of serum dickkopf-1 
and CTCs in predicting the 
efficacy and prognosis of 
TACE treatment in HCC

CTCs levels can predict the efficacy and 
prognosis of TACE treatment in patients 
with HCC

●○○○
Very Low

[102]

2020 CanPatrol 
platform

136 HCC patients Relationship between CTC 
status and outcomes of 
different surgical methods 
in HCC

Anatomic resection might improve 
the survival of HCC patients, but 
only those with low CTC count and 
negative mesenchymal and epithelial/
mesenchymal-CTC phenotypes

●●○○
Low

[98]

2020 PowerMag 
negative 
selection 
system

30 HCC patients Longitudinal monitoring 
the treatment response 
of patients with locally 
advanced HCC using CTCs

Sequential CTC enumeration during 
treatment can benefit the management 
of patients with locally advanced or 
metastatic HCC, in particular for the 
AFP-low cases

●○○○
Very Low

[104]

CTC: circulating tumor cells; HCC: hepatocellular carcinoma; EpCAM: epithelial cell adhesion molecule; OS: overall survival; ICAM-
1: intercellular cell adhesion molecule-1; EMT: epithelial-to-mesenchymal transition; ASGPR: asialoglycoprotein receptor; TACE: 
transcatheter arterial chemoembolization; qRT-PCR: quantitative reverse transcription polymerase chain reaction; AFP: alpha-
fetoprotein; pERK: phosphorylated ERK; pAkt: phosphorylated Akt; PFS: progression-free survival; HBV: hepatitis B virus; FISH: 
fluorescence in situ  hybridization; EGFR: epidermal growth factor receptor

(SII), a novel index based on peripheral lymphocyte, neutrophil, and platelet counts. HCC patients who 
experienced unfavorable internal inflammatory alterations after radical hepatic resection suffered an earlier 
recurrence and distant metastasis. Thus, they proposed that the dissemination and colonization of CTCs 
may be influenced by host inflammatory and immune response status[75,76]. In 2018, Sun et al.[27] showed 
that CTC and circulating tumor cluster burden in hepatic veins and peripheral circulation prognosticated 
postoperative lung metastasis and intrahepatic recurrence in HCC patients by multi-vascular sites 
sampling, respectively. This study provided new insight that multi-vascular measurement of CTCs could 
facilitate precise prediction of postoperative relapse or metastasis patterns in HCC. Other studies using 
CellSearchTM also demonstrated that patients who had EpCAM+ CTCs were associated with vascular 
invasion[77,78], significantly elevated AFP[78], more advanced BCLC stage[77], higher recurrence rate[79,80], 
and shorter OS[77,79]. High EpCAM-positive CTC count also predicted poor survival of patients with 
unresectable HCC treated with transcatheter arterial chemoembolization (TACE)[81]. 

PCR-based methods can detect tumor-specific mRNA in blood cells with high sensitivity and specificity. 
Yao et al.[82] reported the combination of positive/negative cell sorting methods and RT-PCR could 
effectively detect AFP mRNA-positive CTCs in HCC patients. Guo et al.[71] established an optimized 
platform based on negative enrichment and qRT-PCR for the detection of EpCAM mRNA-positive CTCs 
in HCC. Using their platform, they reported good sensitivity and specificity of PCR-based CTC detection 
in a cohort of 299 HCC patients. The novel platform exhibited 76.6% consistency with the CellSearchTM 
system while required a reduced blood volume (5 mL). They also reported that low pretreatment CTC 
levels were significantly correlated to a better prognosis after curative resection, TACE, or radiotherapy for 
patients with HCC. Using the same platform, Zhou et al.[83] discovered that patients with high CTC/Treg 
levels exhibited higher recurrence rates than those with low CTC/Treg counterparts (66.7% vs. 10.3%, P < 
0.001) by combining the measurement of EpCAMmRNA+ CTCs and CD4+ CD25+ Foxp3+ Treg cells. Currently, 
AFP examination remains the most extensively used screening method to indicate early HCC. However, 
about 30%-40% of HCC patients are AFP negative and the specificity of AFP may be flawed by false-positive 
results[84,85]. CTC enumeration can be useful in the early detection of HCC since tumor dissemination can 
occur at the early stage of tumor development[2]. In 2018, the same group developed a qRT-PCR-based 
multimarker (EpCAM, CD90, CD133, and CK19) diagnostic CTC panel for the identification of CTCs 
with stem-like phenotypes. They obtained a sensitivity of over 70.0% and specificity of over 90.0% in a 
well-designed multicenter cohort (n = 1,006). This panel performed equally well in detecting early-stage 
and AFP-negative HCC as in differentiating HCC from patients with benign liver diseases. The CTC panel 
outperformed AFP as a biomarker in terms of differential diagnostic capability, yielding higher area under 
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curve (AUC) value than AFP alone. This study demonstrated the clinical significance of using CTC panel 
in diagnosis and real-time risk evaluation for HCC[63].

Increasing efforts have been made to investigate the correlation between different molecular phenotypes 
of CTCs and corresponding clinical outcomes. The stem-like phenotype of CTC has been explored as a 
strong predictor of the clinical outcome of patients with HCC. For instance, circulating CD45- intercellular 
cell adhesion molecule-1 (+) (ICAM-1+) cells were regarded as HCC CTCs with stem cell-like properties. 
Liu et al.[46] showed that patients with a higher burden of ICAM-1+ CTCs had significantly shorter disease-
free survival and OS. Fan et al.[86] also reported that circulating cancer stem cells (CD45− CD90+ CD44+) 
predicted post-hepatectomy HCC recurrence with high accuracy. Moreover, EMT subtypes of CTCs have 
been studied for the correlation to clinicopathological features and prognosis of HCC patients. It is reported 
that a presence or dominance of mesenchymal-like CTCs represented worse clinical outcomes for HCC 
patients due to earlier tumor relapse and metastasis[73,87]. The majority of these studies used the CanPatrolTM 
platform for CTC analysis[73,88-94]. In a cohort of 113 HCC patients (65% BCLC 0/A) and 57 non-malignant 
liver diseases patients, the system presented a higher diagnostic value (AUC = 0.774, 95%CI: 0.704-0.834) 
of HCC than AFP [0.669 (AUC = 0.669, 95%CI: 0.587-0.750)]. A further combination of CTCs and AFP 
showed the highest diagnostic capability (AUC = 0.821, 95%CI: 0.756-0.886)[92]. The proportion of mixed 
EMT status CTCs or mesenchymal CTCs was associated with advanced BCLC stages, higher metastatic 
tendency, and elevated serum levels of AFP[88,89]. Yin et al.[90] reported that twist expression in CTCs could 
serve as a biomarker for evaluating HCC metastasis and prognosis. Similarly, Wang et al.[93] studied 62 HCC 
patients undergoing surgical resection and found that mesenchymal CTC positivity was an independent 
risk factor for early recurrence. A similar study using CanPatrolTM platform also found that CTCs 
undergoing EMT were significantly associated with early recurrence, multi-intrahepatic recurrence, and 
lung metastasis[94]. However, a recent study reported that CTCs undergoing EMT were poorly correlated 
with clinical stages or predictive of recurrence of HCC using the platform[95]. Another study using this 
platform also failed to uncover significant associations between change in total CTCs or CTC subtypes and 
HCC recurrence in a cohort consisting of 47 patients who underwent liver transplantation[96]. Nevertheless, 
Xue et al.[97] utilized an iFISH® platform to detect CTCs in patients undergoing liver transplantation 
and found that patients with preoperative iFISH-CTCs ≥ 5 in 7.5 mL of blood had significantly shorter 
recurrence-free survival than those with lower CTCs. Further large, multicenter studies are still needed to 
confirm the association between different molecular phenotypes of CTCs and HCC prognosis.

TUMOR MONITORING AND GUIDING PERSONALIZED THERAPEUTIC INTERVENTION IN HCC 
Surgical resection remains the most effective therapy for HCC. CTCs could serve as a complementary tool 
to assess the efficacy of surgical resection and monitor tumor progression[8,14]. Qi et al.[98] recently compared 
the outcomes of patients undergoing anatomical or non-anatomical resection according to the number 
and EMT phenotype of CTCs. They suggested that anatomic resection may improve the survival of HCC 
patients, for those with low CTC count, negative epithelial/mesenchymal hybrid CTCs, and mesenchymal 
CTCs. Thus, CTC analysis before surgery can be used to better guide the resection method for HCC. 
Meanwhile, the decrease of CTC count after surgical treatment often reflects therapeutic efficacy. Fan et al.[99] 
investigated the effect of liver tumor resection on CTC dynamics using in vivo flow cytometry (IVFC) in 
a green fluorescent protein-transfected HCC orthotopic metastatic mouse model. Their preliminary study 
found that the number of CTCs and early metastases rates decreased significantly after the resection of 
the primary tumor. Several clinical studies obtained similar results that CTC load decreased significantly 
after tumor resection, while increased CTC numbers after surgery were associated with a worse prognosis 
in patients with HCC[17,63,71,79,100]. Besides, Jin et al.[101] explored the clinical value of serial postsurgical 
observation (at 0, 3, 6, 9, and 12 months) of AFP mRNA level of CTCs in assessing the therapeutic 
effectiveness of hepatectomy. 
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In addition, the dynamic change of CTC counts reflected the treatment response in patients treated with 
locoregional therapies, including TACE, radiotherapy, and radiofrequency ablation[63,71,102,103]. Li et al.[103] 
found that the total number of CTCs and mesenchymal phenotype CTCs significantly increased three 
days after percutaneous radiofrequency ablation of liver tumor. However, no significant correlation was 
identified between changes in CTC levels and all the radiofrequency ablation factors. Recently, Rau et al.[104] 
demonstrated the clinical utilities of sequential CTC monitoring in a patient cohort (n = 17) with locally 
advanced or metastatic HCC accepted systemic/targeted therapy. They found that a change in the CTC 
count correlated with the patient treatment response in most of the cases and was particularly useful for 
monitoring patients without elevated serum AFP levels.

Drug therapy is an important component of the comprehensive treatment of HCC. However, only a few 
patients are sensitive to chemotherapy drugs. Compared with other liquid biopsy biomarkers, CTCs contain 
more information on the functional characteristics and biological behaviors of tumor[105,106]. Thus, CTCs can be 
a more relevant biomarker in guiding personalized therapeutic intervention for cancer patients. Yan et al.[107] 
monitored the effect of sorafenib on CTC count in an orthotopic HCC mouse model by IVFC. They showed 
that the sorafenib treatment could dramatically reduce the number of CTCs, associated with a decreased 
probability of lung metastasis. Zhu et al.[108]. showed that the application of EGFR inhibitor could reduce CTC 
numbers caused as a side effect of transcatheter arterial embolization. Moreover, Li et al.[109] presented a 
novel system to simultaneously detect the expressions of the phosphorylated extracellular signal-regulated 
kinase (pERK) and phosphorylated protein kinase B (pAkt) in CTCs. They showed that CTCs can be used 
in place of tumor tissue for characterization of pERK/pAkt expression, and HCC patients with pERK+/
pAkt- CTCs were more sensitive to sorafenib treatment. Another potential application of CTCs in drug 
therapy is to test the drug sensitivity by CTC culture. Zhang et al.[110] used a microfluidic chip to isolate and 
release viable CTCs and then performed chemotherapeutic drug assay. The number of spheroids formed 
by CTCs declined greatly when cultured with sorafenib or oxaliplatin. Furthermore, the novel single-cell 
sequencing technology makes individual CTC profiling possible, which may provide more valuable drug 
target information and guide individualized treatment in the future clinical practice[12,111,112].

CONCLUSION
CTC analysis is an exciting field that is gaining increasing attention thanks to the significant technological 
advancements in CTC isolation and detection. As an important component of “liquid biopsy”, CTC 
analysis enables early cancer detection, prognosis prediction, therapy response monitoring, and novel 
therapeutic target identification in patients with HCC. However, significant challenges still exist in 
translating CTC analysis from bench to bedside. Most of the current studies in HCC used different 
technologies or platforms to detect CTCs in a relatively small, single-centered cohort with widely varying 
patient demographics, making it difficult to compare studies. Therefore, clinical utilities of CTC should 
be validated in more multicenter, large, and long-term studies using a standardized CTC assay. Moreover, 
CTCs hold great promise as a tool to deepen our knowledge of the complicated metastasis process. In 
recent years, CTCs researches have moved beyond simple CTC enumeration towards more sophisticated 
molecular analyses. Single-cell sequencing technology may pave the way for using CTCs to understand the 
underlying mechanisms of cancer metastasis and provide critical insights for new therapeutic strategies. 
Hopefully, routine CTCs evaluation will become a clinical reality in the near future.
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Abstract
Worldwide, hepatocellular carcinoma (HCC) is a frequent complication of liver diseases and remains a major cause 
of cancer-related mortality. In addition, the prevalence of nonalcoholic steatohepatitis (NASH) as prerequisite 
of hepatocarcinogenesis, even in the absence of cirrhosis, is rising rapidly. The early detection of HCC has been 
crucial in improving the survival outcomes of those patients. However, in the mostly obese NASH population, 
diagnostic sensitivity of ultrasound-based HCC screening approaches is limited. On the other hand, biomarkers for 
HCC show promising potential to improve early detection, providing reproducible, investigator-independent results 
that can be used either alone or integrated with other biomarkers for scoring models. In the past, validation has 
been limited due to a lack of prospective longitudinal cohort studies. At present, large-scale retrospective phase-
III- biomarker- development gives hope for the availability of biomarker-based screening approaches in the near 
future. This review focuses on the potential impact of biomarkers on surveillance strategies, potentially allowing 
for earlier HCC diagnosis. 
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INTRODUCTION
Globally, hepatocellular carcinoma (HCC) is the sixth most frequent malignancy and the second most 
common cause of cancer-related death[1]. The global incidence of HCC has tripled since the 1980s[2]. Despite 
the availability of numerous locoregional therapies and a plethora of novel systemic treatment options, the 
overall survival of HCC remains relatively poor[3]. Furthermore, incidence of HCC in the western world is 
rising with hepatic steatosis being seen as the major risk factor [Figure 1]. Nonalcoholic fatty liver (NAFL; 
i.e., hepatic steatosis without significant inflammation) and nonalcoholic steatohepatitis (NASH; i.e., 
hepatic steatosis associated with hepatic inflammation and hepatocellular ballooning) in particular have 
increasingly been recognized as risk factors for HCC. Previously, these cases have frequently been classified 
as cryptogenic cirrhosis[5]. Moreover, a significant proportion of patients develops HCC in the absence 
of liver cirrhosis predominantly in the case of predisposing chronic hepatitis B or NASH[6]. Nevertheless, 
multiple HCC surveillance guidelines do not sufficiently recognize NASH as major risk factor of 
hepatocarcinogenesis. Additionally, ultrasound for detection of smaller lesions, such as in early stage HCC, 
lacks sensitivity and is further impaired when there is underlying cirrhosis, steatosis, or obesity. To address 
those aforementioned insufficiencies, the definition of patients at risk has to be more concisely defined and 
further prospective trials have to elucidate whether ultrasound alone has potential to detect a sufficient 
proportion of HCC at stages when curative treatment options are still available. Several recent trials clearly 
indicate that biomarker-based surveillance algorithms have potential to complement or even surpass 
ultrasound as a surveillance strategy. This review aims to provide an overview of current biomarkers with 
utility in HCC detection and how they could be implemented into current HCC early detection programs.

EARLY HCC DIAGNOSIS DETERMINES PATIENT PROGNOSIS
In patients participating in HCC early detection programs, an initial diagnosis is made in less advanced 
stages, which results in a clear survival benefit. Successful surveillance, however, requires a reliable 
screening method and a definition of the risk population based on medical needs.

Targeted HCC monitoring anticipates offering curative intended therapeutic procedures, such as liver 
resection or transplantation, to the highest possible proportion of patients upon their initial HCC diagnosis. 
Unfortunately, HCC is diagnosed in these early stages only in a minority of patients[7]. In a representative 
German singlecenter cohort, between 1998 and 2009, only 23.5% of over a thousand HCC patients were in 
an early stage of HCC [Barcelona Clinic Liver Cancer (BCLC) 0/A] at initial diagnosis. Accordingly, less 
than half of the patients received curative therapies and the median overall survival was only 16 months[8].

The above-mentioned data are consistent with large international trials where only 10%-23% of the patients 
were curatively treatable at first diagnosis[9-12]. Consequently, only 10%-39% of those patients survived at 
least one year after diagnosis[9-14].

Since HCC is better suited for early detection programs than most other cancers, and since the risk 
population to be screened could be well defined, the currently available data is particularly discouraging. 
International guidelines recommend regular examinations of symptom-free risk patients according to 
certain criteria.

INTERNATIONAL GUIDELINES PROVIDE DIFFERENT HCC SURVEILLANCE 

RECOMMENDATIONS
Globally, there are marked regional variations in the algorithms for HCC early detection [Table 1]. The 
guideline of the German Society for Digestive and Metabolic Diseases (DGVS) recommends that patients 
with liver cirrhosis of any etiology, as well as patients with chronic hepatitis B or NASH in the absence 
of cirrhosis, undergo liver ultrasound. Optionally, the liver tumor marker α-fetoprotein (AFP) can be 
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determined. The sonographic examinations should be carried out according to quality criteria of the 
German Society for Ultrasound in Medicine (DEGUM)[15]. 

While the guidelines of the the American Society for the Study of the Liver (AASLD) and the European 
Association for the Study of the Liver (EASL) do not recommend an AFP determination at all, or only 
recommend it on an optional basis, the Asian Pacific Association for the Study of the Liver (APASL) 
proposed a combination of regular ultrasound (US) and AFP determination. All the aforementioned 
guidelines recommend those examinations every 6 months. The Japanese Society for Hepatology (JSH) also 
recommends US in combination with complimentary determination of three different biomarkers, namely 
AFP, lectin-reactive-α-fetoprotein (AFP-L3), and des-gamma-carboxy-prothrombin (DCP). In contrast 
to all other guidelines, JSH discriminates between high risk and very high risk groups and therefore 
recommends screening every 6 months and every 3 months, respectively, as depicted in Table 1. 

Figure 1. Triangle of hepatocarcinogenesis in metabolic syndrome: hepatocellular carcinoma (HCC) risk in nonalcoholic steatohepatitis 
(NASH) significantly increases with progression of liver fibrosis. Independently, type II diabetes mellitus promotes progression from 
nonalcoholic fatty liver (NAFL) to NASH, but needs to be recognized as an individual predisposing HCC-risk factor since peripheral 
insulin resistance may promote hepatocarcinogenesis even in the absence of cirrhosis[4]. Microbiome alterations, sedentary lifestyle, 
genetic polymorphisms, and obesity represent additional factors aggravating HCC risk in the NASH population

Society Risk group Procedure
DGVS[15] Liver cirrhosis of all etiologies: chronic HBV and NASH US with or without AFP every 6 months, 

US- quality standards required
AASLD[16] Liver cirrhosis of all etiologies; chronic HBV depending on ethnical 

background, age, and genetic background
US with or without AFP every 6 months

EASL/EORCT[17] Liver cirrhosis of all etiologies at CTP stage A and B or CTP stage C 
if listed for oLT; chronic hepatitis B or active hepatitis; chronic HCV 
with advanced (F3) fibrosis

US every 6 months

APASL[18,19] Liver cirrhosis, chronic HBV and/or HCV US and AFP every 6 months
JSH[20] High risk: Liver cirrhosis of all etiologies; chronic HBV and/or HCV US, AFP, AFP-L3 and DCP every 6 months

Very high risk: Liver cirrhosis with chronic HBV and/or HCV US, AFP, AFP-L3 and DCP every 3-4 months

Table 1. Overview of international HCC surveillance recommendations

DGVS: German Society of Gastroenterology and Metabolic Diseases; EASL: European Association for the Study of the Liver; AASLD: 
American Association for the Study of Liver Disease; APASL: Asian Pacific Association for the Study of the Liver; JSH: Japanese 
Society of Hepatology; HBV: hepatitis B virus; NASH: non-alcoholic Steatohepatits; HCV: hepatitis C virus; US: ultrasound; AFP: alpha 
fetoprotein; AFP-L3: Lektin reactive α-Fetoprotein; DCP: Des-gamma-carboxy prothrombin also known as Protein-Induced-by-Vitamin-
K-Absence-or-Antagonist-II (PIVKA II); CTP: Child Turcotte Pugh



Page 4 of 13                                               Best et al. Hepatoma Res  2020;6:62  I  http://dx.doi.org/10.20517/2394-5079.2020.56

The limitations of ultrasound scanning have been explicitly recognized in previous AASLD guidelines 
which state “performance characteristics have not been well defined in cirrhotic livers” and “some patients, 
particularly the obese, are not good candidates (for surveillance) despite their risk”[21-25]. To address this 
insufficiency, a recent large meta-analysis, which included thirty-two studies comprising 13,367 patients, 
characterized sensitivity of imaging with or without AFP for detection of HCC in cirrhotic patients. The 
authors concluded that US alone has a low sensitivity to detect early stage HCC in patients with cirrhosis 
and thus the addition of AFP to US significantly increased the sensitivity of early HCC detection[26]. The 
latest AASLD guidelines emphasize the importance of determining whether other serum biomarkers 
(specifically AFP-L3 and DCP) might complement AFP and US in the surveillance setting[16]. 

NASH AS MAIN RISK FACTOR OF INCREASING HCC INCIDENCE
The global prevalence of nonalcoholic fatty liver disease (NAFLD) is estimated at 25%[27]. In up to one 
third of all NAFL patients, progression to NASH can occur, which in turn may lead to higher-grade 
fibrosis on the basis of inflammation and, in the final stage, to cirrhosis and HCC[28,29]. A recent meta-
analysis conducted by Younossi et al.[13] even reported a global prevalence of NASH among biopsied 
NAFLD patients that was almost double the previous studies’ findings at 59.1%. According to the latest 
epidemiological studies, NASH is regarded as the main cause of the steadily increasing incidence of HCC 
in western industrialized nations[30,31]. An analysis of the American liver transplant registry from 2002 to 
2007 showed that the prevalence of HCC patients waiting for a liver transplant increased by 15.6% in the 
past 15 years, from 6.4% in 2002 to 22% in 2017. NASH became the fastest growing cause of HCC. The 
proportion of NASH as the cause of HCC increased 8.5-fold during the study period, from 2.1% in 2002 to 
17.9% in 2017[31]. It should be noted here that many cases of HCC arise due to predisposing NASH in the 
absence of cirrhosis, a population that has so far not been internationally screened for the purpose of early 
detection of HCC. About 20% of all NASH-associated HCC cases occurred in the absence of cirrhosis[32].

A German single-center study from 2015, which included 1,119 HCC patients of all etiologies, showed 
that there are relevant differences between patients with HCC with underlying NASH compared to those 
with other hepatopathies. Patients with NASH-related HCC were older than those with other predisposing 
hepatopathies (67.6 years vs. 65 years) when they were first diagnosed. In addition, the NASH-HCC cohort 
showed a higher prevalence of obesity (31.1% vs. 14.7%) and diabetes mellitus type II (T2DM) (66.7% 
vs. 37.85%) [Figure 1]. Interestingly, NASH-associated HCC shows a trend towards a higher frequency 
of multifocality (80% vs. 69.7%) with overall larger lesions (6 cm vs. 4.8 cm) and a tendency towards an 
increased rate of extrahepatic metastasis at time of initial diagnosis. It is also important to note that the 
NASH-HCC patients had better global liver function despite a higher tumor burden when diagnosed for 
the first time. It can be postulated that later HCC diagnosis may be the result of less intensive screening 
efforts due to lesser extent of hepatic deterioration in NASH patients compared to other liver diseases[33].

DO BIOMARKERS ENHANCE HCC EARLY DETECTION?
For clinical routine, the diagnostic significance of ultrasound of the liver as part of the HCC screening 
may exhibit distinct limitations. This includes the comparability with preliminary examinations due to 
changing investigators and ultrasound devices. Predominantly in the cirrhotic or steatotic liver, small 
lesions are detected in a limited extent. Determination of HCC biomarkers such as AFP have the advantage 
of being independent of the investigator. Laboratory tests are subject to strict quality guidelines and 
deliver reproducible results. For this reason, the addition of AFP is recommended in some guidelines 
to supplement the US. In the high-risk cohort suffering from chronic viral hepatitis B or C relevant for 
HCC screening, however, the hepatic inflammation may lead to a false positive AFP value elevation which 
significantly attenuates the specificity, especially in this scenario[34,35]. In contrast, if the AFP cut-off values 
are set higher to improve specificity, 40% of the early stages of HCC are not detected by AFP[36].
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In order to achieve a sensitivity superior to the combination of US and AFP while preserving high 
specificity in early HCC detection, a large number of studies examined the suitability of different 
biomarkers, such as Glypican-3, AFP-L3, and DCP for HCC surveillance[37-40]. The focus during recent years 
has been on validation of AFP, AFP-L3, and DCP which are already available as certified laboratory tests.

AVAILABLE HCC-BIOMARKERS AND DIAGNOSTIC MODELS
AFP and AFP-L3
The overall AFP, which is usually determined in the clinical routine, consists of the three different isoforms: 
AFP-L1, AFP-L2, and AFP-L3. AFP is a fetal glycoprotein that can be produced later in life when the 
hepatocytes are in the process of malignant transformation[41]. According to various studies, the sensitivity 
of AFP in HCC detection is between 39% and 65% and the specificity varies between 76% to 94%[42].

AFP-L3 is a AFP variant that binds to the lectin molecule “Lens culinaris agglutinin” and, in contrast to the 
overall AFP, is HCC-specific. While the AFP-L3 fraction is produced exclusively by malignant transformed 
hepatocytes, an AFP-L1 elevation, the non-glycosylated AFP main fraction, can also be caused by viral 
hepatitis and in this scenario is responsible for an incorrectly increased total AFP level[43,44]. With a cut-off 
of 15%, sensitivities between 75%-96.6% and specificities of 90%-92% have been described for AFP-L3[45,46].

Des-gamma-carboxy prothrombin 
Des-gamma-carboxy prothrombin (DCP), also known as Protein-Induced-by-Vitamin-K-Absence-
or-Antagonist-II (PIVKA II), is a precursor of prothrombin and is formed in the context of 
hepatocarcinogenesis due to an impaired vitamin K metabolism. Here, the carboxylation of prothrombin 
is so impaired that the serum concentration of the DCP increases. Sensitivities between 48% and 62% and 
specificities between 81% and 98% have been described for the DCP, making DCP a more specific marker 
than AFP, albeit with lower sensitivity[47-49]. 

Combination of AFP, AFP-L3 and DCP
Various clinical trials have clearly demonstrated that there were no correlations among the results of AFP, 
AFP-L3, and DCP. Thus, some HCC cases can be positive for only one marker at a time while negative for 
the others. In clinical practice, this means that the combination of the above biomarkers leads to a gradual 
increase in sensitivity.

Especially when AFP remains the only available marker in clinical routine, the complementary use of 
AFP-L3 and DCP represents an additional diagnostic option. In a retrospective Japanese single-center 
study with 270 AFP-negative HCC patients, it was demonstrated that the majority of patients with positive 
AFP-L3 and/or DCP findings were correctly recorded[50].

GALAD model
The aforementioned triple combination of the biomarkers AFP, AFP-L3, and DCP demonstrated superior 
detection of HCC compared to their individual utilization with no significant decrease in specificity in an 
Asian patient cohort[51,52]. For further optimization, a statistically based model called GALAD score was 
developed a few years ago and was extensively validated in several international studies. It is a diagnostic 
algorithm based on rigorous statistical analysis. The formula is calculated on the measured absolute values 
of the three markers instead of defining cut-off levels. Thus, they are considered as continuous variables 
rather than categorical. Gender and age information are also included since older age and male sex 
represent independent HCC risk factors[53,54]. A GALAD point value of -0.63 serves as a cut-off value for 
optimal sensitivity and specificity regardless of the BCLC stage. Using this model in a British cohort, the 
GALAD model achieved an overall AUROC (area under the receiver operating characteristic curve) of 
0.97 in detection of all BCLC stages, and early stage HCC (BCLC 0/A) was detected with an AUROC of 
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0.92 and a corresponding sensitivity of 86% and specificity of 89%[55]. A subsequent international multi-
center validation study comprising 6,834 patients of different etiologies of HCC achieved an AUROC 
for GALAD of consistently > 0.90, confirming the efficacy of this model[56]. A following German single-
center study observed that the GALAD score, even in BCLC 0/A stage HCC, achieved an AUROC of 0.92, 
again demonstrating superiority in HCC detection compared to the triple biomarker combination of AFP, 
AFP-L3 and DCP without considering gender and age[57]. 

To further address the inadequate performance of US-based HCC early detection in NASH, where obesity 
and sound artifacts due to steatosis further attenuate the diagnostic performance, the utility of the GALAD 
score in the detection of NASH-associated early HCCs had been tested specifically in this this high-risk 
collective. In a retrospective German multi-center cohort (8 centers) study, the GALAD score was able 
to detect NASH-HCC patients with an AUROC of 0.96, significantly better than the performance of the 
biomarkers alone [AFP (AUROC 0.88), AFP-L3 (AUROC 0.86), or DCP (AUROC, 0.87)]. Even for NASH 
patients in early HCC stages (within the Milan criteria), the GALAD score achieved an AUROV of 0.91. 
Furthermore, in a prospective Japanese cohort study, it was demonstrated that the average GALAD score in 
those patients who developed HCC during the observation period was already significantly elevated up to 
1.5 years before the initial diagnosis of HCC. The GALAD scores of these HCC patients rose above the cut-
off value of 0.63 approximately 200 days before first diagnosis[58].

This implies that the GALAD model is quite suitable for early detection of HCC of all etiologies, even in 
NASH. However, a phase IV multi-center prospective study has yet to test whether the GALAD Score can 
be used in the future as an integral part of HCC screening algorithms in patients at risk.

Osteopontin
Osteopontin (OPN) is an integrin-binding phosphoprotein that is overexpressed in a variety of cancers 
including lung, breast, colon cancer, and HCC[39,59]. At a low level, it is also secreted by biliary epithelial 
cells. OPN mediates cell signaling that controls inflammation as it is the case in hepatitis, HCC tumor 
progression, and metastasis[60]. Hepatocarcinogenesis results in elevated OPN levels compared to those 
patients with chronic liver disease in the absence of HCC[61]. In a meta-analysis investigating the efficacy of 
OPN in HCC detection, the sensitivity and specificity of elevated OPN levels have been reported between 
75%-87% and 62%-82%, respectively[62]. In a phase III validation study, OPN outperformed AFP for HCC 
detection with an AUROC of 0.73 [95%CI: 0.62-0.85] vs. AUROC of 0.68 [95%CI: 0.54-0.82], respectively. 
The combined utilization of AFP and OPN resulted in a sensitivity of 82% and specificity of 77% for HCC 
detection; however, the number of patients at BCLC stage 0/A was limited in this study[63].

Glypican-3
Glypican-3 (GPC-3), is a heparin sulfate proteoglycan playing a pivotal role in cell proliferation and 
tumor suppression, representing a potential biomarker for the diagnosis of HCC. GPC-3 binds to growth 
factor receptors and is involved in cell proliferation and tumor suppression[64]. In healthy hepatocytes it is 
absent, but during hepatocarcinogenesis it is upregulated, and it is assumed to participate in the canonical 
Wnt- signaling growth pathway[65,66]. GPC-3 is present in approximately 33% of HCC patients that were 
seronegative for both DCP and AFP[67]. A meta-analysis found that GCP-3 had a sensitivity of 55.1% and a 
specificity of 97%[68]. AFP and GCP-3 in concert achieved a sensitivity of 76% even at early stage HCC. In 
light of these findings, GPC-3 has been proposed to be a complementary serologic biomarker to AFP due 
to the ability of GPC-3 to accurately distinguish between patients with small, well differentiated HCC and 
those with underlying cirrhosis[69].
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HCC SURVEILLANCE BASED ON COMBINATION OF BIOMARKERS AND ULTRASOUND
Combination of AFP and ultrasound
The latest HCC guidelines have recently shown a tendency to omit biomarker-based diagnostics in favor 
of sole ultrasound examinations. In a large American meta-analysis of US, the sensitivity and specificity 
of US in HCC detection was analyzed with and without additional AFP determination in an HCC high-
risk patient group (32 trials/13,367 patients). Ultrasound alone detected an HCC across all stages with 
a sensitivity of 84% when carried out in accordance with regional guidelines, but there was a dramatic 
drop in sensitivity to 47% in early stage HCC. The combination of US with AFP was able to improve the 
sensitivity in the early detection of HCC to at least 63%[21]. This clearly indicates that ultrasound alone 
has low sensitivity in detecting early stage HCC in patients with cirrhosis. Hence, the addition of AFP to 
ultrasound may significantly increase the sensitivity of early HCC detection in future.

Combination of GALAD and ultrasound
Recently, the GALAD model has also been validated in an American US cohort study [single-center cohort 
of 111 HCC and 180 controls and a multi-center cohort of 233 early HCC and 412 cirrhosis patients from 
the Early Detection Research Network (EDRN) Phase 2 HCC Study] and the performance has been shown 
to be clearly superior to sonography for HCC detection. Here the AUROC of GALAD for HCC detection 
was 0.95, which was clearly superior to the AUROC of ultrasound (0.82). The combination of GALAD and 
ultrasound (GALADUS score) achieved an AUC of 0.98, clearly superior to US or GALAD used solely[70]. 
These very promising data indicate that a combination of ultrasound and biomarker-based scores can 
significantly improve the performance of current surveillance strategies.

MECHANISMS OF NASH-RELATED HEPATOCARCINOGENESIS AS POTENTIAL TARGETS FOR 

SURVEILLANCE
Understanding the sequence from NAFLD to HCC and the impact of additive risks such as type II diabetes 
mellitus [Figure 1], genetic polymorphisms, and stool microbiome are increasingly becoming the focus of 
current research.

Inflammation per se, which defines NASH, is a clinically relevant trigger of carcinogenesis, even without 
the basis of cirrhosis of the liver. While an altered lipid and glucose metabolism contributes to hepatic 
steatosis in the context of the metabolic syndrome, the interplay of genetic variations, mitochondrial 
dysfunction, altered immune response, and an imbalance of the microbiome cause a progression of simple 
fatty liver to NASH, and in the “worst case” scenario, HCC.

GENETIC FACTORS
For certain gene polymorphisms, there is a direct relationship between the prevalence of NAFLD and the 
risk of progression to advanced NASH fibrosis.

The polymorphism of the patatin-like-phospholipase-domain-containing-3 (PNPLA3) gene leads to 
increased hepatic lipid accumulation and an alteration in retinol storage in the liver. Independent of 
potential disruptive factors such as body mass index (BMI), diabetes, and advanced fibrosis, there is a 
3-fold increased HCC risk due to PNPLA3[71].

The polymorphism of the transmembrane 6-superfamily member 2 (TM6SF2) gene manifests itself as 
a transport disorder of pre-VLDL (very low-density lipoprotein) particles. There is a correlation with 
the extent of steatosis and progression of fibrosis in NASH, regardless of obesity, diabetes, and PNPLA3 
genotype. The direct role of this TM6SF2 variant in hepatocarcinogenesis has not yet been fully elucidated; 
it is possibly the profibrogenic effect that indirectly promotes progression to HCC[72].
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Genetic variability is not completely explained by these common aforementioned variants and many of the 
phenotypic differences potentially result from gene-environment interactions. NAFLD development and 
progression are also modulated by epigenetic factors, in particular microRNAs (miRNAs). At the post-
transcriptional level, they control many complementary target mRNAs. Their dysregulation have a high 
predictive value in NAFLD development and progression[73,74]. Epigenetic changes, which cause aberrant 
DNA methylation, as well as the expression of various micro-RNAs (e.g., miR-21, miR-29, miR-23, miR-155, 
miR-221, miR-222, miR-106, miR-93, and miR-519) are additive drivers of carcinogenesis. There is a direct 
influence on the most relevant tumor-associated signal cascades [transforming growth factor beta, wingless 
and INT-1 (Wnt)/b-catenin, mitogenactivated protein kinase, and phosphatidylinositol 3-kinase/AKT/
mammalian target of rapamycin][75].

GUT MICROBIOME ANALYSES AS FUTURE PREDICTORS OF HCC RISK 
Distinct changes or shifts in the composition of intestinal bacteria have been described for different 
intestinal metabolic and inflammatory diseases[76-78]. Shifts of certain bacterial strains may also affect the 
formation of different bacterial-derived metabolic active components such as short-chain fatty acids, bile 
acids, ethanol, cytokines, or other inflammatory metabolites that may affect the host and possibly promote 
cancer-related risk factors or diseases[79]. The microbiota of an obese host has an impact on bodyweight 
and gut permeability, and it affects the release of gut-derived components that may also influence the 
progression of inflammatory mechanisms and promote the formation of cancer. Mouse models of fecal 
microbiota transfer (FMT) from obese to lean animals could show that microbiota affect bodyweight[80]. 
FMT is a potential therapeutic tool that has been used to treat Clostridium difficile infections[81]. In mouse 
studies, FMT was shown to be a useful treatment to increase abundances of beneficial bacterial groups such 
as Christensenellaceae and Lactobacillus to alleviate the progression of NASH-development[82]. 

The modulation of the gut microbiota by FMT to treat or study different metabolism-related diseases 
has been taken into account for many years[83]. It has been shown that antibiotic treatments, in order to 
modulate the gut microbiota, may reduce the risk of hepatic carcinogenesis[84]. In a high fat diet mouse 
model of NASH, antibiotic treatments were associated with a reduction of toxic secondary bile acids[85].

NAFL and especially its progressive inflammatory form NASH are often related to the formation of HCC. 
Here, nutrition, metabolic disturbances, and related comorbidities such as diabetes may influence the 
composition of the gut microbiota. Changes in the abundances of different bacterial groups have been 
described within different patient groups. 

The metabolism of certain bacterial groups affects the mucosal barrier, hepatic inflammation, fibrogenesis, 
and tumorigenesis[86]. The gut microbiota has an impact on energy balance, altering the uptake of calories 
derived from food and even alcohol[87]. Emerging data indicate that certain characteristic changes in the 
gut microbiome are associated with NAFLD and even with cirrhosis, which is a main driver of HCC-
development[76,88,89]. It has not only been shown in NAFLD-related HCC, but also in viral hepatitis-related 
HCC (hepatitis B) that makes a modification of specific gut microbiota, a potential therapeutic option for 
HCC[90].

In a study comparing NASH and NASH-HCC patients with or without cirrhosis, alterations in bacterial 
groups regulating bile acid metabolism had an impact on hepatic fibrogenesis and liver injury. Alterations 
of the bile acid pool was accompanied with increased abundances of different bacterial strains, especially 
Lactobacilli and Bacteroides which were associated with changed liver stiffness and liver injury[91]. In 
NASH patients, the abundance of bile salt hydrolase (an enzyme involved in deconjugation of bile acids) 
expressing bacteria is shifted, which leads to increased bile acid levels as well as an altered composition of 
the bile acid pool tending to an increased amount of secondary conjugated bile acids[92]. Changes within the 
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bile acid composition can be related to advanced fibrosis in NASH-HCC which indicates its important role 
in fibrosis-related tumorigenesis[93,94]. In obese children, an increased abundance of Lactobacillus strains 
was associated with NAFLD and NASH. while in colon cancer increased Lactobacillus abundance was 
related to an anti-tumor effect[95].

FUTURE PERSPECTIVES 
In its current state, HCC biomarker research is far from fulfilling its promises. Therefore, it has to be 
subject of future investigations to elucidate the role of technologies that might complement current 
biomarker-based surveillance strategies. The identification of a subset of patients at the highest risk is 
critical to concentrate the effort and resources of regular HCC screening[96]. Chromosomal aberrations, 
epigenetic abnormality, and changes of gene expression are involved in hepatocarcinogenesis. Besides 
microbiome analysis, omics profiling (e.g., transcriptomics, proteomics, metabolomics) has been derived 
using several candidate HCC risk biomarkers which could refine HCC screening by enabling individual 
risk-stratified patient management. High-throughput omics technologies have been widely applied, aiming 
at the discovery of candidate biomarkers. Different types of biomolecules have been explored as sources 
of information to predict HCC risk. Transcriptomic dysregulations in chronic hepatopathies capture the 
functional molecular status supporting carcinogenesis. Circulating nucleic acids, proteins, and metabolites 
could serve as measures of molecular HCC risk. Large amounts of data on genetic and epigenetic 
abnormalities, gene expression profiles, and proteomics are available. Here, bioinformatics and network 
medicine increasingly play a pivotal role to organize and analyze the accumulated data[97]. Those analyses 
may facilitate the identification of a distinct niche of application for each individual biomarker. 

CONCLUSION
HCC surveillance, in line with guidelines, significantly improves survival outcomes due to a higher 
proportion of patients diagnosed in an earlier stage of HCC, allowing for curative treatment options. 
According to most international guideline, recommendations have considered ultrasound as the method 
of choice for screening. US alone lacks sensitivity in the detection of small lesions, particularly in advanced 
cirrhosis and obesity[98], factors that are compounded by varying skill levels of investigators and available 
technology. Nevertheless, numerous guidelines omitted the additional determination of AFP, despite the 
fact that previous trials clearly demonstrated that the utilization of AFP or biomarker-based scores such as 
GALAD complimentary to ultrasound resulted in a significant improvement in sensitivity while preserving 
high level of specificity. During the past decade, several biomarkers such as AFP-L3, DCP, osteopontin, 
glypican-3, and others were evaluated, however, only few markers reached longitudinal retrospective phase 
III development. Widely lacking are large multinational phase IV prospective screening trials confirming 
the benefit of the markers or their combinations for surveillance.

Facing increasing global HCC mortality, NASH has become a major risk factor for HCC development, even 
in the absence of cirrhosis[5,99,100], therefore the definition of the population at risk has to be redefined for 
future HCC diagnostic and treatment guidelines to address this epidemiological shift. Nevertheless, cost-
effectiveness analyses do not support surveillance in the entire population with NAFLD who do not have 
cirrhosis or advanced fibrosis. Here, continued efforts of risk stratification with factors such as gender and 
age in conjunction with NAFLD-associated HCC risks such as PNPLA3 or TM6SF2 gene polymorphisms 
or distinct alterations of the microbiome and bile acid metabolism may facilitate a more concise definition 
of populations at HCC risk within this cohort.

Furthermore, diabetes mellitus needs to be recognized as an individual predisposing risk factor for HCC 
development in the presence and even in the absence of concomitant NASH. 
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In the near future, the combination of standard of care ultrasound and biomarker-based screening 
approaches seem to be the next step to increase sensitivity and specificity of HCC surveillance. 

Among the efforts of optimizing screening algorithms, the education of gate keepers such as primary care 
physicians, health care associates, and also the population at risk per se is another pivotal factor to increase 
the rate of HCC early detection. 
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Abstract
Computed tomography (CT) and magnetic resonance imaging (MRI) are commonly used modalities for the 
imaging based diagnosis and staging of hepatocellular carcinoma (HCC). The Liver Imaging Reporting and Data 
System (LI-RADS) was initially released in 2011 in an effort to standardize the interpretation and reporting of these 
studies in patients at increased risk for the development of HCC. With the release of LI-RADS v2018, LI-RADS has 
reached two important milestones - 10 years since the formation of the American College of Radiology supported 
LI-RADS committee and integration of LI-RADS into the 2018 American Association for the Study of Liver Disease 
practice guidance for HCC. In this article, we will discuss recent changes to LI-RADS with v2018, technical 
recommendations for the performance of CT and MRI in patients at risk for HCC, and critical imaging features in 
the LI-RADS algorithm.

Keywords: Hepatocellular carcinoma, Liver Imaging Reporting and Data System, magnetic resonance imaging, 
computed tomography

INTRODUCTION
LI-RADS was originally developed to provide a consistent method of conveying relative concern for the 
presence of hepatocellular carcinoma (HCC) or other malignancies based on Computed tomography(CT) 
or magnetic resonance imaging (MRI) of a patient at increased risk of developing HCC[1,2]. This relative 
concern for HCC, malignancy, or tumor in vein is conveyed by the different categories shown in Table 1. 
Liver Imaging Reporting and Data System (LI-RADS) v2018 has now evolved to also include guidance 
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for the evaluation of contrast-enhanced ultrasound, screening ultrasound, and CT and MRI following 
locoregional therapy for HCC. LI-RADS v2018 also includes technical recommendations for the 
performance of CT and MRI for the evaluation of HCC. The development of LI-RADS has been in the 
context of patients with cirrhosis, chronic hepatitis B infection without cirrhosis, or a history of prior 
HCC. LI-RADS should not be used in patients with vascular causes for their cirrhosis due to the decreased 
specificity of arterial hyperenhancement for malignancy in these patients[3].

LI-RADS V2018
The LI-RADS algorithm provides a step by step approach for consistent categorization of observations 
seen on CT and MR imaging of patients with cirrhosis, chronic hepatitis B viral infection, or a history 
of HCC[4]. Observations that are definitely benign (LR-1) or probably benign (LR-2) can be categorized 
based on typical imaging features associated with specific benign entities, such as hepatic hemangiomas, 
cysts, or perfusion alterations. Observations that demonstrate imaging features suggestive of malignancies 
other than HCC are categorized as LR-M. These imaging features include peripheral washout appearance, 
targetoid restricted diffusion, and rim arterial phase hyperenhancement. Observations that are not initially 
categorized as LR-NC, LR-1, LR-2, LR-M, or LI-RADS Tumor in Vein (LR-TIV) are then categorized using 
the LI-RADS Diagnostic Table [Figure 1]. The diagnostic table guides the radiologist to category LR-3, LR-4, 
or LR-5 based on the presence or absence of major features as discussed in further detail below.

Category Definition
LR-1 Definitely benign
LR-2 Probably benign
LR-3 Intermediate probability of malignancy
LR-4 Probably HCC
LR-5 Definitely HCC
LR-M Probably or definitely malignancy but not HCC specific
LR-TIV Definite tumor in vein
LR-NC Cannot be categorized due to image degradation or omission

Table 1. LI-RADS v2018 diagnostic categories

LI-RADS: Liver Imaging Reporting and Data System; HCC: hepatocellular carcinoma; LR-TIV: LI-RADS Tumor in Vein

Figure 1. LI-RADS Diagnostic Table. Reproduced with permission from the American College of Radiology LI-RADS version 2018 manual. 
Available from: https//www.acr.org/Clinical-resources/Reporting-and-Data-Systems/LI-RADS[4]. LI-RADS: Liver Imaging Reporting and 
Data System
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Although an update to LI-RADS was released in 2017, a new version was released only a year later to allow 
for two changes to CT/MRI LI-RADS. Both changes were made to allow for unification between LI-RADS 
and American Association for the Study of Liver Disease (AASLD) practice guidelines. The first change 
was the definition of threshold growth. Previously, threshold growth was defined as ≥ 50% size increase of a 
mass in ≤ 6 months, ≥ 100% increase in size over > 6 months, or a new ≥ 10 mm observation developing in 
≤ 24 months. The definition of threshold growth in LI-RADS v2018 is now restricted to only ≥ 50% increase 
in size of a mass over ≤ 6 months. This stricter definition is now concordant with growth criteria used by 
the AASLD and the Organ Procurement and Transplantation Network (OPTN). The second change was 
to the categorization of 10-19 mm observations with arterial phase hyperenhancement and one additional 
major feature in the LI-RADS Diagnostic Table. Previously, these observations were categorized based on 
which imaging features were present and required the use of “-g” and “-us” added to the LR-5 to specify 
the features used. This portion of the table has now been simplified so that if a 10-19 mm observation with 
arterial phase hyperenhancement also demonstrates nonperipheral “washout” or threshold growth, it is 
categorized as LR-5. If a 10-19 mm observation with arterial phase hyperenhancement only demonstrates 
the additional feature of an enhancing “capsule”; however, it is designated as LR-4. 

TECHNICAL RECOMMENDATIONS
Consistent imaging techniques are necessary to enable reproducibility of LI-RADS categories between 
radiologists at different institutions. The wide variety of equipment, technical parameters, and sequences 
available throughout the world can lead to difficulty in evaluating critical imaging features for LI-RADS 
category assessment. To address these inconsistencies, the Technique Working Group of LI-RADS has 
developed minimum technical requirements for the performance of CT and MRI in patients at risk for 
developing HCC, summarized in Tables 2 and 3[5].

Vascular phases for CT and MRI
Multiphase contrast enhanced imaging is required to make the imaging diagnosis of HCC (LI-RADS 5) 
confidently and adequately evaluate the regional vascular anatomy and patency. Pre-contrast imaging 
provides information on pre-existing hyperattenuating and T1 hyperintense material, which are often seen 
as a sequelae of locoregional therapies. This bright material can obscure or mimic enhancement on post-
contrast phases. Although pre-contrast T1-weighted imaging is required for MRI, a pre-contrast phase 
is optional for CT imaging unless the patient has had locoregional therapy due to the low likelihood of 
pre-existing hepatic high attenuation material in a patient without locoregional therapy and associated 
increased radiation from an additional CT imaging phase. 

Feature Recommendation
Scanner configuration ≥ 8 detector rows
Multiplanar reformations Suggested
Slice thickness ≤ 5 mm required for axial reconstructions

3-2.5 mm suggested for multiplanar reformations if obtained
Precontrast imaging Suggested for patients that have had prior locoregional therapy, optional otherwise
Contrast-enhanced phases Late arterial

Portal venous
Delayed (2-5 min)

Contrast administration Injection rate of ≥ 3 mL/s
≥ 300 mgI/mL for dose of 1.5-2.5 mL/kg
Saline chaser bolus (30-40 mL)

Table 2. LI-RADS v2018 minimum technical recommendations for CT

Adapted with permission from American College of Radiology Liver Imaging Reporting and Data System version 2018 manual. Available 
from: https//www.acr.org/Clinical-resources/Reporting-and-Data-Systems/LI-RADS[4]. LI-RADS: Liver Imaging Reporting and Data 
System; CT: computed tomography
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The first required post-contrast phase is the late hepatic arterial phase which refers to the phase of contrast 
when there is enhancement of the portal vein but no antegrade enhancement of the hepatic veins. As some 
HCCs are not conspicuous until the late hepatic arterial phase, earlier arterial phase imaging can result 
in reduced sensitivity for HCC[6]. The arterial phase is also required for evaluation of the LI-RADS major 
feature of arterial phase hyperenhancement.

The portal venous phase occurs when antegrade enhancement of the portal and hepatic veins is present 
and there is peak parenchymal enhancement of the liver. Portal venous phase imaging is often the phase 
that best demonstrates the LI-RADS major feature of “washout appearance” due to the peak enhancement 
of background liver. 

Delayed phase refers to the imaging phase performed after the portal venous phase, typically 3-5 min 
following the injection of an extracellular contrast agent (ECA) or gadobenate. The vessels and parenchyma 
all remain enhanced during this phase, but are overall decreased in brightness compared to the portal 
venous phase. A combination of the portal venous phase and delayed phase can more reliably demonstrate 
the LI-RADS major features of “washout appearance” and “capsule appearance” than the portal venous 
phase alone[7]. Examples of these dynamic imaging phases are shown in Figure 2.

The transitional and hepatobiliary phases are only available on MRI following the administration of 
hepatobiliary contrast agents (HBAs). Hepatobiliary contrast agents such as gadobenate and gadoxetate 
are gadolinium contrast agents that have a portion of the contrast agent enter the hepatocytes with 
subsequent excretion into the biliary system. The transitional phase occurs between the portal venous 
phase and hepatobiliary phase and demonstrates persistent vascular enhancement with increasing hepatic 
parenchymal enhancement. Although both gadobenate and gadoxetate are capable of demonstrating 
a hepatobiliary phase, gadobenate does not have sufficiently strong parenchymal update to allow for 
a transitional phase. The hepatobiliary phase refers to a delayed phase following HBA administration 
that shows hyperintensity of hepatic parenchyma and relative hypointensity of the hepatic vessels. This 
phase provides high sensitivity for observations that do not have hepatocytes capable of contrast uptake, 
which includes a broad spectrum of both benign and malignant entities[7]. Patients with severe hepatic 
dysfunction, however, may not have sufficient hepatocyte uptake of the contrast agent to yield an adequate 

Feature Recommendation
Scanner strength 1.5 or 3 Tesla
Coil type Phased array multichannel torso coil
Slice thickness ≤ 5 mm required for multiphase contrast-enhanced sequences

≤ 8 mm with ≤ 2 mm slice gap for other sequences
Multiphase contrast-enhanced 
phases (required)

T1 weighted with 3D acquisition and fat suppression strongly recommended
   Precontrast
   Late arterial
   Portal venous
   Delayed (2-5 min) if using ECA or gadobenate

Contrast administration    Transitional phase (2-5 min) if using gadoxetate
   Hepatobiliary phase (approx 20 min) if using gadoxetate
ECA or gadobenate or gadoxetate, weight adjusted dose
Injection rate of 1-2 mL/s
Saline chaser bolus (30-40 mL)

Other required sequences Unenhanced T1-weighted opposed-phase and in-phase imaging
T2-weighted imaging (fat suppression optional)

Other suggested sequences Diffusion weighted imaging
Multiplanar acquisitions, such as coronal T2-weighted imaging

Table 3. LI-RADS v2018 minimum technical recommendations for MRI

Adapted with permission from American College of Radiology Liver Imaging Reporting and Data System version 2018 manual. Available 
from: https//www.acr.org/Clinical-resources/Reporting-and-Data-Systems/LI-RADS[4]. LI-RADS: Liver Imaging Reporting and Data 
System; MRI: magnetic resonance imaging; ECA: extracellular contrast agent
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hepatobiliary phase, and a history of prior inadequate hepatobiliary phase imaging should be factored in 
the selection of contrast agents for future imaging in these patients. 

Additional MRI sequences
In addition to dynamic contrast enhanced imaging, T2-weighted and unenhanced T1-weighted opposed-
phase and in-phase imaging are required for complete evaluation of the liver in patients at risk for HCC. 
These sequences provide important information regarding the presence of fat, iron, fibrosis, and edema in 
observations relative to the background liver parenchyma that can contribute to observation conspicuity and 
enable evaluation for the presence of ancillary features that can enable modification of the final LI-RADS 
category.

Diffusion weighted imaging provides information regarding relative cellularity of tissues and is also an 
important sequence for improving the specificity and sensitivity for HCC[8]. Despite the widespread 
recognition of the importance of diffusion weighted imaging in this setting, however, this sequence remains 
optional since it is not as widely available and robust as other MRI sequences[5]. An example of an MR 
exam that meets complete technical requirements for LI-RADS is shown in Figure 3.

Figure 2. Dynamic Imaging for Evaluation for Hepatocellular Carcinoma. Axial CT images demonstrating the pre-contrast (A), 
hepatic arterial (B), portal venous (C), and delayed (D) post-contrast imaging phases. Pre-contrast imaging (A) is not required for 
HCC evaluation unless the patient has undergone local ablation that results in high attenuation material in the liver that may obscure 
enhancing lesions. The hepatic artery (white arrow) and portal vein (black arrow) demonstrate enhancement during the hepatic arterial 
phase (B). During the portal venous phase (C), the hepatic veins begin to enhance (black arrowhead). The hepatic veins, portal veins, 
and hepatic arteries demonstrate progressively decreasing enhancement during the delayed phase (D). HCC: hepatocellular carcinoma; 
CT: computed tomography
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Figure 3. MRI for Evaluation for HCC. Axial MR images of an exam meeting minimum technical requirements for evaluation of HCC. 
Axial T1-weighted fat saturated images should be obtained pre-contrast (A), and following intravenous contrast during the hepatic 
arterial (B), portal venous (C), and delayed (D) phases. Additional required imaging sequences include opposed phase (E) and in 
phase (F) T1-weighted images and T2-weighted images (G). Diffusion weighted imaging (H) is not required, but is suggested if 
available. White arrow: hepatic artery; Black arrow: portal vein; Black arrowhead: hepatic vein. MRI: magnetic resonance imaging; HCC: 
hepatocellular carcinoma
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IMAGING FEATURES
Major features
LI-RADS major features are the primary imaging features used to categorize observations as LR-3, LR-4, 
or LR-5. Major features were selected to provide high specificity for hepatocellular carcinoma and are the 
only features that can be used to categorize an observation as LR-5. These major features are included in 
the diagnostic table and include arterial phase hyperenhancement, nonperipheral “washout”, enhancing 
“capsule”, size, and threshold growth [Figure 1]. 

Arterial phase hyperenhancement refers to enhancement of an observation during the arterial phase that 
is greater than the background liver and results in signal intensity or attenuation that is higher than the 
background liver. This feature is best assessed during the late hepatic arterial phase and is present in most 
HCCs that have progressed[9,10]. A peripheral pattern to the arterial phase hyperenhancement, however, has 
been associated with non-HCC malignancies such as cholangiocarcinoma and metastases [Figure 4][11]. 
Therefore, only nonrim arterial phase hyperenhancement should be used for the assignment of LR-5 
category to an observation.

The term nonperipheral “washout” refers to reduction in enhancement in whole, or in part, within an 
observation from an earlier post-contrast imaging phase to a later extracellular post-contrast phase. 
“Washout” (with quotation marks) refers to visual assessment of washout appearance and does not 
specifically require measurement of enhancement or construction of an enhancement curve. “Washout” 
in combination with arterial phase hyperenhancement is a highly specific imaging feature of HCC[12,13]. 
If “washout” is present primarily along the margins of the observation, however, the imaging feature is 
instead considered peripheral “washout” and is not a major feature due to its association with intrahepatic 
cholangiocarcinoma[11]. Hypointensity on the transitional or hepatobiliary phases should not be considered 
“washout” since the high specificity of washout in the literature and its inclusion in LI-RADS has been 
based on exams performed with ECA. If “washout” is present in an observation prior to the transitional 
phase on an exam using a hepatobiliary contrast agent, “washout” can be considered present and used as a 
major feature for LI-RADS categorization.

Enhancing “capsule” describes a smooth uniform border around the majority of an observation margin that 
is unequivocally thicker or distinct from any fibrotic tissue present elsewhere in the liver. To be considered 
a major feature, this finding must be present on the portal venous, delayed, or transitional phase of post-
contrast imaging [Figure 5]. The term “capsule” is used in place of capsule appearance, since the imaging 
finding of a “capsule” can be indicative of either a true fibrous capsule or pseudocapsule on histology. 
Regardless of whether a true capsule or pseudocapsule is present, however, the imaging feature of “capsule” 
is present in 12%-94% of HCCs[14-17].

The size of an observation is the largest outer edge to outer edge dimension of an observation and 
should be measured on the sequence or phase where the margins of the observation are the most clear 
and distinct. Due to perfusion alterations that can manifest during the arterial phase, size should not be 
assessed on the arterial phase unless the observation is not visible on any other phase or sequence. Also, 
due to anatomic distortion that is often present on diffusion weighted imaging (DWI), measurements 
should be avoided on the DWI sequence unless the observation is not visible on another sequence. If the 
observation demonstrates capsule appearance, the capsule should be included in the size measurement. 
Only observations that are 10 mm or larger are eligible to be considered definitely as HCC (LR-5) in 
combination with arterial phase hyperenhancement and other major features. 

Threshold growth in LI-RADS v2018 refers to the size increase of an observation by greater than 50% 
within six months. Threshold growth only applies to observations that are definitely masses, since perfusion 
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Figure 4. Peripheral Arterial Phase Hyperenhancement. Axial T1-weighted fat saturated MR images of the abdomen prior to (A), and 
during the arterial phase (B) and delayed phase (C) of dynamic post extracellular contrast images. The 26 mm observation in the right 
hepatic lobe demonstrates peripheral arterial phase hyperenhancement (white arrow). This feature does not qualify as the major feature 
of nonrim arterial phase hyperenhancement and should lead the radiologist to assign the category of LR-M (probably or definitely 
malignancy, but not HCC specific). HCC: hepatocellular carcinoma

alterations can often vary in size from one exam to the next. Also, the comparison prior examination must 
be a CT or MRI exam that was performed 6 months or less prior to the more recent study [Figure 6]. This 
definition of threshold growth is different from prior versions of LI-RADS and was changed to achieve 
congruence with the definition of threshold growth used by the OPTN[18]. Note that the development of a 
new observation within 6 months of a prior examination is not considered threshold growth in LI-RADS, 
as the definition requires that the observation was present on the prior exam.

Ancillary features
Ancillary features are those imaging features that can be used to change the LI-RADS category of an 
observation after the application of major features. Ancillary features can change the category by one 
category to reflect either a higher or lower suspicion of malignancy. Ancillary features cannot, however, 
be used to change the category of an observation from LR-4 to LR-5. Only major features may be used 
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Figure 5. LR-5 - Definitely HCC. Axial MR images of a 14 cm mass at the junction of the right and left hepatic lobes. T1-weighted fat 
saturated images performed prior to (A) as well as during the arterial phase (B), portal venous phase (C), and delayed phase (D) 
following contrast administration demonstrate areas of arterial phase hyperenhancement (black arrowhead), “washout” (black arrow), 
and “capsule” (white arrow). The presence of three major features and size greater than 20 mm lead to LI-RADS 5 as the correct 
category for this mass. Additionally, the mass has ancillary features favoring HCC including mosaic architecture, fat in mass (seen as 
loss of signal between in-phase (F) and opposed-phase (E) T1-weighted images), and blood products in mass (white arrowhead, A). 
Additional ancillary features favoring malignancy, not HCC in particular, are also present including mild-moderate T2 hyperintensity 
(T2-weighted image, G) and restricted diffusion (diffusion weighted images, H). HCC: hepatocellular carcinoma
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Figure 6. Threshold Growth. Axial CT images of a 21 mm mass in the right hepatic lobe. The mass demonstrates arterial phase 
hyperenhancement during the arterial phase (white arrow, A), and “washout” with “capsule” (black arrow) on the portal venous (B) and 
delayed phases (C). Axial CT performed 5 months prior demonstrates a 12 mm mass on the portal venous phase (D, black arrowhead). 
The interval growth is more than 50% in less than 6 months, therefore, the mass also demonstrates threshold growth. The most 
appropriate category for this mass is LI-RADS 5. CT: computed tomography; LI-RADS: Liver Imaging Reporting and Data System

to categorize an observation as LR-5 to preserve high specificity for HCC. In LI-RADS v2018, ancillary 
features are divided into those suggestive of malignancy versus those suggestive of benignity [Table 4]. 
Ancillary features suggestive of malignancy are further subdivided into those that are and are not specific 
to HCC. For example, the presence of intralesional fat is considered a specific finding of HCC in those 
patients at risk for developing HCC, whereas restricted diffusion can be present in many types of malignant 
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Features favoring malignancy, not HCC in particular Features favoring HCC in particular Features favoring benignity
US visibility as discrete nodule Nonenhancing “capsule” Size stability ≥ 2 years
Subthreshold growth Nodule-in-nodule architecture Size reduction
Corona enhancement Mosaic architecture Parallels blood pool enhancement
Fat sparing in solid mass Fat in mass, more than adjacent liver Undistorted vessels
Restricted diffusion Blood products in mass Iron in mass, more than liver
Mild-moderate T2 hyperintensity Marked T2 hyperintensity
Iron sparing in solid mass Hepatobiliary phase isointensity
Transitional phase hypointensity
Hepatobiliary phase hypointensity

Table 4. LI-RADS v2018 ancillary imaging features

RADS: Liver Imaging Reporting and Data System; HCC: hepatocellular carcinoma

Figure 7. LR-4 - Probably HCC. Axial MR images of a 9 mm observation in the right hepatic lobe. T1-weighted fat saturated images 
performed prior to (A) as well as during the arterial phase (B), portal venous phase (C), and delayed phase (D) following contrast 
administration demonstrate arterial phase hyperenhancement (black arrow) of the observation which persists into the portal venous 
phase. Based on the size and presence of a single major feature, the appropriate category for this observation is LI-RADS 3. The 
observation also demonstrates mild T2-hyperintensity (white arrow, E) and restricted diffusion (white arrowhead, F). The presence 
of ancillary features suggestive of malignancy then allow the radiologist discretion with changing the category to LI-RADS 4 to reflect 
higher suspicion for HCC. HCC: hepatocellular carcinoma; LI-RADS: Liver Imaging Reporting and Data System

A

E

C

B

F

D



Page 12 of 14                                                 Santillan Hepatoma Res 2020;6:63  I  http://dx.doi.org/10.20517/2394-5079.2020.60

lesions such as metastases from an extrahepatic primary malignancy [Figure 7][8]. If an observation has 
multiple ancillary features for both benignity and malignancy, then the category of the observation should 
not be adjusted. Finally, the use of ancillary features is optional at the radiologist’s discretion for designating 
a LI-RADS category. 

TUMOR IN VEIN
The category of LR-TIV should be used for the evidence of vascular invasion of the portal veins or hepatic 
veins. Unequivocal vascular invasion is present when enhancing soft tissue is present within the vessel 
[Figure 8]. This category does not require the presence of a parenchymal mass. If possible, the radiologist 
should indicate the most probably etiology between HCC and non-HCC malignancy.

CONCLUSION
Since its initial release in 2011, CT/MR LI-RADS has evolved based on user feedback, ongoing expert 
review, and the need for unification with other HCC imaging algorithms. CT/MR LI-RADS v2018 provides 
an algorithm for the standardized reporting and interpretation of findings in patients at risk for HCC, and 
is now concordant with AASLD practice guidelines. With increasing adoption worldwide, the CT/MR 
algorithm and associated lexicon enable clearer communication between radiologists, other physicians, and 
researchers to better provide care for patients at risk for developing HCC.

Figure 8. LR-TIV. Axial CT images from the hepatic arterial (A), portal venous (B), and delayed (C) phases following intravenous 
contrast administration and coronal image from the hepatic arterial phase (D). Enhancing soft tissue is present in the right and main 
portal veins (white arrow). Due to an associated parenchymal mass (black arrow) with arterial phase hyperenhancement (not shown) 
and “washout”, the most appropriate category for this finding is LR-TIV, likely due to HCC. CT: computed tomography; LI-RADS: Liver 
Imaging Reporting and Data System; HCC: hepatocellular carcinoma; LR-TIV: LI-RADS Tumor in Vein
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Abstract
Nonalcoholic fatty liver disease (NAFLD) has become the most common cause of liver disease in many parts of 
the world, causing considerable liver-related (steatohepatitis, cirrhosis, liver failure and hepatocellular carcinoma) 
and extra-hepatic morbidity and mortality (mainly cardiovascular disease, chronic kidney disease or certain types 
of extra-hepatic cancers). Recently, based on insights gained from the past two decades, an international panel 
of experts from 22 countries has taken the initiative to propose a new name and definition for NAFLD in adult 
individuals - that is, metabolic dysfunction-associated fatty liver disease. This proposed change in nomenclature 
is not simply a semantic revision, but may facilitate improved diagnosis of this common liver disease for health 
promotion, case identification, patient awareness, ongoing clinical trials and health services delivery. The aim 
of this commentary is to discuss the proposal for a change in nomenclature of this common and burdensome 
liver disease and to address the “pros and cons” for changing the name according to the perspective of different 
stakeholders.
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MAIN TEXT
Nonalcoholic fatty liver disease (NAFLD) is a growing global health problem that affects about a quarter 
of the world’s adult population and poses a major health and economic burden to all societies[1-3]. Recently, 
two new position articles, published by a panel of international experts from 22 countries, have proposed 
a change of terminology and definition for NAFLD, called “metabolic dysfunction-associated fatty liver 
disease” (MAFLD)[4,5].

As summarized in the schematic Figure 1, over the last two decades there have been concerns expressed 
by both individual experts and some special conferences of scientific societies (an AASLD 2003 single 
topic conference and an EASL 2009 special conference, respectively) regarding the inaccuracy and possible 
“negative” consequences of using the term “NAFLD” to describe a fatty liver disease associated with 
metabolic dysfunction[6-13]. Since the initial descriptions in the early 1980s by Ludwig et al.[6], Schaffner 
and Thaler[7], who coined the terms of nonalcoholic steatohepatitis (NASH) and NAFLD, respectively, to 
describe a fatty liver disease arising in the absence of significant alcohol consumption, there have been 
major conceptual advances in our understanding of the complex pathophysiological mechanisms of this 
common liver disease.

Although the change of nomenclature from NAFLD to MAFLD that has been recently proposed by 
the panel of international experts is still under discussion, it is important to underline that this change 
in terminology is not merely a semantic revision, but can also represent the first step toward a better 
identification of this common and burdensome metabolic liver disease for improved health promotion, 
case identification, patient awareness, ongoing clinical trials and health services delivery[5,6,14-16].

Criteria for MAFLD diagnosis
The current definition of NAFLD is based on the presence of hepatic steatosis (detected by liver biopsy, 
imaging methods or blood biomarkers/scores) in the absence of significant alcohol consumption (though 
the currently recommended cut-offs to define “significant” alcohol consumption are arbitrary) and the 
exclusion of other secondary causes of hepatic steatosis[17-19]. Interestingly, the newly proposed definition of 
MAFLD shifts from a liver disease of “exclusion” (i.e., non-alcoholic fatty liver without coexisting known 
causes of fatty liver) to one of “inclusion”, as the newly proposed diagnostic criteria are based on the 
presence of hepatic steatosis, in addition to one of the following three criteria (namely overweight/obesity, 
presence of established type 2 diabetes mellitus, or evidence of metabolic dysregulation), regardless of daily 
alcohol consumption and other concomitant liver diseases[5]. A flowchart for the proposed simple criteria 
for the diagnosis of MAFLD in adult individuals is depicted in Figure 2. It is important to underline that 
these diagnostic criteria do not apply to paediatric population (< 18 years), because different cut-off points 
for defining the presence of overweight/obesity and other metabolic risk abnormalities should be used in 
children and adolescents. As also shown in this figure, the criteria proposed for diagnosing the presence of 
metabolic dysregulation among lean/normal weight individuals with hepatic steatosis who do not have type 
2 diabetes, are the presence of at least two metabolic risk factors from: (1) those risk factors that are widely 
used to identify the metabolic syndrome (using ethnic- and country-specific cutoff points of increased 
waist circumference)[20]; (2) a homeostasis model assessment-estimated insulin resistance score ≥ 2.5; or (3) 
a plasma high sensitivity-C-reactive protein (hs-CRP) level > 2 mg/L. It is well known that the metabolic 
syndrome is a complex of inter-related risk factors for both type 2 diabetes and cardiovascular disease. 
These risk factors include dysglycaemia, hypertension (or raised blood pressure), atherogenic dyslipidemia 
(typically defined by increased plasma triglycerides and low high-density lipoprotein cholesterol) and 
obesity (particularly increased abdominal adiposity)[20]. Interestingly, the new definition of MAFLD also 
includes elevated plasma hs-CRP levels as one of the metabolic risk factors, because it is well established 
that this plasma inflammatory biomarker (mostly secreted by the liver) is also often increased with 
cardiometabolic disorders.



Targher et al. Hepatoma Res  2020;6:64  I  http://dx.doi.org/10.20517/2394-5079.2020.71                                         Page 3 of 9

Figure 1. Schematic timeline of key suggestions for the revising the nomenclature of fatty liver disease from NAFLD to MAFLD[4-13]. 
NAFLD: nonalcoholic fatty liver disease; MAFLD: metabolic dysfunction-associated fatty liver disease

It is important to highlight that these “positive” diagnostic criteria recognize that MAFLD can also 
frequently co-exist with other conditions (e.g., significant alcohol consumption, viral hepatitis or other 
known chronic liver diseases), but the exclusion of these conditions is not a prerequisite for the diagnosis 
of MAFLD. Indeed, one of the advantages of the proposed diagnostic criteria for MAFLD is that they do 
not rely on exclusion of significant alcohol intake to establish the diagnosis. Individuals with MAFLD who 
also have one (or more) of these conditions should be defined as having dual (or more) aetiology of fatty 
liver disease[5], and it is likely that these individuals will have a different natural history and response to 
different treatments. For instance, previous studies have shown that a significant proportion of the general 
adult population (e.g., up to nearly 1% of United States individuals from the National Health and Nutrition 
Examination Survey database 2003-2014)[20] may be affected by both alcoholic disease and NAFLD (referred 
as BAFLD) and these patients tend to have more severe liver-related outcomes, given the synergistic 
interactions between alcohol consumption and features of the metabolic syndrome, such as obesity and 
type 2 diabetes mellitus[20,21].

The rationale for the use of these “positive” diagnostic criteria for MAFLD largely stem from the fact 
that there is a strong pathophysiological link between this liver disease and the presence of underlying 
abnormalities in metabolic health (namely overweight/obesity, type 2 diabetes, insulin resistance or other 
metabolic risk abnormalities)[17-19,21-29]. In addition, there is also convincing evidence that the coexistence of 
these metabolic risk abnormalities is not only one of the strongest risk factors of liver disease progression 
but also extra-hepatic clinical outcomes (mainly cardiovascular disease, chronic kidney disease and 
certain types of extra-hepatic cancers) in this patient population[17-19,23-31]. As depicted in Figure 2, the new 
diagnostic criteria for MAFLD would also be able to capture the whole phenotypical spectrum of fatty 
liver disease from that associated with metabolically unhealthy normal weight to metabolically unhealthy 
obesity.

1980, Ludwig et al .[6] coined the term «nonalcoholic 
steatohepatitis»

2002, A report of the AASLD single topic conference suggested 
«metabolic steatohepatitis» as alternative term to NAFLD/NASH 
but no consensus was reached

1986, Schaffner and Thaler[7] coined the term «nonalcoholic fatty 
liver disease»

2005, Loria et al .[9] proposed a change of name that should 
incorporate either «metabolic» or «insulin resistance»

2009, Brunt[11] proposed to change to «metabolic syndrome 
steatohepatitis (MESH)» or «obesity-related fatty liver disease»

2011, Balmer and Dofour[12] proposed the term «metabolic 
syndrome-associated fatty liver disease (MAFLD)»

2020, An international expert panel proposed a new definition for 
the diagnosis of «metabolic-(dysfunction) associated fatty liver 
disease (MAFLD)»

2009, An EASL special conference proposed to change the name 
to «metabolic fatty liver disease»

2017, Bellentani and Tiribelli[13] proposed the term «metabolic-
associated fatty liver (MAFL)»

2020, An international consensus panel proposed the term 
«metabolic-(dysfunction) associated fatty liver disease 
(MAFLD)»
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The panel of international experts has also proposed that MAFLD should be the single “overarching” term 
to describe this fatty liver disease[4,5]. Similar to that accepted for other chronic liver diseases, they proposed 
that the histological severity of liver disease should be defined by its grade of activity and its stage of 
fibrosis[5]. This recognizes that the grade of MAFLD activity is a disease continuum and the all-embracing 
term of MAFLD should replace the current stratification of liver disease into NASH and non-NASH, 
which may also have some important limitations (e.g., there is significant inter-observer and intra-observer 
variability for the histologic confirmation of NASH, particularly for ballooned hepatocytes)[5]. From a 
clinical and pathological perspective, this suggestion should also result in improved case identification, 
while sub-classification of MAFLD (based on the use of liver histology) may also capture histological 
changes in disease status with relevant impacts on the disease course[5]. As suggested by the panel of 
international experts, it is reasonable to assume that MAFLD could be sub-classified in the foreseeable 
future, based on new epidemiological and experimental data that might suggest the predominant 
pathophysiological pathway that drives the development of specific features of liver histology (steatosis, 
necro-inflammation or fibrosis), but which might lead to different hepatic and extra-hepatic clinical 
complications (e.g., cardiovascular disease, extra-hepatic cancers or chronic kidney disease)[5].

The expert panel has also proposed a set of diagnostic criteria to define MAFLD-related cirrhosis (in 
order to avoid the use of the term “cryptogenic cirrhosis” in this patient group) and proposed a conceptual 
framework to consider other causes of fatty liver disease[5]. The diagnostic criteria for MAFLD-related 
cirrhosis include patients with established cirrhosis in the absence of the typical histological signs 

Figure 2. Flowchart for the proposed “positive” diagnostic criteria for metabolic dysfunction-associated fatty liver disease (MAFLD) 
in adult individuals. These diagnostic criteria are not applicable to the paediatric population. This figure is reproduced with permission 
from Eslam et al .[5]
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suggestive of steatohepatitis, who meet at least one of the following criteria: past or present evidence of 
metabolic risk abnormalities that meet the criteria to diagnose MAFLD (as described in Figure 2) with at 
least one of the following diagnostic criteria, namely documentation of MAFLD on a previous liver biopsy, 
or historical documentation of hepatic steatosis by imaging methods[5]. Notably, a history of past alcohol 
intake should be considered as patients may have a dual disease aetiology with alcohol use disorder[5].

Finally, the panel of international experts has also proposed the new definition of MAFLD in order to 
bring more clarity to the distinction between the diagnostic criteria used in clinical practice to define this 
common liver disease and the inclusion criteria used for future research studies or randomized controlled 
trials[5]. However, these considerations in no way detract the conduct from ongoing trials, nor does it affect 
the diagnostic criteria proposed for MAFLD. As also suggested by the panel of international experts, it is 
reasonable to hypothesize that the use of the newly proposed “positive” criteria for the diagnosis of MAFLD 
and the exclusion of individuals with hepatic steatosis who do not have coexisting metabolic dysfunction 
will render study cohorts less heterogeneous, thereby increasing the probability of detecting a positive effect 
of clinical approaches targeting MAFLD[5].

MAFLD and NAFLD: are two terms interchangeable? 
It is possible that a consequence of implementing the proposed change in terminology will also highlight 
some new categories of fatty liver disease. This might also foster new discoveries of the causes, mechanisms, 
classification and treatment of fatty liver disease[5]. 

In line with this hypothesis, Lin et al.[32] have recently compared the characteristics of MAFLD and NAFLD 
in a nationally representative cohort of nearly 13,000 United States adults with liver ultrasonography and 
complete laboratory data. Interestingly, using the National Health and Nutrition Examination Survey 
(NHANES-III) 1988-1994 database, the authors reported that NAFLD was present in 33.2% of participants, 
while MAFLD was present in 31.2%. In addition, compared to those with NAFLD, patients with MAFLD 
were more likely to have multiple metabolic comorbidities (e.g., obesity, hypertension and type 2 diabetes) 
and more cases with advanced liver fibrosis as detected by non-invasive fibrosis scores[32]. These findings 
suggest that MAFLD definition is more accurate than NAFLD definition in identifying those patients 
with hepatic steatosis who are at higher risk of disease progression or have a greater risk of cardiovascular 
disease. 

As depicted in Figure 3, these “real-world” data clearly indicate that there is an excellent concordance 
between MAFLD and NAFLD (with a calculated Cohen’s kappa coefficient of 0.92)[33]. However, NAFLD 
and MAFLD definitions do not identify exactly the same individuals and, therefore, the two terms are not 
fully interchangeable. Looking at these “real-world” data from adult individuals in the United States, it is 
evident that not all individuals with NAFLD have MAFLD and vice versa. Indeed, as shown in Figure 3, 
there are some individuals with MAFLD and coexisting liver diseases who do not have NAFLD. There 
is also a non-negligible proportion of individuals (620/4,347; nearly 15%) previously deemed as having 
NAFLD who do not have MAFLD, and that cannot be attributed to significant alcohol consumption (based 
on self-reported history that might also be under-reported in clinical practice) or other known causes of 
liver disease[32]. Notably, as reported in the study by Lin et al.[32], these latter individuals are predominantly 
of female sex (~60% women), young (mean ± SD: 35 ± 13.4 years) and have “lean” NAFLD (mean body 
mass index: 21.7 ± 2.1 kg/m2) without coexisting metabolic dysregulation, as defined by the diagnostic 
criteria of MAFLD. Most importantly, these individuals also have a (relatively) low proportion of advanced 
liver fibrosis[32]. Unfortunately, no information is available about patatin-like phospholipase domain-
containing protein-3 (PNPLA3) I148M variant, trans-membrane-6 superfamily member 2 (TM6SF2) E167K 
variant or other NAFLD-related genetic variants in these “lean” NAFLD individuals without metabolic 
dysregulation.
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That said, further large cohort studies are needed to validate and corroborate the aforementioned findings 
in European, American and Asian populations (where the overall prevalence of “lean” NAFLD is greater 
than in United States)[34] and, most importantly, to examine the risk of developing adverse liver-related and 
extra-hepatic outcomes (e.g., cardiovascular disease, chronic kidney disease and extra-hepatic cancers) in 
patients with MAFLD compared with those with NAFLD. In addition, further research is also needed to 
better understand the risk of disease progression amongst “lean” NAFLD individuals without any metabolic 
dysregulation.

CHALLENGES AND THE WAY FORWARD
In addition to the challenges for the MAFLD field that have been outlined in the two new position 
papers (e.g., definition of “metabolic health”, different disease subtypes)[4,5], words of caution have also 
been expressed by a distinguished group of United States experts regarding the possible implications of a 
premature change in NAFLD terminology[35]. In particular, although these colleagues are in agreement that 
the new term MAFLD reflects more accurately the relevant metabolic risk factors than the age-old term 
NAFLD, they also suggest that a change in terminology for a disease entity is only justified when there is 
a better understanding of its pathogenesis, risk stratification and molecular phenotyping[35]. That said, one 

Figure 3. Concordance between MAFLD and NAFLD diagnostic criteria in the Third National Health and Nutrition Examination Survey 
(NHANES) 1988-1994 database. Data are extrapolated from the study by Lin et al .[32]. This figure is quoted with permission from 
Targher G.[33]. *Metabolic dysfunction was defined according to MAFLD diagnostic criteria. MAFLD: metabolic dysfunction-associated 
fatty liver disease; NAFLD: nonalcoholic fatty liver disease; ALD: alcoholic liver disease
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good reason to change the nomenclature and the diagnostic criteria for defining this fatty liver disease is 
that current diagnostic criteria focused on diagnosing NASH by histology only is hindering both the testing 
of novel treatments for NAFLD and the discovery of new biomarkers. As the change in nomenclature 
and diagnostic criteria for this fatty liver disease have not been accepted by the major scientific societies, 
it has been recommended that an international consensus conference should be jointly organized by 
the major relevant scientific societies along with the patient advocacy organizations, biopharmaceutical 
industry, regulatory agencies and policy makers to thoughtfully consider any implications of a change in 
terminology of NAFLD as we know it[35]. Following the same process that occurred for changing the term 
“primary biliary cirrhosis” to “primary biliary cholangitis”, all the main scientific societies should approve 
the different steps, reach a consensus and publish a position paper on MAFLD.

CONCLUSION
Based on pathophysiological insights gained from the past decades, two new articles from a panel of 
international experts from 22 countries have proposed a new name and definition for NAFLD in adults - i.e., 
MAFLD[4,5]. We believe that a change in the nomenclature and definition for this burdensome liver disease 
affecting nearly one billion people globally is overdue, as knowledge gained from the last two decades has 
clearly established that MAFLD is a (predominantly) metabolic liver disease. Furthermore, the term “non-
alcoholic” over-emphasizes the absence of significant alcohol consumption and does not acknowledge the 
importance of overweight/obesity, type 2 diabetes mellitus, insulin resistance and other metabolic risk 
abnormalities that fuel the risk of liver disease progression and the development of serious adverse extra-
hepatic outcomes (e.g., cardiovascular disease, extra-hepatic malignancies or chronic kidney disease)[36-41]. 
To date, it is known that there is a substantial under-appreciation of NAFLD by both primary care 
clinicians and patients[42,43]. We believe that the proposed change of the name from NAFLD to MAFLD 
holds promise to aid in increasing awareness of this liver disease and decreasing its possible social stigma 
due to its link to alcohol intake. It is reasonable to propose that this new definition might also promote 
the establishment of MAFLD clinics run jointly by hepatologists and diabetologists to further improve 
patient care. To date, however, a number of challenges and uncertainties remain before making this step-
change. As discussed above, a change to the nomenclature and diagnostic criteria for NAFLD is a potential 
first relevant step to acknowledging that NAFLD is an important metabolic liver disease whose aetiology 
and pathogenesis extend beyond the liver. Indeed, it is known that NAFLD is a novel risk factor for the 
development of cardiovascular disease, chronic kidney disease, type 2 diabetes and some extra-hepatic 
malignancies (e.g., colorectal cancers)[36-41]. In the meantime, an international consensus conference should 
be jointly organized by the major relevant scientific societies to discuss the implications of a change in 
terminology from NAFLD to MAFLD and to achieve a consensus regarding any change in nomenclature 
and definition for this common metabolic liver disease.
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Over the past 20 years the use of laparoscopy has revolutionized hepatic surgery and, in recent years, 
robotic assistance to the laparoscopic approach has been explored by some centres. Since its approval, 
there has been a prodigious increase in robotic utilization for surgical operations worldwide[1,2]. As its use 
continues to increase, assessment of efficacy and outcomes is an area of active study.

Preliminary inquiries into robotic-assistance in surgical procedures began in the late 1980s with a robot 
designed to perform neurosurgical biopsies with improved precision[3]. Innovation accelerated shortly 
thereafter as multiple governmental organizations, including the United States Army and National Air 
and Space Administration, became interested in telesurgery - the capability for a surgeon to operate on 
a physically distanced patient using a robotic interface[4,5]. Expertise and technology devised from these 
efforts later facilitated development of commercial robotic surgical systems for civilian use, including the 
ROBODOC[6], AESOP system[7], Zeus[8], ARTEMIS[9] and the da Vinci Surgical System[10].

Currently, the most widely used robotic platform worldwide is the da Vinci Surgical system, first approved 
for use in general laparoscopic surgery by European regulatory agencies in 1999, followed shortly 
thereafter by the United States Food and Drug Administration in 2000. Initially reserved for smaller 
operations such as cholecystectomy, the robot is now used for a wide variety of operations ranging from 
inguinal herniorrhaphy to major hepatectomy. Many surgeons perceive advantages when using robotic 
systems, which may explain this increased utilization[11]. These include wristed articulated instruments, 

Received:     First Decision:     Revised:     Accepted:    Published:  

Science Editor:     Copy Editor:     Production Editor: Jing Yu 



Page 2 of 6                                         Labadie et al. Hepatoma Res  2020;6:65  I  http://dx.doi.org/10.20517/2394-5079.2020.86

3-dimensional high definition optics, improved surgeon ergonomics, diminished surgeon fatigue, as well 
as a shortened learning curve compared to standard laparoscopic liver surgery. Several disadvantages are 
emphasized by detractors of the robotic technique, including the need for experienced teams, substantial 
acquisition and operational costs, and concerns over lack of benefit over standard laparoscopic surgery[12,13].

Robot-assisted laparoscopic liver resection (RALLR) was first described in the 2000s[14], with the initial 
landmark case series of 70 patients reported by Guilianotti and colleagues in 2010[15]. The indications 
for RALLR mirror those of the standard laparoscopic approach, including resection of both benign and 
malignant tumours in patients who can tolerate general anaesthesia and prolonged pneumoperitoneum. 
Over the last two decades, numerous single and multi-institutional case series have reported outcomes of 
RALLR in high-volume centres, demonstrating it to be safe, feasible, and effective for minor and major 
hepatectomies[16]. Compared to standard laparoscopic liver resection, perioperative outcomes including 
operative time and estimated intraoperative blood loss have been shown to be higher in RALLR, but the 
open conversion rate, R0 resection rate, hospital length of stay, morbidity and mortality are no different 
than standard laparoscopic hepatectomy[17]. Indeed, RALLR recapitulates the main benefits observed with 
standard laparoscopic hepatectomy in comparison to open hepatectomy, including reduced postoperative 
complications and shorter length of stay without compromising oncological outcomes such as radical 
resection rate, overall survival, and disease-free survival rate[18,19]. The accumulation of evidence supporting 
RALLR resulted in international consensus guidelines promoting the development and standardization of 
robot-assisted laparoscopic hepatectomy in 2018[20]. 

RALLR is indicated for resection of all liver tumour types including hepatocellular carcinoma (HCC). It 
has been demonstrated to be safely performed for patients with HCC who have well-compensated cirrhosis 
without signs of severe portal hypertension. Evidence examining the safety and oncological effectiveness of 
RALLR for HCC is accumulating, with a systematic review published in 2018 highlighting the favourable 
short-term outcomes reported in over 300 patients from 10 institutional series[21]. In the largest series 
examining RALLR for HCC to date, Chen et al.[22] performed a propensity score matching analysis of 81 
RALLR and 81 open liver resections for HCC. In this report, which included approximately 40% major 
hepatectomies, operative time was longer in the RALLR compared to open cohort (median of 343 min vs. 
220 min). However, the intraoperative blood loss (median 282 mL vs. 263 mL), percent of patients requiring 
an intra-operative blood transfusion (7.4% vs. 3.7%), and postoperative complications (4.9% vs. 3.7%) were 
comparable between the two techniques. Notably, the authors observed a significantly reduced length of 
hospital stay (median 7.5 days vs. 10.1 days), reduced patient-controlled analgesia use on postoperative day 
1 and during initial ambulation in the RALLR compared to open hepatectomy cohort. Similar outcomes 
have been observed in other institutional cohorts; however, it is worth noting that these early published 
series come from high-volume institutions with extensive experience with laparoscopic liver resection, 
potentially limiting the generalizability of these findings.

Given the relatively recent adoption of RALLR, studies examining the long-term oncological outcomes in 
patients after resection for HCC are limited. An early and available outcome that many authors examine as 
a surrogate for oncological efficacy is the R0 resection rate, as a positive histological margin is known to be 
associated with a higher incidence of postoperative recurrence in HCC[23]. R0 resection rate may also serve 
as a hallmark of technical feasibility, as lower R0 resection may indicate suboptimal technical skill or an 
inherent limitation of the technology (i.e., inability to palpate tumour with minimally invasive approach). 
Published RALLR R0 resection rates are high, ranging from 85%-100% in most series[16]. In regard to long-
term oncological outcome data, four of the largest studies examining RALLR for HCC report disease-free 
survival and overall survival ranging from 72% to 75% and 93% to 98% at 2 and 3 years postoperatively, 
respectively[24-26]. These mid-term oncological data are encouraging, but will need confirmation with longer-
term outcome reporting.
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The modern liver surgeon is afforded with numerous technical approaches to the resection of liver tumours. 
Although several matched comparisons and meta-analyses have been performed examining the differences 
between RALLR and several types of laparoscopic liver resection (LLR), many of these are limited by 
retrospective design and confounded by selection biases[27]. One of the largest studies comparing RALLR 
and LLR matched 57 RALLR to 114 LLR based on background liver disease, extent of resection, diagnosis 
and other patient demographic factors[28]. The authors concluded that RALLR and LLR displayed similar 
safety and feasibility for hepatectomies, but that more resections approached robotically were completed 
totally minimally invasively compared to LLR, with a significant proportion of their LLR cohort requiring 
hand-assist port. The clinical impact of hand-port utilization on postoperative pain and quality of life is 
unclear. Magistri et al.[29] compared RALLR and LLR specifically for HCC and reported similar outcomes 
between both approaches.

A specific indication where RALLR may be advantageous to standard LLR is the resection of liver segments 
in the posterosuperior segments (S1, S4A, S7, S8), which are difficult to approach by standard LLR. 
Challenges in these approaches for standard LLR include poor visualization, difficulty in haemorrhage 
control, as well as deep, curved or angled parenchymal transection planes associated with the posterior 
location of these segments. Although tumourectomies and segmentectomies of these segments can 
be feasibly approached laparoscopically, they often require expert skill and invasive manoeuvres (i.e., 
transpleural approach), potentially limiting their generalizability[30,31]. Laparoscopic right hepatectomy 
is often the preferred approached to resections of these lesions since it is technically less challenging. 
Several studies have evaluated RALLR for parenchymal-sparing resection of lesions in the posterosuperior 
segments, with authors concluding that RALLR does indeed offer specific advantages to standard LLR and 
may serve as an alternative to open resection for these lesions[32-36]. A review of our institutional series of 
over 250 RALLR similarly corroborate these findings.

Enhanced efficacy of systemic therapies has provided significant benefit for patients with primary and 
secondary hepatic malignancies and highlighted the importance of parenchymal sparing resections when 
performing hepatectomy, as more patients may benefit from resection of intrahepatic recurrence. This 
trend in management has challenged liver surgeons to totally extirpate tumours while preserving maximal 
liver parenchyma, which is often damaged following numerous rounds of systemic chemotherapy, to allow 
for future liver-directed therapies. Performing these resections from a minimally invasive approach may be 
advantageous to survival by minimizing postoperative complications and potentially expediting a return 
to adjuvant therapy, although additional confirmatory data are needed. Nevertheless, it is appealing to 
speculate that performing minimally invasive parenchymal-sparing liver resections is advantageous for 
certain liver cancer patients. 

New technologies to improve pre-operative planning, intra-operative decision making, and surgical 
training are being developed for the da Vinci robotic surgical system[37]. Advances in image-guided liver 
surgery, surgical resection maps, 3D modelling, and indocyanine green fluorescence with near-infrared 
fluorescent imaging and 3D modelling have been developed to assist the surgeon and surgical trainee. 
In collaboration with Intuitive, our group has helped to develop novel interactive 3D models for pre-
operative planning and intra-operative navigation [Figure 1]. Numerous three-dimensional virtual-reality 
robotic surgery simulators now exist for surgical trainees to improve robotic technique and simulate real-
life operative situations. Furthermore, development of novel robotic surgical systems by companies such as 
Medtronic, Johnson & Johnson, and TransEnterix will only propel ongoing technological innovation. We 
hope these innovative new technologies translate into improved surgical outcomes for our patients and a 
well-trained next generation of minimally invasive liver surgeons. 

In conclusion, RALLR is a safe and effective approach to the minimally invasive resection of hepatic 
malignancies. In experienced hands, it is equivalent to the standard laparoscopic approach to anterior 



Page 4 of 6                                         Labadie et al. Hepatoma Res  2020;6:65  I  http://dx.doi.org/10.20517/2394-5079.2020.86

Figure 1. Real time navigation on da Vinci surgeon console. A: interactive three-dimensional anatomic representations are developed 
from the patient’s preoperative imaging; B: 3D representations overlaid onto the surgeon’s console in a porcine model to reveal the 
tumour’s location in relation to the vascular and biliary structures in real-time. This technology can enhance the surgeon’s ability 
to visualize the anatomy and perform a margin negative resection. Video and images courtesy of Intuitive. The da Vinci technology 
presented is still in development, is not 510(k) cleared and the safety and effectiveness of the product has not been established. The 
technology is not currently for sale in the US

A

B
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and inferior hepatic segments and may provide benefits over standard laparoscopy during resections in 
posteriorly and superiorly located tumours. 
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Abstract
Aim: To test the efficacy and safety of liver stereotactic body radiation therapy (SBRT) in patients who harbor 
adverse factors.

Methods: We retrospectively evaluated the outcomes of liver SBRT in a single cancer center. We invented criteria 
consisting of two physical factors and two tumor factors to measure the treatment difficulty in each case. The 
clinical outcomes and toxicity were evaluated by stratification of the harboring factors.

Results: A total of 24 (23 hepatocellular carcinoma and 1 intrahepatic cholangiocarcinoma) patients were eligible 
for this study, with a median follow-up duration of 18 months. Of all eligible patients, 21 patients (88%) had 
one or more factors. The local control, progression-free survival, and overall survival rates for all patients at 
2 years were 89%, 42%, and 76% respectively. In the patients with physical and tumor adverse factors, local 
control/progression-free survival/overall survival rates at 2 years were 100%/42%/69% and 80%/23%/78%, 
respectively. The subgroup of 11 patients with 2 or more factors showed comparable local control rate at 2 years 
to the subgroup of 13 patients with 0 to 1 factors (100% vs . 86%, P  = 0.59). One patient (4.2%) experienced a 
decline in the Child-Pugh score by 2 points at 3 months after the treatment. Grade 2 to 3 gastrointestinal toxicity 
was observed in three patients.

Conclusion: SBRT showed a high local control rate with acceptable toxicity for the group of liver cancer patients 
harboring both physical and tumor adverse factors as long as conducted following patient selection and dose 
constraints that were used in this study.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignant diseases in the world and the 
fourth most common cause of cancer death in Japan[1,2]. Treatment of HCC consists of surgical resection, 
radiofrequency ablation, transarterial chemoembolization, and use of systemic anticancer agents[3,4]. 
Moreover, the use of stereotactic body radiation therapy (SBRT), a nonsurgical local treatment, has rapidly 
increased in the past decade owing to its ability to deliver a precise radiation dose with modern radiation 
oncology devices and techniques[5]. Referring to the eligibility criteria for prospective liver SBRT trials, the 
ideal candidate for the treatment is considered to: (1) be in fair general condition; (2) have adequate liver 
function [Child-Pugh (CP) score 5 to 6]; and (3) a tumor size, number, and location that are amenable to 
dose constraints for organs at risk (OAR) in treatment planning[6-8]. However, patients with liver tumors 
who are referred to SBRT are usually unsuitable for surgery or other local therapies due to comorbidity 
and impaired liver function. In addition, in daily practice, a considerable proportion of tumors are unfit 
for typical SBRT planning due to the radiation therapy planning dose constraint. Both physical factors and 
tumor factors affect the decision of treatment choice. The more patient factors that do not meet clinical 
trial criteria, the higher tendency to select non-localized treatment or conservative options instead of liver 
SBRT in clinical practice. To the best of our knowledge, no study has directly tested the impact of those 
composite adverse factors in liver SBRT. Therefore, this study aimed to evaluate the efficacy and feasibility 
of liver SBRT for cases with originally defined adverse factors.

METHODS
Patient data
We planned a retrospective study of patients with liver tumors who were treated by liver SBRT at the 
Tokyo Metropolitan Cancer and Infectious Diseases Center, Komagome Hospital between 2014 and 2019. 
The institutional patient database was used to screen patients. The eligibility criteria were as follows: (1) 
diagnosis of primary liver malignancy; (2) first liver SBRT (subsequent SBRT episodes were excluded); and 
(3) definitive treatment (not palliative intent). Patient characteristics, laboratory testing, imaging findings, 
and SBRT parameters were extracted from the medical records, and the comorbidities of the patients were 
evaluated by the Charlson comorbidity index[9]. This study was approved by the Institutional Review Board 
of Tokyo Metropolitan Cancer and Infectious Diseases Center, Komagome Hospital (#2450).

Treatment procedure
To visualize the liver tumor position, a fiducial marker (Visicoil, RadioMed LLC, California, USA; length: 
10 mm, diameter: 0.75 mm) was implanted next to the target by the hand of a hepatologist 2 weeks 
prior the treatment. Subsequently, a 4-dimensional computed tomography (CT) image with contrast-
enhancement was obtained for treatment planning. Treatments were conducted using a Vero 4DRT system 
(Mitsubishi Heavy Industry, Tokyo, Japan), which equips the tracking system.

Gross tumor volume was defined in the planning CT scan with the guide of contrast-enhanced magnetic 
resonance imaging image fusion. The clinical target volume (CTV) was obtained by adding a 4-mm margin 
to the gross tumor volume within the liver volume, while the planning target volume (PTV) was generated 
by adding a margin to the CTV for uncertainness of setup and tracking (usually a 5-6 mm margin to the 
CTV).

A total of 40 Gy in 5 fractions over two weeks was prescribed to the 70% isodose fitting to the PTV. The 
modified prescription was allowed to achieve dose constraints: A reduced prescription dose (down to 32 Gy) 
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in 5 fractions was selected to reduce the normal liver dose, while a more fractionated schedule (40 Gy in 10 
fractions) was selected for cases in which the PTV was in direct contacted with the OARs. Dose constraint 
criteria for the liver were volumes receiving 20 Gy (V20) < 20%. Dose for digestive tube was restricted 
below 30 Gy in 5 fractions to at most 0.5 cc of the volume.

Evaluation of outcomes and statistical considerations
To measure the difficulty of the treatment in each case, we invented criteria consisting of two physical 
factors and two tumor factors as shown in Table 1. Each adverse factor was weighted equally, and the 
patients were categorized by the number of harboring factors.

Patients were usually evaluated by liver function blood test and CT or magnetic resonance imaging 
every 3 to 6 months after the treatment. Endoscopy was not routinely performed unless the patient had 
gastrointestinal symptoms. Local control was defined as freedom from radiological progression (> 20% 
growth in the diameter), and data were censored when patients were lost to follow-up or died without local 
progression. Progression-free survival was defined as the duration to any liver tumor recurrence and death. 
Overall survival (OS) was defined as the time until to death from any cause. All the indicators were counted 
from the initial day of SBRT, and rates were estimated by the Kaplan-Meier method. Patients who had two 
or more adverse factors were compared to those who did not, in terms of local control rate. Toxicity was 
evaluated using the Common Terminology Criteria for Adverse Events version 4.0. Liver function before 
and after SBRT was evaluated with the CP scoring system.

RESULTS
A total of 24 patients were eligible for this study between January 2014 and December 2019. The median 
follow-up duration was 18 months, and the patient characteristics are listed in Table 2. All the patients 
were pathologically or radiologically diagnosed with primary liver malignancy; one patient was diagnosed 
with intrahepatic cholangiocarcinoma, the remainder of patients were diagnosed with HCC. A modified 
SBRT prescription was used in 9 patients (an OAR dose constraint in 3 patients and a liver dose constraint 
in 6 patients). Of all eligible patients, 21 patients (88%) had one or more adverse factors, 16 patients (67%) 
had physical factors, 13 patients (54%) had tumor factors, and 11 patients (46%) had two or more adverse 
factors. The number of patients who met the criteria of the adverse factor was 10 for general condition, 10 
for liver function, 9 for tumor persistence, and 7 for planning difficulty.

Outcomes
The local control, progression-free survival, and OS rates for all patients at 2 years were 89%, 42%, and 76%, 
respectively [Figure 1]. One patient (patient number 8 in Table 2) experienced local progression within 
the PTV 20 months after SBRT was confirmed on CT. In the patients with physical and tumor adverse 
factors, local control/progression-free survival/OS rates at 2 years were 100%/42%/69% and 80%/23%/78%, 
respectively. The subgroup of 11 patients with 2 or more (13 patients with 0 to 1) adverse factors showed 

Factor Criteria
1. Physical factor

General condition ECOG performance status = 2 or above or Charlson comorbidity index = 5 or above
Liver function CP score = 7 or above or normal liver volume < 1000 mL*

2. Tumor factor
Tumor persistence Three or more previous liver tumor treatments**
Planning difficulty Target is in immediate contact with the gastrointestinal tract or tumor size > 5 cm

Table 1. Criteria of adverse factors

*Liver volume subtracted by the gross target volume; **either surgery, radiofrequency ablation, or transarterial chemoembolization for 
liver tumor. CP score: Child-Pugh score; ECOG: European Clinical Oncology Group 
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a comparable local control rate at 2 years 100% (86%) (P = 0.59) [Figure 2]. In the 11 patients who 
experienced non-local progression, 9 had intrahepatic recurrences as the first site of recurrence, one had 
both intrahepatic and regional lymph node recurrence, and one had lung metastasis.

Toxicity
One patient (4.2%) experienced a decline in CP score by 2 points 3 months after the treatment, although 
it remains unclear whether SBRT directly worsened the liver function since HCC developed rapidly after 
the treatment. Grade 2 or greater gastrointestinal toxicity was observed in three patients: One patient 
experienced Grade 3 cholangitis 3 months after the SBRT for S4/8 tumor; another patient experienced 
Grade 2 esophagitis 2 months after SBRT for S8 tumor; and the other patient with an S5/6 tumor 
experienced Grade 2 lower gastrointestinal hemorrhage. The list of SBRT treatment planning parameters, 
liver function before and after treatment, and toxicity are shown in Table 3.

DISCUSSION
The current study evaluated the safety and efficacy of liver SBRT in patients with combined treatment 
difficulty. An equally high local control rate with acceptable toxicity was demonstrated in patients with 
both physical and tumor adverse factors.

The patient selection criteria of the prospective liver SBRT trials, and the patient characteristics that were 
actually included denote the group of patients in which the feasibility of SBRT has been confirmed. Existing 
prospective studies of liver SBRT mainly recruited patients with CP A diseases, or those with at least CP B 
score 7[6-8]. Additionally, most of the patients who participated in those prospective studies were categorized 
as ECOG PS 0 or 1. Thus, the safety and efficacy of liver SBRT in unfit patients has not been demonstrated 
in prospective trials. Although tumor location is not necessarily regarded as a crucial factor in liver SBRT 
eligibility, substantial attention is paid to dose constraints when the tumor is in contiguity with OAR. 
Furthermore, controversy exists in relation to the dose constraint for the digestive tube, although previous 
studies encourage clinicians to reduce the dose for the digestive tube below the prescription dose[10].

Characteristic Value
Age, median (range), years 72 (57-93)
sex Male 19

Female 5
ECOG performance status

0 5
1 16
2 3

Charlson comorbidity index[9]

3 to 4 15
5 or more 9

Underlying liver disease
HCV infection 7
HBV infection 4
Alcohol 4
Non-alcoholic steatohepatitis 5
Other/none 4

Previous treatment course
0 9
1 to 2 6
3 or more 9

Table 2. Patient baseline characteristics

ECOG: European Oncology Study Group; HVB: hepatitis B virus; HCV: hepatitis C virus
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Figure 1. Local control rate (top), progression-free survival rate (middle), and overall survival rate (bottom) for all patients in this study
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Figure 2. Local control rate for patients with or without physical adverse factor (top), for patients with or without (middle) and for 
patients with 2 or more total factors or not (bottom)
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Studies involving patients with more advanced liver tumors, or in those with impaired liver function, 
reported a greater risk of treatment-related toxicity. In the largest prospective Phase I/II study in patients 
with multiple HCC, 68% of patients had two or more lesions, resulting in a mean liver dose > 20 Gy in 
a fraction of patients. Seven patients experienced Grade 5 adverse events (liver failure for five patients). 
Additionally, 29% of the patients experienced deterioration in the CP class 3 months after SBRT[6]. A study 
involving patients with poor liver function (CP B or C) reported that the OS rate at 1 year was 32% and 63% 
of patients experienced a decline in CP score by 2 or more points at 3 months[13]. For challenging cases, the 
indication for patient-oriented SBRT should be decided based on HCC prognosis, liver function, patients 
request, and other options.

The originally defined adverse factors, both physical and tumor factors, in this study did not seem to be 
a crucial issue in the liver SBRT. Of the total included patients, 88% had at least one and 46% had two or 
more adverse factors, although a high local control rate and acceptable toxicity were achieved. Thus, our 
approach appears reasonable in terms of patient selection and toxicity management.

In the future, novel technologies might change the borderline of the indication of liver SBRT. Magnetic 
resonance imaging linac provides real-time high contrast image-guided radiation therapy, which enables 
highly accurate dose delivery with a minimal PTV margin[14]. Moreover, proton beam RT has an advantage 
on dose distribution over standard proton-based radiation in terms of its physical profile, and some 
prospective trials have reported the clinical outcome[15]. However, as there is no direct comparison to date, 
its clinical advantage over photon-SBRT remains unclear. To clarify this point, a Phase III randomized trial 
NRG-GI003 (NCT03186898) is open for accruing patients.

Advances in other local liver treatments, including, surgery and radiofrequency ablation, have also 
provided the opportunity for less invasive local treatment for HCC. Indeed, laparoscopic resection is a 
recently established method of hepatic resection that is supported by several studies[16,17]. Furthermore, 
robotic surgery is a promising modality in the field of surgical resection of malignant disease. With regards 
to liver tumor resection, due to lack of evidence, robotic surgery is not the standard of care at this time, 
while oncological efficacy and the perioperative outcome is under evaluation[18]. In the future, as less 
invasive treatment options become available, the current indication of local treatment can be overwritten. 
Discussion in a multi-disciplinary team, consisting of a surgeon, hepatologist, medical oncologist, and 
radiation oncologist, may lead to better decision making, especially in cases with adverse factors.

This study has several limitations due to the small retrospective study basis. The number of patients and 
events are not sufficient to perform a reliable statistical test to detect the critical adverse factors related to 
SBRT. Additionally, there were no highly challenging cases in the current study population; for example, 
poorer liver function, poorer performance status, or multiple lesions. Thus, the boundary of feasible 
patients on liver SBRT was not shown in this study.

In conclusion, SBRT was safely and effectively administered to a group of patients harboring both physical 
and tumor adverse factors as long as conducted following patient selection and dose constraints that were 
used in this study. Therefore, SBRT seems to be a good treatment option for patients with primary liver 
tumors. 
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Abstract
Aim: Inflammation-based markers, such as the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte 
ratio (PLR), have recently been used as prognostic indicators in hepatocellular carcinoma (HCC). We aimed to 
determine whether NLR and PLR may predict response to yttrium-90 transarterial radioembolization (TARE) as 
primary treatment for HCC. 

Methods: We performed a retrospective review of a prospectively collected database of HCC cases (1994-2019) 
and selected patients who received TARE as primary treatment (n  = 42). Laboratory studies were used to calculate 
NLR and PLR. Response to TARE was determined using the modified response evaluation criteria in solid tumors 
(mRECIST). Patients were classified as non-responders (stable or progressive disease) or responders (partial or 
complete response) to treatment based on mRECIST.

Results: Receiver operating characteristic curves identified a pre-treatment NLR cutoff of ≥ 2.83 and a pre-
treatment PLR cutoff of ≥ 83 for predicting non-response to treatment. Pre-treatment NLR ≥ 2.83 was the only 
significant predictor of non-response to TARE in multivariate logistic regression analysis (odds ratio 7.83, P  
= 0.036). On time to progression analysis, both pre-treatment NLR ≥ 2.83 and pre-treatment PLR ≥ 83 were 
associated with a higher proportion of tumor progression at 6 months post-treatment (43.6% vs . 10.0%, P  = 
0.014, log-rank) and (38.6% vs . 0%, P  = 0.010, log-rank), respectively.

Conclusion: NLR confers prognostic value and may be superior to PLR in determining response to TARE as primary 
treatment for HCC. Future studies are necessary to validate these findings in a larger cohort.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary liver cancer and the fourth most common 
cause of cancer-related death worldwide[1]. In the United States, the overall prognosis for HCC is poor, 
with a 5-year survival rate of 10%[2]. Generally accepted curative therapies include liver resection or 
transplantation. Unfortunately, patients with advanced disease are usually not amenable to surgical 
intervention. For patients with unresectable tumors, transarterial chemoembolization (TACE) or 
transarterial radioembolization (TARE) with yttrium-90 (Y90) can be considered to treat or downstage 
disease to qualify for curative surgery. Although TACE has been the mainstay of treatment for intermediate-
stage tumors, TARE has a distinct advantage in that it can be used in portal venous thrombosis and has a 
better adverse effect profile with similar efficacy to TACE[3-5]. 

Response to TARE is measured by the modified response evaluation criteria in solid tumors (mRECIST) 
using either contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI)[6]. 
Depending on individual center protocols, initial images are performed 1 to 3 months post-treatment. 
Unfortunately, tumors that are non-responsive to TARE may progress while waiting for subsequent 
imaging. Therefore, prognostic biomarkers are needed to help predict which patients will benefit from 
TARE.

The serum marker alpha-fetoprotein (AFP), widely used as a screening tool for HCC, has been shown to 
have prognostic value in treatment[7,8]. However, AFP is also elevated in non-tumor environments and is 
not particularly sensitive for small tumors[9]. Liquid biopsy, which detects circulating tumor cells or nucleic 
acids, is a promising alternative to AFP but is not yet widely available[10]. Recently, inflammatory markers 
such as the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) have gained 
popularity as prognostic indicators in cancer[11-14]. While the mechanism behind these markers is not 
precisely understood, a proinflammatory environment along with thrombocytosis has been associated with 
tumor growth and survival[15-17].

Previous studies have highlighted the clinical utility of NLR and PLR as prognostic markers for HCC after 
liver resection, transplantation, and TACE[12,14,18-20]. However, the use of NLR in combination with PLR for 
TARE has not been well established. This study aimed to understand the prognostic value of NLR and PLR 
in patients who received TARE as a first-line therapy for HCC. 

METHODS
Patients
This was a retrospective review from a prospectively collected database of 1,442 patients diagnosed with 
HCC from 1993 to 2019. All patients were referred to a group of hepatobiliary surgeons affiliated with a 
tertiary medical center in Hawaii that has the only liver center and liver transplant program in the state. 
This surgical group evaluates approximately 60%-70% of all the cases of HCC in Hawaii and includes 
referrals from the American territories of the Pacific Basin. We selected patients who received TARE as a 
primary treatment for HCC. Patients were excluded if they had a previous liver resection, liver transplant, 
any systemic therapy or locoregional therapy prior to TARE. Patients were also excluded if they received 
adjuvant therapy following TARE but prior to follow-up imaging. Patients who had initial follow-up later 
than 12 months were additionally excluded. We included patients who had two separate TARE treatments 
for bilateral or extensive disease. These Y90 treatments were typically done about 1 month apart, and 
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imaging tests were done 3 months after treatment. This retrospective chart and imaging review study 
was approved by the Institutional Review Board at the Queen’s Medical Center and was determined to be 
exempt from needing informed consent.

The diagnosis of HCC was made with histologic confirmation of HCC with biopsy or with contrast-
enhanced imaging (CT or MRI) which demonstrated liver mass or masses with LI-RADS 5 criteria, 
an arterial phase hyperenhancement and one or more of the following, “washout” on venous phase, an 
enhancing capsule or threshold growth. These criteria were also consistent with the Organ Procurement 
and Transplantation class 5 criteria.

Pre-treatment imaging was performed using either CT or MRI. Pre-treatment tumor size was defined as 
the sum of the diameters of all enhancing lesions. All images were taken within 6 months prior to TARE. 
All patients were evaluated by an interventional radiologist, hepatologist and surgeon and cases were 
discussed at a multidisciplinary hepatobiliary conference. Patients were not candidates for TARE if they 
had a total bilirubin above 2.0 mg/dL or evidence of extrahepatic spread of disease. A Y90 arterial mapping 
procedure was performed to identify the tumor(s), vascular branches supplying the tumor and degree of 
lung shunting with 99mTc-macroaggregated albumin. Patients with greater than 10% lung shunting were not 
candidates for TARE. 

Radioembolization was performed with Y90 delivered via glass microspheres (TheraSphere, Boston 
Scientific, USA) or resin microspheres (SIR-Spheres, Sirtex Medical, Australia). All procedures were 
performed by one of seven interventional radiologists who comprise the only group that performs complex 
hepatobiliary interventions in Hawaii.

Post-treatment imaging was performed at approximately 3-month and 6-month intervals. Response to 
TARE was determined using mRECIST. Patients with complete response (CR) or partial response (PR) 
according to mRECIST were further classified into a response group, while patients with stable disease (SD) 
or progressive disease (PD) were classified into a non-response group. For patients who received both a 
3-month and 6-month scan, the 6-month scan was used to determine overall response to treatment. 

Data collected
Collected demographic information included patient age, sex and race. Medical history included height, 
weight, body mass index, diabetes mellitus, hyperlipidemia, hypertension, infection with hepatitis B or 
hepatitis C, significant alcohol use (> 2 alcoholic beverages daily for 10 years), smoking history, non-
alcoholic fatty liver disease, non-alcoholic steatohepatitis, ascites, encephalopathy, cirrhosis, AFP and 
normal AFP (< 20 ng/mL).

Laboratory studies included prothrombin time, international normalized ratio, creatinine, aspartate 
transaminase, alanine aminotransferase, bilirubin, albumin, white blood cell count, neutrophil count, 
lymphocyte count and platelet count. Laboratory values were obtained prior to TARE and approximately 
2 weeks, 3 months and 6 months post-treatment. NLR was defined as the ratio between the absolute 
neutrophil count and the absolute lymphocyte count. PLR was defined as the ratio between the absolute 
platelet count and the absolute lymphocyte count. Date of laboratory draws were used to determine 
temporal trends in NLR and PLR following treatment. Albumin-bilirubin (ALBI) grade and Child-Pugh 
class were calculated from baseline laboratory values.

After identifying patients and collecting baseline data from the prospectively collected database, individual 
charts were queried to obtain detailed imaging reports. Imaging was reviewed and measured retrospectively 
by a single physician. Collected imaging data included pre-treatment tumor size, post-treatment tumor 
size, mRECIST, and dates of imaging and treatment. 
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Statistical analysis
Receiver operator characteristic (ROC) curves were used to determine optimal NLR and PLR cutoffs. 
Cutoff points were selected by maximizing Youden’s index. Mean comparisons were analyzed using 
Welch’s t-test. Categorical comparisons were performed using Fisher’s exact test. Independent predictors of 
response to treatment were determined using univariate logistic regression. Variables that were significant 
in the univariate analysis were included in the multivariate logistic regression model. Time to progression 
(TTP) was defined as the date of treatment until the date of PD based on mRECIST. Patients who did not 
reach the endpoint were censored based on their last imaging date. TTP was analyzed via the Kaplan-
Meier method and compared using the log-rank test. All tests were two-tailed, and P < 0.05 was considered 
statistically significant. Statistical analyses were performed using SPSS version 26 (IBM, USA), Jamovi 
version 1.0.8 and GraphPad Prism8 (GraphPad Software, USA). 

RESULTS
Cohort characteristics
In this cohort of 1,442 patients with HCC, a total of 276 TARE procedures were performed. Of those 
patients, 77 received TARE as primary treatment for HCC, and 42 patients met criteria for this study. Seven 
patients received a second TARE procedure within a month of the first: six were for bilateral disease, and 
one patient had extensive disease that was completed in 2 separate sessions to treat the entire lobe. The 
characteristics of this cohort are described in Table 1. The mean age of the cohort was 66.8 years [standard 
deviation (s.d.) 11.3 years]. There were 30 males and 12 females. Asian represented the largest ethnicity 

Characteristic
Mean age in years (s.d.) 66.8 (11.3)
Males 30 (71.4%)
Ethnicity

Caucasian 8 (19.0%)
Pacific Islander 6 (14.3%)
Asian 26 (61.9%)
Hispanic 2 (4.8%)

Hepatitis B surface Ag positive 5 (11.9%)
Hepatitis B core Ab positive 6 (14.3%)
Hepatitis C positive 19 (45.2%)
Alcohol abuse 14 (33.3%)
NASH/NAFLD 13 (31.0%)
Mean BMI (s.d.) 26.7 (4.9)
BMI 30 or higher 8 (19.0%)
Smoking history 27 (64.3%)
Diabetes mellitus 17 (40.5%)
Hyperlipidemia 19 (45.2%)
Hypertension 32 (76.2%)
ALBI  

Grade 1 19 (45.2%)
Grade 2 20 (47.6%)
Grade 3 3 (7.1%)

Child-Pugh class
A 33 (78.6%)
B 9 (21.4%)

Mean AFP in ng/mL (s.d.) 2023 (7605)
Normal AFP 24 (57.1%)
Mean total tumor size in cm (s.d.) 7.0 (4.0)
Number of tumors (s.d.) 1.71 (1.07)

Table 1. Cohort characteristics

s.d.: standard deviation; NASH: non-alcoholic steatohepatitis; NAFLD: non-alcoholic fatty liver 
disease; BMI: body mass index; ALBI: albumin-bilirubin; AFP: alpha-fetoprotein 
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(61.9%), followed by Caucasian (19.0%), Pacific Islander (14.3%) and Hispanic (4.8%). There were 19 ALBI 
grade 1 patients, 20 ALBI grade 2 patients and 3 ALBI grade 3 patients. There were 33 Child-Pugh class 
A patients and 9 Child-Pugh class B patients. There were no Child-Pugh class C patients. The mean pre-
treatment AFP was 2,023 ng/mL (s.d. 7605 ng/mL). Twenty-three patients had normal AFP prior to TARE. 
The mean total tumor size was 7.0 cm (s.d. 4.0 cm), and the mean number of tumors was 1.71 (s.d. 1.07). 

Determination of cutoff points and comparison between groups
ROC analysis identified a pre-treatment NLR cutoff of 2.83 [area under the curve (AUC) = 0.746, 95% 
confidence interval (CI): 0.588-0.904, sensitivity: 65.2% and specificity: 89.5%] [Figure 1A] and a pre-
treatment PLR cutoff of 83 (AUC = 0.661, 95%CI: 0.491-0.832, sensitivity: 78.3% and specificity: 63.2%) for 
predicting non-response to TARE [Figure 1B]. 

The mean age was higher in the pre-treatment NLR ≥ 2.83 group than the pre-treatment NLR < 2.83 group 
(72.2 vs. 63.1, P = 0.008) [Table 2]. Pre-treatment NLR ≥ 2.83 was associated with ALBI grade ≥ 2 (P = 0.029). 
The pre-treatment NLR ≥ 2.83 group had a higher mean neutrophil count (3.97 × 109/L vs. 2.51 × 109/L, P 
= 0.001) but lower mean lymphocyte count (0.98 × 109/L vs. 1.71 × 109/L, P = 0.001) compared to the pre-
treatment NLR < 2.83 group.

The mean age was higher in the pre-treatment PLR ≥ 83 group than the pre-treatment PLR < 83 group (72.1 
vs. 59.0, P = 0.001) [Table 3]. Pre-treatment PLR ≥ 83 was associated with hyperlipidemia (P = 0.004) and 
Child-Pugh class B (P = 0.006). The pre-treatment PLR ≥ 83 group had a higher mean platelet count (186.2 
× 109/L vs. 97.5 × 109/L, P = 0.001) but lower mean lymphocyte count (1.24 × 109/L vs. 1.67 × 109/L, P = 0.048) 
compared to the pre-treatment PLR < 83 group. 

Response to treatment
The change in response to TARE over time is shown in Figure 2. There were 15 responders to treatment 
(4 CR, 11 PR) and 25 non-responders to treatment (18 SD, 7 PD) at 3-month follow-up. At 6-month follow-
up, there were 14 responders to treatment (6 CR, 8 PR) and 4 non-responders to treatment (4 SD). In total, 
using the latest available scan to determine overall response, there were 19 responders to treatment (7 CR, 

A B

Figure 1. Receiver operating characteristic curves for pre-treatment NLR (A) and PLR (B) in predicting non-response to TARE. The 
cutoff points for pre-treatment NLR and PLR were 2.83 and 83, respectively. Arrows depict selected cutoff points. NLR: neutrophil-
to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; AUC: area under the curve; CI: confidence interval; TARE: transarterial 
radioembolization
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Pre-treatment NLR < 2.83 (n  = 25) Pre-treatment NLR ≥ 2.83 (n  = 17) P -value
Mean age in years (s.d.) 63.1 (11.0) 72.2 (9.7) 0.008
Male sex 18 (72.0%) 12 (70.6%) 1.000
Hepatitis B 5 (20.0%) 0 (0%) 0.070
Hepatitis C 14 (56.0%) 5 (29.4%) 0.120
Alcohol abuse 8 (32.0%) 6 (35.3%) 1.000
NASH/NAFLD 5 (20.0%) 8 (47.1%) 0.092
Mean BMI (s.d.) 26.2 (4.4) 27.4 (5.5) 0.448
Smoking history 14 (56.0%) 13 (76.5%) 0.207
Diabetes mellitus 8 (32.0%) 9 (52.9%) 0.212
Hyperlipidemia 8 (32.0%) 11 (64.7%) 0.059
Hypertension 18 (72.0%) 14 (82.4%) 0.490
ALBI grade ≥ 2 10 (40.0%) 13 (76.5%) 0.029
Child-Pugh class B 4 (16.0%) 5 (29.4%) 0.446
Mean neutrophils (109/L) (s.d.) 2.51 (0.98) 3.97 (1.18) 0.001
Mean lymphocytes (109/L) (s.d.) 1.71 (0.66) 0.98 (0.42) 0.001
Mean AFP in ng/mL (s.d.) 2157 (8765) 1826 (5734) 0.883
Normal AFP 15 (60.0%) 9 (52.9%) 0.755
Mean total tumor size in cm (s.d.) 6.1 (3.6) 8.3 (4.3) 0.088
Number of tumors (s.d.) 1.76 (1.01) 1.65 (1.17) 0.748

Table 2. Comparison of pre-treatment NLR < 2.83 and NLR ≥ 2.83 groups

Table 3. Comparison of pre-treatment PLR < 83 and PLR ≥ 83 groups

NLR: neutrophil-to-lymphocyte ratio; s.d.: standard deviation; NASH: non-alcoholic steatohepatitis; NAFLD: non-alcoholic fatty liver 
disease; BMI: body mass index; ALBI: albumin-bilirubin; AFP: alpha-fetoprotein 

Pre-treatment PLR < 83 (n  = 17) Pre-treatment PLR ≥ 83 (n  = 25) P -value
Mean age in years (s.d.) 59.0 (9.1) 72.1 (9.6) 0.001
Males 14 (82.4%) 16 (64.0%) 0.300
Hepatitis B 2 (11.8%) 3 (12.0%) 1.000
Hepatitis C 11 (64.7%) 8 (32.0%) 0.059
Alcohol abuse 5 (29.4%) 9 (36.0%) 0.747
NASH/NAFLD 3 (17.6%) 10 (40.0%) 0.179
Mean BMI (s.d.) 26.9 (4.4) 26.5 (5.3) 0.772
Smoking history 12 (70.6%) 15 (60.0%) 0.531
Diabetes mellitus 5 (29.4%) 12 (48.0%) 0.339
Hyperlipidemia 3 (17.6%) 16 (64.0%) 0.004
Hypertension 12 (70.6%) 20 (80.0%) 0.714
ALBI grade ≥ 2 7 (41.2%) 16 (64.0%) 0.209
Child-Pugh class B 0 (0.0%) 9 (36.0%) 0.006
Mean platelets (109/L) (s.d.) 97.5 (51.1) 186.2 (75.2) 0.001
Mean lymphocytes (109/L) (s.d.) 1.67 (0.68) 1.24 (0.62) 0.048
Mean AFP in ng/mL (s.d.) 516 (1163) 3048 (9757) 0.211
Normal AFP 10 (58.8%) 14 (56.0%) 1.000
Mean total tumor size in cm (s.d.) 6.3 (4.0) 7.5 (4.0) 0.359
Number of tumors (s.d.) 2.06 (1.09) 1.48 (1.00) 0.090

PLR: platelet-to-lymphocyte ratio; s.d.: standard deviation; NASH: non-alcoholic steatohepatitis; NAFLD: non-alcoholic fatty liver 
disease; BMI: body mass index; ALBI: albumin-bilirubin; AFP: alpha-fetoprotein

12 PR) and 23 non-responders to treatment (16 SD, 7 PD). Of the causes of progression in the 7 patients 
with PD, 1 had new intrahepatic lesions, 4 had an increase in size of existing intrahepatic lesion(s) and 2 
had both an increase in size of an existing intrahepatic lesion and a new intrahepatic lesion. 

NLR and PLR for non-responders and responders
The mean values of NLR and PLR at pre-treatment, 2 weeks post-treatment, 3 months post-treatment and 
6 months post-treatment are shown in Figure 3. The mean pre-treatment NLR for non-responders was 
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significantly higher than that for responders (3.5 vs. 2.1, P = 0.045). There were no statistically significant 
differences in PLR or NLR for other time points.

Predictors of response to TARE
Predictors of response to treatment are shown in Table 4. Univariate predictors of non-response to TARE 
included age ≥ 65 [odds ratio (OR) = 4.06, 95%CI: 1.12-14.80, P = 0.034], ALBI grade ≥ 2 (OR = 6.14, 
95%CI: 1.60-23.50, P = 0.008), pre-treatment NLR ≥ 2.83 (OR = 15.94, 95%CI: 2.92-87.06, P = 0.001) and 
pre-treatment PLR ≥ 83 (OR = 6.17, 95%CI: 1.58-24.05, P = 0.009). On multivariate analysis, pre-treatment 
NLR ≥ 2.83 was a significant variable associated with non-response to TARE (OR = 7.83, 95%CI: 1.14-53.61, 
P = 0.036), while pre-treatment PLR ≥ 83 was not a significant variable associated with non-response to 
TARE (OR = 3.01, 95%CI: 0.49-18.34, P = 0.232).

Time to progression
TTP for pre-treatment NLR and pre-treatment PLR is shown in Figure 4. Pre-treatment NLR ≥ 2.83 was 
associated with a higher proportion of tumor progression than pre-treatment NLR < 2.83 at 6 months post-
TARE (43.6% vs. 10.0%, P = 0.014, log-rank). Pre-treatment PLR ≥ 83 was also associated with a higher 
proportion of tumor progression than pre-treatment PLR > 83 at 6 months post-TARE (38.6% vs. 0%, P = 
0.010, log-rank). Median TTP was not reached in any group. 

Figure 2. Changes in response to transarterial radioembolization over time. Response was defined as complete response (CR) or 
partial response (PR) using modified response evaluation criteria in solid tumors. Non-response was defined as stable disease (SD) 
or progressive disease (PD). Arrows depict changes in response between 3-month and 6-month imaging. The total box represents the 
overall count of responders and non-responders to treatment. Two patients (one responder and one non-responder) did not receive 
3-month imaging, and initial response was evaluated at 6-month follow-up instead (asterisk)

Figure 3. Mean NLR and PLR for non-responders and responders to TARE. The mean pre-treatment NLR was higher for non-responders 
than for responders (3.5 vs . 2.1, P  = 0.045) (asterisk). Error bars represent the standard deviation. NLR: neutrophil-to-lymphocyte ratio; 
PLR: platelet-to-lymphocyte ratio; TARE: transarterial radioembolization
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DISCUSSION
Traditional ways of monitoring response to TARE have relied on imaging techniques such as CT or MRI. 
While imaging has been the best modality to demonstrate changes in tumor size, it may require months 
to see a visible response. Patients who did not respond to therapy during this time may have had disease 
progression. Therefore, it would be advantageous to find prognostic markers that can predict tumor 
response or progression prior to subsequent imaging. Inflammation-based markers, such as NLR and PLR, 
may provide an ideal solution as they are relatively easy to obtain from routine laboratory results and have 
established prognostic value in previous studies on HCC[11-14].

This study sought to determine the ability of NLR and PLR to predict response to TARE as primary 
treatment for HCC. We demonstrated that a pre-treatment NLR ≥ 2.83 was associated with non-response to 
TARE in both univariate and multivariate analysis. These findings were in agreement with Taussig et al.[21], 

Univariate analysis Multivariate analysis
OR (95%CI) P -value OR (95%CI) P -value

Age ≥ 65 4.06 (1.12-14.80) 0.034 1.45 (0.21-10.17) 0.709
Male sex 0.82 (0.21-3.16) 0.769
Hepatitis B 0.17 (0.02-1.68) 0.130
Hepatitis C 0.86 (0.25-2.90) 0.801
Alcohol abuse 1.80 (0.48-6.74) 0.383
NASH/NAFLD 1.49 (0.39-5.67) 0.556
BMI ≥ 30 1.48 (0.31-7.21) 0.626
Smoking history 1.09 (0.31-3.88) 0.890
Diabetes mellitus 1.32 (0.38-4.58) 0.663
Hyperlipidemia 2.82 (0.79-10.04) 0.110
Hypertension 2.19 (0.52-9.33) 0.288
ALBI grade ≥ 2 6.14 (1.60-23.50) 0.008 4.15 (0.80-21.52) 0.090
Child-Pugh class B 1.04 (0.24-4.59) 0.957
Normal AFP 0.42 (0.12-1.50) 0.183
Total tumor size ≥ 10 cm 3.00 (0.53-17.02) 0.215
Multiple tumors 0.59 (0.17-2.06) 0.410
Pre-treatment NLR ≥ 2.83 15.94 (2.92-87.06) 0.001 7.83 (1.14-53.61) 0.036
Pre-treatment PLR ≥ 83 6.17 (1.58-24.05) 0.009 3.01 (0.49-18.34) 0.232

Table 4. Predictors of non-response to TARE

OR: odds ratio; CI: confidence interval; NASH: non-alcoholic steatohepatitis; NAFLD: non-alcoholic fatty liver disease; BMI: body mass 
index; ALBI: albumin-bilirubin; AFP: alpha-fetoprotein; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; TARE: 
transarterial radioembolization

Figure 4. Kaplan-Meier curves for time to progression grouped according to pre-treatment NLR and pre-treatment PLR cutoff values. 
Censored events are represented by vertical lines. NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio
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who previously used a similar grouping system based on mRECIST to demonstrate that an elevated NLR 
is associated with tumor progression after intra-arterial therapy. Although other studies have shown that 
an elevated NLR was associated with poor overall survival following TARE, none of these studies reported 
specifically on tumor progression based on imaging[22,23]. These results taken together suggest that NLR may 
be a valuable prognostic marker in TARE. 

Notably, we found that an elevated pre-treatment PLR predicted non-response to TARE in univariate 
analysis but was not a significant variable in our multivariate model. This suggests that the pre-treatment 
NLR may be superior to pre-treatment PLR in predicting non-response to TARE. Nonetheless, this 
result may be limited by our small sample size. To our knowledge, this was the first study to examine the 
prognostic capabilities of PLR in TARE based specifically on tumor response to therapy. D’emic et al.[24] 
previously suggested in their study of 116 patients who received selective internal radiation therapy that 
pre-treatment PLR > 78 was the most predictive serum marker associated with improved overall survival. 
However, it is difficult to make definitive conclusions about NLR and PLR in HCC as their study also 
included other cancer types and only 37 patients had HCC. Future studies are therefore needed to compare 
the prognostic capabilities of PLR compared to NLR in TARE. 

On TTP analysis, we found that pre-treatment NLR ≥ 2.83 and pre-treatment PLR ≥ 83 were both 
associated with a higher proportion of tumor progression at 6 months post-TARE. The median TTP was 
not yet reached in all groups. This is consistent with previous results published by Salem et al.[3], who found 
that the median TTP for radioembolization was greater than 26 months. On the basis of these results, 
both the pre-treatment NLR and pre-treatment PLR may have utility in predicting tumor progression at 
6 months following TARE. Nonetheless, the prognostic value of NLR could have a distinct advantage over 
PLR because pre-treatment NLR < 2.83 was also associated with response to treatment in our multivariate 
logistic regression analysis. NLR may therefore have greater clinical utility than PLR as pre-treatment NLR 
was predictive of both tumor progression and potential response to therapy in our cohort. In comparison, 
pre-treatment PLR was only predictive of tumor progression in our TTP analysis.

The ALBI grade was a newer model proposed by Johnson et al.[25] that offered better discriminatory 
capabilities compared to the Child-Pugh class. While other studies reported that the ALBI grade was 
predictive of survival following TARE, our multivariate model did not find the ALBI grade helpful in 
predicting response to TARE[26,27]. Since the ALBI grade likely reflects underlying liver function, it may be 
more suitable for determining longer-term overall survival following TARE, rather than predicting specific 
tumor response to treatment. 

The underlying mechanism behind NLR and PLR is not well understood. However, it is generally 
recognized that inflammation plays a key role in the development of cancer[15,17]. Neutrophils can favor 
a pro-mutagenic state with the abundant release of reactive oxygen species and proteases[28]. In addition, 
platelets may support a pro-tumor microenvironment with the release of angiogenic factors such as 
vascular endothelial growth factor and basic fibroblastic growth factor[29]. These observations, coupled with 
the fact that lymphopenia has been associated with advanced disease in various tumors, may be reflected 
in systemic inflammation-based markers such as NLR and PLR[30]. Nonetheless, more research is needed to 
better understand the basis of these two markers.

This study was limited in that this was a single center study with a small sample size. This study was also 
retrospective, and the exact timings of imaging and laboratory studies were not collected consistently as 
part of a study protocol. Missing data in some patients may have also contributed to our small sample size. 
In addition, several patients may have had laboratory data collected for other medical issues unrelated to 
TARE, which may have influenced NLR and PLR.
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Despite these limitations, the results of this study suggest that the pre-treatment NLR may predict response 
to TARE as primary treatment for HCC. Furthermore, the pre-treatment NLR may also have better 
prognostic value than the pre-treatment PLR or ALBI grade in predicting tumor response to therapy. 
These findings may help clinicians identify patients who are expected to respond poorly to TARE prior 
to treatment and enable them to consider additional or alternative therapies. However, future studies that 
examine NLR and PLR in a larger cohort prospectively will be necessary to draw definitive conclusions 
about the prognostic capabilities of these two inflammation-based markers. 
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Abstract
Hepatocellular carcinoma (HCC) has one of highest mortalities globally amongst cancers, but has limited 
therapeutic options once in the advanced stage. Hepatitis B or C virus infection are the most common drivers 
for HCC carcinogenesis, triggering chronic liver inflammation and adding to the complexity of the immune 
microecosystem of HCC. The emergence of immunotherapy has afforded a new avenue of therapeutic options 
for patients with advanced HCC with a history of hepatitis B or C virus infection. This article reviews the change 
of immunity elicited by hepatitis B or C virus infection, the immune feature of HCC, and the clinical evidence for 
immunotherapy in advanced HCC and discusses future directions in this field.

Keywords: Hepatocellular carcinoma, hepatitis B virus, hepatitis C virus, immunotherapy

INTRODUCTION
Liver cancers are the fourth leading cause of cancer-related mortality worldwide[1,2], and there are over 
800,000 new primary liver cancer cases around the world each year[3]. Hepatocellular carcinoma (HCC) 
accounts for 75%-85% of these cases and is one of the most aggressive liver cancers[1]. The incidence of HCC 
is increasing in many high-income countries[2]. The majority of HCC occurs in patients with underlying 
chronic liver diseases triggered by various risks dependent on geographic area, sex, age, and degree of liver 
damage[4]. Furthermore, males are twice as likely as females to develop HCC[5]. 
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HCC can be caused by both viral and non-viral factors. HCC develops secondary to chronic infection 
with the hepatitis B virus (HBV) or hepatitis C virus (HCV). High serum levels of HBV DNA and HCV 
RNA viral load are considered to be independent risk factors for developing HCC in patients infected by 
these diseases[6,7]. HBV vaccination has greatly reduced the incidence of HCC in certain geographic areas[8]. 
Moreover, improved screening and treatment of HCV infection has also reduced virus-related HCC cases 
in non-epidemic regions[9].

Non-viral risk factors for the development of HCC include excessive alcohol consumption, environmental 
exposure to aflatoxin, metabolic disorders, non-alcoholic steatohepatitis, and genetic disorders[10]. It 
is unsurprising that non-viral risk factors are more common causes of HCC in countries such as the 
USA, UK, and other high income countries. Frequently, viral infection is complicated with non-viral 
risk factors leading to HCC development. Systematic treatment is the standard approach to control 
advanced HCC, given that most patients present with advanced stage disease, which limits curative 
approaches such as surgical resection, liver transplantation, and local liver-directed therapy. Recent 
molecular landscape analysis has led to the development of systematic targeted therapies for advanced 
HCC, including sorafenib[11] and lenvatinib[12] in the first line setting, and regorafenib[13], cabozantinib[14], 
and ramucirumab[15] as second line options. The breakthrough of cancer immunology research has 
provided effective immunotherapy by blocking immunosuppressive mechanisms and enhancing host 
immune surveillance. This leads to the recognition of tumour and execution of a tumour-specific response 
capable of treating malignancy, including HCC[16]. HBV- or HCV-related HCC represents a special entity 
compared to non-viral HCC. This review discusses the immune response to HBV and HCV infection, the 
immunology of HCC, and summarizes the current status of immunotherapy in HCC in the context of HBV 
or HCV infection. 

HBV INFECTION AND IMMUNE TOLERANCE
Studies have shown that HBV not only has a direct carcinogenic effect through the integration of viral 
DNA and the oncoprotein HBV-encoded X protein (HBx), but also has an indirect carcinogenic effect due 
to chronic immune suppression[17]. HBV has been considered as a stealth virus and acute infection does 
not lead to a strong activation of interferon (IFN) and pro-inflammatory responses[18-22]. Liver resident 
macrophage Kupffer cells are able to interact with hepatitis B surface antigen (HBsAg) and produce pro-
inflammatory cytokines, but Toll-like receptor expression is down-regulated by HBeAg[23,24]. Indirect 
activation of natural killer (NK) cells can occur via Kupffer cell derived IL-12 and IL-18[23,25], evidenced by 
the increased expression of activation markers CD69 and NKG2D and lower levels of inhibitory markers 
NKG2A[26,27], but these are functionally suppressed[28]. These suggest that NK cells are unable to clear the 
infection on their own. The weakness of the innate response does not impair the induction of a vigorous 
HBV-specific CD4 T cell response[29], that subsequently generates a large number of cytokines necessary 
for the effective development of cytotoxic CD8 T cells and B cell antibody production[30]. Potent HBV 
antigen-specific CD8+ T cell responses can control HBV replication and reduce it to undetectable levels 
during acute HBV infection[31]. In chronic HBV infection, the antiviral functionality of NK cells is also 
impaired, evidenced by an alteration of the phenotype and the receptors of NK cells[32]. This inhibition 
of NK cell activity is mainly mediated by myeloid-derived suppressor cells (MDSCs) via NKp30 receptor 
on NK cells[33] and pro-inflammatory cytokines[34]. In addition, accumulated liver MDSCs due to HBV 
infection suppress CD8+ T cell function and promote systemic CD8+ T cell exhaustion[35], characterized 
by high expression levels of inhibitory receptors such as CTLA-4, PD-1, and TIM-3[36,37]. Furthermore, 
they inhibit CD4+ T cells and metabolically regulate HBV-related liver damage[38]. MDSCs can induce the 
development of immunosuppressive regulatory T cells (Tregs) during chronic HBV infection primarily 
via a TGFb and the IL‐10-dependent signalling pathway[39]. Tregs specifically inhibit CD8+ T cell activity; 
further blocking HBV-specific immune responses, leading to HBV persistence. On the other hand, low 
levels of HBV activity controlled by HBV antigen-specific CD8+ T cells lead to sustained liver inflammation 
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and the functional depletion of HBV antigen-specific CD8+ T cells[40-42]. Hence, immunotherapies targeting 
these inhibitory receptors may modulate the progression of HCC [Figure 1]. Moreover, the exhausted CD8+ 
T cells experience impaired metabolic function and DNA repair capacity that further deteriorates their 
functions[43]. This highlights a complex interaction among the abovementioned immune cells during HBV 
infection, sustaining immune disorders and inflammation in the liver, which predispose patients to HCC 
development.

HCV INFECTION AND IMMUNE TOLERANCE
The dysregulation in immune surveillance triggered by HCV infection is also thought to be one of the 
mechanisms by which HCV causes HCC. During acute HCV infections, NK cells are activated with 
enhanced cytotoxicity and IFN production[44]. However, 70% of HCV-infected patients progress to chronic 
infection[45], partially due to decreased NK cell levels and function[46]. HCV antigen-specific CD8+ T 
cells participate in controlling HCV infection[47]. However, non-synonymous mutations in HCV are 
common, resulting in an escape from CD8+ T-cell recognition[48,49]. Moreover, HCV antigen-specific T cells 
undergo massive apoptosis during the chronic phase[50]. It has been reported that CD8+ T cell exhaustion 
develops following prolonged exposure to HCV antigens[51-53]. During chronic infection, HCV activates 
monocytes and macrophages, leading to the secretion of pro-inflammatory cytokines[54]. The released pro-
inflammatory cytokines IL-6 and TNF not only promote macrophage apoptosis[55], but also aggravate liver 
disease progression and HCC development[56]. In the setting of HCV infection, impaired macrophage 
phagocytosis may contribute to chronic infection and subsequent uncontrolled inflammation that promotes 
liver disease. Similar to HBV, HCV infection is also linked to the presence of MDSCs[57] and an expansion 
of Tregs via IL-10[58] and IL-12[59,60]. Tregs both suppress the HCV antigen-specific CD8+ T cell response 
in chronic infection and control memory cells. In addition, HCV impedes dendritic cell (DC) function by 
altering the adaptive response of CD4+ and CD8+ T cells, and cytokine release[61,62]. This suggests that HCV 
often disturbs antigen presentation along with humoral and cell-mediated immune response, resulting in 
chronic HCV infection and progressive liver damage [Figure 1].

Figure 1. Schematic mechanism of immune evasion across the spectrum from inflammation by chronic hepatitis B (HBV) and C virus 
(HCV) infection to resultant hepatocellular carcinoma (HCC). The complexity of the mechanism involves multiple immune cells and 
various collections of cytokines. A: immune tolerance induced by HBV and HCV infection; B: immune evasion driven by the crosstalk 
between tumour cells and immune cells in HCC. DC: dendritic cells; MDSCs: myeloid-derived suppressor cells; TAMs: tumour-
associated macrophages; NK: natural killer; NKT: natural killer T; Treg: regulatory T-cells; CAF: cancer-associated fibroblast; HBV: 
hepatitis B virus; HCV: hepatitis C virus; MHC: major histocompatibility complex; TCR: T-cell receptor; IL: interleukin; IFNg: interferon 
gamma; TNFa: tumour necrosis factor receptor alpha; TGF-β: transforming growth factor beta; CCL: C-C motif chemokine ligand; 
CXCL: C-X-C motif ligand 1; Gal-9: galactin-9; PD-1: programmed cell death protein; PD-L1: programmed cell death ligand 1; CTLA: 
cytotoxic T-lymphocyte-associated protein; IL: interleukin; Arg-1: arginase-1; Tim-3: T cell immunoglobulin and mucin domain 3; LAG-3: 
lymphocyte-activation gene 3; SDF-1: Stromal cell-derived factor 1
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IMMUNE EVASION MECHANISMS OF HCC ASSOCIATED WITH HBV/HCV
Following persistent chronic liver inflammation due to HBV and HCV infection and immune imbalances, 
HCC develops with specific immunological features. There were 22% of 196 HCC samples displaying high 
or moderate levels of lymphocyte infiltration from an analysis of TCGA HCC samples, with high expression 
of immunosuppressive molecules and enriched Tregs, resting DCs and undifferentiated M0 macrophages 
compared to normal livers. This indicates an immunosuppressed microenvironment in this group of HCC 
patients. HBV/HCV infection status appeared not to be significantly associated with these observations[63]. 
There was also T-cell enrichment with heterogenetic clonal expansion of CD8+ T-cell populations with 
exhausted characteristics based on the sequencing of T-cell receptors (TCR) in TILs[64,65]. Interestingly, a 
further study showed CD8+ resident memory cells were enriched in HBV-related HCC with higher PD-1 
expression and functionally more exhausted than non-virus-related HCC[66]. Increased numbers of CD14+ 
HLA-DR−/low MDSCs were found to be related to HCC progression[67]. Furthermore, infiltrating MDSCs 
not only suppress T-cell proliferation via arginase to deplete arginine[67], but also promote Treg expansion 
through the production of IL-10 and TGF-β, and inhibit effector T cells through PD-L1[67]. In addition, 
high IL-10 secretion by MDSCs results in the skewing of resident tumour-associated macrophages (TAMs) 
and monocytes to an immunosuppressive phenotype[68]. They release TGF-β and VEGF to promote 
tumour growth and development, promoting cancer stem cells and metastasis[69], stimulating Tregs, and 
suppressing NK cells[70]. Noticeably, Tregs are enriched in HCC[64]. This enrichment is prominent in HBV-
related HCC with greater expression of PD-1 and increased suppressive function, which represents a 
more immunosuppressive and exhausted immune microenvironment in HBV-related HCC compared to 
the non-virus-related HCC[66]. The increased Tregs not only suppressed HBV antigen-specific immune 
responses, but also suppressed HCC tumour antigen-specific immune responses[71]. DCs are severely 
dysregulated in HCC, with a subset of CD14+ DCs expressing high levels of CTLA-4 which indicates an 
inhibitory phenotype[72]. In addition to these immune cells, several other stromal cells, such as NK cells, 
endothelial cells and cancer-associated fibroblasts, orchestrate immune evasion in HCC[73]. For example, 
endothelial cells in cancer tissues reportedly produce the C-X-C motif chemokine ligand 12, facilitating the 
recruitment of MDSCs[74]. Together, these data suggest that HCC is an immunogenic malignancy, rendering 
it an attractive target for immunotherapy [Figure 1].

CURRENT IMMUNOTHERAPY OF HBV- AND HCV-RELATED HCC
Immunotherapy, specifically immune checkpoint inhibition, has been considered a useful treatment 
option for HCC, evidenced by both pembrolizumab (anti-PD-1) and nivolumab (anti-PD-1) with or 
without ipilimumab (anti-CTLA4) approved as second line therapy, and atezolizumab (anti-PD-L1) with 
bevacizumab approved as first line treatment options. In addition to immune checkpoint inhibitors (ICIs), 
several immunotherapy approaches are in development, including antibodies targeting specific tumour-
associated antigens (TAAs), adoptive cell therapy, vaccination based on TAAs or mutation-associated 
neoantigens (MANAs) and oncolytic viruses. Although the infection of HBV and HCV is highly associated 
with HCC development, data on response outcomes specifically in this population included in trials is 
scarce. 

IMMUNE CHECKPOINT INHIBITORS
Tremelimumab, a CTLA-4 inhibitor, was the first immune checkpoint inhibitor (ICI) that showed 
encouraging results in patients with advanced HCC. In a phase II study including patients with advanced 
HCC and chronic HCV infection, tremelimumab showed an objective response rate (ORR) of 17.6%, a 
disease control rate (DCR) of 76.4%, a median time to progression of 6.48 months, and a median overall 
survival (OS) of 8.2 months[75]. Importantly, in this study, tremelimumab also exhibited antiviral effects 
evidenced by a significant decline in viral load. There were no treatment-related deaths and the treatment 
was mostly well tolerated.
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In the open-label phase I/II CheckMate 040 trial, nivolumab was assessed as first-line therapy in patients 
with advanced HCC. The protocol had three concurrent cohorts of patients, including non-viral infected, 
HBV, and HCV infected advanced HCC. The results showed an ORR of 15%, a DCR of 58%, and a median 
OS of 15.6 months in the dose-escalation phase. The six-month OS was 83%, the nine-month OS was 
74%, and the median duration of response (DOR) was 17 months in the dose-expansion phase. The most 
common treatment-related adverse events (TRAEs) were rash (23%) and pruritus (19%)[76]. Hepatitis 
flares were not reported. However, in the phase III randomized, double blind, multicentre CheckMate-459 
trial, nivolumab failed to show statistical significance in OS benefit though there was a clear trend of 
improvement in OS for patients treated with nivolumab compared to sorafenib [Table 1][77]. The viral 
infection history of the patient population remains unclear. Nivolumab is also being studied in the phase 
III CheckMate-9DX study as adjuvant treatment after curative therapy (surgery or ablation) for HCC in 
patients with a high risk of recurrence compared with placebo (NCT03383458). Recent reports from the 
combination of nivolumab and ipilimumab in patients with advanced or metastatic HCC showed an ORR 
of 33% with an 8% complete response (CR) among a total of 49 patients. There was a median DOR of 
17 months with TRAEs of grade 3 or higher in 34% of patients. Among the trial cohort, 57% had an active 
HBV infection and 8% had an active HCV infection, and no evidence of viral hepatitis reactivation was 
detected[68]. Nivolumab and ipilimumab in the neoadjuvant setting (NCT03222076) have shown promising 
preliminary results of 29% pathologic CR with 34% TRAEs (5 HCV-positive and 1 HBV infected patients 
were reported). 

Pembrolizumab is a recombinant monoclonal human antibody for human PD-1. A non-randomized, 
multicentre, open-label phase II study (KEYNOTE-224) tested the efficacy and safety of pembrolizumab in 
patients with advanced HCC as a second line treatment option, showing an ORR of 17% and a median OS 
of 12.9 months. HCV positive (n = 26) and HBV positive (n = 22) patients did not have reactivation of viral 

Treatment Benefit Level of evidence Comments
Atezolizumab and 
bevacizumab[78]

↑ survival 1A Non-curative treatment, superior to first line sorafenib
In unresectable HCC, bevacizumab-atezolizumab has a better OS and PFS 
compared to sorafenib
Improved OS with bevacizumab-atezolizumab at 6 months (84.8%) and 12 
months (67.2%) vs . 72.2% and 54.6% respectively with sorafenib
PFS is longer with atezolizumab-bevacizumab (median 6.8 months) than 
with sorafenib (median 4.3 months)
Most common grade 3 or 4 AEs: hypertension, AST increase, ALT increase, 
fatigue, proteinuria, diarrhoea, decreased appetite, pyrexia 

Nivolumab[67] No survival benefit 1A Treatment of advanced HCC previously treated with sorafenib
Durable ORR of 14%, median duration of response 17 months 
Median OS as second-line therapy:15.6 months, non-curative
Well-tolerated
In front line setting vs . sorafenib did not show increase in OS (phase III 
study)

Pembrolizumab[70] No survival benefit 1A Treatment of advanced HCC previously treated with sorafenib
Overall durable response rate of 17%, PFS 4.9 months, non-curative 
treatment
Well tolerated

Nivolumab and 
ipilimumab[68]

↑ survival 1A Treatment of advanced HCC after failure of sorafenib treatment 
Objective response 31%, median duration of response 17 months 
Most common AEs: fatigue, diarrhoea, rash, pruritus, nausea, 
musculoskeletal pain, pyrexia, cough, decreased appetite, vomiting, 
abdominal pain, dyspnoea, upper respiratory tract infection, arthralgia, 
headache, hypothyroidism, decreased weight, dizziness
More than 50% of patients may require systemic steroids to manage AEs

Table 1. Approved treatments for advanced HCC

Evidence-based classification adapted from the National Cancer Institute. 1 = Randomized controlled trial or meta-analysis; 2 = Non-
randomized controlled trial; 3 = Case series; A = Survival endpoint; B = Cause-specific mortality; C = Quality of life; D = Indirect 
surrogates. OS: overall survival; AEs: adverse events; HCC: hepatocellular carcinoma; ORR: objective response rate; AST: aspartate 
transaminase; ALT: alanine aminotransferase 
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hepatitis[78]. However, the subsequent phase III randomized control trial KEYNOTE-240 of pembrolizumab 
as second line treatment in advanced HCC failed to show a statistically significant improvement in 
progression-free survival (PFS) or OS. Even so, pembrolizumab showed a reduced risk of death by 22% 
and an improved PFS compared with placebo. 25.9%, 15.5%, and 58.6% patients were affected by HBV, 
HCV, or non-infected in the pembrolizumab treatment cohort, respectively, in comparison to 21.5%, 21%, 
and 85% in the placebo cohort. A subgroup analysis indicated that patients with HBV infection treated 
with pembrolizumab had a superior median OS compared to those treated with placebo; there was no 
OS benefit in the group of HCV infected or non-infected patients[79]. There are two on-going phase III 
trials of pembrolizumab, including KEYNOTE-394, to evaluate pembrolizumab in Asian HCC patients, 
and KEYNOTE-937 to evaluate pembrolizumab as an adjuvant therapy in HCC patients after curative 
treatment. 

Other PD-1 antibodies, including tislelizumab (BGB-A317), camrelizumab (SHR-1210) and cemiplimab 
(REGN2810), also have shown anti-tumour activity in HCC, with response rates of 16.7% (all responders 
were HBV infected)[80], 13.8%[81] and 19.2%[82], respectively. Interestingly, in the trial of camrelizumab, 83% 
of patients enrolled were infected with HBV. An increase in HBV titre was noted in 46 participants, but 
the majority of these occurred after disease progression or after the last dose of treatment. Conversion 
to HBsAg positive from negative status was not reported during the treatment[81]. A phase III trial 
(RATIONALE 301) of tislelizumab versus sorafenib as first-line treatment in patients with unresectable 
HCC is currently underway (NCT02412773) [Table 2]. 

Durvalumab (MEDI4736) is an anti-PD-L1 monoclonal antibody. In a phase I/II trial of Child-Pugh class 
A advanced HCC patients, durvalumab achieved an OS rate of 10.3% in 39 patients in the second line 
setting. There was comparable ORR of 25% in patients with HCV infections and similar rates of TRAEs[83]. 
Furthermore, the combination of durvalumab with tremelimumab in patients with advanced HCC in the 
second line setting showed an ORR of 20% (2 responders were HCV infected), median PFS of 7.8 months, 
and median OS of 15.9 months amongst the 10 patients (7 HCV and 1 HBV infected)[84]. However, the 
other study reported this combination in advanced HCC showing no response in 9 patients with HCV 
infection, 1 responder in 11 patients with HBV infection, and an ORR of 35% among 20 uninfected 
patients with an overall ORR of 20%[85]. The on-going phase 3 HIMALAYA study evaluating durvalumab 
and tremelimumab compared with sorafenib or durvalumab monotherapy in the first-line setting in 
unresectable HCC (NCT03298451) may provide further information regarding the response status of HBV- 
or HCV-infected patients following anti-PD-L1 treatment. 

Drug name Trial number Phase Comments
Camrelizumab[72] NCT02989922 II Response rate 14%.  

Median OS 14.4 months 
(predominantly HBV-positive patients)

Tislelizumab NCT02412773 III Active recruiting
Pembrolizumab (Keynote 937) NCT03062358 III Active recruiting in Asia 
Pembrolizumab (Keynote 394) NCT03062358 III Active accrual in Asia
Nivolumab (Checkmate 9DX) NCT03383458 III Currently recruiting 
Nivolumab and Ipilimumab NCT03222076 II Currently recruiting
Cemiplimab[73] NCT03916627 II Currently recruiting
Tislelizumib NCT03412773 III Results pending
Durvalumab with tremelimumab and ablation[75] NCT02821754 I/II Response rate 20%

Median PFS 7.8 months
Durvalumab with tremelimumab 
(HIMALAYA )

NCT03298451 III Currently recruiting

Table 2. Key immunotherapy trials

PFS: progression-free survival; OS: overall survival
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It remains unknown whether virally-induced HCC is more prone to immune attack either secondary to the 
presence of foreign viral antigens or an immune response to the virus, compared to non-viral associated 
HCC. A recent pooled analysis assessed the efficacy of anti-PD1 or PDL1 in HBV infected HCC patients in 
comparison to non HBV infected HCC patients[86]. The results indicated that patients with HBV infection 
achieved ORRs similar to their non-infected counterparts, and this was seen with single and multi-agent 
treatment regimens. A lower disease control rate (DCR) was reported in HBV-infected HCC patients; stable 
disease was more likely to be seen in non-viral HCC, but this observation was not statistically significant. 
Drug efficacy evaluated as ORR and DCR of HCV-infected HCC patients compared to HBV positive 
HCC and non-viral HCC was similar, and reached statistical significance. Although clinical activity was 
observed for the most part in non-viral associated HCC patients, the interpretation of potential differences 
in response based on viral aetiology remains limited by the small number of patients and would require 
further evaluation with prospective, randomized, and double-blind clinical trials. 

Given the profound immunomodulatory effect of the vascular epithelial growth factor (VEGF) pathway 
and dominant presence of angiogenesis in HCC, there increasing interest in testing the anti-tumour efficacy 
of ICIs in combination with anti-angiogenetic agents. For example, the anti-PD-L1 antibody atezolizumab 
was studied in a phase Ib study in combination with bevacizumab in the first-line setting for advanced 
HCC with Child-Pugh B liver disease[87]. This study showed promising early findings, resulting in an ORR 
of 34% with one CR[87]. This led to the multicentre, open-label, randomized phase III trial IMbrave 150, 
which evaluated this combination compared with sorafenib[88]. This study enrolled 336 patients; 49% were 
infected with HBV, 21% were infected with HCV, and 30% were non-viral in the combination cohort. In the 
sorafenib cohort 165 patients were enrolled; 46% had HBV, 22% had HCV, and 32% did not have hepatitis 
viral infections. The reported 12-month OS was 67.2% in the atezolizumab with bevacizumab group and 
54.6% in the sorafenib cohort. Grade 3 or greater adverse events were reported in 56.5% of patients who 
received at least one dose of the combination treatment, and in 55.1% of patients in the sorafenib cohort. 
Interestingly, the subgroup analysis showed a superior OS benefit in patients with either HBV or HCV 
infection treated with combination therapy[88]. The FDA has approved the combination of atezolizumab and 
bevacizumab for the treatment of patients with unresectable HCC as a first line treatment option [Table 1]. 
There are other reports using ICIs in combination with anti-angiogenic therapies including pembrolizumab 
and lenvatinib[89], durvalumab with ramucirumab[90], nivolumab with ipilimumab and cabozantinib[91], as 
well as avelumab with axitinib[92]. There are on-going trials with the same strategy, including atezolizumab 
and cabozantinib (COSMIC-312, NCT03755791), pembrolizumab with lenvatinib (LEAP-002, 
NCT03713593), SHR-1210 and apatinib (NCT03764293), and sintilimab (anti-PD-1) with bevacizumab 
biosimilar (ORIENT-32, NCT03794440). 

The combined use of locoregional therapies such as ablation and transcatheter arterial chemoembolization 
(TACE) could improve the effectiveness of immunotherapies against HCC[93]. There are on-going phase III 
trials evaluating the outcome of the combination of ICIs with these modalities. For example, durvalumab 
and bevacizumab, or placebo with TACE in both intermediate HCC (EMERALD-1, NCT03778957) and 
high-risk HCC (EMERALD-2, NCT03847428), pembrolizumab with stereotactic body radiation therapy 
(NCT03316872), pembrolizumab following TACE (PETAL, NCT03397654) or Y90 (NCT03099564), and 
nivolumab with Y90 (NCT03033446). 

Other immune checkpoint molecules, such as LAG3, TIM-3, 4-1BB, CD40, and OX40, can also be 
targeted and combined with PD-1/PD-L1 or CTLA-4 blockade in patients with HCC (NCT03005782, 
NCT03099109, NCT03241173). Biphasic antibodies to target PD-1 and other immune checkpoints 
concurrently are being studied as well (NCT03517488, NCT03752398).
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CELL-BASED IMMUNOTHERAPY
There are several cell-based immunotherapies being studied in patients with advanced HCC, including 
chimeric antigen receptor T (CAR-T) cells, cytokine-induced killer cells (CIKs) and T cell receptor (TCR)-
engineered T cells.

Proteins found in HCC currently being investigated as targets in CAR-T cell research in early stage studies 
include GPC3 (NCT02905188, NCT03084380, NCT03130712, NCT03198546, and NCT03302403), AFP 
(NCT03349255), EpCAM (NCT03013712), c-Met/PD-L1 (NCT03672305), MUC-1 (NCT03198546), and 
DR5, c-Met or EGFRvIII (NCT03638206). The earliest study in CEA positive liver metastases treated with 
CAR-T cells was reported in a phase I trial. Anti-CEA CAR-T administered through hepatic artery infusion 
with or without systemic IL-2 treatment resulted in one case of stable disease (SD)[94]. HCC patients were 
not included, however. A phase I trial with anti-GPC3 CAR-T cells for relapsed or refractory GPC3-
positive HCC showed one PR and three SD observed among 6 patients, respectively. No dose-limiting 
toxicity was identified and only one grade 3 fever was reported[95].

Cytokine-induced killer cells (CIKs) are a mixture of heterogeneous immune cells generated by the ex vivo 
expansion of peripheral blood mononuclear cells with the support of IL-2, IFNg, and anti-CD3 monoclonal 
antibodies. A randomized phase II trial in treatment-naïve patients with HCC (over 50% patients had 
HBV infection) demonstrated that CIK therapy prolonged OS and PFS, compared to standard of care[96]. 
A multicentre open-label randomized phase III trial in patients with HCC after curative treatment 
demonstrated that CIK therapy prolonged recurrence-free survival and OS, though a significant proportion 
of patients with CIK infusion developed adverse events. In this trial, CIK infusion seemed to benefit 
the HBV-infected population (over 80% of the patient population) more than the HCV-infected or the 
uninfected group. No information of hepatitis flares or conversion was reported[97].

TCR-engineered T cells are generated by integrating a cloned tumour antigen-specific TCR into T cells. 
Phase I trials are currently evaluating genetically modified T cells expressing AFP-specific TCRs in patients 
with advanced HCC (NCT03132792) and an autologous TCR-engineered T cell therapy targeting MAGEA1 
in solid tumours including HCC (NCT03441100). Since HBV-DNA integration is often seen in HBV-
related HCC, cell based therapy studies in HCC have looked into the possibility of using the HBV antigens 
expressed in HCC cells as a target for autologous TCR redirected therapy[98,99]. Vector-mediated gene 
transfer may be a means to introduce HLA-A2-restricted, HBV-specific TCRs into T cells of chronic HBV- 
and HBV-related HCC patients. Through TCR gene transfer, it has been demonstrated that TCR transduced 
T cells have the capacity of recognizing HCC cell lines expressing HBV antigens. This data showed that 
HBV-specific T cell clones cause apoptosis of HCC tumour cells that express the HBV X protein, proving 
that HBV proteins are identified by the immune system as non-self-tumour antigens[100]. Nevertheless, 
HBV antigens were expressed in HCC metastases and there is published evidence of the recognition of 
tumour cells by lymphocytes engineered to express HBV-specific receptor TCR with HCC autologous T 
cells genetically modified to express and HBV-specific TCR and treat chemo-resistant metastatic HCC[101]. 
These findings suggest that autologous TCR therapy redirected against HBV-associated HCC may have 
therapeutic potential in the future.

VACCINES
Vaccines against HBV and HCV reduce the likelihood of developing HCC. Vaccine therapy in HCC is an 
area of important on-going research with the goal of improving the immune response against malignant 
cells through tumour specific antigens and subsequent T cell activation[102]. Clinical study protocols 
including different stages of HCC have been conducted by the Cancer Vaccine development for the HCC 
Consortium (HEPAVAC)[103].
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Both RNA and peptide-based vaccines are under investigation. A phase I/II trial for advanced solid 
tumours including HCC treated with NCI-4650, an mRNA-based vaccine, was terminated due to slow 
accrual (NCT03480152). Peptide-based vaccines for HCC utilize shared TAAs. A phase I trial evaluated the 
anti-tumour efficacy of an AFP-derived peptide vaccine subcutaneously injected in 15 patients with HCC; 
10 HCV and 2 HBV infected patients. The study showed that the vaccine was well tolerated and 33% of the 
patients had an AFP-specific cytotoxic CD8+ T cell response. One patient had a CR for over 2 years and 8 
patients had stable disease[104]. GPC3 is another antigen that is highly expressed in HCC. In a phase I trial 
of 33 patients (8 HBV and 15 HCV infected), the GPC3 peptide vaccine was well tolerated and induced 
a GPC3-specific T cell response. There was one PR (HCV infected) and 19 showing SD. GPC3-specific T 
cell frequency correlated with OS while higher GPC3-specific T cell frequency showed longer OS[105]. The 
additional PD-1 blockade seemed to augment the efficacy of the GPC3 vaccine by increasing the number 
of vaccine-induced cytotoxic T lymphocytes[106]. A phase II trial of a TERT-derived peptide vaccine in 
combination with low dose cyclophosphamide showed no effective antitumor response in 40 advanced 
HCC patients[107]. A study utilizing IMA970A with CV8102 vaccines has completed but the results have 
not yet been published (NCT03203005). Current vaccine trials include the hepcortespenlisimut-L vaccine 
(NCT02256514, NCT02232490), pneumonia vaccine (NCT03942328), heat shock protein-peptide complex 
vaccine (NCT04206254), Quilt-2.025 NANT neoepitope yeast vaccine (NCT03552718), DNAJB1-PRKACA 
fusion kinase peptide vaccine (NCT04248569), personalize DC vaccine (NCT03674073, NCT04147078) 
and multiple signals loaded DC vaccine (NCT04317248). The results of these trials will be instructive for 
the next generation of vaccine trial design.

ONCOLYTIC VIRUSES
Oncolytic viruses have attracted lots of attention with the hope of tumour eradication through selective 
direct viral replication within tumour cells and activation of cell‐mediated, tumour‐specific immunity[108]. 
For example, JX‐594 (Pexa‐Vec, pexastimogene devacirepvec), derived from a strain of vaccinia, has been 
studied in HCC[109,110]. In a randomized phase 2 study with 20% HCV infected and 40% HBV infected 
patients among the 40 enrolled participants, JX-594 resulted in one CR and three PR[109]. Nevertheless, it 
also showed high-dose JX‐594 doubled OS to 14.7 months from 6.7 months in the low-dose treatment 
group. All patients in the study experienced minimal TRAEs. In contrast, a phase 2b trial in 129 HCC 
patients in the second line setting, including 51.1% HBV- and 14.0% HCV-infected, did not show an OS 
benefit among 129 patients, compared to those treated with best supportive care[111]. Patients are presently 
being recruited for a clinical trial to test JX-594 with nivolumab (NCT03071094) and with sorafenib 
(NCT02562755), for treatment of advanced HCC as a first-line treatment. 

FUTURE DIRECTIONS
HCC is a heterogenic disease in terms of aetiology. HBV or HCV infection add to the complexity of the 
immune response in HCC. There are emerging data to illuminate the immune landscape, pathway, and 
mutation profiles of HCC that may provide aetiology-directed study design to obtain the best combination 
with immunotherapy in the future. Information about the specific immune and genetic landscape of HCV-
related HCC is limited, however. In addition, the availability of reported response outcome from patients 
with different aetiologies in completed clinical trials would provide important data. The ultimate goal is to 
create aetiology-specific or even personalized therapies for HCC patients. 

Furthermore, the schedule and sequence of this combination approach needs further evaluation to 
determine the optimal timing in order to obtain maximal tumour-directed immunological cell killing, 
whilst avoiding off-target effects. With more evidence available from other cancer types, especially 
haematological malignancies, utilizing a maintenance strategy versus moving to a first line or neoadjuvant 
approach for curative therapy in early HCC is also an interesting topic. In addition, along with the 
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illumination of the effect of the gastrointestinal tract microbiome in HCC[112], novel strategies in 
combination with antimicrobial therapy might be part of future treatment regimens (NCT03785210), such 
as chemotherapy, targeted therapy and radiation. 

The overall clinical response to cell-based immunotherapy has not been robust, which indicates that 
this therapy may be more helpful when there is a lower disease burden or these precisely designed cells 
need to be used concurrently with other therapies in order to control HCC, e.g., in combination with 
ICIs. Moreover, there are subtle but substantial aspects of cell-based immunotherapy that need further 
evaluation, including virus antigen specific TCR therapy. A further example requiring better understanding 
is the mechanism by which trafficking of CAR-T cells into HCC cells to execute anti-tumour effects in situ 
can be achieved. This is a distinct problem observed in solid tumours that is not encountered in CAR-T 
technology in haematological malignancies.

Lastly, since the overall response to immunotherapy in HCC is suboptimal, it would be critical to identify 
responder candidates before treatment begins in order to improve the outcomes in patients with HCC 
associated with HBV or HCV infection. Though tumour mutation burden, PD-L1 expression, TILs, IFN 
signature and circulating tumour DNA have been indicated as predicative markers in other types of 
tumours, there has not been strong evidence showing that these markers are valuable in HCC. Therefore, 
further efforts to identify the predictive biomarkers that may help guide the selection of patients with HCC 
who are appropriate for ICIs are needed, such as microbiome and TCR repertoire targets. Along with this, 
intelligent, correlative studies from paired tumour biopsies will be helpful to identify the best therapeutic 
approaches, timing, and sequences, and improve outcomes of patients with HCC. 
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is one of the most common liver diseases and is related to unhealthy 
lifestyle habits, characterized by a diet rich in sugars and fats leading to excessive calorie intake, and lack of 
exercise. In recent years, there is a growing incidence of this pathology, raising the attention of hepatologists, 
endocrinologists, diabetologists, and nutritionists. In this context, the alimentary regimen adopted by patients 
with NAFLD has become an increasingly scrutinised parameter. Diet is now considered a crucial factor in the 
treatment of NAFLD since it has been observed that some functional foods play a beneficial role. These include 
coffeewhose health effects have already been amply demonstrated. Here we describe the beneficial effects of 
coffee consumption reported in the NAFLD literature.

Keywords: Caffeine, steatosis, functional food, liver disease, antioxidant, chlorogenic-acid

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a common liver pathology characterized by fat accumulation 
in the liver, following a sequence of steatosis, possible evolution in fibrosis, Non-alcoholic steatohepatitis 
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(NASH), and finally in cirrhosis. Today liver diseases and in particular NAFLD, affects about 25% of the 
population worldwide, representing the main cause of chronic liver disease in industrialized countries[1-4].

Lifestyle modifications such as maintaining a healthy diet and regular physical activityare key in reducing 
the onset of NAFLD[5-9]. In particular, it is most important to remove all dietary compounds that can 
promote NAFLD, for example fructose, saturated fatty acids, carbohydrates with a high glycemic index, 
and foods with a high sodium content[2,3]. Promotion of a balanced diet and loss of excess weight are also 
important in the context of this clinical condition. The reduction of at least 5% body weight is effective in 
reducing hepatic fat accumulation[10,11].

In recent years, the Mediterranean diet has also been accredited as a therapeutic standard in the treatment 
of NAFLD[12-17]. Different studies have showed how functional foods can positively influence our 
health[5,18-22].

Among the functional foods, we find coffee the most promising; a drink appreciated and consumed all over 
the world[23]. Different beneficial effects have been related to moderate and regular consumption of coffee. 
In particular, the intake of this drink has proven effective in reducing the risk of type IIdiabetes mellitus, 
gastrointestinal disorders, Parkinson disease, cardiovascular problems, and gallbladder stones[24-28].

The present review aims to describe the beneficial effects of coffee consumption in patients with NAFLD.

CHEMICAL COMPONENTS OF COFFEE
Coffee, one of the most consumed beverages in the world, is composed of a large number of substances 
and polyphenols that contribute to making coffee a real functional food thanks to their beneficial activities. 
Among the main polyphenols in coffee, chlorogenic acid and ferulic acid [Figure 1] have shown promising 
antioxidative properties.

The most representative and known compound of coffee is undoubtedly caffeine [Figure 1], an alkaloid 
naturally present in leaves, seeds, and fruits of coffee, tea, cocoa, cola, and guarana plants. Caffeineis 
absorbed in the stomach and first portion of the intestine within 10 min after ingestion, reaching a 
maximum concentration in the bloodstream after 45-60 min. Once absorbed by the body, caffeine is 
metabolized in the liver where it is converted into three dimethylxanthines: paraxanthine, theobromine, 
theophylline which contribute to enhancing its effects[29].

In recent years, natural compounds have been the subject of several studies in order to identify their 
beneficial activities, and in this regard promising antifibrotic effects have been attributed to caffeine [Figure 2].

In particular, caffeine showed promising antifibrotic effect resulting from a series of biochemical processes 
initiated by liver cell stimulation causing induction of intracellular F-actin and cAMP expression, inhibition 

Figure 1. 2D chemical structures of caffeine (A), chlorogenic acid (B), ferulic acid (C)

A B C



Calabrò et al. Hepatoma Res  2020;6:69  I  http://dx.doi.org/10.20517/2394-5079.2020.63                                        Page 3 of 9

of focal adhesion kinase, inhibition of α-smooth muscle actin (α-sma), and up-regulation of the PPAR-α 
receptor (Peroxisome proliferator-activated receptor alpha) with action on fat deposits, as shown in 
Figure 2[30,31]. Quan et al.[32] showed that caffeine is able to reduce the gene expression of the transcription 
factors Sterol regulatory element-binding protein 1c and 2 (SREBP1c and SREBP2) in HepG2 cells which 
are involved in the synthesis of triglycerides and cholesterol in the liver. This down-regulation represents 
a particularly promising finding as it can facilitate the reduction ofhepatic lipid accumulation typically 
associated with NAFLD. In addition, caffeine also causes the reduction of 3-hydroxy 3-methylglutaryl CoA 
reductase and low density lipoprotein receptor in a dose dependent manner.

Furthermore, Helal et al.[33] conducted a study in animal models in order to demonstrate that the use 
of caffeine can improve liver damage induced by a high-fat diet (HFD). The rats were divided into 

Figure 2. Beneficial effects of coffee on the liver
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four groups and treated for 16 weeks as follows: control group; HFD Group; HFD group and 20 mg of 
caffeine; HFD group and 30 mg of caffeine. HFD-induced liver injury was determined by evaluating the 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin, bilirubin, triglycerides and 
cholesterol. Results indicated that caffeine treatment reduced elevated serum levels of ALT, AST, bilirubin 
and hepatic mRNA expression of fatty acid synthase and acetyl CoA carboxylase.

Chlorogenic acid (CGA) is a phenolic compound that is obtained from the combination of caffeic acid 
and (L)-quinic acid. It belongs to the family of polyphenols, substances with powerful antioxidant actions. 
It is well known that the polyphenols present in coffee as chlorogenic acid increase the production of 
antioxidants agents[34]. Moreover, caffeine increases peroxiredoxin-1 which has positive effects on ROS, 
reducing oxidative stress at the level of hepatocytes[34].

The synergistic effect of polyphenols and caffeine on hepatocytes also decreases insulin resistance, while 
polyphenols contained in caffeine exerts an antifibrotic effect on the liver, an action that has been widely 
highlighted in studies carried out on obese rats[35]. It is present in high concentrations in green coffee and 
in other typical foods of the Mediterranean diet[36,37]. Coffee roasting produces a compound that takes the 
name of hydroxy-hydroquinone, which however reduces its bioavailability. It is estimated that one liter of 
coffee provides between 500 and 800 mg of CGA[38].

Ferulic acid (FA) is a phenolic acid found in coffee, in some cereals such as oats, wheat and rice, in 
artichokes and in some types of fruit. FA is a derivative of trans-cinnamic acid and is able to interfere 
with the expression and activity of cytotoxic enzymes such as nitric oxide synthase, caspases and the 
cyclooxygenase-2. Ferulic acid has been proposed as treatment for neurodegenerative, cardiovascular and 
diabetic disorders.

Furthermore, it must be emphasized that the interest in this compound has increased due to its potential 
therapeutic effects to reduce the deposition of triglycerides and cholesterol inhepatocytes, anti-microbial, 
anti-inflammatory, and anti-tumor properties[39,40].

COFFEE AND NAFLD
Among the several studies that analyzed the activities of coffee in NAFLD, Hosseinabadi et al.[41] evaluated 
the effects of green coffee extract (GCE) on the lipid profile and adiponectin levels in patients with NAFLD. 
The randomized double-blind study was conducted on 48 patients aged between 20 and 60 years with a 
body mass index (BMI) between 25-35 kg/m2. In this study the patients were divided into two groups, one 
group has been treated with 400 mg/die GCE and the other with placebo. The liver enzymes, lipid profile, 
adiponectin concentration, and degree of hepatic steatosis were analyzed at the beginning and at the end 
of the trial. The results showed that GCE supplementation significantly reduced BMI (MD: -0.57; 95%CI: 
-0.84 to -0.29; P < 0.001). Moreover the study also showed an increase in HDL levels (MD: 7.06; 95%CI: 0.25 
to 13.87; P < 0.05) and a reduction in serum blood triglyceride levels (MD: -37.91; 95%CI: -72.03 to -3.80; P 
= 0.03) and total cholesterol (MD: -13.33; 95%CI: -26.04 to -0.61; P < 0.05) compared to the control group 
[Table 1]. 

Graeter et al.[42] have assessed the impact of caffeine consumption on liver fat concentration and ALT values 
in a total population sample of 1,452 subjects, including 789 women, and 663 men with an average age of 
42.3 years. After completing an informative questionnaire on personal data and lifestylewith particular 
focus on coffee consumption, the liver health of all patients were examined using ultrasound. Univariate 
logistic regression was used to evaluate the association between caffeine consumption and hepatic steatosis. 
From the results, a significant association emerged between hepatic steatosis and the male gender (P < 
0.0001), the same significance was also detected for advanced age subjects (P < 0.0001) and the high body-
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mass index (BMI; P < 0.0001). However, no association was identified between caffeine consumption and 
liver fat levels, nor between caffeine consumption and high levels of ALT concentrations.

Bambha et al.[43] have analyzed the effects of coffee intake in 782 NAFLD patients (n = 295 men) with an 
average age of 48 ± 12 years and an average BMI of 33.5 kg/m2 with low levels of insulin resistance. Coffee 
intake was measured by cups per day (cpd), and was represented as follows: 0 cpd, n = 230; < 1 cpd, n = 219; 
1- < 2 cpd, n = 116; ≥ 2 cpd, n = 217. During the study, IR was assessed using HOMA-IR and the association 
between coffee intake and NAFLD histological severity was modeled using multiple logistic regression. The 
study found that the effect of coffee on fibrosis varied with the degree of insulin resistance (IR) (interaction 
P = 0.001). Coffee consumers with less IR, defined as HOMA-IR < 4.3, had a lower probability of fibrosis 
(OR = 0.64; 95%CI: 0.46 to 0.88; P = 0.001). However, there was no protective effect of coffee on advanced 
fibrosis among individuals with higher HOMA-IR (OR = 1.06; 95%CI: 0.87 to 1.28; P = 0.6).

In the study of Anty et al.[44] the influence of coffee and other caffeinated drinks on liver fibrosis of severely 
obese patients was assessed. A total of 195 patients with severe obesity, were enrolled for this trial and were 
given a specific questionnaire that analyzed the consumption of various types of coffee and other beverages 
containing caffeine and chocolate. The questionnaires showed that classic coffee and espresso were 
consumed in 30.8% and 50.2% of patients, respectively. According to logistic regression analysis, coffee 
consumption represents a protective factor for fibrosis [OR: 0.752 (0.578-0.9800); P = 0.035] in a model that 

Author Year Design Population Disease Methods Country Findings
Hosseinabadi et al. [41] 2020 Randomized, 

controlled 
trial

48 (n = 24 
GCE 400 
mg) (n = 24 
placebo)

NAFLD Ultrasonographic Iran GCE supplementation improved 
serum lipid profile and BMI in 
individuals with NAFLD. GCE may 
be useful in controlling NAFLD risk 
factors

Graeter et al. [42] 2015 Cross-
selectional

1,223 NAFLD Ultrasonographic Germany No evidence for an association 
between caffeine consumption 
and either the prevalence of 
hepatic steatosis or serum ALT 
concentrations

Bambha et al. [43] 2014 Cross-
selectional

782 NAFLD/
NASH/
diabetes

Hepatic 
histological data

USA Coffee intake is associated with 
decreased odds of advanced 
fibrosis among patients with less 
insulin resistance

Anty et al. [44] 2012 Cohort 195 NAFLD/
NASH/
obesity

Liver biopsies France Consumption of regular coffee but 
not espresso is an independent 
protective factor for liver fibrosis in 
severely obese European patients

Zelber-Sagi et al. [45] 2015 Cross-
sectional

494 NAFLD Hepato renal 
index (HRI) and 
Steato test

Israel No association was demonstrated 
between coffee consumption and 
the new onset of non-alcoholic 
fatty liver, but coffee intake may 
exert beneficial effects on fibrosis 
progression

Hodge et al. [46] 2017 Retrospective 1,018 NAFLD/
HCV/
HBV

Transient 
elastography 
(TE)

Australia Coffee consumption decreases 
liver stiffness, which may indicate 
less fibrosis and inflammation, 
independent of the disease state. 
This study adds further evidence 
to the notion of coffee, which may 
be beneficial in patients with liver 
disease

Alferink et al. [47] 2017 Cohort 2,424 NAFLD Elastography, 
ultrasound

Netherlands In the general population, frequent 
coffee and herbal tea consumption 
were inversely related with liver 
stiffness but not steatosis

Table 1. Studies on coffee in liver diseases

NAFLD: non-alcoholic fatty liver disease; HCV: hepatitis C virus; HBV: hepatitis B virus; GCE: green coffee extract; ALT: alanine 
aminotransferase
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included the level of AST[(OR: 1.04 (1.004-1.076); P = 0.029] and presence of NASH [OR: 2.41 (1.007-5.782); 
P = 0.048].

Zelber-Sagi et al.[45], evaluated the association between coffee consumption and hepatic steatosis onset 
in a cohort of 347 patients, comparing them with a control group. Hepatic steatosis was quantified by 
ultrasound and SteatoTest and the degree of fibrosis was assessed by FibroTest. During recruitment, a 
questionnaire relating to coffee consumption was filled. The study found that neither the incidence nor 
the prevalence of steatosis was associated with coffee consumption. Moreover, coffee consumption was 
associated with a lower clinically significant percentage of fibrosis ≥ F2 (8.8% vs. 16.3%; P = 0.038) and the 
multivariate logistic regression analysis related the high coffee consumption with a lower probability of 
fibrosis (probability ratio = 0.49, 95% confidence interval, 0.25-0.97; P = 0.041). In a retrospective study by 
Hodge et al.[46], a total of 1,018 patients (441 women, 577 men) affected by NAFLD, Hepatitis C (HCV), and 
hepatitis B (HBV) were recruited for determining the effects of coffee and tea intake on liver stiffness (SE). 
Data showed that SE was higher in males than in females (P < 0.05). HBV patients had a lower SE than 
those with HCV and NAFLD. Those who drank 2 or more cups of coffee a day had a lower SE (P = 0.044). 
Tea consumption had no effect on SE (P = 0.9). The study showed that coffee consumption reduces the SE 
with a decrease of fibrosis and inflammation.

Alferink et al.[47] recruited 2,424 participants (age 66.5 ± 7.4; 43% male)who were asked to fill in a 
questionnaire on eating habits and lifestyle. All patients were examined by liver elastography and 
ultrasonography to evaluate liver stiffness and the degree of liver steatosis. Coffee and tea consumption 
were classified into: no intake (0), moderate (> 0-3) or frequent intake ≥ 3) (cups/day). Fibrosis was 
defined as a measure of SE. During course of the study, univariate linear and logistic regression analyzes 
were performed to examine the association between coffee, herbal /green/black tea consumption and 
SE. For the regression models, multivariable adjustments were made taking into consideration age, sex, 
BMI, insulin resistance, steatosis, serum ALT, alcohol intake, smoking, use of cream in coffee, use of 
sugar in tea or coffee and physical activity. The results showed that the SE was inversely related to a higher 
consumption of coffee (7.8%, 6.9% and 4.1% for non consumption, moderate and frequent respectively; P 
= 0.006). In general, frequent coffee consumption was inversely related to SE but not to steatosis. More in-
depth analysis and studies are needed to validate the underlying mechanisms. The daily consumption of 
three or more cups of coffee was linked to the presence of a low SE, regardless of many other lifestyle and 
environmental factors.

CONCLUSION
Although the protective role of coffee in NAFLD is still controversial, several studies have shown that 
coffee consumption in patients with NAFLD can be protective against liver steatosis, progression of fibrosis 
and liver damage[48]. The antioxidant capacity of coffee has been demonstrated in animal models of fatty 
liver, in which caffeine intake improves insulin resistance and reduces the production of inflammatory 
cytokines. Moreover, the weight of the animals and the intrahepatic levels of glucose were reduced with 
coffee consumption. However, not all the studies were concordant on the protective effect of coffee against 
NAFLD: controversial results may be due to the heterogeneity of the patients analyzed, the different 
protocols of research, and the different methods of collecting data. Furthermore, it should be emphasized 
that the content of caffeine and the different compounds typical of coffee can be influenced by the type of 
coffee examined, the type of roasting, the volume of water used, and the type of grinding: all these elements 
should therefore be standardized to avoid variations in the concentration of the most active compounds.

In conclusion, the overall trend emerging from the literature review suggests that regular coffee 
consumption might be a protective factor against the evolution of NAFLD complications, especially liver 
fibrosis. Additional studies should be carried out to further characterize the correlation between coffee and 
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NAFLD. Many studies are still controversial by designs, methods, amount of caffeine or type of coffee used, 
measurements, different population investigated but research in this area should also focus on assessing 
the potential in taking this drink, quantifying the methods and number of intakes that generate an effective 
advantage. Pending further research, we can suggest that moderate consumption of 2-3 cups of coffee a day 
in patients with NAFLD should be encouraged.
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Abstract
Patients with unresectable cholangiocarcinoma (CCA) face a poor prognosis, and there are few effective 
treatment options for the disease. The standard of care for patients with locally advanced or metastatic CCA is 
chemotherapy with a gemcitabine-based doublet. Unfortunately, the clinical benefit obtained with these regimens 
is modest, with a median overall survival of about one year. For CCA that is chemotherapy-refractory or recurs 
after first-line chemotherapy, the treatment options are even more limited, and no relevant randomized controlled 
data are available. In recent years, molecular profiling has shed light on the molecular basis of CCA and identified 
subgroups of patients that might benefit from a personalized treatment approach. These efforts resulted in the 
recent FDA approval of the fibroblast growth factor receptor (FGFR) inhibitor, pemigatinib, as a second-line 
treatment for patients with advanced CCA harboring an FGFR2-fusion or rearrangement. Several other targeted 
agents also are under evaluation in patients with CCA, of which the isocitrate dehydrogenase inhibitor has had 
the most promising results. Finally, immunotherapy is being explored as a new treatment approach for advanced 
CCA patients; indeed, the immune checkpoint inhibitor pembrolizumab can already be used to treat CCAs that are 
mismatch repair deficient. This review is a comprehensive overview of the treatment options for CCA and offers a 
glimpse into what the future could hold for these patients.
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immune checkpoint inhibitor 
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INTRODUCTION
Cholangiocarcinoma (CCA) refers to a group of malignancies that arise from epithelial cells along the 
biliary tree[1]. It is a rare tumor type that accounts for less than 1% of all human cancers[1]. Based on the 
location of the tumor, CCAs are divided into three categories: Intrahepatic CCAs (iCCAs) are within 
the liver parenchyma (i.e., proximal to the second-degree bile ducts), whereas perihilar CCAs (pCCAs) 
and distal CAAs (dCCAs) are outside the liver, with the cystic duct as the boundary between the two 
types[1]. Most CCAs are extrahepatic; iCCAs account for only 10%-20% of cases[2,3]. CCAs are classified 
histopathologically as adenocarcinomas, but rare histologic subtypes can be encountered[4].

Over the last decades, the incidence of CCA has increased in Western countries[3], which is the basis 
for large studies that have looked into risk factors for cancer development[5,6]. The most prominent risk 
factors identified in these analyses are liver cirrhosis, viral hepatitis, metabolic syndrome, and diabetes 
mellitus[5-8]. However, the best-known risk factors for CCA are pre-existing conditions, such as choledochal 
cysts, inflammatory bowel disease, and primary sclerosing cholangitis[9,10]. The incidence of CCA is highest 
in Southeast Asia, where there is a strong relationship between infections with the hepatobiliary flukes 
Opisthorchis viverrini and Clonorchis sinensis and CCA[10].

The only potentially curative treatment for patients with CCA is radical surgical resection of the lesion 
combined with lymphadenectomy[3]. Unfortunately, however, surgical resection is feasible in only about 
30% of patients[3,11], and recurrence after surgery is frequent; thus the prospects of long-term survival after 
resection are poor[2,3,11]. To counter the high rates of local and distant recurrence after surgery for CCA, 
several adjuvant treatment strategies have been explored, with mixed results[3,12-16]. In about 70% of patients, 
the disease is unresectable or metastatic at the time of diagnosis[1]. For these patients, the treatment 
options are usually limited to systemic therapies[1,3]. Only in a minority of advanced CCA patients are 
palliative loco-regional therapies beneficial, and the use of this approach is restricted mainly to patients 
with iCCA whose disease spread is limited to the liver. In this setting, small studies have demonstrated 
that transarterial chemo- or radioembolization can provide local disease control, with a survival benefit 
comparable to that of supportive care[17-21]. More recently, insight into the molecular basis of CCA and 
understanding of the interplay between tumor cells and the immune system have led to the development of 
targeted treatments. The most promising results in this area have come from studies evaluating inhibitors 
of mutated forms of the FGFR or isocitrate dehydrogenase (IDH) and from studies evaluating immune 
checkpoint inhibitors.

This review provides an overview of the systemic treatment options for patients with advanced CCA. Data 
from the use of chemotherapy regimens in initial treatment and of recurrent disease, as well as a summary 
of the clinical trials evaluating molecularly targeted agents or immunotherapy, are presented. 

IS THERE A PLACE FOR ADJUVANT CHEMOTHERAPY IN PATIENTS WITH SURGICALLY 

RESECTED CCA?
As discussed above, surgical resection of CCA is associated with a high rate of disease recurrence and a 
poor long-term survival rate. In a series of 564 CCA patients who were operated on between 1973 and 
2004, the five-year overall survival (OS) rate was only 18% (30% in patients in whom an R0 resection was 
possible; median OS 15 months for all patients, 28 months for R0 patients)[2]. The survival rate was better in 
patients with more proximal tumors (i.e., five-year OS rates for R0 patients with iCCA, pCCA, and dCCA 
of 63%, 30%, and 27%, respectively)[2]. Data from the Memorial Sloan-Kettering Cancer Center confirm the 
high risk of disease recurrence after surgical resection of CCAs; in their series, the median disease-specific 
survival of patients with resected CCA was only 36 months, and almost two-thirds of patients had disease 
relapse during a median follow-up of 26 months[11]. In attempts to improve the dismal prognosis of resected 
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CCA patients, adjuvant treatment strategies have been explored, including chemotherapy, radiotherapy, and 
combination chemoradiotherapy. 

A systematic review and meta-analysis of data of 6,712 patients with CCA of the gallbladder or biliary ducts 
who received adjuvant therapy with either chemotherapy, radiotherapy, or chemoradiotherapy after surgery 
revealed a non-significant OS improvement compared to OS with surgery alone (P = 0.06)[16]. Patients 
who received chemo- or chemoradiotherapy had a significantly greater survival benefit than patients who 
received adjuvant radiotherapy alone (OR = 0.39, 0.61, and 0.98, respectively, P = 0.02)[16]. A second meta-
analysis, reported by Ghidini et al.[22] also found a survival benefit from adjuvant chemo(radio)therapy in 
patients with resected biliary tract cancers; in that analysis (n = 22,499), adjuvant therapy was associated 
with a significant (4.3 months) prolongation in median OS. Compared with surgery alone, adjuvant chemo 
(radio)therapy was associated with a 41% reduced risk of death (HR = 0.59, 95%CI: 0.49-0.71, P < 0.001)
[22]. More recently, however, two prospective, randomized phase III trials of CCA patients found no clinical 
benefit from adjuvant chemotherapy. The PRODIGE-12 trial randomized 196 patients with localized biliary 
tract cancer to observation or adjuvant chemotherapy with the GEMOX regimen (gemcitabine 1000 mg/
m2 on Day 1 and oxaliplatin 85 mg/m2 infused on Day 2 of a two-week cycle for 12 cycles). Patients who 
received adjuvant GEMOX had a median recurrence-free survival of 30.4 months compared with 18.5 
months for patients randomized to the control arm. However, this numerical difference did not meet the 
threshold for statistical significance (HR = 0.88, 95%CI: 0.62-1.25, P = 0.48). In addition, there was no 
significant difference in OS (median OS: 75.8 months vs. 50.8 months; HR = 1.08, 95%CI: 0.70-1.66, P = 0.74)
[12]. Similarly, a randomized phase III trial comparing adjuvant gemcitabine alone to observation in 225 
patients with resected bile duct cancer found no difference in OS (median OS: 62.3 months vs. 63.8 months; 
HR = 1.01, 95%CI: 0.70-1.15, P = 0.96) or recurrence-free survival (median: 36.0 months vs. 39.9 months; 
HR = 0.93, 95%CI: 0.66-1.32, P = 0.69)[13].

In the phase III BILCAP trial, 447 patients with histologically confirmed CCA or muscle-invasive 
gallbladder cancer who underwent a complete resection were randomized to receive oral capecitabine 
(1250 mg/m2 BID on Days 1-14 of a 21-day cycle, for eight cycles) or observation. After a median follow-
up of 60 months, the median OS for patients in the adjuvant chemotherapy arm was 51.1 months, which 
was almost 15 months longer than the 36.4 median OS in the observation arm. In a protocol-specified 
sensitivity analysis, this difference in OS was statistically significant, with an HR of 0.71 (95%CI: 0.55-0.92, 
P = 0.010)[14]. Although the trial failed to meet the primary endpoint of improving OS in the intention-
to-treat population, the prespecified sensitivity and per-protocol analyses showed signals of capecitabine 
efficacy and could be considered for adjuvant care. Based on these results, capecitabine has become the 
preferred adjuvant chemotherapy regimen in patients with resected CCA. In addition, the American 
Society of Clinical Oncology endorsed this adjuvant chemotherapy regimen in its 2019 practice guidelines 
update[23]. In line with endorsement, the ongoing ACTICCA-1 trial, evaluating adjuvant gemcitabine-
cisplatin in patients with resected CCA or muscle-invasive gallbladder cancer, amended its protocol and 
changed its control arm from observation to capecitabine[15]. The results of this trial are awaited.

CHEMOTHERAPY FOR UNRESECTABLE OR METASTATIC CCA
First-line therapy
As long ago as 1996, it was established that chemotherapy could improve the survival rate and quality 
of life of patients with advanced biliary tract cancer[24]. In the early 2000s, gemcitabine monotherapy 
was often used as a frontline regimen for patients with advanced CCA. In a phase II trial (n = 23), 
gemcitabine (1000 mg/m2 over 60 min once a week in a two-weeks on/one-week off schedule) resulted in 
a median progression-free survival (PFS) of 8.1 months with a median OS of 13.1 months[25]. However, 
in a retrospective case series of 100 patients with advanced CCA, the results obtained with gemcitabine 
monotherapy did not match the results of this phase II trial, with a median OS of only 7.3 months, and only 
one, out of five patients, was alive after one year[26]. 
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Table 1 lists the pivotal clinical trials which study various chemotherapy options in the first-line treatment 
of patients with advanced CCA.

Gemcitabine-based doublet chemotherapy
To improve on these outcomes, numerous gemcitabine-based combination regimens have been tested. 
The most prominent consists of the gemcitabine-cisplatin (Gem-Cis) doublet. Two phase-II trials of 
the combination produced efficacy signals in patients with advanced CCA and had a favorable toxicity 
profile[27,28]. These encouraging findings formed the rationale for comparing the Gem-Cis doublet to 
gemcitabine alone in a randomized phase III trial: In the ABC-02 study, 410 patients with locally advanced 
or metastatic CCA, gallbladder cancer, or ampullary cancer were randomly assigned to receive cisplatin 
(25 mg/m2) followed by gemcitabine (1000 mg/m2 on Days 1 and 8, every three weeks for eight cycles) or 
gemcitabine alone (1000 mg/m2 on Days 1, 8, and 15, every four weeks for six cycles) for a total of 24 weeks. 
Study patients who received the combination treatment had a median OS of 11.7 months, which was 
significantly longer than 8.1 months in the gemcitabine-treated cohort (HR = 0.64, 95%CI: 0.52-0.80, P < 
0.001); the PFS also was significantly longer (median PFS: 8 months vs. 5 months; P < 0.001) in patients 
treated with the chemotherapy doublet, and the tumor was controlled in significantly more patients (81.4% 
vs. 71.8%; P = 0.049)[29]. Toxicity was similar with the two treatments, but the addition of cisplatin to the 
regimen resulted in more Grade 3/4 neutropenia (25% vs. 17%) and a higher incidence of Grade 3/4 liver 
abnormalities (27% vs. 17%)[29]. A similar efficacy benefit of Gem-Cis over gemcitabine alone was reported 
by Okusaka et al.[30], with a median OS of 11.2 months with the combination compared with 7.7 months 
with gemcitabine alone (HR = 0.69, 95%CI: 0.42-1.13); at the one-year mark, this difference translated into 
an absolute survival difference of 8%[30]. A subsequent meta-analysis of these two studies indicated that, 
compared to gemcitabine alone, Gem-Cis was associated with a 35% reduced death risk (HR = 0.65, 95%CI: 
0.54-0.78, P < 0.001) and a 36% reduced risk for disease progression (HR = 0.64, 95%CI: 0.53-0.76, P < 
0.001). The benefit of Gem-Cis over gemcitabine monotherapy was present irrespective of the location of 
the primary tumor (i.e., gallbladder or CCA). These findings established Gem-Cis as the reference first-line 
treatment for patients with advanced CCA. However, a subgroup analysis of the performance status found 
that the superiority of Gem-Cis over gemcitabine alone was mainly in patients with good performance 
status, whereas patients with a European Cooperative Oncology Group (ECOG) performance status of 2 or 
more benefited less[31]. 

A second gemcitabine-based doublet regimen that has gained momentum in recent years is the 
combination of gemcitabine and S-1, an oral fluoropyrimidine that includes three agents (tegafur, gimeracil, 

Trial Phase Regimen N Median OS
[HR (95%CI)] Response rate

ABC-02[29] III Gem-Cis vs.  Gem 410 11.7 months vs.  8.1 months
0.640 (52-0.80)

DCR: 81.4% vs.  71.8%

Okusaka et al .[30] II Gem-Cis vs.  Gem 83 11.2 months vs.  7.7 months
0.69 (0.42-1.13)

ORR: 19.5% vs.  11.9%
DCR: 68.3% vs.  50.0%

FUGA-BT[32] III Gem-Cis vs.  Gem-S1 354 13.4 months vs.  15.1 months
0.945 (0.78-1.15)*

ORR: 29.8% vs.  32.4%

GERCOR[33]# II GEMOX 33 15.4 months ORR: 36%
Kim et al .[34] III GEMOX vs.  XELOX 222 10.4 months vs.  10.6 months

NR
ORR: 24.6% vs.  15.7%
DCR: 63.2% vs.  58.3%

Shroff et al .[36] II Gem-Cis + nab-paclitaxel 60 19.2 months ORR: 45%
DCR: 84%

KHBO1401-MITSUBA[37] III Gem-Cis vs.  Gem-Cis-S1 246 13.5 months vs.  12.6 months
0.79 (0.60-1.04)

ORR: 41.5% vs.  15%

Table 1. Chemotherapy in the first-line treatment of patients with advanced CCA: an overview of pivotal clinical trials

*90% confidence interval. Study met threshold for non-inferiority; #only data for Group A (good performance status) are listed here. 
CCA: cholangiocarcinoma; DCR: disease control rate; ORR: overall response rate; OS: overall survival 
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and oteracil) (Gem-S). In the Japanese FUGA-BT trial, 354 chemotherapy-naïve patients with recurrent or 
unresectable biliary tract cancer and an ECOG performance status of 0-1 were randomized to treatment 
with gemcitabine (1000 mg/m2 on Days 1 and 8) in combination with either S-1 (60, 80, or 100 mg per day 
on Days 1-14 of a 21-day cycle) or cisplatin (25 mg/m2 IV on Days 1 and 8). In this study, Gem-S was non-
inferior to Gem-Cis, with a median OS of 15.1 and 13.4 months, respectively (HR = 0.945, 90%CI: 0.78-1.15, 
non-inferiority P = 0.046)[32]. In addition, Gem-Cis and Gem-S yielded similar results in PFS (median PFS: 
5.8 months vs. 6.8 months; HR = 0.86, 95%CI: 0.70-1.07) and overall response rate (ORR): 32.4% vs. 29.8%. 
Clinically significant adverse events (AEs) were reported by 35.1% of patients enrolled in the Gem-Cis 
compared with 29.9% in the Gem-S arm. Based on these findings, Gem-S, when available, is a feasible first-
line alternative to Gem-Cis in patients with advanced CCA.

Other gemcitabine-based doublets have also been evaluated in patients with advanced CCA. In the phase 
II GERCOR trial, 33 patients with newly diagnosed advanced biliary tract cancer and good performance 
status were treated with a combination of gemcitabine (1000 mg/m2 as a 10 mg/m2/min infusion on Day 1) 
and oxaliplatin (100 mg/m2 as a 2-h infusion on Day 2), every two weeks (GEMOX). The GEMOX regimen 
induced an ORR of 36% and had a median PFS and OS of 5.7 months and 15.4 months, respectively[33]. 
Recently, the GEMOX regimen was evaluated in a phase III setting, where it was compared to a combination 
of capecitabine (1000 mg/m2 BID on Days 1-14) and oxaliplatin (130 mg/m2 on Day 1) (XELOX). In that 
non-inferiority trial, with 222 patients with advanced biliary cancer, GEMOX and XELOX were given every 
three weeks for eight cycles[34]. The median PFS for GEMOX and XELOX was 5.3 months and 5.8 months, 
respectively, translating to a five-month PFS rate of 44.5% with GEMOX and 46.7% with XELOX. OS was 
not significantly different in the two arms, with a median OS of 10.4 and 10.6 months for GEMOX and 
XELOX, respectively[34]. These two studies established the clinical efficacy of GEMOX in the frontline 
treatment of patients with advanced biliary tract cancer, and the drug has become widely used in the 
treatment of patients with advanced CCA. This practice was fueled by oxaliplatin having a more favorable 
toxicity profile than that of cisplatin. However, whether GEMOX is non-inferior or superior to Gem-Cis 
has not been established (no head-to-head comparisons).

A final gemcitabine-based doublet that was explored in patients with advanced CCA is gemcitabine plus 
nab-paclitaxel. In 2018, Sahai et al.[35] reported the results of a multicenter phase II trial in which 74 patients 
with advanced CCA were treated with nab-paclitaxel (125 mg/m2 IV) followed by gemcitabine (1000 mg/m2 
on Days 1, 8, and 15) in 28-day treatment cycles[35]. The regimen was effective, with an ORR of 30% and 
a median OS of 12.4 months. The most common high-grade AEs with the gemcitabine nab-paclitaxel 
combination were neutropenia (43% Grade ≥ 3) and fatigue (14% Grade ≥ 3). These findings are promising, 
but validation in a randomized comparison with the current standard of care (Gem-Cis or Gem-S) is 
required before this regimen can be used routinely. 

Treatment intensification: the more, the merrier?
Several clinical trials have evaluated whether a more intensive treatment strategy would result in better 
treatment outcomes than those of the current two-drug standard in the frontline treatment of advanced 
biliary tract cancer. A phase II trial, conducted at the MD Anderson Cancer Center and the Mayo Clinic, 
tested a triple regimen of gemcitabine, cisplatin, and nab-paclitaxel (initially 1000, 25, and 125 mg/m2, 
respectively, on Days 1 and 8 of 21-day cycles, with a later reduction to 800, 25, and 100 mg/m2, respectively, 
to mitigate the hematological toxicity) in 60 patients with advanced biliary tract cancer (78% CCA)[36]. 
The results with the triplet regimen were promising, with a median PFS of 11.8 months and a median OS of 
19.2 months. Forty-five percent of patients obtained a partial response, and 39% had disease stabilization. 
As could be expected, this benefit came with the cost of substantial toxicity, with 58% of patients 
experiencing Grade ≥ 3 AEs (Grade ≥ 3 AE neutropenia was most common, present in 33% of patients). 
Sixteen percent of patients withdrew from the treatment because of toxicity[36]. This regimen will be 
evaluated further in a phase III randomized trial (NCT03768414).
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A second interesting treatment-intensification study in patients with biliary tract cancer is the phase 
III KHBO1401-MITSUBA trial. In that, 246 chemotherapy-naïve patients with advanced biliary tract 
adenocarcinoma were randomly assigned to treatment with Gem-Cis or a triple combination of Gem-Cis 
and S-1 (GCS). The addition of S-1 to Gem-Cis resulted in a lengthening of the median OS from 12.6 months 
to 13.5 months (HR = 0.79, 95%CI: 0.60-1.04, P = 0.046). At the one-year mark, this translated into an 
absolute survival difference of 5.7% in favor of GCS (59.4% vs. 53.7%). In addition, the median PFS was 
significantly longer with GCS than with Gem-Cis (7.4 months vs. 5.5 months; HR = 0.75, 95%CI: 0.58-0.97, 
P = 0.0015), and the rate of patients who had a treatment response was almost tripled (41.5% vs. 15.0%)[37]. 
Based on these results, the authors concluded that GCS could become a new standard treatment for 
patients with advanced biliary tract cancer.

Patients with poor performance status: can we do good enough with a little bit less?
As indicated above, poor performance status seemed to be associated with a lower likelihood of treatment 
benefit from a Gem-Cis doublet. For these patients, gemcitabine monotherapy can be considered. 
5-fluorouracil (5-FU) monotherapy is not recommended in patients with biliary tract cancer because of 
the low response rate (ORR: 20%)[38], but response rates were slightly higher when leucovorin was used in 
combination with 5-FU: in 28 patients with biliary tract cancer, leucovorin-modulated 5-FU resulted in an 
ORR of 32.1%, with a median OS of six months[39]. Similar results were reported by Chen et al.[40] in a series 
of 19 biliary tract cancer patients (ORR: 33%, median OS 7.0 months). 

A second alternative for gemcitabine monotherapy in CCA patients with a poor performance status could 
be capecitabine monotherapy. In a study from the MD Anderson Cancer Center[41], 63 patients with 
advanced hepatocellular carcinoma (n = 37), gallbladder cancer (n = 8), or CCA (n = 18) were treated with 
capecitabine monotherapy (1000 mg/m2 BID for 14 days, in 21-day cycles). Among the CCA patients in 
this trial, a median OS of 8.1 months was reported. Although the response rate in this trial was modest, 
CCA patients have been reported to survive long term with capecitabine monotherapy[41].

Second-line therapy
Few studies have been conducted in patients with advanced CCA and progression after first-line therapy, so 
there is no established standard of care for these persons. There are also few data on selecting patients who 
might benefit from second-line therapy; the available studies consistently required good performance status 
to initiate second-line therapy[42-45]. Other prognostic factors are the treatment effect in first-line therapy 
(disease control or not), a low CA19-9 level, and the absence of peritoneal carcinomatosis[44,45].

In 2014, Lamarca et al.[46] published a systematic review of clinical studies that evaluated second-line 
chemotherapy (fluoropyrimidine, irinotecan, docetaxel, and gemcitabine) in patients with advanced biliary 
tract cancer. A platinum compound was often used in second-line therapy in patients who received a 
fluoropyrimidine in first-line treatment; the median OS in this analysis was 7.2 months, with a median 
PFS of 3.2 months. The response rate to second-line chemotherapy was only 7.7%[46]. Currently, the most 
frequently used second-line treatment for patients with advanced CCA, who have failed first-line Gem-Cis, 
is the FOLFOX regimen (oxaliplatin plus 5-FU). This practice is based on the results of the randomized, 
phase III ABC-06 trial. One hundred and sixty-two patients with locally advanced or metastatic biliary 
tract cancer, who were previously treated with Gem-Cis, were randomly assigned to active symptom 
control with or without modified FOLFOX (mFOLFOX) regimen, containing L-folinic acid (175 mg) (or 
folinic acid 350 mg), 5-FU (400 mg/m2 bolus and 2400 mg/m2 infusion), and oxaliplatin (85 mg/m2) (all 
every 14 days, up to 12 cycles)[47]. Only patients with an ECOG performance status of 0-1 were eligible for 
the study, and 72% of patients in the study cohort had advanced CCA. The use of mFOLFOX led to only a 
modest prolongation in the median OS, from 5.3 to 6.2 months (HR: 0.69). However, the absolute OS rates 
at 6 and 12 months were more impressive: at 6 and 12 months, the OS rate for patients in the mFOLFOX 
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arm was 50.6% and 25.9%, respectively, compared with 5.5% and 11.4% for active symptom control alone. 
mFOLFOX was well tolerated, with only a manageable increase in the rate of Grade ≥ 3 neutropenia and 
fatigue[47].

The most prominent alternative for mFOLFOX in second-line treatment is a combination of irinotecan and 
capecitabine (XELIRI). The XELIRI regimen (irinotecan 180 mg/m2 on Day 1 and capecitabine 1000 mg/m2 
BID on Days 1-10 of 14-day cycles) was compared to irinotecan alone in a phase II trial that had 60 patients 
with Gem-Cis pretreated biliary tract cancer[48]. In that trial, XELIRI doubled the nine-month OS rate from 
32% to 60.9% (no significant difference in median OS: 10.1 months vs. 7.3 months; P = 0.107) and increased 
the disease control rate from 50% to 63.3%. This benefit came at the cost of only a modest increase in 
toxicity, but there was a higher rate of palmar-plantar erythrodysesthesia with XELIRI (6.7% vs. 0%)[48].

A third option for advanced CCA patients who failed first-line Gem-Cis is 5-FU-based therapy. 
Unfortunately, there are no randomized data for comparison of 5-FU to FOLFOX or XELIRI for this 
indication. The best data come from a large retrospective series of 321 advanced CCA patients[49]. In that 
series, 5-FU-based chemotherapy was modestly effective as second-line chemotherapy for patients with 
advanced biliary tract cancer who failed on first-line Gem-Cis (ORR 8% for 5-FU platinum combinations 
and 1% for 5-FU alone). A 5-FU-platinum combination was not associated with a better OS or PFS than 
those outcomes with 5-FU monotherapy[49].

Molecularly targeted therapy for CCA
CCA has a high level of intra- and intertumoral heterogeneity[50]. As a result, clinical trials testing 
molecularly targeted agents in unselected patients with CCA have consistently yielded negative results. 
In recent years, however, advances in whole-exome and transcriptome sequencing have shed light on the 
genetic landscape of the CCA subtypes, opening the door to tailored treatment approaches[51]. In fact, 
recent biomarker-driven clinical trials in CCA patients have reported positive outcomes. These results have 
prompted FDA approval of pemigatinib as the first targeted treatment for patients with previously treated, 
advanced CCA who harbor an FGFR2-fusion or rearrangement. We now present an overview of the 
molecularly targeted agents that are under clinical evaluation in CCA patients. 

FGFR-directed therapy
Gene fusions involving FGFR2 have been reported in 10-20% of iCCA patients[52,53]. The fusions result 
in constitutive activation of FGFR2, ultimately leading to activation of oncogenesis-promoting signaling 
pathways, such as RAS-RAF-MEK[54]. Several FGFR-targeting agents have been evaluated for the treatment 
of advanced CCA. As indicated above, pemigatinib recently became the first FDA-approved molecularly 
targeted agent for treating patients with CCA, specifically those with previously treated tumors and an 
FGFR2 rearrangement. This approval was based on the results of phase II, multicenter FIGHT-202 study. 
In that trial, 146 patients with locally advanced or metastatic CCA were treated with pemigatinib at a dose 
of 13.5 mg/day in a two-weeks on/one-week off schedule[55]. Most of the patients (n = 107) had an FGFR2 
fusion or rearrangement; after a median follow-up of 17.8 months, 36% of these patients had an objective 
response to the therapy, and the responses were durable, with a median duration of response of 9.1 months, 
median PFS of 6.9 months, and median OS an impressive 21.1 months. Grade ≥ 3 AEs occurred in 64% of 
patients in the trial, with 45% having a serious AE (most frequently abdominal pain and pyrexia)[55]. The 
clinical benefit of pemigatinib in this setting will be further evaluated in a randomized trial with an active 
comparator arm.

The pan-FGFR inhibitor infigratinib (BGJ398) was evaluated in a phase II study with CCA patients[56]. In 
that trial, including 61 previously treated patients with advanced CCA and an FGFR alteration, infigratinib 
induced an ORR of 14.8% (18.8% in the cohort of patients with an FGFR2-fusion/alteration). An additional 
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60.6% of patients experienced disease stabilization under therapy, for an overall disease control rate of 
75.4% (83.3% in FGFR2-fusion/rearrangement patients). The estimated median PFS in this study was 
5.8 months. Grade ≥ 3 AEs occurred in 41% of patients, with hyperphosphatemia (16.4%), stomatitis (6.6%), 
and palmar-plantar erythrodysesthesia (4.9%) being the most common high-grade toxicities[56]. A phase III 
clinical trial comparing infigratinib to Gem-Cis in the first-line treatment of patients with locally advanced/
metastatic CCA and an FGFR2-fusion/rearrangement is ongoing (NCT03773302).

During the 2020 annual meeting of the American Society of Clinical Oncology (ASCO), phase II data 
were presented for the irreversible FGFR1-4 inhibitor futibatinib[57]. In total, 103 patients with unresectable 
or metastatic iCCA and an FGFR2 fusion (or another rearrangement involving this gene) with disease 
progression after at least one prior systemic therapy (including Gem-Cis) were treated with futibatinib at 
a dose of 20 mg/day. The data presented at ASCO included the first 67 patients with at least six months of 
follow-up. An objective response was obtained in 37.3% of patients, with an additional 44.8% of patients 
experiencing disease stabilization (disease control rate 82.1%). Responses also proved to be durable, with 
a median duration of response of 8.3 months. The median PFS was reported at 7.2 months, with a 6- and 
12-month PFS rates of 61.0% and 39.4%, respectively. Grade ≥ 3 AEs were reported in 56.7% of patients, 
with 10.4% of treatment-related severe AEs. Only one patient had to discontinue the therapy for reasons of 
toxicity. The most common Grade 3 AE with futibatinib consisted of hyperphosphatemia (26.9%)[57]. Based 
on these excellent results, futibatinib is also being compared to Gem-Cis in a randomized phase III trial, 
including previously untreated CCA patients (NCT04093362).

In other work, the pan-FGFR inhibitor erdafitinib demonstrated clinical activity in patients with FGFR-
mutated solid tumors. In a phase I basket trial, erdafitinib induced a partial response in 3 of 11 CCA 
patients with an FGFR2-fusion or rearrangement[58]. 

A fifth pan-FGFR inhibitor that demonstrated potential in patients with CCA is derazantinib. In a 
multicenter phase I/II trial of 29 patients with unresectable iCCA and an FGFR2-fusion, it was associated 
with an ORR of 20.7% and a disease control rate of 82.8%. The estimated PFS was 5.7 months, and 
27.6% of patients had Grade ≥ 3 AEs[59]. A pivotal trial of derazantinib in patients with iCCA is ongoing 
(NCT03230318).

IDH-directed therapy
Mutations in IDH-1 and -2 are present in 15-20% of patients with iCCA[51,60]. These mutations profoundly 
affect cell differentiation and cell growth, and they are involved in tumorigenesis[61]. Several inhibitors of 
mutant IDH proteins have been developed in recent years. Ivosidenib (AG-120) is a first-in-class, oral, 
small-molecule inhibitor of the mutant IDH1 protein. In the randomized, phase III ClarIDHy trial, 185 
previously treated patients with advanced CCA and an IDH1 mutation were randomly assigned (2:1) to 
receive either ivosidenib (500 mg per day) or matching placebo[62]. The study met its primary endpoint, 
with a significantly longer median PFS for patients in the ivosidenib arm than in the placebo arm 
(2.7 months vs. 1.4 months; HR = 0.37, 95%CI: 0.25-0.54, P < 0.001). At the 6- and 12-month marks, 32% 
and 21.9% of patients, respectively, treated with ivosidenib were free of progression, whereas none of the 
patients in the placebo arm was progression-free at six months. The ORR with ivosidenib was low (2.4%), 
with 50.8% of patients having disease stabilization. The median OS among patients treated with ivosidenib 
was 10.8 months. Patients in the placebo arm had a median OS of 9.7 months, but this OS was significantly 
influenced by 57% of placebo patients crossing over to ivosidenib. Overall, 46% of patients experienced 
a Grade 3/4 AE on ivosidenib as compared with 36% with placebo; the most common AEs seen with 
ivosidenib were nausea (32.1%), diarrhea (28.8%), and fatigue (23.7%)[62]. The results of phase III ClarIDHy 
trial are especially important in CCA treatment as they provide level A evidence for the efficacy of targeted 
therapy in this setting and establish a role for molecular profiling in this cancer type. Several other 
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inhibitors of mutant IDH proteins are under clinical evaluation in patients with IDH-mutant solid tumors 
(including CCA), e.g., enasidenib (NCT02273739), IDH305 (NCT02381886), and AG-881 (NCT02481154).

Targeting ROS1 and NTRK fusions
Gene fusions involving ROS1 have been reported in about 8% of CCA patients[63], and an oncogenic role for 
ROS kinase fusions was established in a CCA mouse model[64]. These findings make ROS1 an interesting 
therapeutic target. The ALK and ROS1 inhibitors ceritinib and crizotinib are already being used in patients 
with metastatic non-small cell lung cancers that harbor ALK and ROS1 fusions. Phase II studies are 
ongoing to investigate their potential in patients with ROS1- and/or ALK-mutated CCA (NCT02374489 
and NCT02034981). Recently, the FDA gave an agnostic approval to the NTRK inhibitor larotrectinib to 
treat patients with solid tumors harboring an NTRK gene fusion. This approval was based on the results 
of three multicenter, single-arm trials (LOXO-TRK-1400, SCOUT, and NAVIGATE) of patients with solid 
tumors and an NTRK fusion. Larotrectinib induced an ORR of 75%, with 71% of responses ongoing at 
one year[65]. These studies also included two patients with CCA, one of whom experienced disease 
stabilization under larotrectinib[65]. In August 2019, the FDA approved the NTRK inhibitor entrectinib for 
treating patients with solid tumors and NTRK gene fusions. This approval followed an integrated analysis 
of the pivotal Phase II STARTRK-2, Phase I STARTRK-1, and Phase I ALKA-372-001 trials[66]. In these 
studies, in which several NTRK-positive advanced CCA were included, entrectinib induced an ORR of 57%, 
with a median duration of response of 10 months. Notwithstanding the rarity of NTRK fusions in CCA 
patients, the fact that this alteration is now actionable with effective targeted therapies justifies screening 
for it in patients with advanced CCA.

EGFR-directed therapy
Patients with CCA often harbor mutations in EGFR[52]. The mutations are more common in patients with 
pCCA and dCCA (about 15%) than in iCCA patients[67]. EGFR inhibitors in patients with biliary tract 
cancer, either as monotherapy or in combination with chemotherapy, have been studied. Unfortunately, 
the trials consistently yielded disappointing results[68,69]. The only phase III trial of EGFR inhibitors in this 
condition studied the addition of erlotinib to gemcitabine and oxaliplatin as first-line treatment for patients 
with metastatic biliary cancer; although the response rate was significantly increased, this did not translate 
into a longer PFS or OS[70]. Similarly, the addition of panitumumab to Cis-Gem did not improve the ORR, 
PFS, or OS in a phase II trial of 62 patients with KRAS-wildtype biliary tract cancer[71], and no improvement 
in ORR or PFS was found in a phase II/III TreeTopp trial that evaluated the addition of the pan-HER 
inhibitor varlitinib to capecitabine as a second-line treatment for patients with biliary tract cancer.  

Angiogenesis-directed therapy
The results of preclinical studies suggest that several angiogenic factors are important in the tumorigenesis 
of biliary tract cancers[72,73]. Thus, angiogenesis-directed therapy has been explored as a therapeutic strategy 
in patients with these tumor types. In a phase II trial of 35 patients with advanced biliary tract cancer, the 
combination of GEMOX with bevacizumab had promising antitumor activity (median PFS: seven months; 
six-month PFS rate: 63%) with a tolerable safety profile[74]. In a randomized phase II trial (n = 57), the 
addition of bevacizumab to GEMOX significantly prolonged the median PFS, from 3.72 to 6.48 months 
(P = 0.049), with only a small increase in toxicity[75]. In contrast with those results, a randomized phase II 
trial, presented during the 2020 annual Gastrointestinal Cancers Symposium, found that the addition of the 
VEGF inhibitor ramucirumab did not improve the ORR, PFS, or OS in patients with biliary tract cancer[76]. 
Similarly, a phase I study evaluating a combination of ramucirumab and the immune checkpoint inhibitor 
pembrolizumab found a limited clinical effect in patients with previously treated biliary tract cancer[77].

Emerging targets
Several other promising new drugs are in early clinical development for the treatment of patients with 
CCA. Constituted JAK/STAT activation is a recurrent finding in CCA, making it a potential therapeutic 
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target[78,79]. In a phase I trial, the STAT3 inhibitor ABC294640 showed activity in CCA, and the inhibitor is 
under further evaluation in a phase II trial (NCT03377179).

Amplification and overexpression of MET have been described in CCA, with associated poor prognosis[80]. 
Clinical studies evaluating MET inhibitors in monotherapy revealed limited clinical activity. In contrast, 
phase I data of a study evaluating the combination of the MET inhibitor tivantinib with gemcitabine in 
patients with metastatic solid cancers suggest the presence of antitumor activity[81]. However, phase II data 
failed to show an ORR, PFS, or OS benefit from the addition of the MET inhibitor merestinib to first-line 
Gem-Cis in patients with advanced biliary tract cancer[76].

IMMUNE CHECKPOINT INHIBITION FOR CCA
Over the last decade, immune checkpoint inhibitors have revolutionized the treatment landscape of many 
different cancer types, and this strategy is being explored in CCA.

Pembrolizumab is a monoclonal antibody directed against the programmed death-1 receptor (PD-1). 
In 2017, the FDA had approved pembrolizumab for the treatment of microsatellite instability-high solid 
tumors. In the phase II Keynote-158 trial, the antibody had robust clinical activity in patients with non-
colorectal microsatellite instability-high/mismatch repair-deficient solid tumors. Two hundred and 
thirty-three patients, including 22 with advanced CCA, were enrolled in the study. Pembrolizumab was 
administered at a dose of 200 mg once every three weeks for a maximum of two years[82]. An overall 
response rate of 34.3% was reported, with a median duration of response that was not yet reached after a 
median follow-up of 13.4 months. Among the cohort of CCA patients, the ORR was 49%, and two patients 
had a complete response; the median OS in CCA patients was 24.3 months. Treatment-related AEs - 
most commonly fatigue (14.6%), pruritus (12.9%), and diarrhea (12.0%) - occurred in 64.8% of patients; 
Grade ≥ 3 treatment-related AEs occurred in 14.6% of patients, and 23.2% experienced an immune-related 
AE[82]. Thus, these data establish pembrolizumab as an effective and safe treatment option for patients with 
CCA and mismatch repair deficiency. According to Silva et al.[83], 5%-10% of patients with CCA meet this 
criterion. 

Pembrolizumab was also evaluated in non-mismatch repair-deficient CCA patients. In the large multi-
cohort, phase Ib Keynote-028 trial, 24 patients with PD-L1-positive CCA were treated with pembrolizumab 
at a dose of 10 mg/kg every two weeks for up to two years[84]. In this cohort, four patients (17%), three 
with CCA and one with gallbladder cancer, had a partial response, and four patients (17%) had disease 
stabilization; at 12 months, 27.6% of patients were still alive. The rate of Grade 3 toxicities was 16.7%, with 
no reported Grade ≥ 4 toxicities[84].

The PD-1 inhibitor nivolumab has also been evaluated in patients with biliary tract cancer. In a study of 30 
patients with metastatic disease, nivolumab was associated with an ORR of 20% and a disease control rate 
of 60%; the median PFS was 3.1 months[85]. Preliminary results of an ongoing phase II trial in patients with 
advanced refractory biliary tract cancer indicate an ORR of 22%, with a disease control rate of 60%. The 
median OS in this study was 14.2 months, with 6- and 12-month OS rates of 71.4% and 52.3%, respectively. 
At six months, 35.2% of patients were free of progression; the rate was 24.1% at 12 months. The safety 
profile was in line with that of previous reports on nivolumab. Importantly, this trial did not select for PD-
L1 expression at study entry[86]. In a Japanese trial, nivolumab was evaluated as monotherapy or combined 
with chemotherapy in 60 patients with biliary tract cancer; the monotherapy was associated with a median 
OS of 5.2 months, a median PFS of 1.4 months, and a low ORR, with only one patient obtaining a response. 
In the combined therapy cohort, median OS (5.4 months) and median PFS (4.2 months) were longer, and 
11 of 30 patients had an objective response[87].
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A third immune checkpoint inhibitor under evaluation in CCA is the PD-L1 inhibitor durvalumab. In 
a phase I trial, durvalumab was evaluated as monotherapy (n = 42) or in combination with the CTLA-
4 inhibitor tremelimumab (n = 65) to treat patients with previously advanced biliary tract cancer[88]. At 
12 weeks, durvalumab monotherapy was associated with a disease control rate of 16.7%; with the 
durvalumab-tremelimumab combination, this metric increased to 32.2%. The median duration of response 
with durvalumab alone was 9.7 months; with the combination, it was 8.5 months. The median OS of 
patients in the monotherapy cohort was 8.1 months; with durvalumab plus tremelimumab, it was 10.1 months. 
The treatments were generally well-tolerated, with Grade ≥ 3 treatment-related AEs in 19% and 23% of 
patients treated with monotherapy and combination, respectively[88]. Thus, these findings reveal promising 
clinical activity of durvalumab, both as monotherapy and in combination with tremelimumab in patients 
with advanced biliary tract cancer. Durvalumab is also being studied in combination with chemotherapy: in 
the randomized phase III TOPAZ trial, the combination of durvalumab with Gem-Cis is under evaluation 
as a first-line treatment for patients with advanced biliary cancer (NCT03875235).

CONCLUSION
Patients with advanced CCA face a poor prognosis. The standard of care for these patients is gemcitabine-
based doublet chemotherapy (Gen-Cis or GemS), which has a median OS of about one year. For patients 
with disease progression after first-line therapy, there is no universal standard of care. Small steps have 
been made towards a personalized treatment approach for patients with CCA. The most promising 
approach is the recently FDA-approved FGFR inhibitor pemigatinib in the second-line treatment of 
patients with previously treated advanced CCA harboring an FGFR2 fusion or rearrangement. For patients 
with an IDH1 mutation, ivosidenib treatment has been found to show progression-free efficacy. Several 
other targeted therapies are being explored in molecularly oriented clinical trials of CCA: promising data 
have been generated with the immune checkpoint inhibitors pembrolizumab, nivolumab, and durvalumab 
in patients with advanced CCA, and it appears that immunotherapy will become an important strategy in 
the treatment of these patients. The response of mismatch repair-deficient CCA patients to pembrolizumab 
treatment is especially promising.

DECLARATIONS
Authors’ contributions
Made equal and substantial contribution to the conception of idea, literature review, and drafting and 
finalization of manuscript: Alqahtani SA, Colombo M

Availability of data and materials 
Not applicable.

Financial support and sponsorship
None.

Conflicts of interest
Both authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.



Page 12 of 15                                       Alqahtani et al. Hepatoma Res  2020;6:70  I  http://dx.doi.org/10.20517/2394-5079.2020.65

Copyright
© The Author(s) 2020.

REFERENCES
1. Razumilava N, Gores GJ. Cholangiocarcinoma. Lancet 2014;383:2168-79.
2. DeOliveira ML, Cunningham SC, Cameron JL, Kamangar F, Winter JM, et al. Cholangiocarcinoma: thirty-one-year experience with 564 

patients at a single institution. Ann Surg 2007;245:755-62.
3. Valle JW, Borbath I, Khan SA, Huguet F, Gruenberger T, et al. Biliary cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment 

and follow-up. Ann Oncol 2016;27:v28-37.
4. Nakanuma Y, Sato Y, Harada K, Sasaki M, Xu J, et al. Pathological classification of intrahepatic cholangiocarcinoma based on a new 

concept. World J Hepatol 2010;2:419-27.
5. Petrick JL, Yang B, Altekruse SF, Van Dyke AL, Koshiol J, et al. Risk factors for intrahepatic and extrahepatic cholangiocarcinoma in the 

United States: a population-based study in SEER-Medicare. PLoS One 2017;12:e0186643.
6. Massarweh NN, El-Serag HB. Epidemiology of hepatocellular carcinoma and intrahepatic cholangiocarcinoma. Cancer Control 

2017;24:1073274817729245.
7. Palmer WC, Patel T. Are common factors involved in the pathogenesis of primary liver cancers? A meta-analysis of risk factors for 

intrahepatic cholangiocarcinoma. J Hepatol 2012;57:69-76.
8. Lee BS, Cha BH, Park EC, Roh J. Risk factors for perihilar cholangiocarcinoma: a hospital-based case-control study. Liver Int 

2015;35:1048-53.
9. Massironi S, Pilla L, Elvevi A, Longarini R, Rossi RE, et al. New and emerging systemic therapeutic options for advanced 

cholangiocarcinoma. Cells 2020;9:688.
10. Tyson GL, El-Serag HB. Risk factors for cholangiocarcinoma. Hepatology 2011;54:173-84.
11. Endo I, Gonen M, Yopp AC, Dalal KM, Zhou Q, et al. Intrahepatic cholangiocarcinoma: rising frequency, improved survival, and 

determinants of outcome after resection. Ann Surg 2008;248:84-96.
12. Edeline J, Benabdelghani M, Bertaut A, Watelet J, Hammel P, et al. Gemcitabine and oxaliplatin chemotherapy or surveillance in resected 

biliary tract cancer (PRODIGE 12-ACCORD 18-UNICANCER GI): a randomized phase III study. J Clin Oncol 2019;37:658-67.
13. Ebata T, Hirano S, Konishi M, Uesaka K, Tsuchiya Y, et al. Randomized clinical trial of adjuvant gemcitabine chemotherapy versus 

observation in resected bile duct cancer. Br J Surg 2018;105:192-202.
14. Primrose JN, Fox RP, Palmer DH, Malik HZ, Prasad R, et al. Capecitabine compared with observation in resected biliary tract cancer 

(BILCAP): a randomised, controlled, multicentre, phase 3 study. Lancet Oncol 2019;20:663-73.
15. Stein A, Arnold D, Bridgewater J, Goldstein D, Jensen LH, et al. Adjuvant chemotherapy with gemcitabine and cisplatin compared to 

observation after curative intent resection of cholangiocarcinoma and muscle invasive gallbladder carcinoma (ACTICCA-1 trial) - a 
randomized, multidisciplinary, multinational phase III trial. BMC Cancer 2015;15:564.

16. Horgan AM, Amir E, Walter T, Knox JJ. Adjuvant therapy in the treatment of biliary tract cancer: a systematic review and meta-analysis. 
J Clin Oncol 2012;30:1934-40.

17. Kiefer MV, Albert M, McNally M, Robertson M, Sun W, et al. Chemoembolization of intrahepatic cholangiocarcinoma with cisplatinum, 
doxorubicin, mitomycin C, ethiodol, and polyvinyl alcohol: a 2-center study. Cancer 2011;117:1498-505.

18. Kuhlmann JB, Euringer W, Spangenberg HC, Breidert M, Blum HE, et al. Treatment of unresectable cholangiocarcinoma: conventional 
transarterial chemoembolization compared with drug eluting bead-transarterial chemoembolization and systemic chemotherapy. Eur J 
Gastroenterol Hepatol 2012;24:437-43.

19. Park SY, Kim JH, Yoon HJ, Lee IS, Yoon HK, et al. Transarterial chemoembolization versus supportive therapy in the palliative treatment 
of unresectable intrahepatic cholangiocarcinoma. Clin Radiol 2011;66:322-8.

20. Hoffmann RT, Paprottka PM, Schön A, Bamberg F, Haug A, et al. Transarterial hepatic yttrium-90 radioembolization in patients with 
unresectable intrahepatic cholangiocarcinoma: factors associated with prolonged survival. Cardiovasc Intervent Radiol 2012;35:105-16.

21. Rafi S, Piduru SM, El-Rayes B, Kauh JS, Kooby DA, et al. Yttrium-90 radioembolization for unresectable standard-chemorefractory 
intrahepatic cholangiocarcinoma: survival, efficacy, and safety study. Cardiovasc Intervent Radiol 2013;36:440-8.

22. Ghidini M, Tomasello G, Botticelli A, Barni S, Zabbialini G, et al. Adjuvant chemotherapy for resected biliary tract cancers: a systematic 
review and meta-analysis. HPB (Oxford) 2017;19:741-8.

23. Shroff RT, Kennedy EB, Bachini M, Bekaii-Saab T, Crane C, et al. Adjuvant therapy for resected biliary tract cancer: ASCO clinical 
practice guideline. J Clin Oncol 2019;37:1015-27.

24. Glimelius B, Hoffman K, Sjödén PO, Jacobsson G, Sellström H, et al. Chemotherapy improves survival and quality of life in advanced 
pancreatic and biliary cancer. Ann Oncol 1996;7:593-600.

25. Park JS, Oh SY, Kim SH, Kwon HC, Kim JS, et al. Single-agent gemcitabine in the treatment of advanced biliary tract cancers: a phase II 
study. Jpn J Clin Oncol 2005;35:68-73.

26. Suzuki E, Furuse J, Ikeda M, Okusaka T, Nakachi K, et al. Treatment efficacy/safety and prognostic factors in patients with advanced 
biliary tract cancer receiving gemcitabine monotherapy: an analysis of 100 cases. Oncology 2010;79:39-45.

27. Thongprasert S, Napapan S, Charoentum C, Moonprakan S. Phase II study of gemcitabine and cisplatin as first-line chemotherapy in 
inoperable biliary tract carcinoma. Ann Oncol 2005;16:279-81.

28. Giuliani F, Gebbia V, Maiello E, Borsellino N, Bajardi E, et al. Gemcitabine and cisplatin for inoperable and/or metastatic biliary tree 



Alqahtani et al. Hepatoma Res  2020;6:70  I  http://dx.doi.org/10.20517/2394-5079.2020.65                                      Page 13 of 15

carcinomas: a multicenter phase II study of the Gruppo Oncologico dell’Italia Meridionale (GOIM). Ann Oncol 2006;17:vii73-7.
29. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. 

N Engl J Med 2010;362:1273-81.
30. Okusaka T, Nakachi K, Fukutomi A, Mizuno N, Ohkawa S, et al. Gemcitabine alone or in combination with cisplatin in patients with 

biliary tract cancer: a comparative multicentre study in Japan. Br J Cancer 2010;103:469-74.
31. Valle JW, Furuse J, Jitlal M, Beare S, Mizuno N, et al. Cisplatin and gemcitabine for advanced biliary tract cancer: a meta-analysis of two 

randomised trials. Ann Oncol 2014;25:391-8.
32. Morizane C, Okusaka T, Mizusawa J, Katayama H, Ueno M, et al. Combination gemcitabine plus S-1 versus gemcitabine plus cisplatin 

for advanced/recurrent biliary tract cancer: the FUGA-BT (JCOG1113) randomized phase III clinical trial. Ann Oncol 2019;30:1950-8.
33. André T, Tournigand C, Rosmorduc O, Provent S, Maindrault-Goebel F, et al. Gemcitabine combined with oxaliplatin (GEMOX) in 

advanced biliary tract adenocarcinoma: a GERCOR study. Ann Oncol 2004;15:1339-43.
34. Kim ST, Kang JH, Lee J, Lee HW, Oh SY, et al. Capecitabine plus oxaliplatin versus gemcitabine plus oxaliplatin as first-line therapy for 

advanced biliary tract cancers: a multicenter, open-label, randomized, phase III, noninferiority trial. Ann Oncol 2019;30:788-95.
35. Sahai V, Catalano PJ, Zalupski MM, Lubner SJ, Menge MR, et al. Nab-paclitaxel and gemcitabine as first-line treatment of advanced or 

metastatic cholangiocarcinoma: a phase 2 clinical trial. JAMA Oncol 2018;4:1707-12.
36. Shroff RT, Javle MM, Xiao L, Kaseb AO, Varadhachary GR, et al. Gemcitabine, cisplatin, and nab-paclitaxel for the treatment of 

advanced biliary tract cancers: a phase 2 clinical trial. JAMA Oncol 2019;5:824-30.
37. Sakai D, Kanai M, Kobayashi S, Eguchi H, Baba H, et al. 615ORandomized phase III study of gemcitabine, cisplatin plus S-1 (GCS) 

versus gemcitabine, cisplatin (GC) for advanced biliary tract cancer (KHBO1401-MITSUBA). Ann Oncol 2018;29.
38. Takada T, Kato H, Matsushiro T, Nimura Y, Nagakawa T, et al. Comparison of 5-fluorouracil, doxorubicin and mitomycin C with 

5-fluorouracil alone in the treatment of pancreatic-biliary carcinomas. Oncology 1994;51:396-400.
39. Choi CW, Choi IK, Seo JH, Kim BS, Kim JS, et al. Effects of 5-fluorouracil and leucovorin in the treatment of pancreatic-biliary tract 

adenocarcinomas. Am J Clin Oncol 2000;23:425-8.
40. Chen JS, Jan YY, Lin YC, Wang HM, Chang WC, et al. Weekly 24 h infusion of high-dose 5-fluorouracil and leucovorin in patients with 

biliary tract carcinomas. Anticancer Drugs 1998;9:393-7.
41. Petekkaya I, Gezgen G, Roach EC, Solak M, Gullu I. Long-term advanced cholangiocarcinoma survivor with single-agent capecitabine. J 

buon 2012;17:796.
42. Schweitzer N, Kirstein MM, Kratzel AM, Mederacke YS, Fischer M, et al. Second-line chemotherapy in biliary tract cancer: Outcome 

and prognostic factors. Liver Int 2019;39:914-23.
43. Fornaro L, Cereda S, Aprile G, Di Girolamo S, Santini D, et al. Multivariate prognostic factors analysis for second-line chemotherapy in 

advanced biliary tract cancer. Br J Cancer 2014;110:2165-9.
44. Brieau B, Dahan L, De Rycke Y, Boussaha T, Vasseur P, et al. Second-line chemotherapy for advanced biliary tract cancer after failure 

of the gemcitabine-platinum combination: a large multicenter study by the Association des Gastro-Entérologues Oncologues. Cancer 
2015;121:3290-7.

45. Neuzillet C, Casadei Gardini A, Brieau B, Vivaldi C, Smolenschi C, et al. Prediction of survival with second-line therapy in biliary tract 
cancer: actualisation of the AGEO CT2BIL cohort and European multicentre validations. Eur J Cancer 2019;111:94-106.

46. Lamarca A, Hubner RA, David Ryder W, Valle JW. Second-line chemotherapy in advanced biliary cancer: a systematic review. Ann 
Oncol 2014;25:2328-38.

47. Lamarca A, Palmer DH, Wasan HS, Ross PJ, Ma YT, et al. ABC-06 | A randomised phase III, multi-centre, open-label study of active 
symptom control (ASC) alone or ASC with oxaliplatin / 5-FU chemotherapy (ASC+mFOLFOX) for patients (pts) with locally advanced / 
metastatic biliary tract cancers (ABC) previously-treated with cisplatin/gemcitabine (CisGem) chemotherapy. J Clin Oncol 2019;37:4003.

48. Zheng Y, Tu X, Zhao P, Jiang W, Liu L, et al. A randomised phase II study of second-line XELIRI regimen versus irinotecan monotherapy 
in advanced biliary tract cancer patients progressed on gemcitabine and cisplatin. Br J Cancer 2018;119:291-5.

49. Kim BJ, Yoo C, Kim KP, Hyung J, Park SJ, et al. Efficacy of fluoropyrimidine-based chemotherapy in patients with advanced biliary tract 
cancer after failure of gemcitabine plus cisplatin: retrospective analysis of 321 patients. Br J Cancer 2017;116:561-7.

50. Nakamura H, Arai Y, Totoki Y, Shirota T, Elzawahry A, et al. Genomic spectra of biliary tract cancer. Nat Genet 2015;47:1003-10.
51. Rizvi S, Khan SA, Hallemeier CL, Kelley RK, Gores GJ. Cholangiocarcinoma - evolving concepts and therapeutic strategies. Nat Rev 

Clin Oncol 2018;15:95-111.
52. Churi CR, Shroff R, Wang Y, Rashid A, Kang HC, et al. Mutation profiling in cholangiocarcinoma: prognostic and therapeutic 

implications. PLoS One 2014;9:e115383.
53. Ross JS, Wang K, Gay L, Al-Rohil R, Rand JV, et al. New routes to targeted therapy of intrahepatic cholangiocarcinomas revealed by 

next-generation sequencing. Oncologist 2014;19:235-42.
54. Wu YM, Su F, Kalyana-Sundaram S, Khazanov N, Ateeq B, et al. Identification of targetable FGFR gene fusions in diverse cancers. 

Cancer Discov 2013;3:636-47.
55. Abou-Alfa GK, Sahai V, Hollebecque A, Vaccaro G, Melisi D, et al. Pemigatinib for previously treated, locally advanced or metastatic 

cholangiocarcinoma: a multicentre, open-label, phase 2 study. Lancet Oncol 2020;21:671-84.
56. Javle M, Lowery M, Shroff RT, Weiss KH, Springfeld C, et al. Phase II study of BGJ398 in patients with FGFR-altered advanced 

cholangiocarcinoma. J Clin Oncol 2018;36:276-82.
57. Goyal L, Meric-Bernstein F, Hollebecque A, Valle J, Morizane C, et al. FOENIX-CCA2: a phase II, open-label, multicenter study of 

futibatinib in patients (pts) with intrahepatic cholangiocarcinoma (iCCA) harboring FGFR2 gene fusions or other rearrangements. J Clin 



Page 14 of 15                                       Alqahtani et al. Hepatoma Res  2020;6:70  I  http://dx.doi.org/10.20517/2394-5079.2020.65

Oncol 2020;38:108.
58. Nishina T, Takahashi S, Iwasawa R, Noguchi H, Aoki M, et al. Safety, pharmacokinetic, and pharmacodynamics of erdafitinib, a pan-

fibroblast growth factor receptor (FGFR) tyrosine kinase inhibitor, in patients with advanced or refractory solid tumors. Invest New Drugs 
2018;36:424-34.

59. Mazzaferro V, El-Rayes BF, Droz Dit Busset M, Cotsoglou C, Harris WP, et al. Derazantinib (ARQ 087) in advanced or inoperable 
FGFR2 gene fusion-positive intrahepatic cholangiocarcinoma. Br J Cancer 2019;120:165-71.

60. Borger DR, Tanabe KK, Fan KC, Lopez HU, Fantin VR, et al. Frequent mutation of isocitrate dehydrogenase (IDH)1 and IDH2 in 
cholangiocarcinoma identified through broad-based tumor genotyping. Oncologist 2012;17:72-9.

61. Dang L, Yen K, Attar EC. IDH mutations in cancer and progress toward development of targeted therapeutics. Ann Oncol 2016;27:599-
608.

62. Abou-Alfa GK, Macarulla T, Javle M, Kelley RK, Lubner SJ, et al. ClarIDHy: a global, phase 3, randomized, double-blind study of 
ivosidenib (IVO) vs placebo in patients with advanced cholangiocarcinoma (CC) with an isocitrate dehydrogenase 1 (IDH1) mutation. 
Ann Oncol 2019;30:Abstract LBA 10_PR.

63. Gu TL, Deng X, Huang F, Tucker M, Crosby K, et al. Survey of tyrosine kinase signaling reveals ROS kinase fusions in human 
cholangiocarcinoma. PLoS One 2011;6:e15640.

64. Saborowski A, Saborowski M, Davare MA, Druker BJ, Klimstra DS, et al. Mouse model of intrahepatic cholangiocarcinoma validates 
FIG-ROS as a potent fusion oncogene and therapeutic target. Proc Natl Acad Sci U S A 2013;110:19513-8.

65. Drilon A, Laetsch TW, Kummar S, DuBois SG, Lassen UN, et al. Efficacy of larotrectinib in TRK fusion-positive cancers in adults and 
children. N Engl J Med 2018;378:731-9.

66. Doebele RC, Drilon A, Paz-Ares L, Siena S, Shaw AT, et al. Entrectinib in patients with advanced or metastatic NTRK fusion-positive 
solid tumours: integrated analysis of three phase 1-2 trials. Lancet Oncol 2020;21:271-82.

67. Galdy S, Lamarca A, McNamara MG, Hubner RA, Cella CA, et al. HER2/HER3 pathway in biliary tract malignancies; systematic review 
and meta-analysis: a potential therapeutic target? Cancer Metastasis Rev 2017;36:141-57.

68. Jensen LH. Clinical aspects and perspectives of erlotinib in the treatment of patients with biliary tract cancer. Expert Opin Investig Drugs 
2016;25:359-65.

69. Rizzo A, Frega G, Ricci AD, Palloni A, Abbati F, et al. Anti-EGFR monoclonal antibodies in advanced biliary tract cancer: a systematic 
review and meta-analysis. In Vivo 2020;34:479-88.

70. Lee J, Park SH, Chang HM, Kim JS, Choi HJ, et al. Gemcitabine and oxaliplatin with or without erlotinib in advanced biliary-tract 
cancer: a multicentre, open-label, randomised, phase 3 study. Lancet Oncol 2012;13:181-8.

71. Vogel A, Kasper S, Bitzer M, Block A, Sinn M, et al. PICCA study: panitumumab in combination with cisplatin/gemcitabine 
chemotherapy in KRAS wild-type patients with biliary cancer-a randomised biomarker-driven clinical phase II AIO study. Eur J Cancer 
2018;92:11-9.

72. Möbius C, Demuth C, Aigner T, Wiedmann M, Wittekind C, et al. Evaluation of VEGF A expression and microvascular density as 
prognostic factors in extrahepatic cholangiocarcinoma. Eur J Surg Oncol 2007;33:1025-9.

73. Benckert C, Jonas S, Cramer T, Von Marschall Z, Schäfer G, et al. Transforming growth factor beta 1 stimulates vascular endothelial 
growth factor gene transcription in human cholangiocellular carcinoma cells. Cancer Res 2003;63:1083-92.

74. Zhu AX, Meyerhardt JA, Blaszkowsky LS, Kambadakone AR, Muzikansky A, et al. Efficacy and safety of gemcitabine, oxaliplatin, and 
bevacizumab in advanced biliary-tract cancers and correlation of changes in 18-fluorodeoxyglucose PET with clinical outcome: a phase 2 
study. Lancet Oncol 2010;11:48-54.

75. Bréchon M, Dior M, Dréanic J, Brieau B, Guillaumot MA, et al. Addition of an antiangiogenic therapy, bevacizumab, to gemcitabine plus 
oxaliplatin improves survival in advanced biliary tract cancers. Invest New Drugs 2018;36:156-62.

76. Valle J, Bai LY, Orlova R, Van Cutsem E, Adeva J, et al. Ramucirumab (RAM) or merestinib (MER) or placebo (PL) plus gemcitabine 
(GEM) and cisplatin (CIS) as first-line treatment for advanced or metastatic biliary tract cancer (BTC): a randomized, double-blind, phase 
II study. J Clin Oncol 2020;38:Abstract 477.

77. Arkenau HT, Martin-Liberal J, Calvo E, Penel N, Krebs MG, et al. Ramucirumab plus pembrolizumab in patients with previously treated 
advanced or metastatic biliary tract cancer: nonrandomized, open-label, phase I trial (JVDF). Oncologist 2018;23:1407-e136.

78. Yang XW, Li L, Hou GJ, Yan XZ, Xu QG, et al. STAT3 overexpression promotes metastasis in intrahepatic cholangiocarcinoma and 
correlates negatively with surgical outcome. Oncotarget 2017;8:7710-21.

79. Dokduang H, Techasen A, Namwat N, Khuntikeo N, Pairojkul C, et al. STATs profiling reveals predominantly-activated STAT3 in 
cholangiocarcinoma genesis and progression. J Hepatobiliary Pancreat Sci 2014;21:767-76.

80. Miyamoto M, Ojima H, Iwasaki M, Shimizu H, Kokubu A, et al. Prognostic significance of overexpression of c-Met oncoprotein in 
cholangiocarcinoma. Br J Cancer 2011;105:131-8.

81. Pant S, Saleh M, Bendell J, Infante JR, Jones S, et al. A phase I dose escalation study of oral c-MET inhibitor tivantinib (ARQ 197) in 
combination with gemcitabine in patients with solid tumors. Ann Oncol 2014;25:1416-21.

82. Marabelle A, Le DT, Ascierto PA, Di Giacomo AM, De Jesus-Acosta A, et al. Efficacy of pembrolizumab in patients with noncolorectal 
high microsatellite instability/mismatch repair-deficient cancer: results from the phase II KEYNOTE-158 study. J Clin Oncol 2020;38:1-
10.

83. Silva VW, Askan G, Daniel TD, Lowery M, Klimstra DS, et al. Biliary carcinomas: pathology and the role of DNA mismatch repair 
deficiency. Chin Clin Oncol 2016;5:62.

84. Bang YJ, Ueno M, Malka D, Chung HC, Nagrial A, et al. Pembrolizumab (pembro) for advanced biliary adenocarcinoma: results from 



Alqahtani et al. Hepatoma Res  2020;6:70  I  http://dx.doi.org/10.20517/2394-5079.2020.65                                      Page 15 of 15

the KEYNOTE-028 (KN028) and KEYNOTE-158 (KN158) basket studies. J Clin Oncol 2019;37:4079.
85. Gou M, Zhang Y, Si H, Dai G. Efficacy and safety of nivolumab for metastatic biliary tract cancer. Onco Targets Ther 2019;12:861-7.
86. Kim RD, Kim DW, Alese OB, Li D, Shah N, et al. A phase II study of nivolumab in patients with advanced refractory biliary tract cancers 

(BTC). J Clin Oncol 2019;37:4097.
87. Ueno M, Ikeda M, Morizane C, Kobayashi S, Ohno I, et al. Nivolumab alone or in combination with cisplatin plus gemcitabine in 

Japanese patients with unresectable or recurrent biliary tract cancer: a non-randomised, multicentre, open-label, phase 1 study. Lancet 
Gastroenterol Hepatol 2019;4:611-21.

88. Ioka T, Ueno M, Oh DY, Fujiwara Y, Chen JS, et al. Evaluation of safety and tolerability of durvalumab (D) with or without 
tremelimumab (T) in patients (pts) with biliary tract cancer (BTC). J Clin Oncol 2019;37:387.



                                                                                                  www.hrjournal.net

Original Article Open Access

Bhangui et al. Hepatoma Res 2020;6:71
DOI: 10.20517/2394-5079.2020.67

Hepatoma Research

© The Author(s) 2020. Open Access This article is licensed under a Creative Commons Attribution 4.0 
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made.

Post liver transplant recurrence in patients with 
hepatocellular carcinoma: not necessarily the end of 
the road!
Prashant Bhangui, Sanjay Yadav, AS Soin

Medanta Institute of Liver Transplantation and Regenerative Medicine, Medanta-The Medicity, Gurgaon, Delhi NCR 122001, 
India.

Correspondence to: Dr. Prashant Bhangui, Senior Consultant Hepatobiliary and Liver Transplant Surgeon, Medanta Institute 
of Liver Transplantation and Regenerative Medicine, Medanta-The Medicity, Sector 38, Gurugram, Delhi NCR 122001, India. 
E-mails: pbhangui@gmail.com; prashant.bhangui@medanta.org

How to cite this article: Bhangui P, Yadav S, Soin AS. Post liver transplant recurrence in patients with hepatocellular carcinoma: 
not necessarily the end of the road! Hepatoma Res 2020;6:71. http://dx.doi.org/10.20517/2394-5079.2020.67

Received: 14 Jul 2020    First Decision: 24 Aug 2020    Revised: 7 Sep 2020    Accepted: 15 Sep 2020    Published: 12 Oct 2020

Academic Editor: Nobuhisa Akamatsu    Copy Editor: Cai-Hong Wang    Production Editor: Jing Yu

Abstract
Aim: We analysed outcomes using multimodality therapy in patients with hepatocellular carcinoma (HCC) 
recurrence post living donor liver transplantation (LDLT). 

Methods: Of 2363 LDLT’s performed between 2005 to mid 2018, 435 (18.4%) were for HCC within our expanded 
selection criteria (absence of extrahepatic disease and vascular invasion, irrespective of tumor size and number). 
Survival after recurrence, and prognostic factors for these patients were studied. 

Results: Of 435 LDLT patients, 51% had HCC beyond Milan and 43% beyond UCSF criteria at the time of LDLT. 
pre-LT AFP > 100 ng/mL and tumour FDG-18 PET avidity predicted overall survival (OS), whereas pre-LT AFP > 
100 ng/mL, UCSF criteria, and FDG-18 PET avidity predicted recurrence-free survival. Hundred patients (23%) 
developed HCC recurrence at a median time of 16 months (range 2-108 months) post LDLT. Lungs (53%), liver 
(37%), and bone (21%) were the most common sites of recurrence. Ninety-five patients received tyrosine kinase 
inhibitors (TKI) after recurrence and 62 received mTOR inhibitors (protocol-based after LDLT, or post recurrence). 
Surgical resection of metastases was performed in 14 patients, 15 received stereotactic body radiotherapy, and 
18 underwent ablation (radiofrequency, microwave ablation, transarterial chemoembolisation, or percutaneous 
ethanol injection). One- and 3-yr OS after recurrence were 57%, and 24% respectively, with a maximum post 
recurrence survival of 7.5 years. HCC recurrence within one year after LDLT (P  = 0.004, HR = 2.38, 95%CI: 1.325-
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4.276), AFP > 200 ng/mL at the time of recurrence (P  =0.02, HR = 2.075, 95%CI: 1.121-3.841), and recurrence 
at multiple sites (P  = 0.047, HR = 1.831, 95%CI: 1.009-3.321) were poor prognostics factors for post recurrence 
survival. Multimodality management of recurrence using combined medical, surgical, ablative treatments and 
radiotherapy significantly improved survival compared to the use of TKI’s or mTORi’s alone, or in combination. 

Conclusion: In patients accepted for LDLT beyond the conventional size-number criteria, even after HCC recurrence, 
an aggressive approach using multimodality therapy, when possible, aids in further prolongation of survival.

Keywords: Living donor liver transplantation, hepatocellular carcinoma recurrence, multimodality treatment, 
outcomes, prognostic factors

INTRODUCTION
Liver transplantation (LT) is now accepted as the best curative option for hepatocellular carcinoma 
(HCC) in patients with decompensated liver disease as it achieves oncological clearance, and also treats 
the underlying chronic liver disease (CLD)[1]. This however holds true when selection of patients for 
LT adheres to either the conventional Milan[2] and UCSF[3] criteria, or other expanded criteria[4-9] which 
have also yielded similar long term outcomes. Over the years, the focus of selection has shifted from size 
and number of tumours on pre-LT imaging, to tumour biology. Inclusion of tumour markers like alpha 
fetoprotein (AFP) and des-gamma-carboxy- prothrombin (DGCP), grade of the tumour, and FDG-18 PET 
scan avidity in the selection criteria, indicates the increased recognition that tumour biology is crucial 
and dictates long term outcome[10-13]. The main determinant of long term outcomes in HCC patients after 
LT is indeed tumour recurrence, and it continues to be the Achilles heel of this curative strategy. With an 
expansion of criteria, the chance of recurrence tend to be higher. It is still believed that recurrence leads to 
early death in most cases, since management of post-LT HCC recurrence to prolong survival remains very 
challenging. Recurrences frequently occur within the first 2 years after LT, however very late recurrence 
after a 10 year period have also been reported[14-16]. Furthermore, recurrences tend to occur as extrahepatic 
disease (as high as 71%), followed by intrahepatic recurrence alone, and both intra- plus extrahepatic 
recurrence[17]. Given that recurrence more often occurs at multiple sites, treatment of recurrence is even 
more difficult, and mostly limited to systemic therapy alone. Tumour burden at the time of recurrence is 
also a major determinant of outcomes (single vs. multiple nodules at the time of recurrence). The options 
available for systemic therapy are few, including tyrosine kinase inhibitors, and the recently introduced 
checkpoint inhibitors. Results using these systemic agents are far from satisfactory, and they are known to 
prolong survival only by a few months. 

In this study, we analyzed our results in managing patients with HCC recurrence post-LDLT with the use 
of multimodality treatment including surgical resection, ablative treatment, radiotherapy, modulation of 
immunosuppression, and systemic agents.

METHODS
Selection criteria for LT in patients with cirrhosis and HCC
At our center, we accept medically fit HCC patients for living donor liver transplantation (LDLT) 
irrespective of tumor size and number, provided they have no extrahepatic disease, or major vascular 
invasion. Listing for deceased donor liver transplantation is based on the UCSF criteria. Pre-LT recipient 
evaluation in HCC patients includes a whole body FDG-18 PET scan with triphasic CT angiography 
abdomen (or dynamic contrast MRI in recipients with borderline renal function), and whole body Tc-99m 
bone scan to rule out extent of hepatic, as well as extrahepatic spread. Alpha-fetoprotein (AFP) levels are 
also measured.
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Study cohort
From our prospectively maintained database of 2,363 LDLT’s (2005 to mid 2018 so as to have a minimum 
follow up of 2 years post LDLT at the time of data analysis), we studied outcomes in 435 histologically 
confirmed (on the explant specimen) cirrhosis and HCC (HCC-cirr) patients (18.4% of all LDLTs 
performed during this period). During this period, 481 LDLT’s were performed in HCC-cirr patients. 
Forty-six had segmental or lobar portal vein tumour thrombosis, and underwent downstaging before LDLT 
as per our Institutional protocol[18]. Those 46 patients were excluded from this study. Hundred patients 
developed recurrence, and their management and outcomes were further analysed [Figure 1].

Post LDLT immunosuppression and follow up
Post LDLT, patients were maintained on the standard 3 drug immunosuppressive regimen consisting of 
CNI inhibitor (Tacrolimus or cyclosporine), mycophenolate mofetil and steroid, the doses of which were 
slowly tapered, and steroid and mycophenolate were gradually omitted (usually by 6 months and 2 years, 
respectively). Since 2014, we followed a policy of early switch to mTOR inhibitor based immunosuppression 
with CNI reduction, 4-6 weeks after LDLT.

In addition to the routine follow up of all transplanted patients, follow up for tumour recurrence in HCC-
cirr patients included USG and AFP level at 3 months and 6 months, then once every 6 months till 2 years 
after LT. After this USG and AFP were repeated once annually. MDCT abdomen (or PET-scan if the 
tumours were initially PET-avid) was done 6 monthly for the first two years after LDLT, and then yearly. 

Figure 1. Patient Cohort
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Symptoms suggestive of metastases such as chest symptoms or bone pains were evaluated as indicated. All 
cases with suspected recurrence were discussed at a multidisciplinary meeting. Patients with an increased 
AFP underwent triphasic PET CT scans for radiological confirmation of HCC recurrence; histological 
confirmation was obtained only where the diagnosis was doubtful. 

Management of recurrence
Different treatment options were discussed in a multidisciplinary team meeting which included surgeons, 
radiologists, hepatologists, and oncologists. All patients were treated with sorafenib (after 2009), either 
alone (when other loco regional therapy or surgical resection were not possible), or in combination with 
surgery/ablation/radiotherapy. Resection was proposed in patients whenever technically feasible, especially 
in patients with isolated metatases in the lungs [video assisted thoracoscopic surgery (VATS), liver, bone, 
or scar site. Ablative therapy included transarterial chemoembolisation (TACE) for liver recurrence, or 
radiofrequency ablation (RFA)] for liver, lung or bone lesions. Stereotactic body radiotherapy was used for 
bone, lung, or hepatic recurrence in some cases.

Statistical analysis
Continuous variables are expressed as mean ± SD or median (range, IQR) as appropriate. Categorical data 
are presented as frequency and percentage. For outcomes post LDLT, overall survival (OS) was calculated 
from the date of transplant to the date of death or last follow up, whereas recurrence-free survival (RFS) 
was calculated from the date of transplant to the date of first recurrence, or last follow up whichever 
was earlier. Post-recurrence was calculated from the time of detection of recurrence till death, or last 
follow up. The Chi-square test was used for categorical variables, and independent t-test or ANNOVA for 
continuous variables. The Kaplan-Meier method was used for survival analysis, and the survival curves 
were compared by using the log-rank test. Univariate and multivariate analysis of risk factors associated 
with post recurrence survival was performed using Cox proportional hazard model. A P value of < 0.05 
was considered statistically significant. All statistical analyses were performed using SPSS version 20.0 for 
Windows statistical software (SPSS Inc., Chicago, IL, USA).

The study was performed in accordance with the Declaration of Helsinki. Since this was a retrospective 
review and analysis of prospectively maintained data at our Institute, no consent was required for inclusion 
in this study. However, all patients who had undergone LDLT or any procedure/therapy for recurrence 
were consented at every stage.

RESULTS
The overall and recurrence-free 5 year survival in our cohort of 435 patients was 64%, and 70%, respectively 
[Figure 2A and B]. Prognostic factors for OS included pre-LT AFP > 100 ng/mL and tumour FDG-18 PET 
avidity. Predictors of recurrence following multivariate analysis included UCSF criteria on imaging, serum 
AFP level > 100 ng/mL before LDLT, and tumour FDG-18 PET avidity.

The baseline clinico-pathological characteristics of 100 HCC-cirr patients who developed recurrence post 
LDLT are summarised in Table 1. The mean age of the studied population was 53 years of which 88% were 
males. The most common underlying causes of cirrhosis were HCV (34%) and HBV (32%) cirrhosis. The 
median pre-LDLT AFP was 96 ng/mL (range 1-11200), and mean was 788 ± 1985 ng/mL; 64% of patients 
had tumours beyond UCSF, and 71% beyond Milan criteria. 67% of tumours were FDG-18 PET scan avid. 
The characteristics in the entire cohort of 435 patients are detailed in Supplementary Table 1.

In the 100 patients with recurrence, the median time to HCC recurrence after LDLT was 16 months (range 
2-108 months), mean AFP at recurrence was 80 ± 11,796 ng/mL and majority of the recurrences (68%) were 
detected within first two years after LDLT. At the time of diagnosis, most recurrences were extrahepatic 
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Figure 2. Overall survival (A) and recurrence-free survival (B) in our cohort of 435 patients with hepatocellular carcinoma who 
underwent living donor liver transplantation

A

B
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(n = 54; 54%), liver only recurrence was seen in 15 patients, and in 21 patients, recurrence occurred in the 
liver as well as extrahepatic sites. Thirty-six patients presented with HCC recurrence at more than one site 
and the three most common sites of disease recurrence were lungs (53%), liver (37%), and bone (21%). 
Thirty-two percent of patients had a single nodule recurrence, whereas 68% of patients presented with two 
or more tumour nodules (at one or multiple sites) when they recurred [Table 2]. 

One patient developed an abdominal wall squamous cell carcinoma post LDLT and subsequently 
underwent excision. Two other HCC patients (in the overall cohort of 435 patients) developed de novo 
malignancies during follow up (one patient had an inflammatory myofibroblastic tumour of the colon, and 
another developed a brain cancer).

Management of HCC recurrence
Ninety five patients with recurrence were put on sorafenib of which in 20 patients dose adjustment was 
required due to adverse effects. mTOR inhibitors were used in 62 patients. In 38 patients, they were started 
“de principe” within 6 months of LDLT, as our protocol from 2012 onwards included switch to mTORI 
and mycophenolate based immunosuppression with CNI reduction early after LDLT. The other 24 patients 
were switched over to mTORi’s later, either pre emptively (11 patients), or after developing recurrence (13 
patients). All patients except one received Sirolimus (1 patient received Everolimus). Thirty-two patients 
received tyrosine kinase inhibitors (TKI’s) alone, and 36 received both TKI’s and mTORi’s [Table 2].

Surgical excision of lung metastases was performed using VATS in 5 patients, and limited hepatectomy was 
performed for liver recurrence in 3 patients. Scar site excision (n = 3), laminectomy, mediastinal tumour 
excision, and supraadrenal metastatectomy (one each), were the other surgical procedures performed. 
Fifteen patients received stereotactic radiotherapy (for bone/lung/liver/soft tissue lesions), 10 underwent 
RFA or microwave ablation (MWA) of liver/lungs/bone metastases, 5 underwent TACE for liver lesions, 
and 3 had percutaneous ethanol injection in metastatic lymph nodes [Table 2].

Thirty-two patients received tyrosine kinase inhibitors with/without mTORi’s and other modalities (surgery 
and/or ablative therapy and/or radiotherapy).

Patient demographics and tumour characteristics (n  = 100) Values
Age in years at the time of LDLT (mean ± standard deviation) 53 ± 8
Gender 

Male/Female 88/12
Etiology of underlying cirrhosis

HBV/HCV/HBV + HCV
Cryptogenic 
Ethanol
NASH/NAFLD
Others 

32%/34%/4%
6%
12%
10%
25%

Non tumour MELD score (mean ± standard deviation) 12 ± 6
Pre-LT treatment for HCC

TACE
RFA
Resection

22
6
6

Pre-LT AFP ng/mL Mean ± SD 788 ± 1,985
Tumour characteristics 

Within UCSF/Beyond UCSF
Within Milan/Beyond Milan
Tumour FDG-18 PET avidity Non Avid vs . Avid in those who had a PET scan before LT

36%/64%
29%/71%
23%/67%

Table 1. Patient demographics and tumour characteristics in 100 patients with HCC recurrence post LDLT

HCC: hepatocellular carcinoma; HBV: hepatitis B virus; HCV: hepatitis C virus; NASH: non alcoholic steatohepatitis; NAFLD: non 
alcoholic fatty liver disease; MELD: Model for End Stage Liver Disease; TACE: transarterial chemoembolization; RFA: radiofrequency 
ablation; AFP: alpha feto-protein; UCSF: University of California, San Francisco; FDG-18 PET: 18-fluoro deoxy-glucose positron emission 
tomography; LT: liver transplantation
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When we compared the tumour characteristics at the time of recurrence between the three treatment 
groups, we found that there was no statistically significant difference in AFP levels, occurrence of 
metastases at single vs. multiple sites, single vs. multiple nodules at recurrence, or intrahepatic recurrence 
only vs. intrahepatic and extrahepatic recurrence [Supplementary Table 2]. However, on post hoc analysis 
we did find that more patients in the Kinase inhibitor + mToR inhibitor group had HCC recurrence within 
1 year of LDLT (P = 0.05), and had multiple nodules at the time of recurrence (vs. single nodule, P = 0.04) 
as compared to the combined therapy group. 

Survival post recurrence
One-year, 2-year, and 3-year post recurrence survival were 57%, 31%, and 24%, respectively, with a median 
survival of 12 months (IQR 4-24 months) [Figure 3]. The maximum post recurrence survival was 88 months 
(7½ years), and the longest survivor still alive is 77 months post recurrence. 

With regards to predictors of survival after recurrence, HCC recurrence within one year after LDLT (P 
=0.004, HR = 2.38, 95%CI: 1.325-4.276), AFP > 200 ng/mL at the time of recurrence (P = 0.02, HR = 2.075, 
95%CI: 1.121-3.841), and recurrence at multiple sites (P = 0.047, HR = 1.831, 95%CI: 1.009-3.321), were 
poor prognostics factors for post recurrence survival [Table 3].

Post recurrence survival rates in the tyrosine kinase inhibitor only group (1-year, 3-year OS of 38% 
and 15%), as well as the tyrosine kinase with mTORi group (1-year, 3-year OS of 56% and 19%) were 
significantly inferior to those who received multimodality treatment using combined medical and surgical/
ablative/radiotherapy (1-year, 3-year OS of 77% and 39%); P = 0.017 [Figure 4].

DISCUSSION
Post- transplant HCC recurrence is seen in 10%-20% of the patients and this has remained stable over the 
years, despite repeated efforts to refine the selection criteria for transplant to achieve best outcomes[6]. This 
is much higher when the selection criteria are expanded, especially in the LDLT setting. A 2015 systematic 

Table 2. Characteristics of tumour recurrence and treatment modalities

Characteristics (n  = 100) Values
Time to recurrence after LDLT
Median (range)

16 months
(2-108 months)

AFP at the time of recurrence (ng/mL) Mean ± SD 80 ± 11,796
Site of tumour recurrence (number of patients)

Lungs
Liver
Bone
Lymph nodes
Brain
Scar site
More than one site of recurrence

53
37
21
7
2
2
36

Treatment for recurrence
Kinase inhibitors alone (Sorafenib, Regorafenib, Lenvatinib)
Kinase inhibitors with mTORi’s (sirolimus, everolimus) only
Medical (Kinase inhibitors with/without mTORi’s) plus other modalities (surgery, radiotherapy, ablation)

32 patients
36 patients
32 patients

Other modalities used in addition to kinase inhibitors and mTORi’s to treat metastases
Radiotherapy
TACE for liver metastases
VATS for lung metastases
Surgical resection of metastases (liver, scar site, mediastinal metastases, laminectomy, supra adrenal metastases)
Percutaneous ethanol injection in lymph node
Radiofrequency ablation and microwave ablation for liver, lung, or bone metastases
More than 1 modality used in one patient

15
5
5
9
3
10
11

LDLT: living donor liver transplantation; mTORi: mammalian target of rapamycin inhibitor; TACE: transarterial chemoembolization; 
VATS: video assisted thoracoscopic surgery
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Figure 3. Overall survival post hepatocellular carcinoma recurrence in 100 patients 

HCC: hepatocellular carcinoma; LDLT: living donor liver transplantation; UCSF: University of California, San Francisco; mTORi: 
mammalian target of rapamycin inhibitor

Table 3. Cox regression analysis for survival post HCC recurrence

Parameters
Univariate analysis Multivariate analysis

Hazard ratio 95%CI P  value Hazard ratio 95%CI P  value
Age at the time of recurrence 1.02 0.98-1.05 0.34
Gender - Male 0.90 0.46-1.78 0.77
HCC within vs.  outside UCSF criteria at the 
time of LDLT

1.06 0.66-1.70 082

Type of recurrence: recurrence at single vs.  
multiple sites

1.70 1.06-2.73 0.029 1.831 1.009-3.321 0.047

Tumour burden: single nodule vs.  multiple 
nodules

2.23 1.13-4.40 0.022 1.462 0.719-2.970 0.294

Intrahepatic only vs.  extrahepatic or 
Intrahepatic plus extrahepatic metastases

0.58 0.29-1.13 0.11

Alpha fetoprotein at the time of recurrence 
AFP < 200 vs.  > 200 ng/mL

2.59 1.42-4.71 0.002 2.075 1.121-3.841 0.020

Time to HCC recurrence: > 1 year after LDLT 
vs.  within 1 year of LDLT

2.49 1.56-3.98 0.001 2.381 1.325-4.276 0.004
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review including a heterogeneous group of 61 studies demonstrated a mean recurrence rate of 16%, and 
mean time from transplant to HCC recurrence of 13 months (range 2-132 months)[19]. The median time 
to recurrence in our series was 16 months (IQR 8-29 months). As centers worldwide transplant patients 
with HCC beyond Milan criteria, the magnitude of HCC recurrence may be larger than proposed by these 
estimates[20]. On the other hand, in patients slightly beyond conventional criteria, LT remains the best 
treatment option, since ablative or systemic therapy are often not possible due to deranged liver function, 
and LT is the best chance for oncological cure. 

Post LT HCC recurrence is the key determinant of survival, and managing patients with recurrence 
continues to be a major challenge, as none of the treatment options guarantee long term survival. 
Predominant extrahepatic recurrence, and recurrence at multiple sites, are two main issues that make 
management difficult. 

Early HCC recurrence (within the first year of LT), usually portends worse prognosis[21,22]. Our findings 
were similar, with recurrence within the first year predicting worse survival. Early recurrence could occur 
due to non-detectable extrahepatic metastases that may be present before LT, or due to circulating HCC 
tumour cells engrafting and growing in a target organ after LT. A strict post-LT surveillance protocol 
during the 1-2 year period post-LT (which covers most recurrences), could help in early detection when 
metastases are amenable to curative treatment, especially if they are single and resectable. Surveillance and 
staging should include regular imaging of lungs, bone and liver graft (most common sites of recurrences), 

Figure 4. Comparative post-recurrence survival in patients with hepatocellular carcinoma recurrence based on therapeutic modalities 
used
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and should be performed using modalities that are highly sensitive and specific (whole body FDG-18 PET 
scan with triphasic CT angiography abdomen, or contrast computed tomography abdomen and chest with 
bone scan). In our study, we found that 68% of recurrences occurred within two years following LT, which 
is in accordance with other studies (median time of recurrence 7-36 months)[23-27].

Sorafenib is known to confer some survival benefit in patients with disseminated recurrence (median 
survival of 12 months)[28-33], but is also associated with some drug limiting side effects. Combined 
with mTOR inhibitors, the synergistic effect shows a trend towards better tumour response. High 
dose CNI exposure has been shown to be a risk factor for HCC recurrence. Hence, an mTORi based 
immunosuppression strategy with reduced CNI has been proposed in HCC patients post LT to reduce 
recurrence[34] and improve survival benefit as demonstrated in a meta analysis[35]. Sirolimus is generally 
well tolerated. Recently, studies using everolimus in both the deceased donor and living donor LT scenario 
have shown a tendency towards lower recurrence[36]. A recent meta analysis comparing everolimus and 
sirolimus[37] showed lower recurrence rates in patients on everolimus compared to those on sirolimus or 
calcineurin inhibitors. However, everolimus-treated recipients had a shorter follow-up time and fewer 
advanced tumours in the above study. Though data on mTOR inhibitor therapy for established recurrence 
after liver transplantation remain scarce, a combination of either sirolimus or everolimus with reduced-
dose tacrolimus may prove beneficial in addition to sorafenib[36,38,39]. Our study showed that recurrence 
at multiple sites was a poor prognostic factor for survival post recurrence. In patients with recurrence at 
multiple sites where no form of directed therapy is possible, combining TKI’s with mTORi’s, with initial 
reduction in CNI dose and then stopping it, may prolong survival. In patients with recurrence who are 
not already on mTORi’s, therapy is initiated (initially at a dose of 0.75 mg BD Everolimus or 1 mg OD of 
Sirolimus) and maintained with trough levels of 3-5 ng/mL. CNI’s doses are gradually reduced and then 
omitted. If required, the patient is additionally maintained on mycophenolate mofetil in a low dose and 
titrated based on liver function.

We tried to analyze the change in AFP levels (response to treatment) in our cohort of patients. We looked 
at the initial AFP (pre-LDLT) level, AFP at recurrence, and evolution with treatment. AFP was high (> 50 ng/mL 
in 57 patients, > 100 ng/mL in 47 patients) in only 50-60% of patients at the time of LDLT (AFP secretors) 
itself. Of the 48 patients with AFP > 100 ng/mL at the time of LDLT, only 20 patients presented with high 
AFP levels at the time of recurrence, and only 12 patients had AFP levels that were similar to or higher 
than those pre LDLT. This could probably be due to early detection of recurrences using a stringent follow 
up protocol. Due to this low number of patients with high AFP levels at the time of recurrence, we could 
not draw any definite conclusions with respect to change in AFP levels post treatment. Patients who had 
high AFP levels were those who had recurrence at multiple sites. Patients whose AFP levels responded 
(decreased) to treatment had a longer survival, and most had been treated with a combination of Sorafenib 
and Sirolimus.

In patients who progress on sorafenib, regorafenib may be used as a second-line agent[40]. The utility of 
checkpoint inhibitors as immunotherapy in transplant recipients may appear promising, but also poses 
challenges due to the potentially increased risk of allograft rejection and graft loss[41]. 

Surgical resection or ablation of HCC recurrence (as opposed to systemic or palliative therapy alone) 
has been shown to be an independent predictor of long-term survival if recurrence is isolated to a single 
organ, whether it is in the liver or an extrahepatic site[14,22-24,42-44]. Post-LT HCC recurrences develop in 
non-cirrhotic livers without portal hypertension, thus qualifying most patients for surgery. Most studies 
have shown that resection is safe and significantly prolongs survival after HCC recurrence as compared to 
palliative treatment. In a recent study, Fernandez-Sevilla et al.[22] reported a median survival of 35 months 
(vs. 15 months) in patients with resection (vs. non resection) of intra- and extrahepatic recurrences. Actual 
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benefit following surgery in patients with HCC recurrence post LT could of course be challenged, as only 
some patients with a limited disease burden may be amenable to resection.

Lung is the most common site of recurrence, probably owing to proximity to the liver at the time of 
hepatectomy, and the lymphatic drainage[45]. In our study, we also observed that lungs were the most 
frequent site of HCC recurrence. Resection of pulmonary metastases is often not attempted owing to their 
multiplicity, frequent multiorgan involvement, and unclear impact on survival. However, some centers have 
reported good outcomes of pulmonary metastases resection (PMR) in patients treated by liver resection 
or ablative procedures for the liver recurrence[24,46,47]. In a large series of pulmonary metastatectomy cases 
post LT, Hwang et al.[48] showed that those patients who were selected for surgery based on the feasibility 
of complete resection and sufficient pulmonary function after surgery, the 5-year survival rate was 
significantly better. A large Italian multicenter study[45] found that pulmonary metastatectomy with a low 
complication rate was feasible in patients who were judged operable when they developed pulmonary 
metastasis as the first metastasis after LT for HCC. One year, 3-yr, and 5-yr cumulative overall survival rates 
of 100%, 66%, and 43%, respectively, were reported in this study, with a median OS of 51 months. They 
selected patients with lung only metastasis, and a good liver function for surgery. Repeat metastatectomy 
for recurrence after the first surgery has also been proposed[49-53]. In the 5 patients who underwent VATS 
resection of pulmonary metastases in our series, the median survival post recurrence was 18 months (range 
10-52 months). When pulmonary metastatectomy is precluded by inadequate lung function, SBRT is 
considered an alternative[54]. 

Ablative therapy in the form of RFA or MWA[55], TACE[56], and TARE using Yttrium-90 microspheres (Y-90) 
for unresectable intrahepatic HCC recurrence[57], have also occasionally shown good results. A retrospective 
cohort study compared results in 15 patients who were treated with surgery vs. 11 who underwent RFA 
for intrahepatic recurrence[58]. A similar 3-year (51% vs. 51%, P = 0.88) and 5-year (35% vs. 28%, P = 0.88) 
overall survival was reported in the two groups. Zhou et al.[59] prospectively compared TACE vs. systemic 
therapy in patients with unresectable intrahepatic recurrence. Survival benefits were achieved in the TACE 
arm (P = 0.013), indicating that regional control could have contributed to the improvement in overall 
survival.

Ablative treatment modalities are usually safe and well tolerated, and may be repeated multiple times or 
combined in a multimodality approach. Some also propose that early intrahepatic HCC recurrences may 
be better “tested” by a locoregional treatment, prior to performing a resection, provided no further disease 
appears in the mean time[60].

Use of non-invasive radiotherapy such as SBRT is also effective for local control of pulmonary and 
skeletal oligo-recurrences. Similarly, focused ablation of intrahepatic HCC recurrence spares the adjacent 
normal liver parenchyma. A higher dose of radiation is delivered while the risk of collateral damage 
is minimized[61]. An abbreviated duration of treatment with SBRT (usually completed in 1-5 fractions) 
compared to the 10-20 days for conventional radiotherapy (during which systemic therapy is usually 
deferred) is an added advantage. It is now also established in pre-clinical models that stereotactic radiation 
may up regulate antitumour immunity[62-64].

Results of our analysis also emphasized the utility of multimodality treatment. including systemic therapy 
combined with surgery/ablation/radiotherapy. In 32 patients undergoing resection or ablative treatment 
in addition to systemic therapy, the post recurrence survival was superior to systemic therapy alone. This 
is in line with the limited studies that have been published on this topic[65-67]. It is however also true that 
resection or ablation is not possible in all patients with recurrence, especially in those with recurrence 
at multiple sites or multiple nodules at the time of recurrence. One may argue that due to this reason, 
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the results are biased towards the multimodality treatment group. We recommend surgical resection of 
isolated metastasis (either in extra hepatic or intrahepatic location) in carefully selected patients with 
good functional status. If resection is not possible, ablative therapy and SBRT should be used especially in 
liver, lung or bone metastases. Systemic therapy with Kinase inhibitors (mainly sorafenib) is advisable in 
all patients. Furthermore, combination therapy with mTOR inhibitors (sirolimus, everolimus) in order to 
reduce CNI doses, may have some benefit over kinase inhibitors alone, as seen in our study.

In conclusion, multimodality treatment for post LT HCC recurrence has shown to further improve survival 
rates, which calls for an aggressive approach while formulating a treatment regime for these patients.
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Abstract
Aim: To compare the phenotype of lean versus overweight (OW) and obese (OB) subjects with non-alcoholic fatty 
liver disease (NAFLD) across multiple continents. 

Methods: A retrospective study of histologically defined subjects from a single center each in France (Fr), Brazil 
(Br), India (In) and United States (US) was performed. 

Results: A total of 70 lean [body mass index (BMI) < 25 kg/m2] subjects (Fr:Br:In:US: 16:19:22:13) with NAFLD were 
compared to 136 OW (BMI > 25 kg/m2, BMI < 29 kg/m2) (n  = 28:33:52:23) and 224 OB subjects (BMI > 29 kg/m2) 
(n  = 81:11:22:103). Lean French subjects had the lowest incidence of type 2 diabetes while those from Brazil (P  
< 0.01) had the highest. Lean subjects had similar low-density lipoprotein-cholesterol, but higher high-density 
lipoprotein-cholesterol compared to obese subjects in all regions. In both lean and obese subjects, there were both 
insulin-sensitive and insulin-resistant subjects. Lean French subjects were most insulin-sensitive while those from 

Received:     First Decision:     Revised:     Accepted:    Published:  

Science Editor:     Copy Editor:     Production Editor: Jing Yu 



Page 2 of 13                                          Oliveira et al. Hepatoma Res  2020;6:xx  I  http://dx.doi.org/10.20517/2394-5079.2020.73

Brazil were mostly insulin-resistant. For each weight category, subjects from India were more insulin-sensitive than 
those from other regions. Disease activity increased from lean to overweight to obese in France but was similar 
across weight categories in other regions. 

Conclusion: The phenotype of NAFLD in lean subjects varies by region. Some obese subjects with NAFLD 
are insulin-sensitive. We hypothesize that genetics and region-specific disease modifiers account for these 
differences.

Keywords: Non-alcoholic fatty liver disease, phenotype, epidemiology, demographics

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a major cause of liver-related morbidity and mortality[1]. 
Nonalcoholic steatohepatitis (NASH), the more aggressive form of NAFLD, can progress to cirrhosis 
and end-stage liver disease more frequently than non-alcoholic fatty liver (NAFL)[2]. The principal risk 
factors for NAFLD include obesity and insulin resistance (IR) and its associated conditions such as type 2 
diabetes[3-5].

Numerous reports from Asia and other parts of the developing world have identified NAFLD, including 
NASH, in lean subjects without biochemically obvious IR[6,7]. NAFLD has also been described in lean 
subjects in western countries[8-10]. There is however only limited information on the clinical, laboratory, 
and histological profile of lean versus obese subjects with NAFLD in the West. It is also not known if 
the histological spectrum of NAFLD and its relationship to IR is similar from one continent to another 
when subjects of identical body mass index (BMI) are considered. Similarly, when considering afflicted 
individuals with similar degree of IR, the distribution of histological findings from one continent to another 
is not known. These are likely to be relevant for either continuing a “one set of risk factors fits all” paradigm 
globally or informing development of “region-specific” risk stratification approaches.

In this study, we report data from four cohorts of subjects from the USA, Brazil, France and India to 
address the trans-continental drifts in disease phenotype across the spectrum of BMI and IR. The specific 
aims were to: (1) define the similarities and differences in disease expression between lean vs. obese 
subjects with NAFLD in the countries represented in this study; and (2) to compare the disease phenotype 
within specific weight and IR strata from one country to the next.

METHODS
The current study is a retrospective cross-sectional analysis of a cohort of subjects with NAFLD at the 
participating centers. The participating centers were in Virginia, USA (PI: AJS), Brazil (PI: CPO), France (PI: 
LS) and India (PI: AC). The data sheets were developed at EUA: (2008-2013); France: (1999-2014); Brazil: 
(2009-2014); India (2008-2014); and analyzed by the investigators. The study involved an anonymized data 
set from an existing larger data set and was therefore considered exempt from IRB review.

Patient population
Subjects with biopsy proven NAFLD with a full set of histological and laboratory data were included in 
this analysis from each site. Exclusion criteria included age < 18 years, absence of full data set including 
measures of IR, liver injury and function, anthropometric data, lipid profile and liver histology. Subjects 
with concomitant presence of alternate causes of liver disease, e.g., hepatitis C were also excluded to 
avoid their confounding effects. Finally, those with drug-induced NAFLD, TPN-associated NAFLD, 
and bariatric surgery within last 5 years or known infectious, e.g., HIV or known genetic disorders, e.g., 
abetalipoproteinemia associated with NAFLD, were excluded to keep the analysis focused on “garden-
variety” NAFLD.
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Assessment of NAFLD
The liver histology was read by an experienced hepatopathologist at each site with multiple prior 
publications related to NAFLD. The presence of NAFLD was defined by the presence of hepatic steatosis 
(> 5%) confirmed by a liver biopsy in all instances; the nonalcoholic nature was established by clinical 
assessment of alcohol consumption to be less than 2 units daily for women and 3 units daily for men 
over the last 2 years[11]. Steatohepatitis was defined by the presence of steatosis (> 5%) along with lobular 
inflammation and cytological ballooning[11]. The severity of individual histological features of NAFLD was 
scored using the NIDDK NASH CRN criteria[12].

Assessment and stratification of body mass index
Lean, overweight and obese states were defined according to the World Health Organization and Modified 
National Cholesterol Education Program, Adult Treatment Panel III guidelines[13]. For subjects from India, 
two separate analyses were performed. In the first, the same body mass index cutoffs used in the West were 
used to define these states to directly relate the clinical-laboratory-histological findings across continents 
matched for BMI. A second analysis using the thresholds used for the Asian subcontinent was used in order 
to evaluate those who were lean versus obese using physiologically relevant parameters for the region[14,15].

Assessment and stratification of IR
IR was derived from fasting blood glucose and insulin. The Homeostatic Model of Assessment for IR 
(HOMA-IR) was calculated from the formula: [22.5 × fasting insulin (mU/mL) × glucose (mmol/L)][16].

To further visualize the relationship of glucose and insulin, the plasma insulin was plotted as a function 
of fasting plasma glucose. The resulting plot was divided in to four quadrants based on a fasting glucose 
threshold of 100 mg/dL and fasting insulin of 12 μU/mL. A fasting glucose below 100 mg/dL represents 
euglycemia and a fasting insulin level above 12 μU/mL has been associated with IR[17,18].

Subjects with a glucose < 100 mg/dL and a fasting insulin < 12 μU/mL were considered insulin sensitive. 
Those with a glucose < 100 mg/dL but insulin levels > 12 μU/mL were considered to have IR with relatively 
intact beta cell function. Those with higher plasma glucose (> 100 mg/dL) and insulin > 12 μU/mL were 
considered to have severe IR. When the fasting plasma glucose levels were higher than 100 mg/dL and the 
corresponding insulin levels declined below 12 μU/mL subjects were considered to have advanced IR with 
beta cell failure. Type 2 diabetes was defined by a fasting blood glucose > 126 mg/dL in patients who had a 
hemoglobin A1c level of 6.5% or greater, an FPG level of 126 mg/dL or greater[19].

Plan of analysis
Data were analyzed using SPSS version 2. Descriptive statistics of subjects from each site was performed. 
Data for lean versus overweight versus obese subjects were compared for each country individually. 
Numerical data were compared using analysis of variance for normally distributed data. Quantitative 
variables with asymmetric distribution were described as median and interquartile range and compared 
between groups using the Kruskal-Wallis test. Next, subjects within each BMI strata from each country 
were compared to other countries correcting for multiple comparisons using Tukey’s test. A similar analysis 
of overweight or obese subjects was also performed. In another analysis, the cohort was stratified by the 
HOMA scores of < 2, 2-4 and > 4 and a similar analysis performed. Finally, a multivariable regression 
analysis was performed to evaluate the interactions between BMI, IR and other clinical parameters on liver 
histology in lean subjects with NAFLD in each region. Significance was set at a P value of 0.05.

RESULTS
A total of 430 subjects with biopsy-proven NAFLD was enrolled (USA:Brasil:France:India 139:125:96:63) 
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[Table 1]. They included 70 lean (BMI < 25 kg/m2) subjects (Fr:Br:In:US 22:16:19:13), 136 overweight 
(Is this BMI > 25 kg/m2, BMI < 29 kg/m2) (n = 52:28:33:23) and 224 obese subjects (BMI > 29 kg/m2) 
(n = 22:81:11:103). Subjects in the Indian and French cohorts were younger (mean 38.06 ± 1.6; 49.7 ± 1.2, 
respectively) compared to those from US and Brazil (mean 53.3 ± 0.92; 55.08 ± 0.2, respectively). In France 
about 70% of the subjects were male while in Brazil and USA approximately 70% were female. In the 
Brazilian cohort the prevalence of type 2 diabetes mellitus (T2DM) and hypertension were globally higher 
than other countries.

Comparison of lean vs . overweight and obese subjects
Demographic and clinical profiles
In the US cohort, obese subjects were younger than overweight and lean subjects, respectively (51.9 ± 1.0; 
53.3 ± 2.1; 61.8 ± 1.9; P = 0.02) [Table 1]. While the proportion of subjects with hypertension or requiring 
lipid-lowering therapy were similar across the different weight strata, overweight subjects had less type 2 
diabetes compared to lean and obese subjects (3.7% vs. 22.2% vs. 28.4%, P = 0.01). In the Brazilian cohort 
the prevalence of T2DM was high in lean subjects, approaching 66% [Figure 1]. In the French cohort, the 
proportion of individuals with features of the metabolic syndrome increased progressively from lean to 
overweight to the obese groups. The Indian cohort had more males in the lean group (P < 0.001 vs. other 
groups) and had a progressively greater proportion of subjects with T2DM with progressively higher weight 
strata.

Insulin resistance 
The distribution of insulin and fasting glucose values yielded interesting insights in all regions [Figure 2]. 
In the US, approximately 20% of lean subjects had a fasting blood glucose < 100 mg/dL and a fasting insulin 
less than 12 mIU/mL. The remaining subjects had evidence of increasing IR with 4 subjects demonstrating 
IR with beta cell failure, i.e., low fasting insulin (< 12 mIU/mL) despite a fasting glucose > 100 mg/dL. As 
expected, obese subjects had a substantially greater number of insulin resistant subjects with and without 
beta cell dysfunction. Interestingly, 11 (11.45%) obese subjects had both low fasting glucose and insulin 
levels suggesting that they were relatively insulin sensitive.

In the Brazilian cohort, 4 (25%) lean subjects had relatively low fasting insulin and glucose levels while the 
rest showed IR with or without beta cell failure [Figure 2]. As noted in the US cohort, a subset of subjects 
in the overweight and obese categories also were relatively insulin sensitive (fasting plasma glucose < 100 mg/dL, 
fasting plasma insulin < 12 µU/mL). In France, the majority of lean subjects were relatively insulin sensitive 
and IR increased progressively from lean-overweight-obese subjects and most overweight and obese 
subjects have more advanced IR. Subjects from India had lower fasting insulin levels compared to the other 
cohorts especially those from the US and Brazil even amongst obese subjects. Lean and obese subjects in 
the Indian cohort had similar insulin sensitivity.

Parameter USA France Brazil India
Age (years) 53.3 ± 0.92 49.7 ± 1.2* 55.08 ± 0.2 38.06 ± 1.6*
Females (%) 71.2 30.9 46.5 66.2
T2DM (%) 21.1 21.6 53.3* 31.0
Hypertension (%) 43.7 25.3 67.4* 11.6
Triglycerides (mg/dL) 204.9 ± 10.3 112.5 ± 11.4* 218.0 ± 7.9 198.3 ± 12.4
Total Cholesterol (mg/dL) 197.8 ± 4.2 206.5 ± 5.5 193.5 ± 4.2 165.8 ± 7.7
LDL-XOL (mg/dL) 125.8 ± 4.5 135.6 ± 7.1 115.5 ± 3.2 93.3 ± 6.6
HDL-XOL (mg/dL) 44.0 ± 5.4 43.0 ± 5.2 46.0 ± 5.5 40.0 ± 4.7

Table 1. Demographics and clinical profiles across-country in subjects with NAFLD

*statistical significance. T2DM: type 2 diabetes mellitus; LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein 
cholesterol; NAFLD: non-alcoholic fatty liver disease 
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Histology in lean versus obese subjects
The steatosis grade was similar across lean, overweight, and obese subjects in the US cohort [Figure 3]. 
Similarly, the inflammation, ballooning grades and fibrosis stage were similar across the weight strata. 
The spectrum of liver histology in subjects from Brazil was similar to that seen in the US. Importantly, 
the severity of steatosis, inflammation and ballooning were similar across the three weight strata in this 
country.

On the other hand, obese subjects in the French cohort had significantly greater steatosis grade compared 
to both lean and overweight subjects (P < 0.002). There was also a stepwise increase in inflammation grade 
from lean to overweight to obese subjects which reached significance (lean vs. obese P < 0.01). There was 
a trend for lower ballooning scores in the lean subjects (P = 0.06). Lean and overweight subjects also had a 
significantly lower fibrosis stage compared to the obese subjects (P < 0.01 for both).

Lean Indian subjects had similar degrees of steatosis compared to overweight and obese subjects. The 
lobular inflammation grades were also similar across the three weight groups. However, in contrast to other 
regions, the ballooning grade was significantly lower in lean and overweight subjects compared to obese 
subjects (P < 0.01 for both). The fibrosis stage was similar across the three weight categories. Recalibrating 
BMI threshold for Indians to 22 kg/m2 for the diagnosis of obesity did not alter the results qualitatively. 

A

C

B

D

Figure 1. Comorbidities of lean vs. overweight vs. obese subjects with nonalcoholic fatty liver disease. A: type 2 diabetes mellitus 
(T2DM); B: LDL cholesterol; C: HDL cholesterol; D: triglycerides. LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein 
cholesterol
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Figure 2. Insulin resistance and insulin sensitivity in nonalcoholic fatty liver disease lean subjects vs.  overweight vs. obese across regions. 
A: lean subjects; B: overweight subjects; C: obese subjects

Clinical-laboratory-histological variability within similar weight strata
Lean subjects
Lean subjects in the US were also more likely to be hypertensive (55.6%) compared to those from Brazil 
(33.3%), France (14.3%), and India (15.8%). Only 9.5% of lean US subjects had T2DM compared to 26% 
of subjects in India and 66% of subjects in Brazil [Table 2]. There were no differences in the lipid profile of 
lean subjects across the various cohorts. However, subjects in Brazil were more insulin resistant than those 
in the other groups.

In line with greater IR, lean subjects from Brazil (mean grade 2.8) had a higher steatosis grade (P < 0.0005) 
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compared to subjects from the US (mean grade 1.9), France (mean grade 1.8), and India (mean grade 2.2). 
Lean subjects from Brazil also had greater lobular inflammation (mean grade 1.5) compared to subjects 
from the other countries (mean grade range 0.5-0.7) (P < 0.0001). The ballooning grade was similar across 
the US, Brazilian, and Indian cohorts but was lower in lean subjects from the French cohort (P < 0.0001). 
Similarly, the mean fibrosis stage was similar across the US, Brazil, and India but higher than that seen in 
the French group (P < 0.0013).

Overweight subjects
The prevalence of hypertension and T2DM was higher in the subjects from Brazil. The mean HOMA 
scores were similar across the four groups. As noted in the lean subjects, a proportion of subjects were 
still relatively insulin sensitive whereas a proportion was insulin resistant with beta cell failure. Subjects 
from Brazil had more advanced IR with a majority of subjects with a fasting plasma glucose > 100 mg/dL. 
Interestingly, the ballooning grade was more severe in overweight subjects from India compared to those 
from the USA and France (1.7 vs. 1 vs. 0.8, P < 0.0001). Subjects from Brazil had intermediate degrees of 
ballooning injury (mean grade 1.2). The fibrosis stage in overweight subjects in the Indian cohort was 
modestly higher than the other cohorts (mean: 1.8 vs. 0.6 vs. 1 vs. 1.2 India vs. US vs. France vs. Brazil) [Table 3].

Obese subjects
In Brazil almost 80% of the obese subjects were hypertensive while 49.5%, 44.4%, and 18.2% of obese 

A B

DC

Figure 3. The histological spectrum of nonalcoholic fatty liver disease in lean vs. overweight vs. obese across regions. A: steatosis grade; B: 
lobular inflammation grade; C: hepatocellular ballooning; D: fibrosis stage
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Parameter USA Brazil France India
Age (years) 54.1 ± 6 55.1 ± 2 51 ± 7 34.1 ± 5
Males (%) 30 48.6 70.2 46.2
Type 2 diabetes (%) 3.7 56.8 19.3 14.3
Hypertension (%) 30 45.9 23.6 0
Dyslipidemia (%) 44.4 73.0 21.4 30.8
AST (IU/L) 50 (39-84) 30 (22-41) 31 (23-48) 40 (29-56)
ALT (IU/L) 60 (46-95) 36 (27-57) 63 (48-80) 45 (38-79)
GGT (IU/L) 83 (38-156) 66 (30-160) 50 (27-103) 46 (33-55)
Triglycerides (mg/dL) 141 (76-195) 150 (107-241) 66 (40-108) 120 (112-155)
HDL cholesterol (mg/dL) 50 (40-61) 48 (38-52) 40 (30-52) 37 (32-45)
INR 1 (1-1) 0.98 (0.95-1) 1.08 (1.02-1.13) 1.2 (1.14-1.27)
Steatohepatitis (%) 60 73 80 70
Steatosis grade - 0/1/2/3 (%) 25/30/15/30 5.4/40.5/43.2/10.8 0/50/40/10 15.4/69.2/15.4/0
Lobular inflammation - 0/1/2/3 (%) 20.8/58.3/20.8/0 14.3/54.3/25.7/5.7 19.6/64.3/14.3/1.8 23.1/61.5/15.4/0
Ballooning - 0/1/2 (%) 45.8/37.5/16.7 60/40/10 12.5/71.5/16 67/33/0
Fibrosis stage - 0-none/1-
perisinusoidal/2-portal-periportal/3-
bridging/4-cirrhosis (%)

0/57.7/19.4/15.4/7.7 36.1/13.9/27.8/17.7/5.6 26.2/35.7/19.0/7.1/11.9 53.8/7.7/30.8/7.7/0

Glucose (mg/dL) 91 (83-102) 110 (94-141) 103 (94-113) 78 (72-84)
Insulin (mU/mL) 16 (10-19) 16 (12-21.5) 7 (5-16) 7 (6-12)
HOMA 3.6 4.35 1.78 1.35

Table 2. Comparison of lean subjects across study cohorts

Table 3. Comparison of overweight subjects across study cohorts

Parameter USA Brazil France India
Age (years) 58.3 ± 0.7 57.7 ± 4 46 ± 6 40.5 ± 3
Males (%) 0 33.3 71.4 84.2
Type 2 diabetes (%) 22.2 55.6 9.5 26.3
Hypertension (%) 55.6 33.3 14.3 15.8
Dyslipidemia (%) 44.4 55.6 33.3 31.6
AST (IU/L) 50 (40-78) 35 (20-93) 29 (19-47) 45 (24-60)
ALT (IU/L) 49 (30-114) 52 (22-101) 60 (45-79) 56 (31-84)
GGT (IU/L) 170 (134-276) 50 (25-286) 75 (50-134) 45 (36-72)
Triglycerides (mg/dL) 83 (83) 129 (99-221) 52 (22-100) 132 (111-187)
HDL cholesterol (mg/dL) 47 (47) 51 (38-66) 44 (37-63) 43 (35-49)
INR 1 (0.9-1) 1 (1-1) 1.03 (1-1.10) 1.2 (1.17-1.22)
Steatohepatitis (%) 55.6 77.8 60 84
Steatosis grade - 0/1/2/3 (%) 0/33/44/23 0/22/55/22 0/55/20/25 10.5/36.8/47.4/5.3
Lobular inflammation - 0/1/2/3 (%) 12.5/62.5/12.5/12.5 33/22/33/12 50/40/10/0 26.3/63.2/10.5/0
Ballooning - 0/1/2 (%) 44.4/22.2/33.4 11/77/12 35/60/5 53/40/7
Fibrosis stage - 0-none/1-perisinusoidal/2-
portal-periportal/3-bridging/4-cirrhosis (%)

11.1/33.3/0/33.3/22.2 0/44/44/12/0 21.4/50/14.3/14.3/0 57.9/15.8/15.8/10.5/0

Glucose (mg/dL) 95 (87-107) 88 (85-126) 90 (83-95) 84 (80-95)
Insulin (mU/mL) 10 (7-12) 11 (6-15) 5 (3-14) 7 (6-10)
HOMA 2.35 2.39 1.11 1.45

ALT: alanine aminotransferase; AST: aspartate aminotransferase; HOMA: homeostatic model assessment; INR: international normalized 
ratio

ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma glutamyl transferase; HOMA: homeostatic model 
assessment; HDL: high-density lipoprotein cholesterol; INR: international normalized ratio

subjects in US, France, and India respectively were hypertensive. 100% of the obese subjects in the Indian 
cohort had T2DM [Table 4]. The lipid profiles were comparable amongst obese subjects from different 
countries.

As expected, most subjects had IR. Interestingly, a subset of obese subjects from each country had a fasting 
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plasma glucose < 100 mg/dL as well as a fasting plasma insulin < 12 µU/mL indicating that they were 
relatively insulin sensitive. The proportion of such individuals was greatest in the cohort from India. The 
US cohort had somewhat lower steatosis grade whereas subjects from India had more inflammation and 
ballooning. The fibrosis stages were similar across the groups.

Transcontinental variability in histological severity in those with similar degrees of IR
A potential reason for the variability in histology from one country to another could be the variable degree 
of IR in each weight strata. In order to evaluate this, subjects were stratified into those with mild, moderate 
and severe IR (HOMA: 0-2, 2.1-4 and > 4 respectively). The severity of individual histological features was 
then assessed across the four study cohorts.

As expected, the severity of steatosis was largely similar across the four groups with the exception of 
somewhat lower steatosis in the Indian group in those with moderate IR (P < 0.01 vs. France). On the 
other hand, the group in Brazil had lower scores for lobular inflammation compared to other groups across 
multiple IR strata. They also had lower ballooning grades especially in those with moderate or severe IR. 
This was accompanied by less fibrosis across all strata of IR.

DISCUSSION
Body weight and IR are two of the best-known risk factors for NAFLD. While it is known that many 
subjects with NAFLD in Asia are lean and do not have the usual biochemical features of IR, it was not 
known if a similar profile was also seen in lean subjects in other regions of the world. It is however 
generally believed that the relationship between body weight and severity of IR on one hand, versus liver 
histology is generally similar in all parts of the world. The current study challenges this “one size fits all” 
approach and demonstrates substantial differences and heterogeneity from countries in one continent 
versus even within similar weight strata.

The prevalence of obesity, T2DM and hypertension are higher in the USA and Brazil than in some 

Parameter USA Brazil France India
Age (years) 52.4 ± 2 55.1 ± 5 50.7 38.4 ±5
Males (%) 38 24.7 66.7 9.1
Type 2 diabetes (%) 28.4 51.9 44.4 100
Hypertension (%) 50 79.2 44.4 18.2
Dyslipidemia (%) 38 70.1 61.1 9.1
AST (IU/L) 40 (27-63) 35 (20-93) 48 (29-58) 36 (23-62)
ALT (IU/L) 53 (34-83) 52 (22-101) 76 (57-99) 33 (29-78)
GGT (IU/L) 38 (27-66) 53 (27-87) 55 (36-128) 33 (28-46)
Triglycerides (mg/dL) 149 (107-211) 129 (99-221) 141 (107-256) 126 (99-155)
HDL cholesterol (mg/dL) 43 (36-50) 51 (38-66) 43 (36-48) 38 (32-42)
INR 1 (0.97-1.0) 1 (1.0-1.0) 1.04(0.96-1.06) 1.3 (1.2-1.3)
Steatohepatitis (%) 56.8 89.6 81.3 90
Steatosis grade - 0/1/2/3 (%) 6.5/44.6/33.7/15.2 5.3/20.0/45.3/10.8 0/13/57/30 0/36.4/63.6/0
Lobular inflammation - 0/1/2/3 (%) 8.8/76.9/14.3/0 8/46.7/37.3/8 12.5/68.8/18.8/0 0/90/10/0
Ballooning - 0/1/2 (%) 38.6/45.5/15.9 46.6/52/1.3 12.5/68.8/18.8 9/63.6/27.4
Fibrosis stage - 0-none/1-
perisinusoidal/2-portal-periportal/3-
bridging/4-cirrhosis (%)

36.6/28.9/8.9/21.1/4.4 22.7/44/10.7/16/6.7 12.5/18.8/31.3/12.5/25.0 45.5/36.4/18.2/0/0

Glucose (mg/dL) 101 (86-124) 103 (90-127) 104 (96-143) 93 (81-106)
Insulin (mU/mL) 20 (14-37) 17 (11-26) 17 (14-20) 7 (5-20)
HOMA 4.99 4.32 4.37 1.65

Table 4. Comparison of obese subjects across study cohorts

AST: aspartate aminotransferase; ALT: alanine aminotransferase; GGT: gamma glutamyl transferase; HDL: high-density lipoprotein 
cholesterol; INR: international normalized ratio; HOMA: homeostatic model assessment
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European countries like France[20-23]. In Brazil, the prevalence of arterial hypertension found was 21.4% 
(95%CI: 20.8-22.0) using the self-reported criterion, 22.8% (95%CI: 22.1-23.4) for measured arterial 
hypertension, and 32.3% (95%CI: 31.7-33.0) for hypertension arterial pressure and / or report of medication 
use[24]. Furthermore, according IDF Atlas, in Brazil and USA, the prevalence of T2DM in 2019 was 8.5% 
and 11.1% respectively, while in Europe was 6.3%. USA is the third-highest country with patients with 
T2DM in the world, and Brazil the fifth[20]. Also, caloric consumption in American countries is higher than 
in some countries and in Europe[25]. In addition, patients in Brazil and the USA come from large tertiary-
level university hospitals, where patients of greater severity are referred to them.

An important observation in this study is the remarkable range of laboratory-histological findings when 
comparing lean subjects with overweight and obese subjects in the different countries where this study 
was conducted. In France, a clear stepwise worsening of IR and severity of liver histology was noted with 
increasing BMI. In contrast, lean subjects in Brazil were more insulin-resistant and like overweight and 
obese subjects with respect to both the severity of their IR and liver histology. Subjects from the United 
States and India had an intermediate relationship with Indian subjects tending to demonstrate generally 
lower insulin levels than those from the other cohorts at all weight strata. These corroborate the concept 
that the severity of NAFLD is not a simple function of increasing body mass and that these relationships 
can be variable from one region to another. 

The current study further demonstrates that the spectrum of IR and liver histology is variable from one 
country to another even when the body mass is accounted for. Lean subjects in the Brazilian cohort 
were more insulin-resistant and had greater steatosis than subjects from other regions. However, the 
severity of cytological ballooning was similar in the US, Brazil, and India and higher than that seen in 
the French subjects. These data are in line with the concept that development of liver injury is more than 
a simple function of IR and that additional factors are likely to play a role. While theoretically possible, 
we believe it is unlikely that these data purely represent differences in how the histology was read by the 
local pathologists since all of the pathologists involved are senior and experienced pathologists who have 
previously published in the field. 

Another noteworthy finding in this study is that even in Western countries, a subset of overweight and even 
obese subjects with NAFLD were relatively insulin sensitive, i.e., with a fasting insulin < 12 µU/mL and 
[glucose] < 100 mg/dL. The lower blood glucose could not be attributed to the use of anti-diabetic therapy 
alone although it may have played a role in a few subjects. The only potential exception was the obese 
Indian cohort where all subjects were known to have diabetes and many also had a fasting plasma glucose < 
100 mg/dL. While the presence of insulin sensitive obese individuals is well established[26], there is a general 
perception that these so called “fit-fat” subjects do not develop end organ diseases typically associated with 
IR. The current study further demonstrates that the distribution of liver histology in these subjects includes 
the full spectrum of NAFLD. The mechanisms underlying the liver disease in these subjects are not well 
understood. Unfortunately, due to the retrospective nature of this current analysis, the subjects were not 
genotyped and their PNPLA3 and TM6SF2 and other SNPs associated with the metabolic syndrome were 
not available. This is now a logical future direction of research in the field.

It is also not known if obese insulin-sensitive subjects respond to insulin sensitizers and improve their 
liver histology in the same manner as obese insulin resistant subjects. In the PIVENS trial, baseline 
HOMA scores did not predict histological response to pioglitazone[27,28]. This study however did not 
evaluate assess the insulin sensitivity status by HOMA alone but by graphical analysis of the relationship of 
glucose and insulin. It is also recognized that an euglycemic hyperinsulinemic clamp is the gold standard 
for measurement of insulin sensitivity[29]. In this retrospective analysis, this was not possible. However, 
it will be valuable to perform these in obese subjects with NAFLD who have a low fasting glucose and 
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insulin level in the future to be certain that they are indeed insulin sensitive. Regardless, more information 
about the pathophysiological mechanisms underlying disease development and progression in obese or 
overweight insulin sensitive subjects will help future efforts to tailor specific therapies that are most likely 
to engage the relevant therapeutic targets in these individuals.

There is a difference in the aggressiveness of NAFLD between American and European countries, mainly 
Mediterranean countries. One interesting example is the number of liver transplantations in USA secondary 
NASH compared with Europe countries[30]. In Brazil there has also been an increase in the numbers of 
liver transplantations secondary to NASH. Several hypotheses can be considered for the greater severity of 
fibrosis in American countries, including lean NASH: (1) Higher caloric intake in the Americas, diet rich 
in fructose and trans lipids[31] low consumption of Mediterranean diet, including fiber and omega 3; (2) 
greater sedentary lifestyle in American countries; (3) presence of genetic factors such as PNPLA3[32]; and (4) 
dysbiosis, even in Lean NASH patients[33]. Furthermore, in the USA and Brazil, there is also admixture with 
genes from non-caucasian Hispanic and native American genes. American Hispanics have more severe 
NASH. The complex genetic background may be another potential explanation. Unfortunately given the 
sample size of this initial assessment, it is not feasible to address the role of genetics. Similarly, there may be 
differences in diet and also microbiome functionality that are not captured by current methods that could 
play a role. NASH is a complex disorder driven by gene environment interactions.

There were also differences in the spectrum of other end organ diseases within lean subjects with NAFLD. 
These corroborate the concept that the pathogenesis of each of these conditions is complex and there 
are regional variations in the prevalence rates and severity. All of these data further attest to the trans-
continental drifts in phenotype development of this cluster of diseases. 

There are several potential explanations for the observed variations in NAFLD phenotype and associated 
conditions across the four cohorts studied. These include genetic differences in susceptibility, regional 
variation in diet patterns, differences in the intestinal microbiome, exercise, environmental exposures etc. 
While a detailed analysis of these is beyond the scope of this manuscript, such studies are now indicated to 
better understand the variations in phenotype development in different regions.

Perhaps the most relevant implication of the current study is that it provides proof of concept that there are 
differences in both the histological phenotype and associated clinical features in subjects with NAFLD in 
different regions of the world and that region-specific data are now needed to provide optimal guidance for 
clinical care on various regions. Also, it raises the possibility that therapeutic responses in one region may 
or may not be similar from one region to another. A clearer understanding of variable disease mechanisms 
underlying the differences in phenotype development should help targeting therapeutics towards the most 
relevant targets in a given region and phenotype in the future.

The principal limitations of the current study are the relatively modest size of lean subjects with NAFLD in 
various regions and the potential for ascertainment bias. The small numbers of lean subjects however reflect 
the fact that they represent a small fraction of all subjects with NAFLD. Also, another limitation is that 
we report the prevalence of fibrosis stage in patients with NAFLD who had a biopsy at the centers in this 
study. Since this was done according to standard of care, the selection of patients for a biopsy was variable 
across centers. Further, the distribution of fibrosis could also be impacted by ascertainment bias due to the 
nature of the center. It was seen in the Indian cohort probably because increasing age is linked to higher 
stages if fibrosis and is generally considered to be due to longer exposure to disease state. It is potentially 
possible that the low fibrosis stage in India reflected the lower age of the population studied. It is noted 
in the section about variations across centers and as a potential explanation for the differences in fibrosis 
stage in India vs. other sites. However, most published studies of NAFLD also have the same ascertainment 
bias associated with tertiary care academic medical centers. These limitations notwithstanding, the current 
study demonstrates substantial variability in disease phenotype from one region to another.
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In summary, the current study provides novel information on the variability in disease phenotype in lean as 
well as overweight and obese subjects in different parts of the world. It challenges the paradigm that all lean 
subjects with NAFLD have mild IR and have mild forms of liver disease. Conversely, it also demonstrates 
that a fraction of obese subjects with the full spectrum of NAFLD may be relatively insulin sensitive. Future 
studies to define the mechanistic basis for these differences may inform therapeutic choices in subjects in 
different regions.
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Abstract
Liver cancer accounts for 4.7% of all newly diagnosed cancers and 8.2% of cancer deaths annu-ally. 
Hepatocellular carcinoma (HCC) accounts for the majority of primary liver cancers. There are 2 curative strategies 
in HCC: resection and transplant. Unfortunately, 50% of patients who undergo resection will relapse in 2 years 
and many patients on transplant lists become ineligible for transplant due to disease progression. The majority of 
patients still require systemic therapies. Tyrosine kinase inhibitors have successfully extended the overall survival 
in patients with hepa-tocellular carcinoma. However, these treatments have been noted to cause severe side 
effects in-cluding liver toxicity, hypertension, gastrointestinal toxicity and cutaneous adverse effects. This article 
will focus on the adverse skin reactions seen during the treatment of hepatocellular carci-noma by various tyrosine 
kinase inhibitors. The focus will be symptomatology, management, and whether the development of cutaneous 
toxicities can be prognostic.

Keywords: Hepatocellular cancer, tyrosine kinase inhibitors, cutaneous toxicity, hand foot reaction syndrome

BACKGROUND
Liver cancer accounts for 4.7% of all newly diagnosed cancers and 8.2% of cancer deaths annually[1]. 
Hepatocellular carcinoma (HCC) accounts for the majority of primary liver cancers[2]. As much as 50% 
of patients with HCC are diagnosed at early stages when curative treatments are possible[3]. There are 
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2 curative strategies in HCC: resection and transplant. Unfortunately, 50% of patients who undergo 
resection will relapse in 2 years and many patients on transplant lists become ineligible for transplant due 
to disease progression. The majority of patients still require systemic therapies. In 2008, the FDA approved 
the tyrosine kinase inhibitor (TKI) Sorafenib as the first systemic therapy for patients with inoperable 
hepatocellular cancer. Its approval was based on the overall survival (OS) benefit of Sorafenib compared 
to placebo in the first-line setting 10.7 months vs. 7.9 months, respectively[4]. Since Sorafenib’s approval, 
several other tyrosine kinase inhibitors have been added to the armamentarium against late-stage HCC. 
These new TKIs include Lenvatinib, Cabozantinib, and Regorafenib[5-7]. Cutaneous toxicities are frequently 
observed during targeted treatment of cancer, as many targeted therapies, including TKIs, inhibit growth 
factors found in the skin[8]. 

In this review, we will focus on the adverse skin reactions seen during the treatment of hepatocellular 
carcinoma by various tyrosine kinase inhibitors. The focus will be on symptomatology and management of 
these reactions. Additionally, this review will discuss whether the development of cutaneous toxicities can 
be prognostic.

Symptomatology and treatment for particular cutaneous toxicities are discussed with each major toxicity. 
The cutaneous toxicities of particular TKIs will be discussed within each TKI’s section along with the 
toxicity’s onset and suggested dose modifications of the TKI. 

HAND FOOT REACTION SYNDROME
Risk factors and incidence
The incidence of hand foot reaction syndrome (HFRS) in the treatment of HCC varies depending on the 
TKI[9]. Predisposing factors to HFRS seen in TKI treatments include female gender, ECOG status 2 or 
lower, two or more organs involved, baseline lung/liver metastases, a baseline white blood count above 
5.5 × 109 cells/L, and the duration of the TKI therapy[10]. Frequency is also higher in Asian populations[11,12]. 
Whereas incidences of HFRS are varied, symptomatology of HFRS is shared between TKIs. 

Symptoms
Patients affected by HFRS experience a prodromal tingling sensation on their palms or soles which 
progresses to burning pain. Hand and foot erythema and edema develops with tense blistering and peeling 
with lesions evolving into areas of callus-like hyperkeratosis with surrounding erythema[13-16]. 

Lesions tend to develop over pressure-bearing surfaces, which may be related to the pathophysiology of 
their development.

Pathophysiology
Although competing hypotheses exist[9,17,18], the TKI dual inhibition of different receptors, such as VEGF 
and PDGFR, may be required to trigger dermatological symptoms. Damage occurs when TKIs block 
signaling pathways resulting in the alteration of repair mechanisms or distortion to microvascular structure 
in areas where there is frequent trauma or friction like the palms and soles[12,14,18].

Toxicity grading and treatment
Management of HFRS is based on expert knowledge from oncologists and dermatologists. Before TKI 
treatment begins, proper consultation with podiatry and dermatology should be made. A full-body skin 
examination with special attention paid to the hands and feet should be performed. Evidence of abnormal 
weight bearing can be corrected with mechanical support. Areas of baseline hyperkeratotic skin can be 
removed with manicures and pedicures[19,20]. During treatment, twice daily prophylactic application of a 
20% urea-based cream has also been suggested by some experts to prevent HFRS[20,21]. When treatment 
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is started patients should be advised to avoid tight footwear or gloves. Patients should protect their feet 
with insole cushions, shock-absorbing soles, and padded socks and wear gloves to protect their hands. 
Emollients can be used liberally. 

At night, patients should continue to wear cotton gloves and socks to retain moisture. They should also 
avoid extreme temperatures and wash with tepid water[14,15,18,20,22].

Further recommendations are based upon the grade of HFRS severity. The toxicity grading of HFRS is 
characterized according to the National Cancer Institute. Grade 1 toxicity is characterized by minimal skin 
changes or dermatitis (i.e., edema, redness, or hyperkeratosis) but without pain. Grade 2 toxicity develops 
with skin changes (i.e., peeling, blisters, bleeding, fissures, edema, or hyperkeratosis) with pain and limits 
daily activities. Grade 3 toxicity is marked by severe skin changes (i.e., peeling, blisters, bleeding, fissures, 
edema, or hyperkeratosis) with pain that limits self-care[23].

Grade 1 toxicities can be managed with topical therapy usually with the continuation of the TKI dose[19,20,22]. 
Topical treatments are similar to those used for prophylactic care. 20%-40% urea creams should be used on 
areas of hyperkeratosis twice a day[15,18,20,22]. 

Grade 2 toxicities are managed with topical therapy and dose reductions if necessary. Areas of 
hyperkeratosis should be treated with urea base keratolytic[16]. 0.05% Clobetasol ointment should be applied 
to erythematous areas twice daily[15,20,22]. Topical 2% lidocaine cream can be used for analgesia[20,22].

For Grade 3 toxicities in addition to the above treatments, dose interruption and reduction is required. 
Other strategies include the use of pyridoxine with doses of 50-150 mg/day[20,22,24].

Of note, in one uncontrolled study of 12 patients who developed HFRS when taking Sorafenib, the majority 
of patients that were treated twice daily with 40% urea cream in combination with tazarotene 0.1% cream 
or fluorouracil 5% cream saw a ≥ 2-grade improvement in symptoms[25] [Figure 1]. 

RASH
Symptoms
Rashes observed with TKI treatment vary and can develop as a macule, papule, maculopapular, 
erythematous, and/or pruritic. Rashes often develop on the trunk and extremities or scrotum[15,26-28]. Facial 
and scalp erythema similar to seborrheic dermatitis has been noted with Sorafenib.

Treatment
The treatment of rashes seen during TKI therapy is once again based upon the toxicity grade. Grade 1 
toxicity is described as macules/papules covering < 10% body surface area (BSA) with or without symptoms 
(e.g., pruritus, burning, tightness). Grade 2 toxicity is characterized by macules/papules covering 10%-30% 
BSA with or without symptoms (e.g., pruritus, burning, tightness); limiting instrumental activities of daily 
living (ADL), or a rash covering > 30% BSA with or without mild symptoms. Grade 3 toxicity is defined by 
macules/papules covering > 30% BSA with moderate or severe symptoms; limiting self-care ADL[23]. 

In general, patients with rashes should be advised to use perfume-free soaps, apply moisturizers, and 
wear loose comfortable clothing[22,29]. Topical corticosteroids and antihistamines may also be useful with 
mild rashes[22,30]. Dose reductions and interruptions of the TKI should also occur based on prescribing 
information for severe rashes. With proper management, most rashes have been noted to resolve in less 
than 6 weeks[27]. Additionally, some rashes may resolve spontaneously without symptomatic treatment as 
can be seen in patients with facial and scalp erythema[26,27] [Figure 2].
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Figure 1. Clinical spectrum of HFRS of grade 1 (A,D) grade 2 (B,E) and grade 3(C,F). Used with permission from Lipworth et al .[13], 
Copyright © 2009 Karger Publishers, Basel, Switzerland. HFRS: hand foot reaction syndrome 

Figure 2. Example of rash on the trunk with TKI treatment. Used with permission under the Creative Commons Attribution License. (http://
creativecommons.org/licenses/by/2.0)[31]. TKI: tyrosine kinase inhibitor 
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SCROTAL ECZEMA
Symptoms
Scrotal eczema appears as erythematous macules[32]. 

Treatment
Scrotal lesions seen with TKIs have been treated with athletic supporters to reduce friction and barrier 
ointments/pastes such as zinc oxide and menthol. Topical steroids can also be used[15,32]. 

SUBUNGUAL SPLINTER HEMORRHAGES
Symptoms
Subungual splinter hemorrhages appear as multiple subcentimeter longitudinal brown to black lines 
beneath the distal nail plate. They are asymptomatic[26]. 

Treatment
Subungual splinter hemorrhages do not require treatment as they tend to spontaneously resolve[15,26,27] 
[Figure 3]. 

ALOPECIA
Symptoms
Alopecia may occur with thinning or patchy hair loss. Complete alopecia has been seen in patients with 
renal cell carcinoma treated with Sorafenib. Alopecia can involve loss of hair on the body as well as the 
scalp[26].

Treatment
Alopecia produced by TKIs although distressing to patients has not been shown to require dose 
modification. Alopecia has spontaneously resolved in some patients despite continued treatment[26].

Figure 3. Subungual splinter hemorrhages in a patient on Sorafenib. Reprinted from Ishak et al .[33]
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STOMATITIS
Symptoms
Stomatitis or oral mucositis may manifest as dry mouth, oral sensitivity, dysphagia, or taste changes[29,34]. 
Ulcers may also occur[22].

Toxicity grading and treatment
Like HFRS, prevention may be the best strategy. Prophylactic measures include good oral hygiene by 
brushing teeth with a soft-headed toothbrush and fluoride toothpaste after meals and before sleep. Flossing 
once a day and using alcohol-free mouth rinses four times daily is encouraged. Dentures should be cleaned 
daily. Patients need to avoid spicy and sticky foods, as well as alcohol and tobacco[29,34,35].

Further recommendations are based upon the grade of stomatitis severity. Adverse events of stomatitis are 
characterized according to the National Cancer Institute. Grade 1 toxicities are described as asymptomatic 
or mild symptoms. Grade 2 toxicities are characterized by moderate pain or ulcers that do not interfere 
with oral intake. Grade 3 toxicities involve severe pain interfering with oral intake[23]. 

When adverse events do occur, grade 1/2 events can be managed with magic mouthwash or swish spit 
rinses with 0.9% sodium bicarbonate or 0.9% saline- containing mouthwash[36,37]. Magic mouthwashes 
typically contain a mixture of diphenhydramine, viscous lidocaine, nystatin, dyclonine magnesium 
hydroxide, or aluminum hydroxide, and occasionally corticosteroids. However, bland saline rinses 
may be just as effective as magic mouthwashes[36]. Topical anesthetics, mucosal coating agents, and/or 
benzydamine HCl may be administered as needed for pain relief, but patients should be advised to avoid 
eating or performing oral hygiene when their mouth is numb. Grade 3 events require dose interruption and 
reduction[22,34,38] [Figure 4].

Figure 4. Example of stomatitis seen with TKI treatment. Used with permission under Creative Commons Attribution 4.0 International 
License (https://creativecommons.org/licenses/by/4.0)[39]. TKI: tyrosine kinase inhibitor
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ERYTHEMA MULTIFORME
Symptoms
Erythema Multiforme is typically a self-limited acute skin reaction that has been reported to occur 
within the first week of TKI treatment for HCC[40-42]. Lesions described in the case reports were targetoid 
erythematous lesions spread over the trunk and extremities. In one report, a patient developed painful 
oral lesions and, in general, oral lesions are found in up to 60% of people with erythema multiforme[42,43]. 
Erythema multiforme is diagnosed clinically based on the patient’s history and physical examination. It 
usually has fixed lesions for a minimum of 7 days.

Treatment
Treatment involves medication discontinuation. Additionally for mild disease oral antihistamines with or 
without topical steroids are prescribed[42,44]. If painful mucosal erosions are present, they can be treated 
with high potency topical corticosteroid gels and magic mouthwashes. If oral lesions prevent sufficient oral 
intake, studies have recommended systemic glucocorticoids, including prednisone 40-60 mg daily with 
dosage taper over 2-4 weeks[42,44] [Figure 5].

STEVENS-JOHNSON SYNDROME AND TOXIC EPIDERMAL NECROLYSIS
Symptoms
Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) have both been reported to occur 
in patients with HCC treated with TKIs[40,45]. These are both life-threatening reactions that usually begin 
4-28 days after taking the offending medication. SJS and TEN are a spectrum of epidermal necrolysis with 
SJS occurring with less than 10% skin detachment and TEN when there is greater than 30%. Anything in 
between is called SJS-TEN[46,47]. Flu-like symptoms usually precede cutaneous manifestations. Initial lesions 
are usually erythematous, irregularly shaped, and can first appear on the face, upper trunk, and proximal 
extremities. Necrotic lesions coalesce and slough off either spontaneously or with applied lateral pressure (as 
seen in Nikolsky’s sign) revealing the red underlying dermis. 

Figure 5. Example of erythema multiforme. Image author James Heilman, MD. Obtained under Creative Commons license Attribution-
Share Alike 3.0 Unported. https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Treatment
Treatment involves a multidiscipline approach. The TKI must be stopped and the patient should be 
transferred to the intensive care unit or burn unit. Supportive care measures involve thermoregulation with 
an ambient temperature of 28-32 degrees Celsius. If a respiratory compromise is suspected, these patients 
can be intubated. Administration of fluid replacement is advised at 0.7 mL/kg/(% affected area) along with 
a 5% albumin solution at 1 mL/kg/(% affected area)[46,47]. Systemic corticosteroids are the most common 
treatment for SJS/TEN, a suggested protocol is intravenous dexamethasone at 1.5 mg/kg pulse therapy 
(given for 30-60 min) for 3 consecutive days[46,48]. Cyclosporine and Etanercept have also shown benefit[49,50]. 
Daily skin treatment is recommended with a daily antiseptic bath containing a solution of chlorhexidine 
1/5000 or with a chlorhexidine spray. Skin debridement should be avoided because necrolytic sheets act as 
a natural biological dressing. Nonadhesive dressings are used to cover pressure points[49,50] [Figure 6].

TYROSINE KINASE INHIBITORS USED FOR HCC TREATMENT 
Tyrosine kinase inhibitors, including Sorafenib, Lenvatinib, Cabozantinib, and Regorafenib are small 
molecules that attack cancers by inhibiting the activity of receptor tyrosine kinases which are responsible 
for tumor-promoting pathways such as proliferation and angiogenesis[51]. 

Figure 6. Example of Toxic Epidermal Necrolysis. Image author Afro Brazilian. Obtained with permission under Creative Commons license 
Attribution-Share Alike 3.0 Unported. https://creativecommons.org/licenses/by-sa/3.0/deed.en 
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SORAFENIB 
Sorafenib cutaneous toxicities and toxicity incidence
Sorafenib was FDA approved for the treatment of HCC in 2008 after a phase three randomized placebo-
controlled trial showed that it extended patient survival. Safety results of that study reported that 80% of 
patients taking Sorafenib experienced an adverse event with the majority of patients experiencing grade 1 
or 2 dermatological events. These events and the percentage of patients reporting them included: alopecia 
(14%, grade 3: 0%), dry skin (8%, grade 3: 0%), HFRS (24%, grade 3: 8%), pruritus (8%, grade 3: 0%), rash 
and/or desquamation (16%, grade 3: 1%)[4]. Similar adverse events were also seen in another study that 
investigated Sorafenib therapy in an Asian-Pacific population[11]. Other cutaneous toxicities reported with 
Sorafenib include sublingual splinter hemorrhage which occurs in as many as 60%-70% of patients as well 
as case reports of scrotal eczema[32,52]. 

The onset of cutaneous toxicity with Sorafenib
HFRS occurs within days or months after starting Sorafenib, but most commonly manifests during 
the first 6 weeks of therapy[22,26,27]. Rashes usually present on the extremities and/or the trunk within 
the first to the second month of treatment[22]. Scrotal rashes have been seen between the 2nd and 12th 
weeks of therapy[22,27]. Alopecia observed in patients treated with Sorafenib occurs within four months of 
treatment[26,27]. The subungual splinter hemorrhages appear within the first 2 months of treatment[26,27]. 

It is recommended that physicians see their patients in 2-week intervals for the first 2 months of Sorafenib 
treatment to manage skin toxicities[20,22].

Dose reductions
The starting dose of Sorafenib is 800 mg daily. Dose reductions for skin toxicity are seen in Tables 1, 2, and 3[38]. 

LENVATINIB 
Lenvatinib cutaneous toxicity and toxicity incidence
In a phase 3 trial, Lenvatinib was shown to be non-inferior to Sorafenib for OS in the first-line treatment 
of HCC that was not amenable to curative or local therapy[13]. Cutaneous toxicities seen with Lenvatinib 
include: HFRS (27%, grade 3: 3%), alopecia (3% grade 3: 0%) and rash (10%, grade 3: 0%)[7]. 

The onset of cutaneous toxicity with Lenvatinib
The onset of Lenvatinib’s cutaneous toxicities for the treatment of HCC has not been described. However, 
their onset has been documented during the use of Lenvatinib for thyroid cancer[28]. The median time to 
the first onset of HFSR was 5.9 weeks and 7.3 weeks for rash. Most rashes occurred during the first cycle of 
therapy. Whereas HFRS could occur throughout therapy. 

Dose reductions 
Lenvatinib for HCC is dosed depending on body weight with patients 60 kg or greater started at 12 mg 
daily whereas those less than 60 kg starting at 8 mg daily. Dose reductions for skin toxicities are displayed 
in Tables 1, 2 and 3[53]. 

CABOZANTINIB
Cabozantinib cutaneous toxicity and toxicity incidence
Cabozantinib has been approved as second-line therapy for patients with HCC who have progressed 
on Sorafenib. In phase 3 CELESTIAL trial, Cabozantinib treated patients’ median OS was 10.2 months 
(95%CI: 9.1-12.0) compared to 8.0 months (95%CI: 6.8-9.4) in patients treated with placebo. Cabozantinib 
cutaneous toxicities and incidences include: HFRS (46%, grade 3: 17%), stomatitis (13%, grade 3: 2%), and 
rash (12%, grade 3 < 1%)[6]. 
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Hand and Foot 
Reaction Syndrome Tyrosine kinase inhibitor 

Grade Sorafenib Lenvatinib Cabozantinib Regorafenib
I: Minimal skin 
changes or dermatitis 
(i.e., edema, redness, 
or hyperkeratosis) 
without pain

No modification, use topical relief agents

II: skin changes 
(i.e., peeling, 
blisters, bleeding, 
fissures, edema, or 
hyperkeratosis) with 
pain and limiting daily 
activities

1st occurrence: Continue 
treatment and consider 
topical therapy for 
symptomatic relief. If no 
improvement within 7 days, 
see below
No improvement, 2nd or 
3rd occurrence: Interrupt 
treatment until toxicity 
resolves to Grade 0-1When 
resuming treatment, 
decrease dose by one dose 
level (400 mg daily or 400 
mg every other day)
4th occurrence: Discontinue

1st occurrence: withhold 
until improves to Grade 
0-1 or baseline. Resume 
at 8 mg if ≥ 60 kg, 4 mg 
if < 60 kg
2nd occurrence: withhold 
until improves to Grade 
0-1 or baseline. Resume 
at 4 mg if ≥ 60 kg, 4 mg 
Q.O.D. if < 60 kg
3rd occurrence: Withhold 
until improves to Grade 
0-1 or baseline. Resume 
at 4 mg Q.O.D if ≥ 60 kg, 
discontinue < 60 kg

1st occurrence: withhold 
until improves to Grade 
1 or baseline. Resume at 
40 mg daily
2nd occurrence: 
Withhold until improves 
to Grade 1 or baseline. 
Resume at 20 mg daily
3rd occurrence: withhold 
until improves to Grade 
1 or baseline. Resume at 
20 mg daily if tolerated 
or discontinue

1st occurence: Reduce dose 
to 120 mg daily and start 
supportive therapy. If the 
toxicity does not improve 
within 7 days interrupt therapy 
until the toxicity resolves or 
improves to grade 1. Then can 
restart at 120 mg daily
2nd occurrence: Interrupt and 
institute supportive measures 
until toxicity resolves or 
improves to grade 1. Reduce 
dose to 80 mg daily
3rd occurrence: Discontinue if 
failure to tolerate 80 mg daily 
dose

III: Moist 
desquamation, 
ulceration, blistering, 
or severe pain of the 
hands or feet, resulting 
in inability to work or 
perform activities of 
daily living

1st occurrence: Interrupt 
treatment until toxicity 
resolves to Grade 0-1. 
When resuming treatment, 
decrease dose by one dose 
level (400 mg daily or 400 
mg every other day) 
2nd occurrence: Interrupt 
treatment until toxicity 
resolves to Grade 0-1. 
When resuming treatment, 
decrease dose by one dose 
level (400 mg daily or 400 
mg every other day) 
3rd occurrence: Discontinue 

Proceed the same as for grade II toxicity 1st occurrence: Interrupt 
treatment and start supportive 
measures. Treatment must 
be interrupted until toxicity 
resolves or improves to grade 
1. But treatment must be 
stopped for a minimum of 7 
days. Resume dose at 120 mg 
daily
2nd occurrence: Interrupt 
treatment and start supportive 
measures. Treatment must 
be interrupted until toxicity 
resolves or improves to grade 
1. But treatment must be 
stopped for a minimum of 7 
days. Resume dose at 80 mg 
daily
3rd occurrence: Discontinue 

Table 1. Hand foot reaction syndrome and tyrosine kinase inhibitor treatment modification

Table 2. Rash and tyrosine kinase inhibitor treatment modifications

Rash Tyrosine kinase inhibitor 
Grade Sorafenib Lenvatinib Cabozantinib Regorafenib
I: Macules/papules 
covering < 10% body 
surface area (BSA) with 
or without symptoms

No modification, use topical relief agents

II: Macules/papules 
covering 10 - 30% 
BSA with or without 
symptoms (e.g., pruritus, 
burning, tightness); 
limiting instrumental 
activities of daily living 
(ADL); rash covering > 
30% BSA with or without 
mild symptoms

1st occurrence: Continue 
treatment and consider 
topical therapy for 
symptomatic relief. If no 
improvement within 7 
days, see below
No improvement, 2nd 
or 3rd occurrence: 
Interrupt treatment until 
toxicity resolves to Grade 
0-1. When resuming 
treatment, decrease dose 
by one dose level (400 
mg daily or 400 mg every 
other day)
4th occurrence: 
Discontinue

1st occurrence: withhold 
until improves to Grade 
0-1 or baseline. Resume at 
8 mg if ≥ 60 kg, 4 mg if < 
60 kg
2nd occurrence: withhold 
until improves to Grade 
0-1 or baseline. Resume 
at 4 mg if ≥ 60 kg, 4 mg 
Q.O.D. if < 60 kg
3rd occurrence: Withhold 
until improves to Grade 
0-1 or baseline. Resume 
at 4 mg Q.O.D if ≥ 60 kg, 
discontinue < 60 kg

1st occurrence: withhold 
until improves to Grade 1 
or baseline. Resume at 40 
mg daily
2nd occurrence: Withhold 
until improves to Grade 1 
or baseline. Resume at 20 
mg daily
3rd occurrence: withhold 
until improves to Grade 
1 or baseline. Resume at 
20 mg daily if tolerated or 
discontinue

1st occurence: Reduce 
dose to 120 mg daily and 
start supportive therapy. 
If the toxicity does not 
improve within 7 days 
interrupt therapy until 
the toxicity resolves or 
improves to grade 1. Then 
can restart at 120 mg daily
2nd occurrence: Interrupt 
and institute supportive 
measures until toxicity 
resolves or improves to 
grade 1. Reduce dose to 
80 mg daily
3rd occurrence: 
Discontinue if failure to 
tolerate 80 mg daily dose
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Table 3. Stomatitis and tyrosine kinase inhibitor treatment modifications

III: Macules/papules 
covering > 30% BSA 
with moderate or severe 
symptoms; limiting self 
care ADL

1st occurrence: Interrupt 
treatment until toxicity 
resolves to Grade 
0-1. When resuming 
treatment, decrease dose 
by one dose level (400 
mg daily or 400 mg every 
other day) 
2nd occurrence: Interrupt 
treatment until toxicity 
resolves to Grade 
0-1. When resuming 
treatment, decrease dose 
by one dose level (400 
mg daily or 400 mg every 
other day) 
3rd occurrence: 
Discontinue 

Proceed the same as for grade II toxicity 1st occurrence: Interrupt 
treatment and start 
supportive measures. 
Interrupt until toxicity 
resolves or improves to 
grade 1. But treatment 
must be stopped for 
a minimum of 7 days. 
Resume dose at 120 mg 
daily
2nd occurrence: Interrupt 
treatment and start 
supportive measures. 
Interrupted until toxicity 
resolves or improves 
to grade 1. Stop for a 
minimum of 7 days. 
Resume dose at 80 mg 
daily
3rd occurrence: 
Discontinue 

Stomatitis Tyrosine kinase inhibitor 
Grade Sorafenib Lenvatinib Cabozantinib Regorafenib
I: asymptomatic or mild 
symptoms

No modification, use topical relief agents

II: moderate pain or 
ulcers that do not 
interfere with oral intake

1st occurrence: Continue 
treatment and consider 
topical therapy for 
symptomatic relief. If no 
improvement within 7 
days, see below
No improvement, 2nd 
or 3rd occurrence: 
Interrupt treatment until 
toxicity resolves to Grade 
0-1. When resuming 
treatment, decrease dose 
by one dose level (400 
mg daily or 400 mg every 
other day)
4th occurrence: 
Discontinue

1st occurrence: withhold 
until improves to Grade 
0-1 or baseline. Resume at 
8 mg if ≥ 60 kg, 4 mg if < 
60 kg
2nd occurrence: withhold 
until improves to Grade 
0-1 or baseline. Resume 
at 4 mg if ≥ 60 kg, 4 mg 
Q.O.D. if < 60 kg
3rd occurrence: Withhold 
until improves to Grade 
0-1 or baseline. Resume 
at 4 mg Q.O.D if ≥ 60 kg, 
discontinue < 60 kg

1st occurrence: withhold 
until improves to Grade 1 
or baseline. Resume at 40 
mg daily
2nd occurrence: Withhold 
until improves to Grade 1 
or baseline. Resume at 20 
mg daily
3rd occurrence:  withhold 
until improves to Grade 
1 or baseline. Resume at 
20 mg daily if tolerated or 
discontinue

1st occurence: Reduce 
dose to 120 mg daily and 
start supportive therapy. 
If the toxicity does not 
improve within 7 days 
interrupt therapy until 
the toxicity resolves or 
improves to grade 1. Then 
can restart at 120 mg daily
2nd occurrence: Interrupt 
and institute supportive 
measures until toxicity 
resolves or improves to 
grade 1. Reduce dose to 80 
mg daily
3rd occurrence: 
Discontinue if failure to 
tolerate 80 mg daily dose

III: Severe pain 
interfering with oral 
intake

1st occurrence: Interrupt 
treatment until toxicity 
resolves to Grade 
0-1. When resuming 
treatment, decrease dose 
by one dose level (400 
mg daily or 400 mg every 
other day) 
2nd occurrence: Interrupt 
treatment until toxicity 
resolves to Grade 
0-1. When resuming 
treatment, decrease dose 
by one dose level (400 
mg daily or 400 mg every 
other day)
3rd occurrence: 
Discontinue 

Proceed the same as for grade II toxicity 1st occurrence: Interrupt 
treatment and start 
supportive measures. 
Treatment must be 
interrupted until toxicity 
resolves or improves to 
grade 1. But treatment 
must be stopped for 
a minimum of 7 days. 
Resume dose at 120 mg 
daily
2nd occurrence: Interrupt 
treatment and start 
supportive measures. 
Treatment must be 
interrupted until toxicity 
resolves or improves to 
grade 1. But treatment 
must be stopped for 
a minimum of 7 days. 
Resume dose at 80 mg 
daily
3rd occurrence: 
Discontinue 
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The onset of cutaneous toxicity with Cabozantinib
The onset of cutaneous toxicity with the use of Cabozantinib to treat HCC has not been described. 
However, the onset has been documented in the treatment of progressive urothelial carcinoma by Zuo et al.[15] 
and in renal clear cell carcinoma by Choueiri et al.[54] About half of the patients in each study treated with 
Cabozantinib developed HFRS with a median onset of 4-5 weeks. Additionally In the study by Zuo et al.[15] 
skin changes, including xerosis and scrotal erythema, developed within approximately 5 weeks of 
Cabozantinib treatment.

Dose reduction
The starting dose of Cabozantinib is 60 mg daily for the treatment of HCC. Dose reductions for skin 
toxicities are displayed in Tables 1, 2 and 3[55].

REGORAFENIB
Regorafenib Cutaneous Toxicity and Toxicity Incidence
Regorafenib is another TKI approved for second-line therapy of HCC. The RESORCE trial showed that in 
patients whose HCC progressed on Sorafenib, those subsequently treated with Regorafenib had improved 
median OS to 10.6 months (95%CI: 9.1-12.1) compared to 7.8 months (95%CI: 6.3-8.8) in those treated 
with placebo[5]. A follow up study also found that patients sequentially treated with Regorafenib after 
Sorafenib had improved OS from the start of Sorafenib treatment to death on study compared to placebo 
control. 26.0 months (95%CI: 22.6-28.1) for Regorafenib and 19.2 months (95%CI: 16.3-22.8) for placebo[56].

In the RESORCE study, all patients receiving Regorafenib experienced an adverse event. Cutaneous 
toxicities related to Regorafenib and their incidences include HFRS (53%, grade 3: 13%) and stomatitis (13% 
grade 3: 1%). Of note, 2% of patients suffering from HFRS discontinued Regorafenib treatment[5]. 

The onset of cutaneous toxicity with Regorafenib
Regorafenib induced HFRS occurs early in treatment with one study showing a median time to the 
first occurrence of 15 days[57]. Onset of stomatitis usually occurs between 5 and 14 days after treatment 
initiation[58].

Monitoring of patients should occur frequently especially early in treatment. Patients should be seen at 
least every 1-2 weeks during the first two cycles and every 4-6 weeks thereafter[14,59-61].

Dose reduction
The recommended starting dose of Regorafenib is 160 mg daily for 21 days followed by 7 days of a dosing 
free interval to complete a 28-day cycle. Treatment is continued until disease progression or unacceptable 
toxicity. Dose reductions with Regorafenib are seen in Tables 1, 2, and 3[62].

The incidences of the most common cutaneous toxicities and their toxicity grade are summarized for each 
tyrosine kinase inhibitor in Table 4.

ADVERSE EVENTS AND EFFICACY OF TKIS
The relationship between patients experiencing adverse events and treatment efficacy has been noted by 
multiple investigators. In a study of 65 patients treated with Sorafenib, patients who developed at least 
grade 1 skin toxicity had tumor control rates of 48.3% versus 19.4% in patients who did not develop skin 
toxicity[63]. Another study of Sorafenib showed a positive association between higher-grade skin toxicity 
(> grade 2) and disease control when compared to patients who developed lower grade toxicity or had no 
skin toxicity[64]. An association was also seen with adverse events and overall survival in patients treated 
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with Lenvatinib[65]. Similar results were also noted for Cabozantinib with patients who experienced any 
grade HFRS having improved median overall survival and progression-free survival compared to those 
who did not develop HFRS[66]. The development of HFRS and rash was also associated with overall survival 
in patients treated with Regorafenib for metastatic colorectal cancer[67]. Although these associations have 
been documented with TKIs, a physiologic relationship has not been described. But it has been postulated 
that the association between cutaneous toxicity and treatment efficacy could be caused by variations 
in pharmacokinetics as both the toxicity and the response may be dose-dependent[65]. It has also been 
suggested that patients who develop skin toxicities may have tyrosine kinase polymorphisms that are 
more sensitive to drug inhibition which results in greater anti-tumor control but more skin toxicity[61]. 
More investigation is warranted but if treatment efficacy is dose-dependent then symptomatic relief of 
cutaneous toxicity is warranted to maintain medication compliance to achieve maximum results. However, 
if treatment efficacy is pre-determined by tyrosine kinase polymorphism then further genetic screening is 
warranted to determine who will benefit most from TKI therapy. 

Tyrosine kinase inhibitor Cutaneous toxicity Incidence of grade 1 or 2 toxicity Incidence of grade 3 toxicity
Sorafenib Hand foot reaction syndrome 24% 8%

Rash 16% 1%
Alopecia 14% 0%

Levantinib Hand foot reaction syndrome 27% 3%
Rash 10% 0%
Alopecia 3% 0%

Cabozantinib Hand foot reaction syndrome 46% 17%
Rash 12% < 1%
Stomatitis 13% 2%

Regorafenib Hand foot reaction syndrome 53% 13%
Stomatitis 13% 1%

Table 4. Incidence of TKI induced cutaneous toxicities during HCC therapy

Table 5. Recommendations for adverse event management

TKI: tyrosine kinase inhibitor; HCC: hepatocellular carcinoma

Adverse event
Recommended management strategies 

Prophylactic management Adverse event management 
Hand and foot reaction 
syndrome

Baseline full body skin examination
Removal of any pre-treatment hyperkeratotic skin
Consider use of prophylactic 20% urea based cream 
applied twice a day
Avoid tight footwear or gloves 
Use of emollients liberally

Topical 20%-40% urea creams applied to ares of 
hyperkeratosis twice daily
Clobetasol 0.05% ointment applied to erythematous 
areas twice daily
Topical 2% lidocaine cream for analgesia

Rash Use perfume free soap
Loose comfortable clothing
Liberal use of moisturizers 

Corticosteroids
Antihistamines

Scrotal eczema Athletic supporter Zinc oxide and menthol barrier ointment 
Topical corticosteroids

Stomatitis Brush teeth after meals with soft toothbrush
Mouth rinses without alcohol
Avoid spicy foods, alcohol and tobacco

Magic mouthwashes or oral rinses with 0.9% saline
Topical mucosal anesthetics 

Erythema multiforme None Antihistamines
Topical corticosteroids
Systemic glucocorticoids

Stevens johnson syndrome None Transfer to intensive care unit or burn unit
Thermoregulation of body temperature to 28-32 
Celsius
Fluid replacement 
Systemic corticosteroids 
Antiseptic baths
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CONCLUSION
Tyrosine kinase inhibitors have successfully extended the overall survival in patients with hepatocellular 
carcinoma[4-7]. However these treatments have been noted to cause severe side effects including liver 
toxicity, hypertension, gastrointestinal toxicity and the discussed cutaneous toxicities[68]. These cutaneous 
toxicities tend to occur during the first and second months of treatment and can be managed with 
symptomatic treatment and dose reductions if necessary. Additional prophylactic measures can help 
prevent the manifestation of the some of most common cutaneous toxicities including HFRS and 
stomatitis. It is in these authors’ opinions on and others that the monitoring of TKI treated patients for 
cutaneous toxicities should be conducted every 2 weeks for the first few months of treatment and a baseline 
dermatological exam is also necessary[22,58,68]. A summary of recommendations for the management of 
cutaneous adverse events are displayed in Table 5. As cutaneous toxicities have also been seen with more 
recently developed TKIs, including Afatinib and Dorafenib, it appears as more TKIs are used to treat HCC 
that these cutaneous toxicities will remain as treatment side effects requiring careful management[69,70].
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Abstract
Familial clustering of hepatitis B surface antigen carriers (HBsAg) and hepatocellular carcinoma (HCC) has led to 
the evaluation of the role of genetics in hepatitis B-related diseases. Consistent reports indicate that the HLA-DP 
and -DQ loci are associated with persistent hepatitis B virus (HBV) infection. However, for hepatocarcinogenesis, 
existing studies have low power and conflicting data. Global single nucleotide polymorphism (SNP) data was 
collected from the 1000 Genomes Project and correlated with local epidemiological information. Southeastern 
Asia has a higher prevalence of HBsAg than Northeastern Asia; this was used in the evaluation of persistent HBV 
infection. The higher incidence of HCC in West Africa compared with East Africa was used in the evaluation 
of hepatocarcinogenesis. The allele frequencies for SNPs were significantly different between East Asians 
and Africans. Therefore, SNPs that have been identified in persistent HBV infections in East Asia may not be 
completely applicable in Africa. SNPs in NTCP, CTF19, and the HLA-DQ and -DP loci showed North-to-South allele 
frequency changes in East Asia. These findings confirm the role of genetics in persistent HBV infection. Some of 
the SNPs in the HLA loci show a trend of West-to-East allele frequency changes in Africa, indicating they may 
participate in hepatocarcinogenesis. Among the non-HLA related SNPs, rs2596542 in MICA shows a strong trend 
of allele frequency changes and is correlated with HCC incidence in Africa. SNPs in KIF1, IL-1A, and STAT4 also 
show, albeit with low statistical power, allele frequency trends compatible with HCC incidence. Taken together, 
there are strong correlations between background genetics in HLA-DP and -DQ loci with persistent HBV infection 
and hepatocarcinogenesis. The correlations were weak-positive in non-HLA loci. 
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INTRODUCTION
Hepatitis B is a global disease that results in an increased risk of liver cirrhosis and hepatocellular 
carcinoma[1,2]. A strong familial clustering of chronic hepatitis B carriers and hepatocellular carcinomas 
(HCC) has been well-reported[3-6]. This could be related to the high intrafamilial spread of hepatitis B virus 
(HBV) infection. Infection of HBV in the early stage of life will result in chronic persistent infection[4]. 
Throughout the course of this disease, intermittent relapsing liver necroinflammation will occur. This 
process is a defensive response to eliminate HBV replication and/or clear the virus. In general, by 80 years 
of age, half of chronic hepatitis B carriers will have suppressed HBV replication and cleared hepatitis B 
surface antigens (HBsAg)[7]. 

However, some patients may develop liver cirrhosis as a result of repeated liver inflammation and 
fibrogenesis[8]. Liver necroinflammation can induce chromosomal damage[9], and HBV is able to integrate 
into the human genome[10]. Such an injury to the host genome can induce chromosomal instability and 
promote hepatocarcinogenesis. Genetic factors associated with HCC have been considered because of 
its familial tendency. Many candidate genes and genome-wide associated studies (GWAS) have revealed 
nearly one hundred genes to be associated with chronic persistent infection or hepatocarcinogenesis[11-14]. 
Previous extensive and elegant meta-analysis reports have addressed these issues. However, not all of these 
HBV/HCC related genes have been confirmed and replicated by subsequent studies, demonstrating the 
difficulties in sorting HCC-associated genes. This is partly due to the fact that HBV-host interactions are 
not simply a genetic problem, as well as the fact that there are differences in the genetic backgrounds of 
study populations. 

Therefore, in this study, we shall try to understand HBV-related single nucleotide polymorphisms (SNPs) 
by performing correlations between genetic backgrounds and two well-known epidemiological datasets. 
The genetic backgrounds will be obtained from the 1000 Genomes Project (http://www.1000genomes.org/)[15]. 
Epidemiological concerns about a higher prevalence of HBsAg in southern compared to Northeastern 
Asia will be used in the evaluation for persistent HBV infection[16]. A higher prevalence of HCC in West 
Africa compared to East Africa will also be used for evaluation of hepatocarcinogenesis (World Health 
Organization, http://gco.iarc.fr/today). With these viewpoints, we may obtain additional information 
independent of the observations in reported studies about HBV-related genetic polymorphisms.

CHRONIC PERSISTENT HBV INFECTION
Hepatocarcinogenesis in chronic HBV infection is not a purely genetic disease; it depends on host and 
virus interactions. Persistent HBV infection is the first stage toward hepatocarcinogenesis.

HBV clearance
When humans are exposed to HBV, either acute hepatitis with spontaneous viral clearance or chronic 
persistent infection may develop [Figure 1]. Both the timing and transmission route of infection are 
important in persistent infections. Individuals who are infected in the early stages of life and via vertical 
transmission are more likely to develop persistent infection[4]. In GWAS studies, HLA-DP and -DQ have 
been shown to consistently be associated with persistent HBV infection in East Asians[17-23]. However, such 
high-risk alleles are relatively rare in Africans[24]. Therefore, HBV infection elicited in the early stages of life 
remains an important mechanism of persistent HBV infection. It is independent of genetic polymorphisms 
in the HLA-DP and -DQ loci. 
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Persistent HBV infection
Chronic persistent HBV infections start with the presence of the hepatitis B e-antigen (HBeAg). During 
the HBeAg-positive immune tolerance phase, the HBV DNA level is high with low levels of liver 
inflammation[25]. Due to some unclear triggering factors, immune clearance of HBV will develop between 
the second and fourth decades of life in East Asians. There is a difference between Africans and East Asians 
regarding the duration of the HBeAg-positive period[26-29]. A rapid clearance of HBeAg before puberty can 
be found in Africans but rarely occurs in East Asians[30,31]. This difference may be associated with variations 
in the HLA-DP and -DQ genotypes[24]. Certain SNPs in HLA-DP and -DQ loci may prolong the HBV 
replication phase in adults of East Asian descent. A high HBV DNA level in parents will increase the risk of 
persistent infection in their offspring (submitted for publication).

HBV genotypes C and D are associated with a more persistent liver necroinflammation[28]. Many immune-
related genes may participate in this immune clearance phase [Figure 1]. Patients either in the HBeAg-
positive or -negative phase who are unable to suppress HBV replication may develop liver cirrhosis due to 
repeated liver inflammation and fibrogenesis.

HBV integration and host interaction
A prolonged HBV replication phase and liver cirrhosis increases the risk of HCC[25]. The mechanism may 
be related to hepatitis Bx proteins[32], increased endoplasmic reticulum stress[9], HBV integration[10,33] and 
inflammation-related chromosome damage.

Figure 1. Summary of hepatitis B virus (HBV) and host interactions. When humans are exposed to HBV, either acute hepatitis with 
subsequent virus clearance or persistent infection may develop. Those who are infected in the early stages of life, and via vertical 
transmission, are prone to progress to persistent infection. HLA-DP and -DQ loci are associated with persistent HBV infection in East 
Asians. Chronic persistent HBV infection starts with the presence of hepatitis B e-antigen (HBeAg), known as the immune tolerance 
stage. In this phase, Africans tend to clear HBeAg before puberty while East Asians tend to clear HBeAg between the second and fourth 
decades of life. About 5% of HBeAg-negative patients still present with active viral replication. Many immune-related genes participate 
in HBV clearance. Inability to effectively clear HBV may result in liver cirrhosis and increased HBV mutations and integrations into 
the human genome. All of these events and some genetic polymorphisms in the host may promote hepatocarcinogenesis. HCC: 
hepatocellular carcinoma 
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Soon after HBV infection, part of the HBV genome can be integrated into the host genome. The 
mechanism of HBV integration is not fully understood. From the in vitro study done using the Na+-
taurocholate co-transporting polypeptide (NTCP) transfected hepatoma cell line, HBV integration can 
be detected randomly in the host genome shortly after infection[33]. This observation implies that HBV 
integration is independent of immune-related inflammation. These HBV integrations are mostly harmless 
but may produce genomic instability. After decades, some of the integrations may become more prominent. 
In the presence of additional factors, such as inflammation, HBV mutations, or environmental carcinogens, 
a segment of the hepatocytes carrying HBV integrations may become clonal and develop into HCC. Several 
integration hot sites, including TERT, KMT2B, DDX11L1, CCNE1, and CCNA2, can be found more 
frequently in HCC than in non-HCC tissues[34], while FN1 is commonly found in non-tumour tissues. A 
prolonged HBeAg phase and high viral load carry a higher frequency of HBV integrations[35]. 

HBV mutants and host interaction
The wild-type HBV genome and its proteins are not directly cytopathic. Host immune responses and 
inflammation are induced to clear HBV during the second to fourth decades of life in East Asians. If the 
HBV immune clearance process is unsuccessful and prolonged, complicated HBV mutations may develop 
and escape immune surveillance. Through repeat necroinflammation, several mutation hot spots in the 
EnhII (C1653T)/BCP(A1762T/G1764A, T1753V)/PC(G1896A) regions were found more frequently in 
HCC[36]. In addition, some of the pre-S/S mutations or truncations may become directly cytopathic and/or 
carcinogenic[37]. 

HLA SNPS IN RELATION TO HBV INFECTION AND HEPATOCARCINOGENESIS
Global allele frequency of HBV-related SNPs in HLA loci
Based on GWAS studies, HLA-DP and -DQ loci are associated with persistent HBV infection. These SNPs 
have been reported quite consistently from different centres in East Asia. 

To understand the global allele frequency of the HBV-related SNPs, we collected data from the 1000 
Genomes Project, with the results listed in Table 1. Although HBsAg prevalence in East Asians is as high as 
in Africans, the two populations did not show similar allele frequencies on these SNPs. In general, the allele 
frequencies of these SNPs are significantly different between East Asians and other global populations. 
Only 5/19 (26.3%) SNPs showed similar allele frequencies between populations from East Asia and Africa 
[Table 1]. Therefore, these HBV-related SNPs in the HLA-DP and -DQ loci may not completely explain the 
high prevalence of HBsAg in Africa. 

We suspect that the evolution of these SNPs may be related to human migration[24]. The Indo-China 
peninsula and southern China are mountainous and forested areas. Such geographic environments are 
associated with a great diversity of microorganisms, insects, plants, and animals. People who can survive 
in this milieu may need some adjustments to their immunity, lest they succumb to a cytokine storm after 
exposure to multiple unfamiliar microorganisms. Because of modified antigen presentation resulting 
from HLA-DP and -DQ loci, immunity may be decreased or separated into several stages to avoid the 
development of cytokine storm. Unfortunately, such immunity may also allow HBV infection to become 
chronic and persistent. HBV clearance is delayed, but clearance may finally occur several decades later. As 
a matter of fact, only a minority of HBsAg carriers die of acute or chronic liver disease, and around half of 
chronic HBsAg carriers clear HBsAg by 80 years of age[7].

Mechanism of persistent HBV infection in HLA-DP and- DQ SNPs
Both rs3077 and rs9277535 were identified by GWAS to be associated with persistent HBV infection in 
Japanese patients[18]. Allele A of rs3077 and rs9277535 are associated with a higher mRNA expression than 
allele G[38]. The prevalence of the A allele is lower in East Asia compared to other geographic areas [Table 1]. 
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Gene SNP Variant Allele
Allele frequency

AFR
n  = 1,322

AMR
n  = 694

EUR
n  = 1,008

SAS
n  = 978

EAS
n  = 1,008

P  value
AFR vs . EAS

LOC107987449/
LOC107987459

rs9272105 Intron G 0.417 0.467 0.535 0.447 0.575 NS

HLADQA2-DQB1 rs9275319 Intergenic G 0.113 0.290 0.163 0.091 0.135 NS
HLADQA2-DQB1 rs2856718 Intergenic T 0.359 0.38 0.351 0.508 0.528 < 0.001
HLADQA2-DQB1 rs9275572 Intergenic A 0.399 0.314 0.4 0.281 0.254 < 0.001
HLA-DQA2 rs9276370 2KB Upstream G 0.711 0.367 0.408 0.215 0.159 < 0.001
HLA-DQB2 rs7756516 3 Prime UTR C 0.631 0.432 0.468 0.335 0.194 < 0.001
HLA-DQB2 rs7453920 Intron A 0.305 0.274 0.384 0.192 0.127 < 0.001
HLA-DPA1 rs3077 3 Prime UTR A 0.419 0.716 0.811 0.633 0.320 < 0.001
HLA-DPA1 rs9277341 Intron T 0.257 0.597 0.682 0.41 0.165 < 0.001
HLA-DPA1/HLA-DPB1 rs3135021 Intron A 0.356 0.421 0.279 0.435 0.255 < 0.001
HLA-DPB1 rs9277535 3 Prime UTR G 0.191 0.288 0.271 0.297 0.612 < 0.001
HLA-DPB1 rs9277542 3 Prime UTR T 0.402 0.669 0.686 0.634 0.38 NS
HLA-DPB1 rs10484569 Downstream A 0.048 0.036 0.04 0.025 0.39 < 0.001
HLA-DPA2 (Pseudogene) rs3128917 Downstream HLADPB1 G 0.511 0.265 0.271 0.281 0.535 NS
HLA-DPA2 (Pseudogene) rs2281388 Downstream HLADPB1 A 0.002 0.017 0.024 0.024 0.378 < 0.001
HLA-DPA2 (Pseudogene) rs3117222 Downstream HLADPB1 T 0.509 0.264 0.271 0.28 0.537 NS
HLA-DPB2 (Pseudogene) rs9380343 2KB Upstream T 0.048 0.032 0.043 0.028 0.394 < 0.001
LOC105375021 rs9366816 Intron C 0.157 0.375 0.231 0.177 0.46 < 0.001

Table 1. Allele frequency differences between African and East Asian regions on HBV-related SNPs at HLA regions

AFR: African; AMR: American; EUR: European; SAS: South Asian; EAS: East Asian; UTR: un-transcript region; SNP: single nucleotide 
polymorphism; HLA: human leukocyte antigen; NS: no significance 

This may suggest that the antigen presentation and immune response of Allele G are weaker than those of 
Allele A. Such behaviours may favour a persistent HBV infection.

The SNP rs7756516 in HLA-DQB2 was associated with persistent HBV infection[23]. We checked potential 
mRNA binding using the SegalLab tool (http://genie.weizmann.ac.il/pubs/mir07/mir07_prediction.
html) and found that microRNA-550 may bind to the G allele of this SNP. The binding of miR-RNA-550 
decreased mRNA stability, a potential reason why the mRNA level is low and weak function of antigen 
presentation. The allele frequency of the G allele is 0.806 in East Asians [Table 1], which is much higher 
than in other areas worldwide (0.369-0.665).

HBV-related SNPs in the HLA region among East Asians
The human migration theory was based on a geographic block on the Indo-China peninsula. After crossing 
this region, the ancestors of East Asians spread to Northern China, Korea, and Japan. 

Northern China is generally a grassland and is associated with a lower prevalence of HBsAg than southern 
China[16]. With this in mind, we examined the allele frequencies in East Asian populations. We proposed 
that a lower HBsAg prevalence in northeast Asia could be related to genetic polymorphisms. 

The allele frequencies of HBV-related SNPs in East Asia were obtained from the 1000 Genomes Project 
[Table 2]. A zone in the HLA-DP and -DQ regions showed a trend of allele frequency changes according to 
HBsAg prevalence and geographic location. On the other hand, background genetics may explain a lower 
prevalence of HBsAg in North versus Southeast Asians. This observation may be due to the race differences 
between North- and Southeast Asia. While plausible, such trends were not found in pseudogene regions 
[Table 2]. We therefore suggest that only active genes participated in the environmental evolution or 
adaptation. This is additional evidence that supports the role of geographic blocks in the evolution of HBV-
related SNPs in HLA regions. 
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Gene SNP Allele JPT
n  = 208

CHB
n  = 206

CHS
n  = 210

KHV
n  = 198

CDX
n  = 186

P  value
X 2 for trend

HLADQA1-DRB1 rs9272105 A 0.404 0.471 0.49 0.586 0.371 NS
HLADQA2-DQB1 rs9275319 G 0.269 0.141 0.105 0.076 0.075 < 0.0000001
HLA-DQB1 rs2856718 T 0.452 0.519 0.605 0.424 0.645 0.01035
HLA-DQA2/HLA-DQB1 rs9275572 A 0.341 0.311 0.214 0.232 0.161 6.133E-06
HLA-DQA2 rs9276370 G 0.221 0.228 0.09 0.152 0.097 0.00005987
HLA-DQB2 rs7756516 C 0.346 0.248 0.09 0.172 0.108 0.001622
HLA-DQB2 rs7453920 A 0.207 0.189 0.071 0.101 0.059 2.09E-07
HLA-DPA1 rs3077 A 0.413 0.379 0.271 0.303 0.226 0.00001509
HLA-DPA1 rs9277341 T 0.111 0.228 0.129 0.222 0.134 NS
HLA-DPA1/HLA-DPB1 rs3135021 A 0.409 0.301 0.214 0.182 0.156 < 0.0000001
HLA-DPB1 rs9277535 G 0.558 0.539 0.614 0.722 0.634 0.001622
HLA-DPB1 rs9277542 T 0.442 0.461 0.39 0.242 0.355 0.0002659
HLA-DPB1 rs10484569 A 0.375 0.374 0.386 0.394 0.425 0.000229
HLA-DPA2 (Pseudogene) rs3128917 G 0.553 0.461 0.519 0.606 0.538 NS
HLA-DPA2 (Pseudogene) rs2281388 A 0.365 0.335 0.371 0.399 0.425 NS
HLA-DPA2 (Pseudogene) rs3117222 T 0.558 0.461 0.519 0.606 0.543 NS
HLA-DPB2 (Pseudogene) rs9380343 T 0.375 0.379 0.39 0.394 0.435 NS
LOC105375021 rs9366816 C 0.466 0.481 0.429 0.439 0.489 NS

Table 2. Allele frequency trends among east Asian regions according to geographic location on HBV-related SNPs in HLA 
regions 

JPT: Japanese in Tokyo, Japan; CHB: Han Chinese in Beijing, China; CHS: Southern Han Chinese; KHV: Kinh in Ho Chi Minh City, 
Vietnam; CDX: Chinese Dai in Xishuangbanna, China; SNP: single nucleotide polymorphism; HLA: human leukocyte antigen; HBV: 
hepatitis B virus; NS: no significance

Hepatocarcinogenesis in HLA loci
Hepatocarcinogenesis is a multifactorial process. There is strong evidence for the role of genetics in persistent 
HBV infections. However, controversy exists over genetic reports on HBV-related hepatocarcinogenesis. 
When we examined the global incidence of HBV-related HCC, a higher incidence of HCC could be found 
in West Africa versus East Africa. Based on this trend, we examined the allele frequency distribution of 
the reported SNPs and correlated these with HCC incidence in different geographic regions in Africa. One 
should be notice that the mechanism of hepatocarcinogenesis can be diverse among regions. For example, 
aflatoxin or other environmental factors may be important in Africans[39]. On the other hand, a long active 
HBV replication phase is the key factor in East Asians[26-29].

In HLA HBV-related SNPs, five SNPs (rs2856718, rs9275572, rs3077 and rs9277341) showed a trend of 
West-to-East allele frequencies change in Africans (P < 0.00001; Table 3). These SNPs were mainly located 
in HLA-DQ and HLA DPA1 regions; the distribution of these HCC-related SNPs in HLA regions was 
similar to that observed in persistent HBV infection [Table 2]. All of these SNPs, except rs9277341, were 
reported to be associated with a greater risk of HCC. The rs9277341 allele had a significant difference in 
frequency between West and East (P < 10-7), but no study had examined its effect on the risk of developing 
HCC. Further studies regarding this may be needed. The mechanism of hepatocarcinogenesis is probably 
related to persistent HBV replication and repeated liver necroinflammation.

Non-HLA SNPs in relation to HBV infection and hepatocarcinogenesis
Many SNPs in non-HLA loci were also reported to be associated with HBV infection and/or 
hepatocarcinogenesis. The associations with HBV infection reported in non-HLA SNPs were generally 
weaker than those in HLA regions. However, many SNPs related to HBV persistence or carcinogenesis 
could not be replicated in other studies. This is at least in part due to the different genetic backgrounds 
across study populations. We saw significant allele frequency differences between Africans and East Asians. 
Only 2/20 (10%) SNPs showed a similar allele frequency between the two populations [Table 4].
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Table 3. Allele frequency trends among African regions according to geographic location on HBV-related SNPs in HLA 
regions 

Table 4. Allele frequency differences between African and East Asian regions in HBV-related SNPs at non-HLA regions

Gene SNP Allele GWD
n  = 226

MSL
n  = 170

YRI
n  = 216

ESN
n  = 198

LWK
n  = 198

P  value
X 2 for trend

HLADQA1-DRB1 rs9272105 G 0.367 0.329 0.394 0.535 0.384 NS
HLADQA2-DQB1 rs9275319 G 0.111 0.235 0.106 0.061 0.091 0.008894
HLA-DQB1 rs2856718 T 0.482 0.371 0.343 0.354 0.288 8.64E-05
HLA-DQA2/HLA-DQB1 rs9275572 A 0.204 0.412 0.472 0.449 0.449 1.95E-07
HLA-DQA2 rs9276370 G 0.743 0.812 0.722 0.742 0.631 0.004733
HLA-DQB2 rs7756516 C 0.588 0.659 0.713 0.662 0.530 NS
HLA-DQB2 rs7453920 A 0.296 0.324 0.282 0.323 0.283 NS
HLA-DPA1 rs3077 A 0.358 0.318 0.264 0.46 0.561 1.26E-06
HLA-DPA1 rs9277341 T 0.15 0.182 0.185 0.268 0.399 < 0.0000001
HLA-DPA1/HLA-DPB1 rs3135021 A 0.403 0.353 0.25 0.328 0.434 NS
HLA-DPB1 rs9277535 G 0.173 0.188 0.116 0.212 0.212 NS
HLA-DPB1 rs9277542 T 0.403 0.312 0.292 0.414 0.48 NS
HLA-DPB1 rs10484569 A 0.018 0.018 0.037 0.086 0.061 0.000635
HLA-DPA2 (Pseudogene) rs3128917 G 0.491 0.571 0.648 0.505 0.46 NS
HLA-DPA2 (Pseudogene) rs2281388 A 0 0 0 0 0 NS
HLA-DPA2 (Pseudogene) rs3117222 T 0.491 0.571 0.648 0.495 0.46 NS
HLA-DPB2 (Pseudogene) rs9380343 T 0.08 0.082 0.009 0.03 0.02 0.000223
LOC105375021 rs9366816 C 0.159 0.135 0.088 0.197 0.192 NS

GWD: Gambian in Western Divisions in the Gambia; MSL: Mende in Sierra Leone; YRI: Yoruba in Ibadan, Nigeria; ESN: Esan in Nigeria; 
LWK: Luhya in Webuye, Kenya; SNP: single nucleotide polymorphism; HLA: human leukocyte antigen; HBV: hepatitis B virus; NS: no 
significance

AFR: African; AMR: American; EUR: European; SAS: South Asian; EAS: East Asian; UTR: un-transcript region; NCT: non-coding 
transcript; SNP: single nucleotide polymorphism; HLA: human leukocyte antigen; HBV: hepatitis B virus; NS: no significance

Position Gene SNP Variant Allele AFR AMR EUR SAS EAS AFR vs . EAS
1:10325413 KIF1 rs17401966 Intron G 0.057 0.32 0.309 0.272 0.288 < 0.001
2:112774138 IL-1A/MIR-122; DELINS rs16347 Indel 3 prime UTR TGAA 0.195 0.477 0.322 0.286 0.704 < 0.001
2:112836810 IL-10 rs1800872 5 prime UTR G 0.564 0.667 0.76 0.542 0.324 < 0.001
2:191099907 STAT4 rs7574865 Intron T 0.116 0.362 0.23 0.30 0.347 < 0.001
2:203867624 CTLA4 rs5742909 Upstream T 0.003 0.063 0.084 0.029 0.097 < 0.001
2:203867991 CTLA4 rs231775 Missense A 0.612 0.537 0.641 0.69 0.363 < 0.001
2:211380366-7 ERBB4 rs6147150 Indel 3 prime UTR TG 0.591 0.365 0.399 0.244 0.284 < 0.001
3:157429779 VEPH1 rs2120243 intron A 0.332 0.308 0.43 0.327 0.348 NS
4:186082920 TLR-3 rs3775291 Missense T 0.026 0.305 0.324 0.263 0.328 < 0.001
6:31162816 CTF19 rs1419881 3 Prime UTR G 0.363 0.496 0.547 0.55 0.433 < 0.001
6:31398818 MICA-AS1/MICA rs2596542 Intron/Upstream T 0.541 0.519 0.396 0.369 0.275 < 0.001
6:31575254 TNFa rs1800629 Upstream A 0.12 0.069 0.134 0.053 0.059 < 0.001
6:31575324 TNFa rs361525 Upstream A 0.038 0.082 0.064 0.105 0.031 NS
7:100103553 AP4M1/MCM7/MIR-106b rs999885 Intron/Upstream G 0.78 0.411 0.472 0.34 0.192 < 0.001
11:86921775 PRSS23/LOC107984428 rs1048338 intron/NCT C 0.3 0.254 0.14 0.303 0.397 < 0.001
11:112164265 IL-18 rs187238 2KB Upstream G 0.20 0.314 0.278 0.184 0.121 < 0.001
13:32014688 GRIK1 rs455804 Intron A 0.416 0.228 0.236 0.195 0.313 < 0.001
14:69778476 NTCP rs2296651 Missense A 0.000 0.000 0.000 0.000 0.071 < 0.001
14:69796098 NTCP rs4646287 Intron T 0.001 0 0 0.018 0.101 < 0.001
18:5900774 TMEM200C rs2212522 2KB Upstream T 0.586 0.344 0.232 0.41 0.502 < 0.001

HBV-related SNPs in the non-HLA region among East Asians
Most of the persistent HBV infection-related SNPs in non-HLA regions were reported in East Asia. We 
examined whether these SNPs also showed geographical differences in allele frequencies between Northern 
and Southern regions. We found that only 2 of 20 (10%) SNPs showed significant North-to-South allele 
frequency trend in East Asians [Table 5]. Among these, NTCP, a functional receptor of hepatitis B[40], 
showed the highest trend (P = 2.23 × 10-6). 
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The T allele of rs2296651 is a missense mutation[41] and is found only in East Asians [Table 4]. There is a 
higher T-allele frequency in Southern East Asia (0.111-0.118) than in Northern East Asia (0.024-0.029) 
[Table 5]. However, the T allele is known to protect against persistent HBV infection. A higher T-allele 
frequency in a region with a high prevalence of HBsAg requires an explanation. We propose that the 
T allele is an evolutionary mechanism to defend against persistent HBV infection in the presence of a 
weakened antigen presentation system.

The rs1419881 in transcription factor 19 (CTF19) shows significant allele frequency differences between 
the Northern and Southern regions (P = 1.08 × 10-5 Table 5). This GWAS-identified SNP was found to 
be associated with persistent HBV infection in Korea[21]. This SNP was validated in China but was not 
associated with persistent HBV infection in the Thai population[42]. The G allele is the risk-associated allele, 
which showed a higher frequency in Japanese people in Tokyo, Japan (JPT; 0.5) than in Chinese Dai people 
in Xishuangbanna, China (CDX; 0.29). This association was inversely related to HBsAg prevalence [Table 5]. 
CTF19 mainly plays a role in the transcription of genes required in the later stages of cell cycle progression. 
Its mechanism in persistent HBV infection is unclear. Whether it is also similar to NTCP, which is 
associated with an increased defensive response in people living in regions with a high HBsAg prevalence, 
will require future studies.

Hepatocarcinogenesis in non-HLA loci
The major histocompatibility complex class I-related chain A (MICA) was reported to be associated with 
HCV-related HCC[43]. In non-HLA HBV-related SNPs, only rs2596542 in MICA showed a significant 
trend (P = 0.00011; Table 6). Its C allele frequency is lower in West Africa than in East Africa. The C allele 
is protective against hepatocarcinogenesis, whereas the T allele is a risk factor[44]. These findings correlate 
with a higher incidence of HCC in West than in East Africa. The MICA molecule is a ligand of the natural 
killing group 2 member D molecule, which is involved in nature killer cell function. Some of the tumour 
cell may relieve soluble MICA molecules to block immune surveillance[45,46]. 

Gene SNP Allele JPT CHB CHS KHV CDX P  value
X 2 for trend

KIF1 rs17401966 G 0.293 0.286 0.367 0.273 0.21 NS
IL-1A/MIR-122; DELINS rs16347 TGAA 0.726 0.631 0.729 0.747 0.688 NS
IL-10 rs1800872 G 0.361 0.257 0.314 0.343 0.349 NS
STAT4 rs7574865 T 0.327 0.354 0.352 0.354 0.349 NS
CTLA4 rs5742909 T 0.096 0.117 0.114 0.086 0.07 NS
CTLA4 rs231775 A 0.375 0.311 0.343 0.338 0.457 NS
ERBB4 rs6147150 TG 0.226 0.252 0.286 0.323 0.339 0.003133
VEPH1 rs2120243 A 0.274 0.335 0.376 0.354 0.409 0.007567
TLR-3 rs3775291 T 0.293 0.291 0.329 0.389 0.344 0.05213
CTF19 rs1419881 G 0.5 0.495 0.448 0.414 0.29 1.08E-05
MICA-AS1/MICA rs2596542 C 0.332 0.272 0.229 0.308 0.231 NS
TNFa rs1800629 A 0.019 0.092 0.057 0.056 0.07 NS
TNFa rs361525 A 0.014 0.034 0.038 0.056 0.011 NS
AP4M1/MCM7/MIR-106b rs999885 G 0.168 0.184 0.19 0.197 0.226 NS
RSS23/LOC107984428 rs1048338 C 0.399 0.456 0.333 0.389 0.409 NS
IL-18 rs187238 G 0.159 0.083 0.114 0.116 0.134 NS
GRIK1 rs455804 A 0.216 0.345 0.343 0.298 0.371 0.01208
NTCP rs2296651 A 0.024 0.029 0.081 0.111 0.118 2.23E-06
NTCP rs4646287 T 0.154 0.102 0.071 0.086 0.091 0.035
TMEM200C rs2212522 T 0.433 0.519 0.5 0.515 0.548 0.04036

Table 5. Allele frequency trends among east Asian regions according to geographic location on HBV-related SNPs in non-
HLA regions

JPT: Japanese in Tokyo, Japan; CHB: Han Chinese in Beijing, China; CHS: Southern Han Chinese; KHV: Kinh in Ho Chi Minh City, 
Vietnam; CDX: Chinese Dai in Xishuangbanna, China; SNP: single nucleotide polymorphism; HLA: human leukocyte antigen; HBV: 
hepatitis B virus; NS: no significance
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The rest of non-HLA-related SNPs show weak or absent West-to-East allele frequency trend. This also 
confirms a low power of hepatocarcinogenesis in each HBV-related SNP. 

The rs17401966 SNP in Kinesin Family Member 1B is a tumour suppressor gene. It has been identified 
by GWAS to be associated with HCC[47], although there is some controversy in the subsequent validation 
studies. A meta-analysis has revealed that the G allele is a protective allele in the Chinese population[48]. 
This G allele shows a higher prevalence in East Asia than in Africa (0.288 vs. 0.057, P < 0.001; Table 4). It is 
interesting to find that there is a trend of a higher G allele frequency in the Luhya people in Webuye, Kenya 
(LWK), east Africa, than in the Gambian people in Western Divisions in the Gambia (GWD), West Africa 
(0.096 vs. 0.04, P = 0.009852; Table 6). This is compatible with a lower incidence of HCC in East Africa 
versus in West Africa. 

STATs pathway and associated cytokines play roles on hepatitis clearance and fibrogenesis[49,50]. The 
rs7574865 SNP in signal transducer and activator of transcription 4 (STAT4) is related to persistent HBV 
infection and HCC. The T allele shows a lower prevalence in HCC than in chronic hepatitis B[51]. There is a 
weak East-to-West T-allele frequency trend in Africa (0.131 in LWK and 0.071 in GWD; P = 0.05561; Table 6). 
However, the higher incidence of HCC in lower T-allele frequency areas supports the conclusion made by 
the meta-analysis. 

The SNP rs16347 in the 3’-untranslated regions of interleukin-1alpha (IL-1A) carries a miRNA-122 
binding site. A variant with a TGAA insertion decreases miRNA-122 binding and increases IL-1A mRNA 
expression[52]. The prevalence of this insertion variant is low in Southern Chinese patients with HCC. 
However, another study from China has not shown this result but instead associates the insertion variant 
with HBV genome mutants[53]. When we looked at the allele frequency in Africa, the TGAA insertion 
variant was lower in West Africa than in East Africa. This allele frequency correlated with the lower 

Table 6. Allele frequency trends among African regions according to geographic location on HBV-related SNPs in non-HLA 
regions

Gene SNP Allele GWD MSL YRI ESN LWK P  value
X 2 for trend

KIF1 rs17401966 G 0.04 0.035 0.037 0.051 0.096 0.009852
IL-1A/MIR-122; DELINS rs16347 TGAA 0.15 0.159 0.204 0.202 0.263 0.002744
IL-10 rs1800872 G 0.527 0.524 0.532 0.551 0.606 NS
STAT4 rs7574865 T 0.071 0.129 0.125 0.131 0.131 0.05661
CTLA4 rs231775 A 0.593 0.706 0.648 0.616 0.52 0.05029
ERBB4 rs6147150 TG 0.659 0.594 0.588 0.505 0.641 NS
VEPH1 rs2120243 A 0.296 0.335 0.343 0.364 0.293 NS
TLR-3 rs3775291 T 0.018 0.012 0.009 0.005 0.035 NS
CTF19 rs1419881 G 0.429 0.347 0.361 0.288 0.379 NS
MICA-AS1/MICA rs2596542 C 0.429 0.565 0.491 0.657 0.586 0.00011
TNFa rs1800629 A 0.142 0.159 0.102 0.126 0.086 0.05056
TNFa rs361525 A 0.084 0.047 0.005 0.01 0.061 0.04351
HLADQA1-DRB1 rs9272105 G 0.062 0.129 0.199 0.253 0.242 < 0.0000001
HLADQA2-DQB1 rs9275319 G 0.111 0.235 0.106 0.061 0.091 0.008894
AP4M1/MCM7/MIR-106b rs999885 G 0.752 0.835 0.755 0.813 0.838 0.07368
PRSS23/LOC107984428 rs1048338 C 0.412 0.3 0.259 0.273 0.273 0.001384
IL-18 rs187238 G 0.248 0.166 0.204 0.207 0.162 0.006079
GRIK1 rs455805 A 0.358 0.382 0.472 0.49 0.399 0.08
NTCP rs4646287 T 0.0 0.0 0.0 0.0 0.005 NS
TMEM200C rs2212522 T 0.615 0.671 0.528 0.581 0.581 NS

GWD: Gambian in Western Divisions in the Gambia; MSL: Mende in Sierra Leone; YRI: Yoruba in Ibadan, Nigeria; ESN: Esan in Nigeria; 
LWK: Luhya in Webuye, Kenya; SNP: single nucleotide polymorphism; HLA: human leukocyte antigen; HBV: hepatitis B virus; NS: no 
significance
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incidence of HCC in East Africa than in West Africa [Table 6]. It should be noted that the function of 
miRNA-122 is complicated and that the frequency of this insertion variant in East Asians (0.704) is much 
higher than in Africans (0.199; Table 4). If this SNP is associated with HCC, then it will have a significant 
impact in East Asians.

Rs187238 is located upstream of interleukin-18 (IL-18) (-148 G>C). The G allele induces increased IL-18 
mRNA expression compared to the C allele[54]. The frequency of the G allele is lower in HCC cases than 
in non-HCC cases. This implies that those with a stronger immunity may be able to control HBV and 
hepatocarcinogenesis. However, a follow-up study did not validate the allele differences between HCC and 
non-HCC5 cases[55]. In this review, the G-allele frequency was higher in West than in East Africa (0.248 to 
0.152; Table 6), contradicting the higher incidence of HCC in West Africa. The incident epidemiology does 
not support rs187238 playing a role in hepatocarcinogenesis in Africans. This does not necessarily provide 
evidence against the association of this SNP with hepatocarcinogenesis in East Asians. Termination of HBV 
replication is more important in East Asians than in Africans.

Rs1048338 in PRSS23 has been identified by GWAS to be associated with HCC in China[56]. However, 
no other report has validated this observation. A trend of a higher C allele frequency in West compared 
to East Africa (0.412 to 0.273, P = 0.001384; Table 6) has also been observed. This finding is not against 
the association rs1048338 with hepatocarcinogenesis. However, more studies are needed to confirm its 
association with HBV-related HCC.

CONCLUSION
We confirm that there are significant differences in genetic background between Africa and East Asia. By 
correlating genetic backgrounds with clinical epidemiology, we have found that the allele frequency of 
HLA-DQ and -DP loci do explain a higher prevalence of HBsAg in Southeastern compared to Northeastern 
Asia. Some of these SNPs also showed West-to-East changes in allele frequency in Africa and are correlated 
with HCC incidence. For the non-HLA loci, SNPs in NTCP and CTF19 showed allele frequency trends 
from North-to-South in East Asians, supporting their association with fighting in persistent HBV infection. 
There is a strong correlation between allele frequency and HCC incidence on SNPs located in MICA 
and weak positive correlations in KIF1, STAT4, and IL1A. The studies concerning genetic factors and 
hepatocarcinogenesis are difficult since multiple factors are involved and different genetic backgrounds 
exist among the study populations.
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Abstract
Since the Milan Criteria (MC) were adopted in many countries as the allocation policy criteria for patients with 
hepatocellular carcinoma to be transplanted, many groups started to expand it to provide a chance for patients 
with tumors outside the MC who could achieve similar survival rates. With the scarcity of deceased donors, 
Asian countries improved the results with living donor liver transplantation, allowing patients outside MC to be 
transplanted with a living donor. Newer prognostic models and a more profound understanding of tumor behavior 
are targeting better patient selection. Currently, patients are unevenly selected for liver transplantation and mostly 
separated into those fulfilling the MC and transplanted with a deceased donor and those with expanded criteria 
and transplanted with a living donor. In this paper, insight is brought into this debate.

Keywords: Living donor, hepatocellular carcinoma, alpha-fetoprotein

Liver transplantation (LT) is considered a curative treatment for patients with hepatocellular carcinoma 
(HCC) not amenable to surgical resection or ablative curative therapies. HCC was the indication for LT in 
20.4% of the recipients in the USA in 2018[1], 14.4% in Europe[2] and 7.6% and 19% for patients transplanted 
with deceased donors and living donors, respectively, in Japan[2].

To provide a real chance for these patients to be transplanted with a deceased donor, exception points 
(outside the MELD score) have been given all over the world. However, in countries with organ shortage, 
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living donor liver transplantation (LDLT) has progressively expanded as the best alternative for such 
patients. In Asian countries, it is the most prevalent form of LT - 95% of LT in Japan[2] as opposed to 4.4% in 
the USA[1], with excellent outcomes in both recipients and donors[3,4]. Certainly, donor safety is an ongoing 
concern, as a healthy individual will undergo a major surgical procedure. However, current morbidity and 
mortality rates following living liver donation have been reported to be 15%-25% and 0.5%, respectively[5]. 
Driven by these results, the indications for LDLT in HCC patients were gradually expanded. The premise 
was that the survival benefit potentially achieved for those patients, within these expanded criteria, would 
not compromise the liver transplant allocation policy.

The inclusion criteria for HCC patients has dominated the scientific debate in the last years. Decades ago, 
the results from Mazzafero’s group helped establish criteria to indicate LT for patients with HCC. The 
so-called Milan Criteria (MC) (single tumor ≤ 5 cm, or less than 3 tumors ≤ 3 cm without major vessel 
involvement) reported a post-LT 4-year survival of 75% for patients meeting these criteria[6]. This expected 
survival was comparable to that of patients transplanted for other indications, justifying organ allocation 
for patients with HCC.

However, several centers around the world considered the MC to be too strict, possibly excluding patients 
that still could benefit from LT. The University of California San Francisco expanded the criteria to a single 
nodule with a maximum diameter of 65 mm, or two or three tumors, each with a maximum diameter of 
45 mm, and a sum tumor diameter ≤ 80 mm, with a 5-year survival rate of 75%[7]. Also achieving a similar 
survival (71.2%), came the up-to-seven criteria [the total of the size of the largest tumor (in cm) and the 
number of tumors no larger than 7][8], among others[9].

According to cultural and religious particularities, deceased donor liver transplantation (DDLT) is 
precluded, or rarely performed in some Eastern countries. In that scenario, centers developed criteria to 
indicate LDLT for HCC patients. Tokyo has implemented the 5-5 rule (up to five nodules with a maximum 
diameter of 5 cm), with an overall 5-years survival rate of 75%[10]. The South Korea criteria expanded the 
Tokyo criteria to 6 nodules, with a 5-year survival rate of 76.3%[3]. Choi et al.[11] expanded the criteria for 
LDLT even more (up to seven tumors with the greatest diameter ≤ 70 mm) reporting a 5-year survival rate 
of 72%.

Going further, it did not seem logical to restrict the indications only to size and number of nodules without 
considering the biological behavior of the tumor. Alpha-fetoprotein (AFP) level was included in a couple 
of studies, with different cutoff values - less than 400 ng/mL, or less than 1000 ng/mL - and were associated 
with tumor number or diameter[12]. Shimamura et al.[10] included AFP levels to select patients for LDLT, 
calling the 5-5-500 criteria (tumor size ≤ 5 cm diameter, ≤ 5 nodules, AFP ≤ 500 ng/mL), and achieved a 
5-year recurrence-free survival of 90%.

Other markers are recently being included, such as des-gamma-carboxy prothrombin (DCP), also called 
protein induced by vitamin K absence or antagonist II. This marker was also associated with the presence 
of microvascular invasion[3]. DCP measurement was included in the Kyoto group LDLT criteria (the 
number of HCC nodules up to ten in addition to the largest diameter ≤ 5 cm and serum DCP level ≤ 
400 mAU/mL). The 5-year disease-free and overall survival rates were 93 and 82%, respectively[13]. In the 
same direction, Taketomi et al.[14] included all HCCs with a diameter of ≤ 5 cm and DCP < 300 mAU/mL, 
achieving a 5-year recurrence-free survival rate of 80%. Both Hangzhou and Toronto groups included the 
HCC biopsy result in their selection criteria[12]. 

The MoRAL score was developed in Korea to predict HCC recurrence after LDLT, and includes serum 
tumor markers, AFP and DCP. The MoRAL score has a high predictive power for tumor recurrence in 
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patients transplanted with LDLT outside MC (c-statistic = 0.8). In fact, patients within MC and with high 
MoRAL scores had higher recurrence rates than patients outside MC and with a low MoRAL score[3]. 
When compared to other existent scores, it had the best performance in predicting tumor recurrence after 
LDLT. However, it is important to state that 70%-80% of HCC patients have hepatitis B virus infection in 
South Korea, so it is difficult to expand these results to Western countries, where hepatitis C dominates 
the etiologies for HCC and where most of the transplants are with deceased donors. It would be important 
to validate this model in the West, and for DDLT, to aid in the identification of highly selected patients 
beyond MC, who are at a low risk of tumor recurrence[15].

To predict the risk of death after LT for HCC with DDLT, Mazzafero’s group developed the Metroticket 2.0 
score. They concluded that to achieve a 5-year survival of 70%, AFP levels should be below 200 ng/mL, and 
the sum of number and size (in cm) of tumors should not exceed 7. These values change according to the 
AFP levels, and the prediction of survival after LT for HCC can be calculated online[8].

The role of studying tumor biology (biopsy, tumor markers, tumor behavior) and the presence of 
microvascular invasion, which is a surrogate marker of worse survival[4], could help in patient selection, 
selecting those patients with less aggressive tumors[16]. This approach could expand safely the indications 
for LT, keeping the expected 5-year survival above 70%[3,8].

In contrast to DDLT, recipient selection for LDLT is not limited by organ allocation systems. When the 
first results after LDLT for HCC were published, recurrence rates were higher than with DDLT. Several 
concerns were raised about the influence of liver regeneration and suboptimal oncological resection in 
LDLT, suggesting that it could affect recurrence[17].

Recently, Zhang et al.[18] conducted a meta-analysis comparing recurrence of HCC in patients transplanted 
with liver from living or deceased donors and found a higher recurrence rate of HCC in patients submitted 
to LDLT (HR 1.5). In the selected studies, 5-year recurrence-free survival in DDLT patients was between 
42% and 100%, and with living donors between 61.6% and 89%. Waiting time was shorter for LDLT in the 
majority of the studies, which may be responsible for the higher recurrence rate in LDLT, speculating that 
patients with biologically higher risk tumors were selected. Selecting patients with a more aggressive tumor 
biology for LDLT, an effect of a shorter waiting list time and also expanding the criteria for LDLT are also 
factors that could have an influence on the reported higher recurrence rates in those patients.

Goldaracena et al.[19] tried to answer the question regarding the observed higher recurrence rates in patients 
transplanted using living donors and conducted an intention to treat analysis. The patients were analyzed 
according to their inclusion status in the transplant list, as a potential LDLT (pLDLT) or potential DDLT 
(pDDLT). Patients were included if they fulfilled the Extended Toronto Criteria - total tumor volume ≤ 115 m3 
and AFP ≤ 400 ng/mL, no macrovascular invasion and no extrahepatic disease. The waiting list time was 
significantly shorter for patients listed as pLDLT, with better 5-year survival rates (68% vs. 57%). In the 
multivariate regression analysis, having a living donor available was a protective factor against death (HR 
0.67). The survival benefit appeared to be predominantly in patients whose tumors fulfilled the MC: 70% 
in the pLDLT group and 53% in the pDDLT group. Among patients beyond MC, 5-year survival rates were 
62% for those outside MC in both groups. For those patients actually transplanted with a living donor, 
5-year recurrence-free survival rates were 80% vs. 72% for those actually transplanted with a deceased 
donor.

Results are still conflicting, but HCC recurrence and post-LT survival appear to correlate with biological 
tumor behavior and patient selection rather than if the patient was transplanted with a living or deceased 
donor. Reports from Eastern countries[3,9,13], where the majority of patients are transplanted with living 
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donors and with expanded criteria, show excellent disease-free and overall survivals. Even in the West, 
where there is a predominance of DDLT, the study by Goldaracena et al.[19] showed that having a living 
donor available had a protective effect, even if in the end, the patient is transplanted with a deceased donor.

As already stated, outcomes in LDLT for HCC can be affected by several factors, including time to 
transplant, the possibility to perform the transplant in expanded criteria patients, and the possibility of the 
liver regeneration adversely affecting tumor growth[20].

Because of the limited number of deceased donors particularly in Asian countries, patients beyond MC 
were rarely submitted to DDLT. In the West, however, expanding LDLT can provide an alternative to 
DDLT, allowing many centers to indicate LT for patients beyond MC. Currently, organ allocation systems 
provide exception points for patients with early HCC, with favorable prognosis. As for recipients from 
living donors, organ availability is driven by the living donor. In that case, usually the transplant happens 
when the donor is ready, shortening the waiting time, allowing patients with more aggressive tumors to be 
transplanted. We are dealing with uneven criteria to indicate LT for HCC, defining these criteria not only 
on the basis of individual patient prognosis but by the fact of whether there is a living donor available.

If one looks at the results from more than a decade ago, it would be reasonable to address different selection 
criteria for patients undergoing DDLT or LDLDT. However, on the basis of recent research and a better 
understanding of tumor behavior, the discussion should be “how do we adequately select HCC patients for 
LT?”, rather than to which transplant modality will the patient be submitted (LDLT, DDLT, Split Liver or 
Domino Transplantation).

Future directions are pointing to better patient selection - looking deeper into tumor biological behavior 
and addressing the presence of microvascular invasion, and not indicating LT to patients with aggressive 
tumors with a worse prognosis. It is urgent to validate existing models that predict survival in LDLT 
and DDLT, such as the MoRAL Score[3], including such criteria in the organ allocation policy, currently 
restricted in many countries to the MC of 1996[6]. The practice reported by the Toronto group[19], having the 
same criteria to indicate LT on the basis of patient prognosis, irrespectively if the patient will be assigned a 
living or deceased donor, follows the principle of equality. After being included in the waiting list, if there 
is a living donor available, the better it is for the patient and for the donor pool. If such a policy could 
be embraced by Western countries, perhaps LDLT in the West could reach comparable results as those 
achieved by our Asian fellows.
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Abstract
Liver transplantation (LT) is the treatment of choice for patients with hepatocellular carcinoma (HCC) and 
underlying liver disease. Given the organ scarcity, LT for patients with HCC have been restricted to those patients 
associated with the highest survivals. However, many patients with extended criteria HCC can still benefit from 
LT, but due to deceased organ shortage, they are not offered that opportunity. Living donor liver transplantation 
(LDLT) emerged as a successful strategy to overcome organ shortage around the world and as LDLT experience 
grows, this technique might offer the opportunity to expand the indications of LT to patients with advanced HCC. 
Therefore, since LDLT is not competing for deceased donor organs, many patients with extended criteria HCC who 
could still benefit from transplantation may have access to this treatment option. In this review, we will discuss 
the role of LDLT for patients with advanced-stage HCC and how LDLT allows for safe expansion of HCC transplant 
criteria.

Keywords: Living donor liver transplantation, hepatocellular carcinoma, liver transplantation, transplant oncology, 
clinical outcomes

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading cause of death worldwide and the most common 
primary liver cancer[1,2]. Resection provides the best treatment option for disease confined to the liver. 
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However, the approach and final treatment depends on tumor size, number of tumors and their location, as 
well as liver function and performance status. Liver transplantation (LT) has the advantage of removing the 
underlying liver disease, reducing the risk for postoperative liver failure and de novo HCC development. 
Therefore, LT is the best treatment option for patients with HCC and underlying liver cirrhosis. However, 
due to organ scarcity, LT for HCC has been restricted to patients with the highest prospective 5-year 
survival and recurrence rates[3]. 

Many have proposed that these criteria might be too restrictive, and that many patients with more 
advanced disease would still benefit from LT if organs would be available[4,5]. 

Living donor liver transplantation (LDLT) emerged as a successful strategy to overcome organ shortage 
around the world[6]. As LDLT experience grows, the application of this technique might offer the 
opportunity to expand the boundaries of LT to settings in which the organ shortage presents a limitation. 
Because the transplant candidate is not competing for deceased donor organs, patients with extended 
criteria HCC who could still benefit from LT may have access to the treatment. Moreover, many studies 
have already proven that LDLT might even offer a benefit over deceased donor liver transplantation (DDLT) 
to patients fulfilling restrictive transplant criteria[7]. It is the scope of this study to review the role of LDLT 
for patients with more advanced HCC and how LDLT allows for safe expansion of HCC transplant criteria.

Staging systems for hepatocellular carcinoma
Currently, there is no universal consensus regarding the best staging system for HCC and its management. 
Among the many proposed, two main classification systems are used. The Barcelona Clinic Liver Cancer 
(BCLC) classification, the most used in Western countries, and the Hong Kong Liver Cancer (HKLC) 
staging system, which was created as a treatment guidance for Asian patients with HCC and is mainly used 
in Asian countries. Both classification systems use parameters such as presence of extrahepatic vascular 
invasion, tumor size, and number of nodules to stage HCC and provide management recommendations[8-11].

Despite both classifications being widely used, their differences complicate the decision-making process 
for the transplant team when presented with an advanced HCC. In a recent Brazilian study[9], 519 patients 
diagnosed with HCC were staged according to the BCLC and HKLC system with the aim to analyze 
therapeutic approach for different stages. The authors found that between both systems, there was high 
general agreement regarding therapeutic management of HCC in the Western population. The highest 
agreement was between stages HKLC-I and BCLC-0 (100%) and HKLC-IV and BCLC-C (98.7%). However, 
agreement was low in intermediate HCC cases (BCLC-B). The authors found that according to the HKLC, 
more than 50% of the BCLC-B stage could have been candidates for curative treatment rather than 
palliative treatment recommended by BCLC. Other authors agreed that BCLC is outdated, highly restrictive 
with a trend to limit treatment options for more advance tumors, and needs re-evaluation in order to 
achieve a proper classification of these patients with a management plan according to current practices[10].

It is crucial that HCC staging be conducted in an individualized manner, taking into account biological and 
etiological heterogeneity among populations in order to provide the patient with the best treatment option 
available in their case[9]. 

LIVING LIVER DONATION FOR HEPATOCELLULAR CARCINOMA
Surgical resection is generally recommended for Child-Pugh Class A cirrhotic patients without significant 
portal hypertension or those with early-stage disease and a single HCC lesion[12]. However, multiple studies 
have shown that transplantation can provide superior long-term outcomes over resection[3,12,13].
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The available literature comparing outcomes of LDLT and DDLT for HCC is limited[14-16]. Early reports 
showed recurrence rates were higher after LDLT than DDLT, but this has been contradicted by recent 
work[17,18]. An important advantage of LDLT is that it effectively allows HCC patients to not be in direct 
competition with liver failure patients whose Model for End-Stage Liver Disease score afford them higher 
wait list priority. Goldaracena et al.[16] found patients undergoing LDLT had faster access to transplant and 
shorter wait times compared with DDLT. In this recent intention-to-treat analysis of 219 LDLTs and 632 
DDLTs for HCC, patients with a potential live donor had a 33% reduction in risk of death from the time of 
listing due to shorter wait time and decreased waitlist dropout risk. LDLT actually offered a survival benefit 
over DDLT in this analysis.

Another important aspect unique to LDLT is that each graft is a private gift and not subject to the 
allocation system. Donation can be direct or altruistic. Patients with advanced HCC should be evaluated 
on an individual basis so that those outside conventional criteria who would benefit from a transplant can 
receive one without the risks of disease progression while on the waitlist and its concomitant mortality. 

CONVENTIONAL CRITERIA FOR LIVER TRANSPLANT FOR HEPATOCELLULAR CARCINOMA
The Milan criteria established the benchmark for acceptable outcomes for liver transplantation in HCC. 
Mazzaferro et al.[19] reported recurrence rates less than 15% and a 5-year survival of 75% when transplanting 
HCC patients with (a) one tumor less than 5 cm or (b) three tumors each less than 3 cm. The University 
of California at San Francisco (UCSF) liberalized these size limitations and selected patients with (a) one 
solitary tumor up to 6.5 cm or (b) three tumors with the largest 4.5 cm or less and total tumor diameter 
8 cm or less[20]. Using these expanded criteria, the UCSF group matched Milan outcomes with recurrence 
and 5-year survival rates of 10% and 75.2%, respectively. In 2008, the Asan Medical Center group in Seoul, 
South Korea, further expanded eligibility criteria to include patients with up to 5 tumors and size less than 
6 cm and achieved a 5-year survival rate of 81.6%[21].

TRANSPLANTATION BEYOND CONVENTIONAL CRITERIA
Many centers have sought to expand these traditional criteria, specifically by emphasizing tumor biology 
and behavior as opposed to a reliance on tumor size and number[22]. The extended Toronto Criteria places 
no restrictions on number of tumors or tumor size and offers transplantation to patients without systemic 
cancer-related symptoms, extrahepatic disease, vascular invasion, or poorly differentiated tumors[5]. 
Sapisochin et al.[5] further validated these criteria with a prospective study including 105 patients outside 
Milan and 76 beyond UCSF criteria, and reported a 5-year survival of 69% which did not differ significantly 
from patients within Milan. An important aspect of this study was the authors found an alpha-fetoprotein 
(AFP) level greater than 500 ng/mL to be predictive of poor outcomes.

In Asia, LDLT predominates over DDLT, and this region has been an epicenter for criteria expansion. 
In 2016, the National Cancer Center - Korea reported an 85.2% overall 5-year survival and 84% 
disease free survival after LDLT for 164 patients with total tumor size of 10 cm or less and a negative 
18F-fluorodeoxyglucose positron emission tomography scan[23]. The Kyushu Criteria, published in 2017, 
demonstrated a 75.9% 5-year survival rate when performing LDLT for 161 patients with any number of 
tumors, but with size less than 5 cm or des-gamma carboxy prothrombin levels less than 300 mAU/mL[24]. 
An interesting aspect of this study was that it showed LDLT had a survival benefit when compared with 
DDLT in an intention to treat sub-analysis, despite LDLT patients having more advanced tumor stage.

LIVING DONOR LIVER TRANSPLANTATION FOR ADVANCED HEPATOCELLULAR 

CARCINOMA
Because deceased donor organs are allocated to patients on the waiting list expected to survive the longest 
after transplant, advanced HCC often precludes DDLT. Many patients outside transplantable criteria are 
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treated with palliative therapies that carry a 3-year survival rate of just 30%[25]. LDLT is now an option for 
these patients that offers superior outcomes compared with palliative therapy. 

A concise pre-operative evaluation is critical. Imaging techniques including CT and MRI are among the 
most used diagnostic tools. However, characterization of tumor properties such as invasion into segmental 
branches of the portal vein can be difficult to assess with these modalities alone[26]. While biomarkers and 
cutoff levels vary among centers and within the literature, the most widely used are AFP, PIVKA-II, γ-GT/
ALT ratio, and recently proposed inflammatory markers including CRP, neutrophil-to-lymphocyte ratio, 
and platelet-to-lymphocyte ratio[22,26-28].

A multicenter retrospective study in South Korea[28] evaluated the outcomes of LT for extremely advanced 
HCC patients (n = 169), using AFP and PIVKA-II as a selection strategy to decide whether those patients 
were suitable for LT. The authors found that patients with AFP + PIVKA‐II ≤ 300 showed a 5-year overall 
and recurrence-free survival rate of 47.8% and 53.4%, respectively. These values were significantly superior 
to those of patients with AFP (ng/mL) + PIVKA‐II (mAU/mL) > 300 (21.0% and 10.8%, respectively; P < 
0.001). The authors concluded that that if tumor biology is favorable regardless of tumor size and number, 
acceptable long-term survival after LT can be expected. 

Recently, Kornberg et al.[27] analyzed 119 LT patients with advanced HCC to determine the prognostic 
impact of clinical and histopathologic factors including pre-LT serum AFP and CRP values. The authors 
identified that pre-transplant serum levels of AFP > 100 ng/mL (OR = 13.31) and CRP > 0.8 mg/dL (OR 
= 13.97) were independent predictors of HCC recurrence. The group proposed a serological risk index 
based on the mentioned biomarkers. A cumulative risk of HCC relapse at 5 years post-LT was determined 
to be 2.3% in low serological tumor activity (STA) index (AFP ≤ 100 ng/mL + CRP ≤ 0.8 mg/dL), 17.1% in 
intermediate STA (AFP ≤ 100 ng/mL or CRP ≤ 0.8 mg/dL), and 91.6% in high STA index (AFP > 100 ng/mL 
+ CRP > 0.8 mg/dL; P < 0.001). Prospective randomized studies that provide validation and present 
reproducible results are needed. 

Despite being a promising therapeutic approach for advance HCC, evidence suggest that absolute 
contraindications for transplant, includes presence of extrahepatic metastasis such as suspicious porta 
hepatic nodal diseases, massive infiltrative type, major vascular invasion, and cases with ruptured HCC[29,30]. 

Vascular invasion
Portal vein tumor thrombosis (PVTT) is seen in up to 60% of HCC patients, and considered a marker 
of systemic disease associated with a high rate of post-transplant recurrence[31-33]. Because of this, PVTT 
has been traditionally considered a contraindication to liver transplantation. However, new studies are 
challenging this convention based upon the PVTT classification. There are several classifications for PVTT 
based on the portal vein segment involved. However, two classifications are currently valid to effectively 
assess prognosis and provide guidance for surgical treatment[34]. The Liver Cancer Study Group of Japan 
differentiates PVTT in four main categories of portal vein invasion, VP1, VP2, VP3, and VP4[34-36]. In a 
similar fashion, Cheng et al.[34] proposed a four-category classification, with the distinction of a category 
for microscopic portal vein invasion and the allusion of the extension of PVTT involving the superior 
mesenteric vein or inferior vena cava[37,38] [Figure 1]. 

The prognosis of patients with HCC and PVTT is known to be deleterious [39], and the BCLC 
recommendation indicates Sorafenib as the only treatment option[33,40]. However, depending on the PVTT 
classification, different treatment options are available and survival rates vary among the literature. A 
summary of treatment strategies according to PVTT is provided in Figure 1[26,34,35,38,41]. In terms of LDLT, 
within the scope of the present review, recent studies demonstrated LDLT is a viable option to improve 
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Figure 1. Most commonly used classifications for Portal Vein Tumor Thrombosis (PVTT). Cheng’s classification of portal vein tumor 
thrombosis[37], Japan’s PVTT portal vein invasion (VP) classification[34,35]. HAIC: hepatic arterial infusion chemotherapy; IFN-alpha 
2b: interferon alfa-2b; LT: liver transplantation; RT: radiation therapy; TACE: transarterial chemoembolization; TARE: transarterial 
radioembolization; 5-FU: 5-fluorouracil. *Under certain conditions; **not enough support[26,34,35,38,37,40,41]
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long-term survival outcomes among carefully selected patients under specific criteria such as: (a) PVTT 
in a segmental branch, (b) AFP level < 100ng/mL, (c) low AP score, and (d) patients with HCC and PVTT 
who were successfully downstaged[36,42,43].

In a paper in 2017, Choi et al.[36] evaluated PVTT recurrence, disease-free survival (DFS), and overall 
survival (OS) in a cohort undergoing LDLT to treat HCC. Among the 242 patients, microvascular invasion 
was apparent in two patients, segmental PVTT was noted in 27, while lobar PVTT was seen in 7 patients. 
The authors aimed to define the branch level in which PVTT presence was acceptable in LT and found no 
difference in DFS rate between microvascular invasion and segmental PVTT group, while those with lobar 
PVTT exhibited poorer DFS and OS. No significant difference in the maximal or total tumor diameter or 
tumor number was detected between groups. The authors found that in the segmental PVTT group, the 
5-year DFS and OS rates were 63.9% and 50.3%, respectively, and did not differ significantly from those of 
the microvascular invasion group. Based on these results and similar 5-year survival rates between patients, 
transplantation should not be restricted, and mutual donor and recipient interest should guide decisions to 
proceed with transplantation. 

Other LDLT experiences with patients with vascular involvement include the one by Lee et al.[43], which 
reported successful LDLT in 11 HCC patients with macrovascular invasion. Recurrence-free survival at 
5 years was 45.5%, and 5-year overall survival was 63.6%. The authors found tumor thrombus extension 
into the main portal vein, elevated AFP, and tumor size greater than 7 cm to be independent risk factors 
for recurrence. In the largest study to date, 46 patients with PVTT underwent LDLT after a downstaging 
protocol using stereotactic body radiation in combination with transarterial chemo-embolization or 
transarterial radio-embolization[42]. Five-year recurrence free survival and overall survival rates were 
51% and 57%, respectively. Furthermore, the authors found several favorable prognosticators, including 
lower initial AFP levels, significant decrease in AFP after downstaging, and low tumor grade. The authors 
proposed offering their downstaging protocol to “all comers” with HCC and PVTT without extrahepatic 
disease or extensive thrombosis of the main portal or superior mesenteric veins. Once again, this offers 
the surgeon an opportunity to maximize the benefit of LDLT by allowing timing of the operation when the 
disease is most under control and when it is most likely to be successful for the recipient. 

Strategies before and after LDLT in advanced HCC patients
Downstaging and adjuvant therapy administration are commonly used strategies in advanced HCC 
patients[44,45]. The goals of each vary depending on the treatment modality to be performed[44]. When 
applied before transplantation (versus before resection), downstaging strategies are used to convert a 
patient outside accepted criteria for transplantation into an acceptable candidate, by reducing tumor 
burden. It is also used as a way to select patients with low rates of recurrence among those who would 
have been excluded based on current criteria. On the other hand, adjuvant therapy is used in patients 
following surgical management to help decrease the incidence of HCC recurrence, and thus, improve their 
outcomes[30,44,45]. 

Locoregional therapies
Locoregional therapies provide several benefits: tumors outside Milan can be downstaged or downsized 
so that criteria are met, patients within Milan with disease progression can be bridged to avoid waitlist 
dropout, and tumor necrosis can be induced which reduces intraoperative tumor spread. Additionally, 
response to these therapies reflects favorable disease biology and indicates recurrence risk. 

The most commonly used locoregional techniques are stereotactic body radiation, transarterial chemo-
embolization, transarterial radio-embolization, and radiofrequency ablation. Aravinthan et al.[46] reported 
their outcomes after liver transplantation in patients with advanced HCC within extended Toronto Criteria. 
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Sixty-five percent of the patients underwent a protocol of bridging therapy, which led to significant 
reductions in tumor burden and disease progression prior to transplant. A recurrence rate of 35% was 
observed and 3-year survival was 56%, representing superior survival compared with palliative treatments. 
Positive outcomes were also reported by Jeong et al.[47] in their experience with 17 HCC patients with major 
vascular invasion who underwent LDLT after combined treatment with transarterial chemo-embolization 
and radiotherapy. The authors found that the 1- and 3-years DFS were 70.6% and 57.8% and the OS rates 
at 1- and 3-years were 87.4% and 60.5%, respectively. Even though long-term results are not provided, the 
authors concluded that acceptable oncologic outcomes can be achieved in select HCC patients with major 
vascular invasion, and suggest that LDLT might be a therapeutic option for these patients if the tumors 
are downstaged considering that 1-year survival rate for HCC patients with PVTT is less than 10%. Even 
though it has been reported that the use of downstaging strategies in the presence of extended criteria of 
HCC for LDLT has decreased in Asian countries, published experience among Asian institutions revealed 
comparable 5-year overall survival rates in patients who received LDLT after downstaging versus those 
without downstaging[48].

A benefit to pre-operative therapy is the additional time for proper surgical planning. Where the price of 
DDLT might be a gap in planning, locoregional therapies create an ideal setting for LDLT in that it provides 
better selection and timing, allowing for a set date for the surgery when it is most likely to succeed when 
the disease response is most appropriate after locoregional therapy.

Adjuvant therapy
HCC recurrence remains the leading cause of death after liver transplantation, and patients with advanced 
disease are at particular risk[49]. Early recurrences are commonly seen in patients with associated negative 
prognosis factors such as vascular invasion[45]. In order to help decrease the incidence of HCC recurrence 
post-transplantation, numerous strategies have been proposed as adjuvant therapy; however, none have 
been able to provide enough support regarding prolonged recurrence-free survival and none have been 
widely accepted[50]. Other factors complicating the standardization of an adjuvant regimen for HCC is the 
heterogeneity among HCC between different regions. Thus, targeting recurrence risk factors should be 
analyzed in an individual manner. Currently published evidence include experience with systemic therapy 
such as oral anti-HBV agents, tyrosine kinase inhibitors, IFN-alpha, TACE, anti-PD-1 antibodies (e.g., 
Nivolumab, pembrolizumab, atezolizumab), molecular-targeted agents, and chemotherapy agents (e.g., 
Oxaliplatin plus fluorouracil/leucovorin)[50]. 

Select immunosuppressive medications may portend an oncologic benefit, specifically mammalian target of 
rapamycin (mTOR) inhibitors such as everolimus and sirolimus[51,52]. Inhibition of tumor growth mediated 
by properties such as antiangiogenic and antiproliferative effects makes mTOR an extraordinary class 
of immunosuppressants[53]. In 2016, a prospective-randomized open-label international trial compared 
recurrence-free survival in sirolimus-containing versus mTOR inhibitor-free immunosuppression patients 
undergoing LT for HCC. The authors found that sirolimus in LT recipients with HCC did not improve 
long-term recurrence free survival beyond 5 years. However, a benefit in the first 3 to 5 years for recurrence 
free survival and OS was evident. Regarding adverse events, both groups reported similar frequencies[53,54]. 

Clinicians should be aware of the increased risk of post-transplant HCC recurrence with calcineurin 
inhibitors[54]. In a systematic review of 42 publications, patients on everolimus had significantly lower 
recurrence rates of HCC versus calcineurin inhibitors and sirolimus[52]. Sorafenib, a multikinase inhibitor, 
has also shown promise as an adjuvant therapy. In a study of 30 patients with HCC beyond Milan, 
sorafenib reduced recurrence of post-transplant HCC compared with capecitabine[55]. However, contrasting 
experiences have been published. A recent publication evaluating the role of Sorafenib on HCC recurrence 
and survival in 45 patients with advance HCC on explant pathology after LT found that adjuvant 
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treatment with sorafenib in LT recipients with high-risk features does not improved HCC recurrence-free 
or overall survival[56]. When used, it is crucial to be aware of reported early and severe toxicities such as 
hepatotoxicity, thrombocytopenia, anorexia, fatigue, hand-foot syndrome, and diarrhea[57]. 

An ongoing phase 3 study [IMbrave150 study (NCT03434379)] is being done to compare atezolizumab 
with bevacizumab combination therapy with the standard of care (Sorafenib) among a large cohort of 
patients with systemic treatment-naïve unresectable HCC. Preliminary phase Ib results showed that 
the proposed combination resulted in improved progression-free survival compared with atezolizumab 
monotherapy and had a tolerable safety profile[58]. Other clinical trials evaluating treatment combinations 
with acceptable safety profile are currently being developed[59].

While promising, additional studies will be necessary to further elucidate the potential benefits of specific 
immunosuppressive regimens as an adjuvant therapy after LDLT for advanced HCC.

Recurrence risk surveillance and useful prognosis tools
Tumor recurrence after LT is seen in approximately 15%-20% of HCC patients despite being within the 
Milan criteria[54]. These data are even more worrisome in patients with advanced HCC, which supports the 
notion that identification of risk factors for recurrence and a proper evaluation for LT plays a pivotal role in 
the management of these patients. 

Risk factors related to recurrence of HCC after LT include tumor factors such as staging, vascular invasion, 
differentiation, and AFP level, among others. Relevant patient factors such as obesity, viral etiology, 
HCV treatment, and NAFLD are also important, as well as factors related to the transplant, including 
percutaneous tumor biopsy, waiting time, bridging therapy, donor’s age, ischemia time, surgical technique, 
and post-transplant immunosuppression regimen and adjuvant therapy. 

There is no consensus regarding the protocol for monitoring recurrence after LT. However, important 
scores have been proposed and should be taken into account when performing follow-up for these 
patients[60].

MORAL score
The Model of Recurrence After Liver (MORAL) transplant for HCC is a score developed by Halazun et al.[61] 
at Columbia University Medical Center to predict recurrence and risk-stratification pre- and post-
operatively. Variables included in the MORAL scoring system include pre-operative NLR ≥ 5, maximum 
AFP > 200 ng/mL, largest tumor size > 3 cm, grade 4 tumors, vascular invasion, largest size on path > 3 cm, 
and tumor number on path > 3. The recurrence risk stratification according to Pre-MORAL score divide 
the risk of recurrence in low risk (0-2), medium risk (3-6), high risk (7-10) and very high risk (> 10). 

Other authors, including a group from South Korea, have published variations of this model. Their 
variation was derived using PIVKA II levels and AFP to stratify risk and predict HCC recurrence and was 
developed including 205 patients with HCC beyond Milan criteria undergoing LDLT. The authors found 
that a low MORAL score (≤ 314.8) was associated with significantly longer recurrence-free and overall 
survivals in the beyond Milan criteria group. The 5-year recurrence-free and OS rates among these patients 
were 66.3% and 82.6%, respectively. They conclude that their model provides advanced prognostication and 
support the idea that HCC patients beyond Milan criteria without extrahepatic metastasis and low MORAL 
score might be potential candidates for LDLT[62]. 

Metroticket 2.0 model
 The model for Analysis of Competing Risks of Death After Liver Transplantation (Metroticket 2.0) for 
HCC is a web-based calculator recognized by the European Liver and Intestine Transplant Association 
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and the International Liver Transplantation, developed by Mazzaferro et al.[63]. The tool is used to predict 
post-transplantation HCC specific survival, considering as events of interest only those deaths caused by 
tumor recurrence. The objective is to provide an upgraded prognostic tool and refine selection criteria 
for liver transplantation in patients with HCC. Outcome prediction was conducted using pre-operative 
determinants of prognosis frequently associated with higher risk of pre-transplantation tumor progression 
and poorer post-transplantation survival. The calculator is a free accessible tool found at www.hcc-olt-
metroticket.org[63].

CONCLUSION
Until proven otherwise, surgical resection is the treatment of choice for patients with HCC confined to 
the liver. It has been shown that even patients with advanced HCC can achieve cure with a more radical 
resection as liver transplantation offers. Therefore, it is crucial that the transplant community changes the 
paradigm and improves transplant criteria for patients with HCC. We should focus more on tumor biology 
than size restrictions. In addition, tumor markers such as AFP and pathologic grade must be assessed. 
Response to pre-transplant locoregional therapies might be a surrogate marker of more favorable disease, 
which may impart lower post-transplant recurrence risk. In addition, current data proposes that PVTT 
should not necessarily be considered a contraindication. 

However, the question as to who should receive a liver transplant still persists. An important component 
to answering this question will be the transplant surgeons who continue to push the limits and boundaries 
by offering liver transplantation to advanced HCC patients. Nevertheless, the most crucial components 
to what can be achieved are the patients and the donors; their willingness to accept the risks will make it 
possible.
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Abstract
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third leading cause of cancer-related 
death worldwide. Surgical resection is still regarded as the first choice of treatment for HCC. With advances in 
technology and techniques, minimally invasive surgery has now become the standard of care in almost every 
field in general surgery, including hepatectomy surgery. This review focuses on the latest advances in minimally 
invasive surgical treatment of HCC, including laparoscopic hepatectomy (LH), robotic hepatectomy (RH) and 
other minimally invasive treatment technologies. Although some limitation in LH or RH exists, these minimally 
invasive techniques may be performed for hepatectomy with benefits, and have a promising future. With the 
development of technology and the improvement of surgical operations, patients will benefit from this.

Keywords: Hepatocellular carcinoma, minimally invasive surgery, laparoscopic hepatectomy, robotic hepatectomy 

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third leading cause of cancer-
related death worldwide[1-4]. Because its early symptoms are not typical, most liver cancers clinically 
diagnosed belong to the advanced stage[5]. In addition, most of these patients are accompanied by portal 
vein tumor thrombus or pulmonary metastasis[6,7]. Surgical resection is still regarded as the first choice of 
HCC treatment[8-12]. However, due to intrahepatic metastasis and early recurrence, postoperative patients’ 
prognosis is poor[13-18], and the 5-year survival rate is relatively low[19]. The high recurrence and vascular 
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invasion of HCC limit the long-term survival of HCC patients. The recurrence rate of HCC is as high 
as 80% within 5 years after radical resection[20]. However, due to a relatively insidious onset, most of the 
patients are in the middle and late stages when they seek medical treatment, with only 10% at a stage 
amenable to surgical intervention[21]. Moreover, the postoperative recurrence rate is high. In recent years, 
a variety of new technologies and therapies have emerged constantly, which have posed a challenge to 
the surgical resection of HCC. In addition to liver transplantation, surgical resection of tumor has been 
accepted as an effective local treatment for HCC. The innovation of HCC treatment technology and the 
progress of surgical technology have improved the safety of HCC resection[22]. 

With advances in technology and techniques, minimally invasive surgery has now become the standard of 
care in almost every field in general surgery, including hepatectomy surgery. Since the first laparoscopic 
pericystectomy for hepatic echinococcosis carried out in France in 1991, there have been increasing reports 
on the laparoscopic treatments for HCC. The da Vinci Surgical System (Intuitive Surgical Inc., United 
States) is an advanced and minimally invasive surgery tool, which has been shown to have advantages in 
complex hepatectomy. Liu et al.[23] formulated international consensus statement on robotic hepatectomy 
surgery. On the basis of ensuring the therapeutic effect and safety, the development of new surgical 
treatment is conducive to the prognosis of patients and the development of the whole treatment system. 

This review focuses on the latest advances in minimally invasive surgical treatment of HCC, including 
laparoscopic hepatectomy (LH), robotic liver resection and other minimally invasive treatment 
technologies.

LAPAROSCOPIC HEPATECTOMY
As far as the traditional treatment viewpoint is concerned, surgical resection is the first choice for the 
treatment of liver cancer[24]. With the update of treatment viewpoints and the innovation of technical 
equipment, laparoscopic technology is widely used in various surgical treatment fields. LH as one of the 
minimally invasive treatment methods for hepatocellular carcinoma, is increasingly used in clinical surgery 
by more and more surgeons. In 1991, Reich et al.[25] completed the first laparoscopic hepatectomy in the 
world, and the laparoscopic technique was gradually applied to the surgical treatment of hepatobiliary 
diseases. In 1994, Zhou et al.[26] reported the first laparoscopic hepatectomy in China. Owing to the 
differences and gaps in the mastery of technical difficulties and risk awareness, the rich liver blood flow, 
laparoscopic hepatic portal occlusion that is more difficult than laparotomy, and lack of open operation feel 
and rapid reactions, accurate hemostasis and control of bleeding are the key to the success of laparoscopic 
hepatectomy, so the clinical development of laparoscopic hepatectomy is still in the development stage. 
The classification of laparoscopic hepatectomy in domestic and foreign guidelines mainly includes 
pure laparoscopic liver resection, hand-assisted laparoscopic liver resection and laparoscopic assisted 
hepatectomy (hybrid procedures). The indications of laparoscopic hepatectomy vary globally. In 2013, 
the domestic expert consensus[27] proposed that the indications of laparoscopic hepatectomy include 
symptomatic benign diseases, intra-and extra-hepatic bile duct calculi and liver malignant tumors. 
However, there are still controversies about laparoscopic hepatectomy. According to a survey conducted in 
Japan in 2013, more than half of the surveyed medical centers routinely perform laparoscopic hepatectomy, 
but the indications are not consistent, and preoperative liver function reserve and intraoperative bleeding 
control occupy the primary position. More than two-thirds of medical centers hold that laparoscopic 
hepatectomy can be used for living donor liver transplantation[28]. Limited by the surgical instrument and 
technical mastery, small-scale hepatectomy or anatomical hepatectomy can be performed if the lesion 
location of liver cancer is superficial and limited, and does not invade large blood vessels and bile ducts 
according to the traditional surgical viewpoint[28]. Due to the limitation of the laparoscopic visual field 
and operation equipment activities, hand-assisted laparoscopic liver resection or laparotomy is the best 
choice for some larger tumors requiring complex hepatectomy or large-scale hepatectomy. At present, the 
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industry still maintains a cautious attitude towards the transition to laparotomy because intraoperative 
bleeding is difficult to effectively control for the safe integration of laparoscopic large-scale hepatectomy 
or postoperative bleeding. Recent evidence from some centers has shown that laparoscopic hepatectomy 
is acceptable for HCC patients who meet the surgical criteria, and there is no significant difference in 
postoperative survival time[29,30]. Rao et al.[31] compared 700 patients who underwent pure laparoscopic liver 
resection and laparotomy. Compared with laparotomy, the overall incidence of complications after LH was 
lower and the length of stay was shorter. For liver cancer patients with obvious liver cirrhosis, the studies 
from Memeo et al.[32] showed that, compared with laparotomy, patients who underwent laparoscopic 
liver resection had shorter operation times and complete surgical margins, but there was no significant 
difference in overall survival rate and disease-free survival time. The 1-, 5-, and 10-year survival rate of 
laparoscopic liver resection (LLR) group reached 88%, 59%, and 12%, and that of open liver resection (OLR) 
group was 63%, 44%, and 22%, respectively (P = 0.27). However, there is no evidence that patients with liver 
cancer who undergo laparoscopic liver resection are afforded a better prognosis. In a recent study, Ahmed 
El-Gendi et al.[33] compared the therapeutic effects of OLR with LLR in patients with liver cirrhosis (Child A) 
with solitary small (< 5 cm) peripheral HCC. The results showed that LLR had significantly less operative 
time (120.32 ± 21.58 min vs. 146.80 ± 16.59 min, P < 0.001) and shorter duration of hospital stay (2.40 ± 
0.58 days vs. 4.28 ± 0.79 days, P < 0.001), with comparable overall complications (25% vs. 28%, P = 0.02). 
LLR had comparative resection time (66.56 ± 23.80 min vs. 59.56 ± 14.74 min, P = 0.218), amount of blood 
loss (250 mL vs. 230 mL, P = 0.915), transfusion rate (P = 1.00), and R0 resection rate when compared with 
OLR. There was no significant difference between the two groups in terms of postoperative tumor-free 
survival time[33]. In a Japanese study, information on patients undergoing liver cancer surgery was collected 
from 31 centers between 2000 and 2010, and divided into LLR (n = 436) and OLR (n = 2969) groups. 
387 patients were matched by propensity score matching. There were no significant differences in overall 
survival and disease‐free survival between LLR and OLR. Patients undergoing LLR have shorter hospital 
stays (13 days vs. 16 days, P < 0.001) and fewer postoperative complications (6.7% vs. 13.0%, P = 0.003)[34].

ROBOTIC LIVER RESECTION
With the progress and development of technology, the surgical treatment of liver cancer has gradually 
entered the era of minimally invasive precision treatment, mainly including laparoscopic and robotic 
minimally invasive treatment. The development of minimally invasive surgical techniques for liver 
tumors is limited by the characteristics of its own organs, a crisp texture, abundant blood supply, high 
numbers of structural variations of blood vessels and bile ducts, and a close relationship with surrounding 
organs. Although laparoscopic liver resection has made great progress on the basis of the improvement 
of laparotomy, it is easy to cause clamping or traction bleeding when the deep lesions and special liver 
segments are exposed. Therefore, the control of intraoperative bleeding, the exposure of the operative 
visual field and the effective hemostasis of liver section are the key points of minimally invasive surgery, 
and also the biggest problem of laparoscopic liver resection[35,36]. In this case, the robot assisted system is 
gradually improved. In 2000, Da Vinci robot assisted surgery system was approved for clinical use. It is one 
of the most mature surgical auxiliary operating systems, which is widely used in the field of surgery. With 
its unique advantages, it gradually fills the gap in the minimally invasive field of liver tumor treatment. 
Traditional laparoscopic liver resection has some problems, such as inflexible fixation of the operating 
instruments and a large swing of the visual field leverage effect[37,38]. The robot assisted surgery system has 
no such limitations, and the highly bionic operation can greatly simulate the fine operation of the open 
hand, provide stable, fixed strength and angle traction and exposure, and even surpass the human operation 
to a certain extent[39], and complete the accurate resection and suturing of malignant liver tumors[40]. In 
2003, Giulianotti et al.[38] {Giulianotti, 2003 #170} reported the first robotic liver resection in the world. 
Under this background, robotic surgery technology has been developing rapidly. At present, the Da Vinci 
surgical assistant system is widely used in various benign and malignant liver diseases, including for the 
indications of laparoscopic hepatectomy[41]. For some special liver segment tumors, robot assisted surgery 
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is more advantageous. Traditionally, it has been considered that if the tumor located in a location difficult 
to dissect, intraoperative hemorrhage is anticipated to be difficult to control, or the tumor is large, these are 
relative contraindications to the use of minimally invasive surgery. The advantages of robot assisted surgery 
system can solve these problems, and the operation position is no longer the taboo of minimally invasive 
surgery. For tumors in the upper right posterior lobe or caudate lobe of the liver, robot assisted surgery 
has a better visual field than laparoscopic liver resection, and the process is more smooth[42,43]. Hu et al.[37] 
performed a meta-analysis of 17 case-control studies with different surgical methods, including 487 
robotic cases and 902 laparoscopic cases. The results showed that the amount of blood loss in robotic 
liver resection was significantly increased and the operation time was significantly longer than that in 
traditional laparoscopic surgery, and there was no significant difference in blood transfusion volume and 
blood transfusion rate between 33 cases with robotic surgery and 25 cases with laparoscopic liver resection. 
There was no significant difference in hospital stay, conversion rate to laparotomy, R0 resection rate, 
complications, or mortality between the two groups. Zhao et al.[44] reported that successful robotic radical 
resection of hepatic echinococcosis located in posterosuperior liver segments, and robotic isolated partial 
and complete hepatic caudate lobectomy[45]. In addition, Hu et al.[46] indicated that robotic and laparoscopic 
hemi-hepatectomies were associated with less intraoperative blood loss, better postoperative recovery 
and a lower pain score. Compared with laparoscopic hemi-hepatectomy, robotic hemi-hepatectomy 
was associated with significantly less intraoperative blood loss and a shorter operative time. In terms 
of economic benefits, the medical cost of laparoscopic hepatectomy was relatively lower. There was no 
significant difference in 5-year overall survival rate and disease-free survival rate between the two groups 
(65% vs. 48%, 42% vs. 38%). Therefore, the high cost of treatment, the high requirements of operation 
technology and the difficulty in popularizing technical equipment may be the biggest shortcomings in the 
development of robotic surgery. 

CONCLUSION
We have presented a comparison of published evidence for open, laparoscopic, and robotic liver resection, 
including systematic review and meta-analysis evidence summarizing the advantages and disadvantages 
of the three techniques, One of the analyses included 26 studies, including 2,630 patients (950 robotic 
laparoscopic surgery and 1,680 laparoscopic patients). The amount of bleeding in patients undergoing 
robotic hepatectomy was significantly reduced (286 mL vs. 301 mL, P < 0.001). There is no significant 
difference in postoperative complications of the various surgical methods. However, there is one thing 
worthy of our attention that patients undergoing robotic liver resection have a higher readmission rates 
(P = 0.005), Compared with traditional open surgery, minimally invasive surgery (robot and laparoscopic) 
is more expensive, but there is no statistical difference. It can significantly reduce intraoperative blood 
loss and shorten the length of stay; the tumor volume of patients undergoing laparoscopic liver resection 
was significantly reduced than patients in the open surgery group[47-49]. Minimally invasive surgery for 
HCC is not a simple minimally invasive technology, but a process of minimally invasive concept and 
comprehensive treatment. For example, the ALPPS procedure (associating liver partition and portal 
vein ligation for staged hepatectomy) was proposed by Schnitzbauer et al.[50] in 2015. In order to obtain 
sufficient liver function reserve, create conditions for surgery, and solve the problem of insufficient residual 
liver volume, it is necessary to make the impossible possible. However, because of its higher rate of 
complications, the mortality rate is as high as 12%, and, therefore, this kind of operation has caused great 
controversy. Currently, there is no clear clinical data to support its effect, as well as many postoperative 
complications, which cannot be popularized in clinical practice. Other studies have shown that the 
recurrence rate of ALPPS is increased[51]. Moreover, the key objective of ALPPS is to block the blood supply 
of the tumor, promote the growth of residual liver, and avoid postoperative liver failure. However, PVE can 
play a similar role in clinical practice. At present, there is no clinical evidence to prove the overall prognosis 
of ALPPS. With the development of technology and the improvement of surgical techniques, patients will 
increasingly benefit from minimally invasive surgical precision treatments for liver pathologies.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is linked to abdominal obesity, insulin resistance and type 2 diabetes 
mellitus (T2DM). The association of NAFLD with T2DM is bidirectional. In fact, evidence suggests that 
abdominal obesity, T2DM and metabolic syndrome play a part in the development and progression of NAFLD. 
Alternatively, NAFLD is associated with an increased risk of having T2DM and metabolic syndrome. According 
to this background, it is unsurprising that patients with T2DM patients also have a higher prevalence of NAFLD 
than those with no T2DM, as well as an increased risk of developing liver-related and extrahepatic complications, 
mainly cardiovascular and renal diseases. Seeing the relationship of NAFLD with insulin resistance, obesity and 
T2DM, recent consensus proposes a change in nomenclature from NAFLD to metabolic associated fatty liver 
disease. In this review, we will discuss the prevalence and incidence of NAFLD (as detected by imaging techniques 
or liver biopsy) in patients with type T2DM with particular regard to hepatic and extrahepatic complications. 

Keywords: Nonalcoholic fatty liver disease; NASH, metabolic associated fatty liver disease, diabetes, type 2 
diabetes
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INTRODUCTION
In the last decades, it became clearly evident that nonalcoholic fatty liver disease (NAFLD) is associated 
with insulin resistance, abdominal obesity and type 2 diabetes mellitus(T2DM)[1-5]. Specifically, the 
association between NAFLD and T2DM is intricate, and of note, it appears to be even bidirectional[1-5]. In 
fact, convincing data now indicate that abdominal obesity, T2DM and metabolic syndrome (MetS) can 
synergistically play a part in the development of NAFLD and its advanced forms[6,7]. Despite that, NAFLD 
is linked to a higher risk of T2DM and MetS, as well as to a poorer glycemic control in diabetic patients[6]. 
Based on these data, it is therefore unsurprising that patients with T2DM have an increased prevalence of 
NAFLD, when compared to those without T2DM, as well as a higher risk of developing serious liver-related 
[including nonalcoholic steatohepatitis (NASH), cirrhosis and hepatocellular carcinoma] and extrahepatic 
complications, such as cardiovascular and renal diseases [Figure 1][2,4,8]. 

Since NAFLD, obesity, insulin resistance and T2DM are strictly linked, some researchers in this field have 
proposed and recommended a change in nomenclature from NAFLD to MAFLD, i.e., metabolic associated 
fatty liver disease[9-11]. This specific issue has not yet reached a consensus and is discussed in another article 
published in this journal. 

In this review, we will discuss the prevalence and incidence of NAFLD (as detected by imaging techniques 
or liver biopsy) in patients with T2DM with particular regard to hepatic and extrahepatic complications. 

Search strategy and selection criteria
In the PubMed-Medline database, we used the following terms: “fatty liver” or “NAFLD” or “NASH” and 
“diabetes mellitus” or “type 2 diabetes” (concluding research on the 30th July 2020). We did not apply any 
publication date or language restrictions. Finally, we used specific references of reviews to identify other 
relevant articles.

Prevalence of NAFLD in patients with diabetes mellitus
As reported in Table 1, in the last five years, several population-based studies and hospital-based studies 
have reported that in adult patients with T2DM the prevalence of NAFLD, as detected by imaging 
techniques or liver biopsy, ranged from 30% to 70% and from 50% to 70%, respectively[12-75]. These data 
strongly support the assertion that NAFLD is much more frequent in patients with T2DM, when compared 
to the general population or other patient groups[1-4]. In particular, regarding the observational studies 
using liver ultrasound for the diagnosis of NAFLD, which is the recommended first-line imaging method 
for detecting hepatic steatosis in clinical practice[76], the prevalence of NAFLD was approximately 70%-
75% in patients with T2DM, with however some exceptions. For instance, in a large cohort study involving 
nearly 5,500 South Korean patients with T2DM, Choe et al.[58] documented that the prevalence of NAFLD 
was 46%. In another population-based study of 8,571 Chinese hospitalized patients with T2DM, Guo et al.[24] 
showed that the prevalence of NAFLD was approximately 51%. Contrariwise, in a cross-sectional study 
including 222 Italian outpatients with T2DM, who were regularly seen at a specific diabetes clinic, 
Mantovani et al.[45] reported that the prevalence of NAFLD was more than 70%. In addition, in a small study 
of 106 Australian patients with T2DM belonging a tertiary diabetes center, Williams et al.[22] documented 
that the prevalence of NAFLD was even higher (84%). Interestingly, in a recent cross-sectional study 
enrolling 137 patients with non-insulin-treated T2DM who underwent liver ultrasound and liver stiffness 
measurement (LSM) using vibration-controlled transient elastography (FibroScan®), Mantovani et al.[65] 
showed that the proportion of T2DM patients with hepatic steatosis (on ultrasound) was 74% and that the 
proportion of individuals with significant liver fibrosis was approximately 18% with an LSM cut-off ≥ 7 kPa 
and nearly 10% with an LSM cut-off ≥ 8.7 kPa. 

The severity of NAFLD on ultrasound is usually graded using a 4-point scoring system: normal, mild, 
moderate and severe. In the literature, information regarding the prevalence of different grades of liver 
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steatosis on ultrasound in patients with T2DM are also available[77,78]. For instance, in a cross-sectional 
study of 874 diabetic and non-diabetic patients, Wang et al.[77] documented that the prevalence of T2DM 
among patients with mild liver steatosis (on ultrasound) was 7.5%, whereas the percentage of T2DM 
individuals among those with moderate-to-severe liver steatosis was 23.4% (P < 0.05). 

These results clearly show that among the observational studies using liver ultrasound for the diagnosis 
of NALFD, the prevalence of NAFLD varies across different countries and clinical settings and it is 
influenced by different prevalence of obesity and degree of insulin resistance, as well as by the fact that 
ultrasound is an operator-dependent imaging technique. Indeed, the observational studies involving 
European or USA patients have reported a prevalence of NAFLD higher than that observed in the studies 
involving Asian patients. Additional factors that might explain these findings are different lifestyles (i.e., 
sedentary, physical inactivity), diets (i.e., high caloric diets, especially in the form of carbohydrates and 

Figure 1. Main hepatic and extrahepatic complications associated with Nonalcoholic fatty liver disease in patients with type 2 diabetes 
mellitus
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Author Characteristics of study Results
Portillo-Sanchez et al. [12] 103 patients with T2DM from USA recruited from responses to local newspaper 

advertisements or from people attending clinics in various USA medical Centers
Mean age: 60 years; mean BMI: 33 kg/m2; 87% males

Prevalence of NAFLD on 
MRI was 50%

Kwok et al. [13] 1,918 patients with T2DM from Hong Kong, who attended diabetic complications 
screening
Mean age 60 years; mean BMI 33 kg/m2; 87% males

Prevalence of NAFLD on 
US was 73% 

Arab et al. [14] 133 Chilean patients with T2DM invited by diabetologists and family physicians 
for liver disease surveillance assessment
Mean age 60 years; mean BMI 30 kg/m2, 47% males

Prevalence of NAFLD on 
MRI was 64%

Jung et al. [15] 186 South Korean patients with T2DM admitted to the Endocrinology Division of 
a university hospital
Mean age 58 years; mean BMI 25 kg/m2; 30% Males

Prevalence of NAFLD on 
US was 53%

Masarone et al. [16] 63 Italian patients with T2DM admitted to a tertiary center of internal medicine 
and hepatology
Mean age 57 years, mean BMI 34.4 kg/m2, 52.3% males

Prevalence of NAFLD on 
liver biopsy was 100%

Petit et al. [17] 264 French patients with T2DM screened prospectively at an endocrinology 
department
Mean age 60 years, mean BMI 34 kg/m2, 49% males

Prevalence of NAFLD on 
MRI was 63%

Wilman HR et al. [18] 226 British patients with T2DM who provided written informed consent to the 
study in the United Kingdom Biobank imaging enhancement

Prevalence of NAFLD on 
MRI was 50%

Doycheva et al. [19] 100 patients with T2DM from USA recruited via newspaper advertisement and 
from primary care practices
Mean age 60 years, mean BMI 31 kg/m2, 53% males

Prevalence of NAFLD on 
MRI was 65%

Ding et al. [20] 1,648 Chinese patients with T2DM who lived in a specific district of Shangai
Mean age 62 years, mean BMI 25 kg/m2, 49% males

Prevalence of NAFLD on 
US was 41.6%

Al Rifai et al. [21] 517 patients with T2DM of different ethnicity, from different areas of USA, 
without known CVD at the time of enrollment

Prevalence of NAFLD on 
CT was 28.4%

Williams et al. [22] 106 Australian patients with T2DM from a tertiary diabetes center
Mean age 63 years, mean BMI 30 kg/m2, 61% males 

Prevalence of NAFLD on 
US was 84%

Cusi et al. [23] 385 patients with T2DM from USA who had liver fat content evaluated by MRI 
in four phase 3 studies of basal insulin peglispro (BIL)
Mean age 60 years, mean BMI 32 kg/m2, 62% males

Prevalence of NAFLD on 
MRI was 75.6% in insulin-
naïve T2DM patients, 
61.7% in insulin-treated 
T2DM patients

Guo et al. [24] 8,571 Chinese patients with T2DM hospitalized in the department of 
endocrinology and metabolism of a hospital in Shangai
Mean age 60 years, mean BMI 25 kg/m2, 56% males

Prevalence of NAFLD on 
US was 50.6%

Herath et al. [25] 233 Sri Lankan patients with T2DM followed up at a diabetes center
Mean age 58 years, mean BMI 25 kg/m2, 47% males

Prevalence of NAFLD on 
US was 62.6%

Sberna et al. [26] 179 French patients with T2DM referred to a tertiary diabetes department
Mean age 60 years, mean BMI 34 kg/m2, 47% males

Prevalence of NAFLD on 
MRI was 68.7%

Krishan et al. [27] 100 Indian patients with T2DM who underwent a routine health check-up
Mean age 51 years, mean BMI 28 kg/m2, 82% males

Prevalence of NAFLD on 
US was 65%

Su et al. [28] 445 Chinese patients with T2DM who visited the hospital for evaluation or 
treatment of T2DM
Mean age 60 years, mean BMI 25 kg/m2, 53% males

Prevalence of NAFLD on 
US was 41.4%

Vanjiappan et al. [29] 300 Indian patients with T2DM attending the outpatient department of a 
tertiary care hospital
Mean age 54 years, mean BMI 25 kg/m2, 54% males

Prevalence of NAFLD on 
US was 61%

He et al. [30] 331 hospitalized patients from China with T2DM
Mean age 57 years, mean BMI 26 kg/m2, 50% males

Prevalence of NAFLD on 
US was 63%

Kabir et al. [31] 258 Bangladeshi patients with T2DM included in this observational study in the 
department of medicine of a hospital in Bangladesh

Prevalence of NAFLD on 
US was 64.7%

Lai et al. [32] 557 Malaysian patients with T2DM attending the diabetes clinic of a university 
hospital
Mean age 61 years, 41% males

Prevalence of NAFLD on 
US was 72.4%

Hashimoto et al. [33] 145 Japanese patients with T2DM recruited from the outpatient clinic of a 
university hospital in Kyoto
Mean age 66 years, mean BMI 25 kg/m2, 55 % males

Prevalence of NAFLD on 
US was 67%

Zou et al. [34] 2646 Chinese patients with T2DM recruited from a local health examination 
center for diabetes, newly diagnosed diabetics or with a previous diagnosis of 
T2DM
Mean age 61 years, mean BMI 26 kg/m2, 42% males

Prevalence of NAFLD on 
US was 50.9%

Table 1. Principal studies evaluating the prevalence of NAFLD in patients with type 2 diabetes mellitus published in the last 
five years
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Afolabi et al. [35] 80 Nigerian patients with T2DM recruited from the endocrinology clinic of a 
hospital
Mean age 61 years, mean BMI 26 kg/m2, 38% males

Prevalence of NAFLD on 
US was 68.8%

Moh Moh et al. [36] 172 South Korean patients with T2DM who were admitted for glucose control to 
the endocrinology division of a university hospital
Mean age 57 years, mean BMI 25 kg/m2, 50% males

Prevalence of NAFLD on 
US was 51%

Cosma et al. [37] 60 Italian patients with T2DM enrolled in the study during their routine visit at a 
diabetes Centre
Mean age 65 years, BMI 32 kg/m2, 42% males

Prevalence of NAFLD on 
US was 88%

Almobarak et al. [38] 167 Sudanese patients with T2DM recruited from the outpatient of a diabetic 
center
87% subjects were aged 40-70 years, 8% subjects > 70 years and 5% subjects 
< 40 years, mean 46.7% males

Prevalence of NAFLD on 
US was 50.3%

Yan et al. [39] 212 Chinese patients with T2DM recruited from a metabolic disease hospital
Mean age 54 years, mean BMI 27 kg/m2, 57% males

Prevalence of NAFLD on 
US was 67.5%

Alsabaani et al. [40] 245 Arab patients with T2DM recruited from primary healthcare centers
Mean age 57 years, 66% males

Prevalence of NAFLD on 
US was 72.8%

Gutierrez-Buey et al. [41] 56 Spanish patients with well-controlled T2DM (HbAc1 < 7%)
Mean age 64 years, mean BMI 28 kg/m2, 80% males

Prevalence of NAFLD on 
US or CT was 73.2%

Zawdie et al. [42] 96 Ethiopian patients with T2DM attending a diabetic clinic
Mean BMI 23 kg/m2, 47% males

Prevalence of NAFLD on 
US was 73%

Dvorak et al. [43] 180 Czech patients with T2DM
Mean age 64 years, mean BMI 32 kg/m2, 63% males

Prevalence of NAFLD on 
US was 79%

Hua et al. [44] 1,037 Chinese patients with T2DM who visited for different medical reasons a 
specific hospital in the city of Nanjing were enrolled
Mean age 57 years, mean BMI 24 kg/m2, 59% males

Prevalence of NAFLD on 
US was 56.3%

Mantovani et al. [45] 222 Italian patients with T2DM, who regularly attended a specific diabetes clinic
Mean age 67 years, mean BMI 29 kg/m2, 70% males

Prevalence of NAFLD on 
US was 71.2%

Olusanya et al. [46] 168 Nigerian patients with T2DM evaluated at an endocrine clinic
Mean age 53 years, mean BMI 28 kg/m2, 35% males

Prevalence of NAFLD on 
US was 16.7%

Chang et al. [47] 97 Chinese patients with T2DM who agreed to participate in the study
Mean age 47 years, mean BMI 26 kg/m2, 71% males

Prevalence of NAFLD on 
US was 69%

Zhao et al. [48] 2,042 Chinese patients with T2DM hospitalized in an endocrinology and 
metabolism department
Mean age 60 years, mean BMI 25 kg/m2, 47% males

Prevalence of NAFLD on 
US was 40.2%

Zhang et al. [49] 175 Chinese patients with newly diagnosed T2DM enrolled in this study from the 
endocrinology department of a hospital in Wuhan
Mean age 52 years, mean BMI 24 kg/m2, 56% males

Prevalence of NAFLD on 
US was 53%

Johansen et al. [50] 120 Danish patients with T2DM recruited at the diabetes outpatient clinic at a 
university hospital
Mean age 63 years, mean BMI 30 kg/m2, 73% males

Prevalence of NAFLD on 
MRI was 48 %

Fan et al. [51] 541 Chinese patients with T2DM recruited from a department of endocrinology 
and metabolism
Mean age 58 years, mean BMI 25 kg/m2, 50% Males

Prevalence of NAFLD on 
US was 56.6%

García Díaz et al. [52] 58 Spanish patients with T2DM whose diabetes was treated in any medical 
center of Lanzarote
Mean age 55 years, mean BMI 31 kg/m2, 61% males

Prevalence of NAFLD on 
US was 57.8%

Demir et al. [53] 124 Turkish patients with T2DM invited to undergo a liver US for screening
Mean age 53 years, mean BMI 33 kg/m2, 37% males

Prevalence of NAFLD on 
US was 94.3%

Petit et al. [54] 308 French patients screened at an endocrinology department to participate 
in the study to determine whether a specific polymorphism was involved in the 
development of NAFLD
Mean age 60 years, mean BMI 34 kg/m2, 51% males 

Prevalence of NAFLD on 
MRI was 65.2%

Zhao et al. [55] 629 Chinese patients with T2DM enrolled to evaluate their liver conditions
Mean age 44 years, mean BMI 26 kg/m2, 91% males

Prevalence of NAFLD on 
US was 67.7%

Mantovani et al. [56] 330 Italian patients with T2DM
who regularly attended a diabetes clinic and 
had undergone a first 24-hour Holter monitoring for clinical reasons
Mean age 70 years, mean BMI 29 kg/m2, 65% males

Prevalence of NAFLD on 
US was 72.1%

Barchetta et al. [57] 62 Italian patients with T2DM referred to diabetes outpatient clinics who 
underwent clinical work-up
Mean age 59 years, mean BMI 30 kg/m2, 72% males

Prevalence of NAFLD on 
MRI was 56.5%

Choe et al. [58] 5,507 South Korean patients with T2DM diagnosed at the Huh’s Diabetes 
Center in Seoul, who underwent an abdominal US
Mean age 57 years, mean BMI 24 kg/m2, 51% males

Prevalence of NAFLD on 
US was 46.4%

Silaghi et al. [59] 336 Romanian patients with T2DM who regularly attended diabetes evaluation 
in the same clinic
Mean age 56 years, mean BMI 32 kg/m2

Prevalence of NAFLD on 
US was 86%
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Lee et al. [60] 606 South Korean patients with T2DM, aged ≥ 50 years who had undergone 
short insulin tolerance test, liver US, and Doppler echocardiography at a specific 
diabetes center were enrolled in the study protocol
Mean age 63 years, mean BMI 26 kg/m2, 24% males

Prevalence of NAFLD on 
US was 58.6%

Seo et al. [61] 4,210 South Korean patients with T2DM were recruited from the Seoul 
Metabolic Syndrome Cohort
Mean age 57 years, mean BMI 25 kg/m2, 51% males

Prevalence of NAFLD on 
US was 30.4%

Yeung et al. [62] 1763 Chinese patients with T2DM recruited from the Hong Kong Diabetes 
Registry
Mean age 61 years, mean BMI 26 kg/m2, 56% males 

Prevalence of NAFLD on 
US was 53.2%

Bellan et al. [63] 328 Italian patients with T2DM evaluated at a diabetes clinic were offered to 
participate in this study, according to the protocol
Mean age 65 years, mean BMI 27 kg/m2, 74% males

Prevalence of NAFLD on 
US was 59.5%

Tuong et al. [64] 307 Vietnamese patients with T2DM or previously unknown diabetes admitted 
for medical check-up
Mean age 57 years, mean BMI 25 kg/m2, 54% males 

Prevalence of NAFLD on 
US was 73.3%

Mantovani et al. [65] 137 Italian patients with non-insulin-treated T2DM and no known liver disease 
consecutively attending a diabetes outpatients’ service
Mean age 70 years, mean BMI 28 kg/m2, 48% males

Prevalence of NAFLD on 
US was 73.7%

Choi et al. [66] 302 South Korean patients with T2DM who underwent regular outpatient clinic 
follow-up
Mean age 58 years, mean BMI 25 kg/m2, 38% males

Prevalence of NAFLD on 
US was 62%

Heidari et al. [67] 255 Iranian patients with T2DM who were referred to some specific endocrine 
clinics enrolled in the study by consecutive sampling
Mean age 51 years, mean BMI 31 kg/m2, 32% males

Prevalence of NAFLD on 
US was 86.7%

Mandal et al. [68] 210 Nepalese patients with T2DM treated as outpatients at a hospital in Nepal
Mean age 56 years, mean BMI 29 kg/m2, 57% males

Prevalence of NAFLD on 
US was 55.7%

Motta et al. [69] 173 Italian patients with T2DM enrolled in the study by invitation letter
Mean age 67 years, mean BMI 30 kg/m2, 51% Males

Prevalence of NAFLD on 
US was 24.9%

Sporea et al. [70] 534 Romanian patients with T2DM scheduled for a medical visit at the 
Department of Diabetes and Metabolic Diseases who agreed to be evaluated by 
liver elastography
Mean age 61 years, mean BMI 32 kg/m2, 47% males

Prevalence of NAFLD of 
US was 76%

Lombardi et al. [71] 394 Italian outpatients with T2DM attending five Italian diabetes centers 
who underwent liver ultrasonography, FibroScan and extensive evaluation of 
macrovascular and microvascular diabetic complications
Mean age 68 years, mean BMI 29 kg/m2, 52% Males

Prevalence of NAFLD on 
US was 89%

Hamid et al. [72] 203 Pakistani patients with T2DM diagnosed during the last 6 months were 
enrolled
Mean age 53 years, 51% males 

Prevalence of NAFLD on 
US was 71.9%

Lee et al. [73] 1,992 Taiwanese patients with T2DM who participated in a disease management 
program at two specialized diabetes outpatient clinics.
Mean age 66 years, mean BMI 26 kg/m2, 34% males

Prevalence of NAFLD on 
US was 55.9%

El-Ashmawy et al. [74] 270 Egyptian patients with T2DM invited to take part in the study.
Mean age 53 years, mean BMI 26 kg/m2, 53% males

Prevalence of NAFLD on 
US was 73.3%

Mangla et al. [75] 96 patients with T2DM from USA recruited in a specific area of California who 
underwent a research study visit.
Mean age 62 years, mean BMI 30 kg/m2, 54% males

Prevalence of NAFLD on 
MRI was 65.6%

BMI: body mass index; CT: computed tomography; MRI: magnetic resonance imaging; NAFLD: nonalcoholic fatty liver disease; T2DM: 
type 2 diabetes; US: ultrasound

fats) and genetic factors[1-4]. It is known that overeating, physical inactivity and scarce aerobic fitness are 
associated with reduced triglyceride export, increased de novo lipogenesis and increased fatty acid uptake 
in the liver[79,80]. All these elements may lead to additional hepatic lipid storage with relevant metabolic 
consequences[79,80]. Regarding genetic factors, NAFLD congregates in families with specific variants, such 
as patatin-like phospholipase domain-containing 3 gene (PNPLA3) and transmembrane 6 superfamily 
member 2 (TM6SF2)[81]. One of the main genetic variants associated with NAFLD is a mutation [I148M] 
in PNPLA3[81]. PNPLA3 plays a key role in hepatic fat accumulation in GG homozygous individuals[81]. In 
addition, these patients are at higher risk of developing the more severe forms of NAFLD, independent 
of T2DM[81]. Interestingly, the single variant in the PNPLA3 gene (I148M) has the highest prevalence in 
Hispanics, followed by non-Hispanic whites, Asians, and African Americans[81]. 
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Regarding the observational studies using magnetic resonance imaging (MRI) for the diagnosis of NAFLD, 
it is possible to observe that the prevalence of NAFLD ranges from 50% to 70%. For instance, in a study 
enrolling 103 patients with T2DM and normal plasma aminotransferase levels, Portillo-Sanchez et al.[12] 
reported that the prevalence of NAFLD was approximately 50%. Moreover, in that study, the authors 
reported a high prevalence of NASH in a subgroup of patients who underwent liver biopsy[12]. Indeed, 
approximately 55% of patients with NAFLD on MRI had histological features suggestive of NASH[12]. 
These data strongly support the assertion that patients with T2DM have a high risk of developing severe 
forms of NAFLD, such as NASH and advanced fibrosis, which are the histological features more closely 
associated with hepatic and extrahepatic complications[1-4]. Also in this regard, Bazick et al.[82] found in an 
observational study involving approximately 350 patients with T2DM who underwent liver biopsy, that 
the prevalence of NASH and advanced fibrosis was 69 and 41%, respectively. In another study including 
108 patients with biopsy-proven NAFLD, McPherson et al.[83] reported that approximately 80% of patients 
who had had progression in fibrosis were diabetics, whereas among non-progressor patients only 25% 
had diabetes mellitus. The association between T2DM and the more severe forms of NAFLD was also 
reported by Loomba et al.[84] in an observational study enrolling 1,069 T2DM patients with biopsy-proven 
NAFLD, documenting a significant association between history of diabetes mellitus, NASH and advanced 
fibrosis, even after adjusting for age, sex, body mass index, ethnicity, and presence of metabolic syndrome. 
Moreover, in a retrospective analysis of 235 patients with biopsy-proven NAFLD with and without T2DM, 
Puchakayala et al.[85] documented that among T2DM patients with NAFLD, the prevalence of advanced 
fibrosis and ballooning were significantly greater as compared to patients with NAFLD but without T2DM. 
Interestingly and importantly, in the multivariate regression analysis, T2DM was associated with NASH 
and fibrosis in all patients with NAFLD[85]. 

These data were additionally replicated in a recent meta-analysis by Younossi et al.[86] including 80 
observational studies for a total of nearly 49,500 individuals with T2DM (mean age: 58 years; mean body 
mass index: 28 kg/m2; percentage of men: 53%). In this meta-analysis, the authors found that the overall 
prevalence of NAFLD was approximately 55%, the global prevalence of NASH was 37%, and the prevalence 
of advanced fibrosis was 17%[86]. 

Importantly, the coexistence of NAFLD and T2DM is also associated with a poorer cardiometabolic profile 
in terms of glycemic control, atherogenic dyslipidemia and hypertension[4,87]. Coexisting NAFLD and 
T2DM may also increase insulin requirement in T2DM patients treated with basal bolus insulin regimen[87]. 

NAFLD and risk of incident T2DM
Several epidemiological studies have documented that NAFLD, as detected by ultrasound, is associated 
with an increased risk of incident T2DM, even after adjustment for many metabolic confounders, such 
as age, sex, body mass index, smoking status, alcohol intake, physical activity, family history of diabetes, 
lipids and insulin resistance[88-106]. This finding was also replicated by a 2018 meta-analysis including 19 
cohort studies for a total of approximately 300,000 individuals (30% with NAFLD) and nearly 16,000 
cases of incident diabetes over a median of 5 years[107]. In fact, in this study, Mantovani et al.[107] reported 
that patients with NAFLD had a higher risk of incident diabetes mellitus when compared to those with 
no liver involvement [random-effects hazard ratio (HR) 2.22, 95% confidence interval 1.84-2.60; I2=79%]. 
In addition, in that study, patients with more “severe” NAFLD were also more likely to develop incident 
diabetes mellitus[107]. More recently, a 2020 meta-analysis of nearly 500,000 individuals reported similar 
results[108]. 

Few studies have assessed the risk of incident T2DM in relation to the modification of NAFLD status over 
time[7,97,109,110]. For instance, in a retrospective longitudinal study including approximately 13,000 Korean 
individuals followed for 5 years, Sung et al.[109] documented that alterations in fatty liver content (on 
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ultrasound) over time was associated with changeable risks of incident T2DM. Recently, in an observational 
study including 2,726 patients in which NAFLD status change was assessed by serial abdominal 
ultrasonography and fatty liver index (FLI) during a follow-up of 10 years, Cho et al.[110] documented that 
the progression and regression of NAFLD were respectively associated with positive and negative risk 
of incident diabetes mellitus. These findings additionally corroborate the assumption that NAFLD is a 
modifiable trigger factor associated with the progression to the advanced stages of diabetes mellitus[111]. 

Sex as key modulator of NAFLD in patients with T2DM
Experimental data and computer modeling now indicate that female and male livers may be metabolically 
distinct with specific and different regulators[112,113]. In particular, accumulating data suggest that 
the prevalence and severity of NAFLD tend to be greater in men as compared to women during the 
reproductive age. Conversely, after menopause, the prevalence of NAFLD tends to be higher in women, 
thereby indicating a potential protective role of the estrogens[113]. However, most observational studies 
available so far, including those conducted in patients with T2DM, did not have specific statistical analyses 
considering sex differences or sex hormones/menopausal status as potential modifiers. In a 2020 meta-
analysis of 33 cohort studies, Mantovani et al.[108] did not observe an effect of sex on the relationship 
between NAFLD and risk of incident T2DM, but this may partly reflect the characteristics of the eligible 
observational studies. Along with other authors[113], we strongly believe that future observational studies 
should have sex-specific analyses. 

Liver complications in NAFLD patients with diabetes mellitus
Liver involvement in patients with T2DM is recognized in the form of simple steatosis, nonalcoholic 
steatohepatitis (NASH), advanced fibrosis, cirrhosis, hepatocellular carcinoma, glycogenic hepatopathy and 
hepatic arteriolosclerosis[114]. That said, some histological analysis suggests that simple steatosis is a benign 
condition, while NASH with different degrees of hepatic fibrosis is closely associated with liver-related 
morbidity and mortality. As previously mentioned, T2DM patients have a greater prevalence of NASH 
and advanced fibrosis when compared to the general adult population[114]. In addition, many observational 
studies have clearly demonstrated that T2DM, along with obesity and severe degrees of insulin resistance, 
is one of the main clinical risk factors implicated in the progression of NAFLD to NASH, advanced fibrosis 
or cirrhosis[1,2,4]. Conversely, it is also reported that the presence of NAFLD may also adversely influence 
the prognosis of diabetes[1,2,4]. Among various observational studies[115-127] published so far [Table 2], the 
Verona Diabetes Study was one of first observational studies demonstrating that the risk of mortality from 
liver causes was higher in a large cohort of T2DM patients when compared to the general population[115]. 
These findings were subsequently replicated in other case-control studies. For instance, in a retrospective 
study that used the administrative database of the Veneto region, Zoppini et al.[116] observed that Italian 
T2DM individuals had a roughly 3-fold higher risk of dying from chronic liver diseases due to a non-
virus and non-alcohol-related etiology. In another community-based cohort study involving nearly 340 
T2DM patients, Adams et al.[117] showed that the presence of NAFLD, as detected by imaging or biopsy, was 
associated with a higher risk of all-cause mortality (mainly due to cardiovascular disease, malignancy and 
liver-related complications) during a mean follow-up of 11 years. 

An association between T2DM and liver cirrhosis is also currently known. In patients with cirrhosis, 
indeed, diabetes mellitus can be due to the presence of T2DM or as a direct consequence of liver 
insufficiency (namely hepatogenous diabetes mellitus)[114]. In this context, several observational studies 
have documented an elevated prevalence of cirrhosis in patients with T2DM and NAFLD, especially if they 
are older or have cardiovascular complications[114,118]. Cirrhosis is also associated with reduced hepatic mass 
and portosystemic shunts; two conditions able to alter insulin clearance, thereby contributing to systemic 
insulin resistance[119]. In addition, cirrhosis is associated with increased levels of hypoxia-inducible factors 
and advanced glycation end products, which play a role in the development of T2DM[119,120]. T2DM is an 
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Table 2. Principal observational studies that assessed the association between NAFLD and risk of liver-related disease and 
extrahepatic complications (cardiovascular diseases)

Author Study characteristics Complication NAFLD 
diagnosis Results Country

De Marco et al. [115] Population-based study: 
7,148 T2DM patients 
(3,366 men and 3,782 
women) followed for a 
period of 5 years 

Mortality US The highest SMRs in the 
diabetic cohort were for 
diabetes, liver cirrhosis and 
cardiovascular diseases

Italy 

Zoppini et al. [116] Retrospective study: 
167,621 T2DM patients, 
aged 30-89 years (54.6% 
men), followed from 2008 
to 2010

Mortality US T2DM patients had a higher 
risk of dying from chronic 
liver diseases, in particular 
NAFLD

Italy

Adams et al. [117] Community-based study: 
337 T2DM patients 
from Olmsted County, 
Minnesota, 
followed for 11 years; 116 of 
them had NAFLD 

Mortality US Overall mortality was 
significantly associated 
with a diagnosis of NAFLD, 
presence of ischemic heart 
disease and duration of 
diabetes 

USA

Bertot et al. [119] Prospective study: 284 
patients (53% with 
T2DM, 15% with cirrhosis) 
followed up for a median 
period of 51 months 

Death/transplantation, 
decompensation, HCC

Biopsy, 
Hepascore, 
NAFLD fibrosis 
score (NFS), 
APRI and FIB-4 

T2DM patients had a 
greater risk of liver-related 
death/transplantation 
(HR 3.4, 95%CI: 1.2-9.1) 
decompensation (HR 4.7, 
95%CI: 2.0-11.3) and HCC 
(HR 2.9, 95%CI: 1.2-7.3)

Australia

Sanyal et al. [121] Prospective study: using a 
health care claims database 
from Thomas Reuters 
covering 18 million lives 
yearly and all USA census 
regions from 2002 to 
2008, 4,406 HCC patients 
were identified

HCC Radiological 
imaging

The incidence of HCC in the 
database was 0.4 per 1,000 
persons. NAFLD/NASH 
(59%) and T2DM (36%), 
along with hepatitis C virus 
infection (22%), were the 
main etiologic risk factors 
associated with HCC

USA

Ertle et al. [122] Cross-sectional study: 162 
adults with HCC enrolled 
between February 2007 
and March 2008

HCC Radiological 
imaging

Patients with NAFLD/
NASH-associated HCC 
exhibited a higher prevalence 
of T2DM, hypertension, 
dyslipidemia, coronary 
artery disease, when 
compared to non-NAFLD/
NASH-HCC

Germany

Targher et al. [123] Cross-sectional study: 
2,893 T2DM outpatients; 
1,974 had NAFLD 

Coronary heart disease, 
myocardial infarction, 
angina, cerebrovascular 
disease and peripheral 
vascular disease

US NAFLD was associated 
with a greater risk of 
prevalent CVD, independent 
of classical risk factors, 
glycemic control, 
medications and metabolic 
syndrome features

Italy

Cassidy et al. [124] Case-control study: 19 
adults with T2DM, 19 
adults with NAFLD and 19 
healthy controls 

Cardiac structure, function 
and metabolism

Magnetic 
resonance 
imaging

Changes in cardiac structure 
were evident in adults with 
T2DM and NAFLD 

United 
Kingdom

Mantovani et al. [45] Cross-sectional study: 222 
T2DM outpatients with no 
previous history of CVD  

Left ventricular dysfunction US NAFLD was associated 
with an increased risk of 
mild and/or moderate 
left ventricular diastolic 
dysfunction 

Italy 

Mantovani et al. [125] Cross-sectional study: 
247 consecutive T2DM 
outpatients with no 
previous history of heart 
failure, valvular heart 
diseases and hepatic 
diseases

Cardiac calcification on 
echocardiography

US NAFLD was independently 
associated with cardiac 
calcification both aortic and 
mitral valves 

Italy 
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Targher et al. [126] Cross-sectional study: 400 
outpatients with T2DM

QTc interval on 
electrocardiograms

US NAFLD associated with 
increased QTc interval in 
patients after adjusting 
for multiple established 
risk factors and potential 
confounders

Italy 

Mantovani et al. [127] Cross-sectional study: 751 
hospitalized patients with 
T2DM 

Cardiac conduction defects US Patients with NAFLD 
had a remarkably higher 
prevalence of any persistent 
heart block than those 
without NAFLD (31.3 vs . 
16.7%, P  < 0.001)

Italy 

Mantovani et al. [56] Cross-sectional study: 330 
outpatients with T2DM 
who had undergone 24-h 
Holter monitoring for 
clinical reasons

Ventricular arrhythmias 
were defined as the 
presence of non-sustained 
ventricular tachycardia, 
>30 premature ventricular 
complexes per hour, or 
both

US NAFLD was independently 
associated with an increased 
risk of prevalent ventricular 
arrhythmias

Italy

HCC: hepatocellular carcinoma; NAFLD: nonalcoholic fatty liver disease; T2DM: type 2 diabetes mellitus; US: ultrasound

independent risk factor for adverse outcomes in NAFLD patients with cirrhosis[119,120]. Specifically, T2DM is 
associated with important complications of cirrhosis, such as renal dysfunction, ascites, bacterial infections 
and hepatic encephalopathy[119,120]. Lastly, the management of patients with concurrent diabetes mellitus and 
liver disease has been also addressed[119,120]. Accumulating findings suggest a beneficial effect of metformin 
in patients with chronic liver diseases[119,120]. Insulin is often required in patients with advanced cirrhosis. 
However, the favorable impact of controlling diabetes mellitus in NAFLD patients with cirrhosis has not 
been clearly demonstrated yet[119,120]. Importantly, given that NAFLD has become one of the most important 
indications for liver transplantation, the management of multiple metabolic co-morbidities, including 
T2DM and obesity, are strongly recommended in the pre- and peri-transplant period[128]. 

An increased prevalence and incidence of hepatocellular carcinoma (HCC) has been observed in the last 
two decades worldwide. Although most cases of HCC are due to chronic infection with viral hepatitis, 
recent prospective studies have clearly documented that there is a close association between T2DM, 
NAFLD/NASH and risk of HCC[1]. For instance, in a USA population-based longitudinal study, enrolling 
approximately 4,400 cases of HCC with a median follow-up of 6 years, Sanyal et al.[121] documented that 
the most common risk factor for HCC was NAFLD (59%), followed by T2DM (36%) and HCV chronic 
infection (22%). Almost identical results were observed in a small cross-sectional study of 162 adults 
with HCC[122]. In that study, Ertle et al.[122] found that NAFLD was the most frequent etiology for HCC. 
Importantly, studies have also suggested that the prevalence of HCC is higher in T2DM patients with 
NAFLD and that the coexistence of NAFLD and T2DM markedly increases the risk of developing HCC[129-131].

The presence of T2DM and NAFLD seems to be also associated with intrahepatic cholangiocarcinoma 
(ICC). In a recent meta-analysis of 6 cohort and nested case-control studies, Petrick et al.[132] reported 
that diabetes mellitus was associated with a 53% increased risk of ICC (RR 1.53, 95% confidence interval 
1.31-1.78; I2 = 67%). In another study with a total of 6,093 cholangiocarcinoma cases (ICC: n = 4,695; 
extrahepatic cholangiocarcinoma: n = 1,396) and 60,906 age- and sex-matched controls, the patients with 
ICC and extrahepatic cholangiocarcinoma were more likely to have diabetes mellitus (adjusted odds ratio 
1.22, 95% confidence interval 1.07-1.39 and 1.48, 95% confidence interval 1.18-1.85, respectively) than 
controls[133]. 

NAFLD and risk of macro- and microvascular complications in patients with diabetes mellitus
In the last decade, several observational studies documented that in patients with and without diabetes 
mellitus, NAFLD (as detected by imaging or liver biopsy) is associated with: (1) an increased risk of fatal 
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and non-fatal cardiovascular events; (2) alterations in cardiac structure and function; and (3) an increased 
prevalence of microvascular complications [such as chronic kidney disease (CKD) and distal symmetric 
polyneuropathy][134]. Importantly, these associations were significant even after adjustment for many 
established cardiovascular risk factors and diabetes-related confounders[134]. 

Association between NAFLD and macrovascular complications
It is now established that the principal cause of mortality in patients with NAFLD is cardiovascular disease 
(CVD), followed by extrahepatic cancers and liver-related complications[134]. In this regard, in a recent 
meta-analysis of 45 studies for a total of nearly 8 million individuals who were followed from 4 to 13 years, 
Younossi et al.[135] documented that the pooled CVD-specific mortality rate among NAFLD patients (with 
or without diabetes mellitus) was approximately 4.8 per 1,000 person-years. Working with data from the 
National Vital Statistics System multiple-cause mortality data (2007-2016), Paik et al.[136] further showed 
that CVD is one of the main causes of death among USA patients with NAFLD. In a 2016 meta-analysis 
of 16 observational studies, Targher et al.[137] showed that patients with NAFLD had a higher risk of fatal 
and/or non-fatal CVD events when compared to patients with no NAFLD (random effects-odds ratio 1.64, 
95% confidence interval 1.26-2.13) over a median period of nearly 7 years. In a 2020 nested cohort study 
of nearly 4,000 USA patients, who underwent coronary computed tomography angiography as part of the 
PROMISE (PROspective Multicenter Imaging Study for Evaluation of Chest Pain) study, Meyersohn et al.[138] 
showed that hepatic steatosis (on computed tomography) was associated with major adverse cardiovascular 
events, even after controlling for established cardiovascular risk factors or extent of coronary artery disease 
(hazard ratio 1.69, 95% confidence interval 1.16-2.48).

These findings can be broadly explained by the fact that NAFLD adversely affects cardiac structure and 
function, leading to an increased risk of cardiomyopathy (e.g., left ventricular diastolic dysfunction 
and hypertrophy), cardiac valvular calcification [e.g., aortic valve sclerosis (AVS) and mitral annulus 
calcification (MAC)], and cardiac arrhythmias (mainly atrial fibrillation)[134]. 

Restricting the discussion to the observational studies conducted in patients with T2DM [Table 2], the 
Valpolicella Diabetes Heart Study in 2007 documented that T2DM patients with NAFLD (on ultrasound) 
had an increased prevalence of coronary, cerebrovascular and peripheral vascular diseases as compared 
with those with no NAFLD[123]. Interestingly, in a cross-sectional study enrolling 222 T2DM outpatients, 
Mantovani et al.[45] documented that NAFLD (on ultrasound) was independently associated with increased 
risk of mild and/or moderate left ventricular diastolic dysfunction (evaluated by echocardiography). In 
another cross-sectional study of nearly 120 elderly T2DM patients with hypertension, Mantovani et al.[139] 
reported that NAFLD (on ultrasound) was associated with left ventricular hypertrophy (as detected by 
echocardiography). In a cross-sectional study enrolling 19 adults with T2DM, 19 adults with NAFLD (on 
proton magnetic resonance spectroscopy [1H-MRS]) and 19 healthy controls, Cassidy et al.[124] showed 
that alterations in cardiac structure (evaluated by cardiac magnetic resonance) were mainly evident in 
T2DM patients with NAFLD. Some studies using biopsy or Fibroscan® also observed a graded relationship 
between functional and structural myocardial abnormalities and the severity of NAFLD in patients with 
and without T2DM[134]. 

Regarding the heart valve calcifications, studies have demonstrated an association between NAFLD and 
risk of AVS and MAC in patients with and without T2DM[125,134]. For example, in an observational study 
enrolling 247 consecutive T2DM outpatients, Mantovani et al.[125] reported that NAFLD (on ultrasound) 
was independently associated with cardiac calcifications in both the aortic and mitral valves. These 
findings are of clinical interest, as it is established that AVS and MAC are associated with all-cause and 
cardiovascular mortality in T2DM patients[140].
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With regard to cardiac arrhythmias, many observational studies and some meta-analyses have reported that 
NAFLD (as detected by ultrasound or computed tomography) is associated with prevalent and incident 
atrial fibrillation in patients with and without T2DM[134]. Atrial fibrillation is a frequent arrhythmia seen in 
clinical practice and it is closely related to cardiovascular morbidity and mortality[134]. In a meta‐analysis of 
5 observational studies enrolling approximately 240,000 middle‐aged and elderly individuals, Mantovani et al.[141] 
documented that NAFLD was associated with higher prevalence and incidence of AF. Other studies have 
documented that in T2DM patients, NAFLD (on ultrasound) was associated with an increased risk of 
prolonged QTc, ventricular arrhythmias or other conduction defects[56,126,127,134,142]. 

Collectively, these data strongly support the assertion that, as also recommended by the European and 
American guidelines on the management of NAFLD[143,144], a multidisciplinary approach to NAFLD patients 
is necessary, based on careful assessment of cardiometabolic risk factors.

Increased risk of CKD in NAFLD patients with T2DM
Recently, several studies and some meta-analyses have demonstrated that in T2DM patients, NAFLD, 
as detected by liver ultrasound or biopsy, is linked to an increased risk of prevalent and incident CKD, 
above and beyond established cardiometabolic risk factors[145]. For instance, regarding the association 
between NAFLD and prevalence of CKD, recently, in an observational study of 169 T2DM patients with 
NAFLD and 169 T2DM patients without NAFLD, Jia et al.[146] reported that NAFLD (on ultrasound) was 
independently associated with an increased risk of prevalent CKD (defined as eGFR < 60 mL/min/1.73 m2 
and/or albuminuria). Accumulating data now suggest that the association between NAFLD and risk 
of prevalent CKD may be even bidirectional[145]. For example, in an observational study enrolling 
approximately 2,000 Taiwanese patients with T2DM, Lee et al.[73] confirmed an independent association 
between imaging-diagnosed NAFLD and CKD (adjusted odds ratio 1.59, 95% confidence interval 1.12-2.25). 
Interestingly, when the authors performed a structural equation model analysis to test the effects of NAFLD 
on CKD and the potential role of CKD on NAFLD, they found the existence of a bidirectional relationship 
between NAFLD and CKD[73]. 

Accumulating data also indicate that the risk of CKD may be higher in patients with advanced forms of 
NAFLD (mostly liver fibrosis) as compared to patients with simple steatosis[145]. In an observational cross-
sectional study enrolling nearly 400 Italian patients with T2DM, Lombardi et al.[71] reported that CKD 
(defined by the presence of eGFRCKD-EPI < 60 mL/min/1.73 m2 and/or abnormal albuminuria) was present 
in 36% of NAFLD patients with liver fibrosis (as detected by Fibroscan®) as compared to 21% of NAFLD 
patients without liver fibrosis (P < 0.001). Recently, Mantovani et al.[65] documented that, after adjusting for 
established risk factors and potential confounders, LSM was significantly associated with an approximately 
3-fold higher risk of prevalent CKD (adjusted odds ratio 3.28, 95% confidence interval 1.22-8.90) in a 
sample of nearly 140 T2DM outpatients. Interestingly, Yeung et al.[62] in 2018 also reported that advanced 
fibrosis, as detected by Fibroscan®, but not liver steatosis on US, was independently associated with a 
higher risk of prevalent albuminuria in nearly 1,800 patients with T2DM (belonging to the Hong Kong 
Diabetes Registry). Additionally, in a cross-sectional study of 100 Indian patients with NAFLD (on US), 
Nampoothiri et al.[147] reported that patients with impaired renal function (defined as eGFRCockcroft–Gault < 
80 mL/min/1.73 m2 and/or presence of proteinuria) had higher proportion of significant liver fibrosis and 
advanced fibrosis on Fibroscan®, when compared to those with normal renal function. Importantly, in the 
multivariate analyses, the authors found that T2DM and advanced fibrosis were two independent predictors 
of impaired renal function in patients with NAFLD. In particular, advanced fibrosis had the best diagnostic 
accuracy and specificity in predicting impaired renal function in these patients (diagnostic accuracy: 81%; 
sensitivity: 58%; specificity: 90%)[147]. 

Regarding the association between NAFLD and incidence of CKD, to date, there are still few data in 
patients with T2DM[148]. In 2008, the Valpolicella Heart Diabetes Study demonstrated that patients with 
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T2DM and NAFLD had an increased risk of incident CKD (defined as CKD stage ≥ 3 and/or overt 
proteinuria) as compared to those without NAFLD over a mean follow-up period of 6.5 years[149]. Recently, 
in a meta-analysis involving 9 cohort studies with a total of nearly 100,000 patients with and without 
T2DM, Mantovani et al.[150] confirmed that NAFLD was independently associated with an increased risk of 
incident CKD. Interestingly, when the authors performed a subgroup analysis, they found that the risk of 
incident CKD in patients with NAFLD was greater in patients with T2DM (random effects hazard ratio 1.56, 
95% confidence interval 1.07-2.05) than in patients with no T2DM (random effects hazard ratio 1.35, 95% 
confidence interval 1.16-1.54)[150]. 

Accumulating data also suggest that NAFLD patients with CKD tend to have a worse prognosis and 
an increased overall mortality as well, when compared to those with NAFLD but without CKD[148]. For 
instance, in a cohort study enrolling 11,695 patients, Paik et al.[151] documented that the presence of both 
CKD and NAFLD was associated with an increased risk for overall mortality (hazard ratio 2.34, 95% 
confidence interval 1.91-2.87). Interestingly, in that study, the severity of CKD was even associated with 
higher risk of mortality in patients with NAFLD[151]. Specifically, the presence of NAFLD with advanced 
CKD stages (from stage 3B to stage 5) was associated with a nearly 5-fold (hazard ratio 4.80, 95% 
confidence interval 2.40-9.71) increased risk of death when compared to absence of CKD, whereas the 
presence of NAFLD with intermediate CKD stages (from stage 2 to stage 3A) was associated with a 2.3-fold 
(95% confidence interval 1.70-3.15) increased risk of death[151]. Although further studies are needed, it is 
possible that the difference in overall mortality observed by Paik et al.[151] might be related to the presence 
of specific metabolic features, including T2DM. Önnerhag et al.[152] corroborated this hypothesis in an 
observational study involving 120 patients with biopsy-diagnosed NAFLD. 

Recently, some observational studies that enrolled patients with and without T2DM have documented that 
PNPLA3 rs738409 (I148M protein variant), which is the most important variant associated with NAFLD 
and its severe forms, is independently associated with an increased risk of CKD[145,148]. For instance, in 
a recent study of 157 Italian patients with T2DM, who underwent liver ultrasound and kidney function 
assessment, Mantovani et al.[153] reported that the association of I148M homozygosity with higher risk 
of CKD was independent of liver disease severity and other confounders. Interestingly, in that study, the 
authors also found that PNPLA3 mRNA expression was greatest in liver and renal cortex, especially in 
podocytes, thereby suggesting that PNPLA3 I148M variant might exert adverse effects on the kidney[153]. 

Association between NAFLD and distal symmetric polyneuropathy in patients with diabetes 
mellitus
Several observational studies, although not all[154,155], have documented a significant association between 
NAFLD and prevalent distal symmetric polyneuropathy in patients with T2DM[22,39,71]. This association 
persisted even after adjustment for many cardiometabolic risk factors and other potential confounders. 
Interestingly, in a recent cross-sectional study involving approximately 400 outpatients with T2DM 
(mean age 68 years, 52% male) attending 5 Italian diabetes centers, who underwent liver ultrasonography, 
FibroScan® and evaluation of microvascular diabetic complications, Lombardi et al.[71] documented 
that significant fibrosis (i.e., LSM ≥ 7.0/6.2 kPa with M/XL probes) was independently associated with 
increased prevalence of microvascular diabetic complications, including distal symmetric polyneuropathy 
(3% in patients with LSM < 7.0/6.2 kPa vs. 14% in patients with LSM ≥ 7.0/6.2 kPa). Contrariwise, in a 
retrospective study of 927 Asian patients with T2DM, Kim et al.[155] did not observe a significant difference 
in the prevalence of diabetic peripheral neuropathy among patients with and without NAFLD. 

Collectively, these data suggest that diabetic patients with NAFLD should be evaluated for the presence of 
distal symmetric polyneuropathy, along with other hepatic and extrahepatic complications. In addition, 
the issue of whether the increased risk of microvascular complications in diabetic patients with NAFLD is 
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restricted to patients with more severe NAFLD or applies to all patients with NAFLD is relevant given the 
disease burden of NAFLD. However, additional studies are needed to establish if NAFLD can increase the 
risk of developing distal symmetric polyneuropathy and to elucidate if improvement in NAFLD is able to 
prevent the development and progression of distal symmetric polyneuropathy in patients with diabetes.

Putative mechanisms linking NAFLD to vascular complications in patients with diabetes 
mellitus
The detailed description of the putative mechanisms linking NALFD to vascular complications in patients 
with diabetes mellitus is beyond the purpose of this narrative review. Therefore, we refer the reader to other 
reviews for this topic[1,2,134,142,156]. 

When common diseases coexist and share common risk factors, it might be difficult to separate pivotal 
relationships and understand the role of potential confounders. Indeed, T2DM or MetS are examples of 
confounding diseases linking NAFLD to cardiovascular complications.

However, there are many potential underlying mechanisms that can link NAFLD to the development 
and progression of vascular complications[134]. As several studies have clearly demonstrated in the last 
decade, NAFLD (mainly in its more severe histological forms) can worsen hepatic and systemic insulin 
resistance[156]. Insulin resistance is linked to an excessive fat accumulation in ectopic tissues, including 
the liver, as well as with increased circulating free fatty acids[156]. All these factors can strongly promote 
endoplasmic reticulum stress and inflammation[156]. In addition, they aggravate and maintain the insulin 
resistant state, thereby leading to a vicious cycle[156]. In fact, inhibition of insulin signaling pathways 
associated with NAFLD can occur by various mechanisms, including inflammatory, many kinase proteins 
and several lipid-derived by-products[156]. NAFLD and its more severe histological forms can also contribute 
to the release into the bloodstream of several proinflammatory, profibrogenic and vasoactive mediators 
(such as C‐reactive protein, tumor necrosis factor alpha, interleukin‐6, transforming growth factor-
beta, factor VIII, plasminogen activator inhibitor-1 and endothelin-1). All these mediators can promote 
important cardiac and arrhythmic complications[134]. Hence, it is possible that the reduction of chronic 
inflammation in NAFLD patients might be a potential intervention to reduce the risk of cardiac disease and 
arrhythmias[134]. Accumulating experimental and clinical data also indicate that NAFLD may contribute to 
the activation of multiple pathways implicated in the pathophysiology of CKD[1,2,134,142]. Impaired activation 
of the renin-angiotensin system (RAS) may indeed contribute to the renovascular injury by inflammation 
and coagulation pathways[1,2,134,142]. Atherogenic dyslipidemia, insulin resistance, oxidative stress and 
pro-inflammatory factors can contribute to renal damage[1,2,134,142]. However, in spite of the large body of 
evidence linking NAFLD to cardiac, arrhythmic and renal complications, it has not been conclusively 
established if a cause‐effect relationship exists[134].

Not only are many traditional risk factors combined between NAFLD, micro and macrovascular disease, 
CKD and T2DM/MetS, but novel risk factors are also emerging in each of these conditions. These novel 
risk factors include perturbation of the intestinal microbiota (dysbiosis) with associated inflammation, 
intestinal dysfunction and platelet activation. 

Recently, the role of dysbiosis in NAFLD and in the development of its complications has gained 
scientific interest[134]. Dysbiosis is associated with increased production of lipopolysaccharide from gram-
negative bacteria, which can damage the intestinal barrier and, consequently, can increase permeability 
and contribute to the release of endotoxins into the systemic circulation, thereby determining a chronic 
inflammation and oxidative stress, mainly due to the release of pro-inflammatory cytokines[134,157]. 
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Altered production of short-chain fatty acids, such as acetate, propionate and butyrate, can influence 
hepatic gluconeogenesis and liponeogenesis[158]. Short-term probiotic treatments should have a beneficial 
effect on insulin resistance by increasing butyrate production[158].

Another consequence of dysbiosis is an increase in the uremic toxins that are associated with 
atherosclerosis and hypertension. There is a demonstrated relationship between trimethylamine oxide 
(TMAO) and atherosclerosis[159]. Circulating levels of TMAO, an early biomarker of adipose dysfunction, 
are high in obese NAFLD patients[159]. TMAO is produced from the oxidation of trimethylamine in 
the liver, which is derived from bacteria-dependent metabolism of dietary choline[159]. TMAO leads to 
atherosclerosis acting on reverse cholesterol transport, inducing platelet aggregation, the formation of foam 
cells and the increased expression of scavenger receptors[159]. 

Cardiovascular tissue cells, such as endothelial cells, vascular smooth cells and cardiac cells, express bile 
acid receptors[160]. Gut microbiota influence the production of secondary bile acids, such as deoxycholic 
acid, ursodeoxycholic acid and lithocholic acid[160]. The alteration of bile acid metabolism seems to be 
associated with an increased risk of CVD, because of increased LDL cholesterol levels, vasomotor tone and 
blood pressure[160].

Several experimental studies also suggest that mitochondrial dysfunction may be closely associated 
with insulin resistance and atherosclerosis[161], thereby indicating a potential mechanistic link between 
mitochondrial dysfunction, T2DM, NAFLD and CVD[134].

Recently, Malehmir et al.[162] showed that platelet number, platelet activation and platelet aggregation are 
increased in NASH, but not in simple steatosis, pointing to novel mechanisms that should be studied.

We suggest that future prospective and interventional studies be carried out in well-characterised cohorts 
of patients that can clarify mechanisms linking NALFD to vascular complications. 

CONCLUSION
The concept that NAFLD is a benign condition has changed over the last decades. At present, NAFLD is 
the most common chronic liver disease observed in clinical practice, especially in patients with T2DM 
and those with obesity, thereby becoming a relevant health care problem worldwide[1,86,135]. In fact, NAFLD 
is a leading cause of liver-related and cardiovascular mortality and morbidity[1]. Convincing evidence 
clearly shows that NAFLD is strongly linked to clinical and subclinical alterations in cardiac structure 
and function, independent of the coexistence of established cardiovascular risk factors and metabolic 
syndrome[134]. These findings may partly explain the increased risk of cardiovascular death found in T2DM 
patients with NAFLD. Given the available data and as suggested by European and American clinical 
practice guidelines[143,144], a careful assessment of cardiometabolic risk factors and regular monitoring of 
liver and cardiovascular complications is mandatory in patients with NAFLD, especially if they are obese 
or have T2DM. Some authors suggest repeating the assessments every 1 or 2 years, based on the CVD risk 
factors[4]. The clinical and laboratory data that should be obtained, along with sex and age, are as follows: 
body weight, height, body mass index, waist circumference, cigarette smoking, alcohol consumption, 
blood pressure, total cholesterol, triglycerides, HDL-cholesterol, LDL-cholesterol, fasting plasma glucose, 
hemoglobin A1c (HbA1c), estimated glomerular filtration rate (or serum creatinine), albuminuria, 
75-g oral glucose tolerance test (in patients with impaired fasting glycaemia and/or obesity), CVD risk 
estimation (by using risk calculators), and carotid artery ultrasonography[4]. In addition, seeing that the 
prevalence of NAFLD and significant or advanced liver fibrosis is relatively high in T2DM patients (most 
of whom have normal serum levels of liver enzymes)[1], FibroScan® may be useful not only for assessing 
the severity of liver fibrosis, which is the strongest predictor of long-term adverse clinical outcomes in 
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NAFLD, but also for identifying those patients at higher risk of having CKD or other chronic vascular 
complications[1,65]. Finally, despite the large body of evidence on NAFLD in T2DM patients, there are still 
important open issues that need to be timely resolved: 
(1) Is MAFLD definition more useful in clinical practice when compared to NAFLD definition? 
(2) Which are the appropriate screening/surveillance measures for NAFLD in individuals with T2DM? 
(3) Which is the appropriate non-invasive diagnostic strategy for NASH and advanced fibrosis in T2DM 
patients with NAFLD? 
(4) Is NAFLD a risk factor or only an independent predictor of non-hepatic complications in patients with 
T2DM, including cardiovascular disease? 
(5) What is the role of genetic factors regarding the development of advanced forms of NAFLD in patients 
with T2DM?
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Abstract
Although liver resection (LR) is often adopted to recurrent hepatocellular carcinomas, risks of complications and 
conversion reportedly increase in laparoscopic repeat LR (LRLR). The indication is not agreed upon even with the 
recent advances of laparoscopic LR. We conducted an international propensity score matching study of LRLR 
and open repeat LR for hepatocellular carcinoma with 1,582 patients from 42 world centers. Propensity-score 
matched LRLR patients have smaller blood loss and longer operation time than open repeat LR patients. Median 
overall survival time was 8.94 years in open and 12.55 years in LRLR; although the difference was not significant, 
the P-value was 0.0855 and the better curve of LRLR is clearly separated from that of open. In our institution, we 
experienced 34 LRLR and 12 cases of three times or more repeat LR until 2019. There are no significant differences 
in operation time, blood loss, hospital stay, conversion, and morbidity rates among first, second, and third or higher 
laparoscopic LR, which is different from the open situation. However, postoperative bile leakage and intraoperative 
bleeding causing conversion did happen in the cases with repeat extended exposure of Glissonian pedicle. LRLR 
is feasible for selected patients. However, the procedure is under developing stage and further accumulation of 
experiences and evaluation are needed. 

Keywords: Laparoscopic liver resection, hepatocellular carcinoma, re-do surgery

INTRODUCTION
Hepatocellular carcinoma (HCC) can occur in multifocal and metachronous style with the neoplastic 
background with chronic liver diseases. Repeat liver resection (LR) is often required for the condition[1,2]. 
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After the beginning of laparoscopic LR (LLR) in the early 1990s[3], the accumulated experiences plus 
technical/technological advancements have expanded the indication of LLR[3-6]. However, the bulky and 
weighty liver protected inside the subphrenic “rib cage”, and the invisible tumors/vessels inside it, should 
be handled in LR. There are obstacles to overcome in LLR: restricted manipulation, poor tactile sensation, 
and disorientation occurring under the limited laparoscopic view[7,8]. Increases in operation time and 
bowel injury were known in surgery with adhesion[9,10], and increased morbidity and conversion in 
laparoscopic re-do surgeries have been reported[10,11]. Many laparoscopic re-do surgeries[10-14] have become 
usual procedures; however, the application of laparoscopic repeat LR (LRLR) is controversial. Adhesion 
can disturb the liver mobilization and the dissections of vessels and Glissonian pedicles. Scars/adhesions 
causing the deformity of the liver and its internal structures disrupt the identifications of tumors and 
vessels. They increase the risks of complications and conversions during LRLR. 

On the other hand, LLR is reported to have benefits, such as reductions of postoperative ascites and liver 
failure[15], for patients with liver cirrhosis (LC)[16-18]. During open LR, the subphrenic “rib cage” in which 
the liver is protected is opened with subcostal incision, and the liver is mobilized for picking up. In LLR, 
directly intruding instruments to the cage perform the manipulation [Figure 1, “Caudal approach”[19-21]] 
with minimum damages to surrounding structures and collateral vessels in LC patients. Similarly, direct 
access with minimal adhesiolysis to the working space can be enabled, especially in small surface LRLR 
[Figure 1][22-24]. It could be an advantage of LRLR over open repeat LR[24-27].

This review describes the current status of LRLR for HCC from the result of our multi-institutional study 
and our own experiences.

THE PROPENSITY SCORE MATCHING STUDY FOR HCC PATIENTS
We conducted the first international propensity score matching study comparing LRLR to open repeat LR 
for HCC patients[28] with 1,582 registered cases from 42 centers. LRLR was feasible for selected patients 
and not inferior to open procedure in both short- and long-term results of the study. The conversion rate 
of LLR patients in this study on an intention to treat basis was low (3.8%), which might be caused by the 

Figure 1. Open (A) and laparoscopic (B) repeat liver resections. The directions of view and manipulation in each approach are indicated 
with red arrows. A: in the open approach, the subphrenic rib cage is opened with a large subcostal incision and the liver is mobilized 
(lifted) from the retroperitoneum; B: in laparoscopic approach, the instruments intrude into the cage from the caudal direction, and the 
surgery is performed with minimal damage on the associated structures. Orange arrows indicate the dissection of adhesion. A: total 
adhesiolysis is performed in open procedure; B: direct approach to the tumor in laparoscopic procedure can facilitate small surface 
repeat liver resection with minimal adhesiolysis. IVC: inferior vena cav

A B
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patient selection. The fact that LRLR was currently adopted to patients of poor general and liver condition 
but with favorable factors related to tumors and surgical procedures was also shown. Notable differences 
between centers in the number and percentage of LRLRs were revealed. The number of LRLRs in each 
center ranged from 0 to 67 (median 10) and the rate among all cases was from 0% to 100% (median 57.1%). 
Furthermore, no correlation was found between the number and percentage (P = 0.349). It is thought to 
be because indications differ depending on each center’s experience with different patient populations in 
terms of the prevalence of HCC, although all are high-volume centers of LR. LRLR for HCC is currently 
adopted only for patients with favorable characteristics depending on each center’s experiences. It means 
that this procedure is still in its developing stage. All patients after matching, in comparison to those before 
matching, had better general and liver conditions, as well as tumors and surgery-related conditions. The 
patients after matching were favorable patients who would have been eligible for either LRLR or open 
repeat LR depending on the experience of each center. 

The survival curve of LRLR patients after matching was clearly separated and better than that of open 
patients, although without significant difference (median 12.55 years vs. 8.94 years; P = 0.086). On the other 
hand, disease-free survival after matching and overall survival before matching in laparoscopic and open 
repeat LRs were similar. Although LRLR patients before matching were selected with poorer liver function, 
matched LRLR patients had better liver function and might have been able to undergo repeated treatments 
due to less adhesion and liver function deterioration caused by laparoscopic approach. Although resection 
margin should be one of the important factors for long-term results of LR theoretically, the optimal 
resection margin for HCC remains controversial[29]. In our study, 6.25% of the data for resection margin 
could not be retrieved, and unfortunately this factor was not in the propensity-score matching analysis. 
However, among the patients with sufficient data, the rates of R1 resection in the original groups of open 
and laparoscopic repeat LR were 16.1% and 6.3%. The rate in open group is comparable to and that in LRLR 
is lower than previous reports[29,30]. It is speculated that the status of resection margin in LRLR is not, at 
least, inferior to that in open, although this difference in our study may partially be caused by the fact that 
LRLR is currently adopted to patients of favorable factors related to tumors and surgical procedures. 

For the short-term results, the study showed that LRLR was accompanied by less blood loss and a longer 
operation time. Decreased morbidity is considered as one of the advantages of LLR for HCC patients[22-25]. 
However, our matched patients have favorable liver function, and, thus, the impact of LLR might be 
lower. The differences in hospital stay between centers/areas, possibly due to insurance systems and 
hospitalization practices, were large and, thus, no difference should have been observed in hospital stay. 

Currently, there is no randomized-control trial for open and laparoscopic repeat resection and only four 
propensity-score matching studies [Table 1][31-33]. Besides our study, the studies include patients with other 
diseases than HCC with few data for long-term results. However, adding of only a few existing meta-
analyses[34,35], they all mentioned that LRLR for selected patients is feasible with, at least, comparable results 
to open procedure.

OUR OWN EXPERIENCES
Until 2019, we experienced 34 LRLR and 12 cases of three or more (up to five) times repeat LR [Table 2]. 
There are no cases with combined resection of another organ or LLR for two or more segments in repeat 
cases. In the comparison excluding first LLR cases with same features as well, there are no significant 
differences in operation time, blood loss, hospital stay, conversion, and morbidity rates among first, repeat, 
and three or more times repeat LLRs. This is different from the situation of open repeat LR. Open repeat LR 
takes generally more operation time and blood loss. This may be caused from that laparoscopic direct access 
to working space, after minimal adhesiolysis, can be enabled especially in small surface LRLR [Figure 1][22-24]. 
We think it could be an advantage of LRLR over open repeat LR[24-27]. However, conversion rate and 
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Author Year Journal Study 
design Disease Number

(ORLR: LRLR) Short-term outcomes Long-term outcoms

Morise et al. [28] 2020 Br J Surg Multicenter 
PSM

HCC 934:648 Blood loss: LRLR favor
operation time: ORLR 
favor 

OS no significant difference
DFS no significant 
difference

Inoue et al. [31] 2019 J Gastrointest 
Surg

Single 
center PSM

HCC, CRLM, 
others

97:45 Blood loss, hospital stay, 
morbidity: LRLR favor OS and DFS: not available

van der Poel et al. [32] 2019 Br J Surg Multicenter 
PSM

CRLM 154:271 Blood loss, operation 
time, hospital stay: LRLR 
favor

OS and DFS: not available

Hallet et al. [33] 2017 World J Surg Multicenter 
PSM

CRLM 349:27 Comparable (operation 
time, BT, morbidity)

OS: not available
DFS: comparable

Table 1. Summary of previous reports of LRLR (propensity score matching analyses)

Table 2. Short-term outcomes of first, repeat, and three or more times repeat laparoscopic liver resection

LRLR: laparoscopic repeat liver resection; ORLR: open repeat liver resection; PSM: propensity score matching analysis; HCC: 
hepatocellular carcinoma; OS: overall survival; DFS: disease free survival; CRLM: colorectal carcinoma liver metastasis; BT: blood 
transfusion rate

Until 2019, we experienced 34 LRLR and 12 cases of three or more (up to five) times repeat LR. There are no cases with combined 
resection of the other organ or LLR for two or more segments in repeat cases. In the comparison excluding those cases as well, there are 
no significant differences in operation time, blood loss, hospital stay, conversion, and morbidity rates among first, repeat, and three or 
more times repeat LLRs. LRLR: laparoscopic repeat liver resection; LLR: laparoscopic liver resection; SD: standard deviation; NS: means 
that there is no statistically significant difference between the values of first, repeat, and three or more times repeat LLR

1st LLR n  = 84 Repeat LLR n  = 34 3 or more times repeat n  = 12
Operation time (min), mean ± SD (median) 293 ± 128 (262) 292 ± 136 (256) 299 ± 146 (274) NS
Blood loss (mL), mean ± SD (median) 244 ± 517 (70) 331 ± 652 (50) 504 ± 864 (50) NS
Length of hospital stay (day), mean ± SD (median) 20 ± 30 (15) 18 ± 2 (12) 26 ± 33 (14) NS
Conversion 2/84 1/34 1/12 NS
Morbidity (Grade III or higher) 5/84 2/34 1/12 NS

morbidity are higher in repeat than first surgeries, although it is not significant. Bile leakage and bleeding 
did happen in the cases with repeat extended exposure of Glissonian pedicle. Limited surgical field for 
view and manipulation with adhesion/scars around the hilar plate can lead to complicated repeat extended 
exposure of Glissonian pedicle. It is different from most repeat small surface resections. Evaluations of such 
LRLRs should be required after more accumulation of experiences.

CONCLUSION
Our propensity score study showed that neither short- nor long-term outcomes of LRLR for HCC in its 
current developing stage are inferior to those of open repeat LR. Although a large-scale study conducted 
after further establishment of the procedure and accumulation of experience is needed, LRLR is feasible 
for selected patients. There could be advantages of LRLR over open (especially for small surface resection), 
such as decreased blood loss, and less deterioration of liver function. However, repeat extended exposure of 
Glissonian pedicle could currently be the cause of complications, such as bile leakage and bleeding.
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Abstract
The tumor suppressor p53 is a key player in the control of genomic integrity and homeostasis in connection with p63 
and p73, the two other members of the p53 family. Loss of functional p53 leads to the proliferation and survival 
of mature cells and progenitor or stem cells that accumulate genetic alterations, thus favoring tumorigenesis. p53 
loss of function, observed in a wide variety of human tumor types, is frequently caused by missense mutations 
more frequently found in the DNA binding domain, but can also be due to the expression of a plethora of viral and 
cellular negative regulators. Human hepatocellular carcinoma (HCC) represents a specific situation, first because 
the TP53  gene mutations pattern exhibits a “hot spot” rarely found in other tumor types that is linked to Aflatoxin 
B1 exposure and, second, because many HCCs do not exhibit any TP53  mutation. Here, we provide an overview of 
the current knowledge about the inhibition of p53 functions by the N-terminal (ΔN) truncated forms of the family, 
and their role in the emergence and maintenance of pre-malignant cells with stem cell characteristics and in HCC 
development. We focus in particular on the Nanog-IGF1R-ΔNp73 axis that is associated with stem-like features in 
HCC cells and that may provide an attractive new therapeutic target and help to develop new biomarkers for HCC 
risk stratification, as well as preventive strategies. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a major public health problem, being the fourth most lethal cancer 
with an increasing incidence around the world[1]. About 90% of HCC cases can be associated with four 
well-characterized underlying risk factors including chronic infection with hepatitis B and C viruses 
(HBV, HCV), ethanol consumption, and non-alcoholic fatty liver disease (NAFLD)[2]. Although the risk of 
developing HCC can be reduced in patients by treatment of the underlying cause - e.g., HCV eradication 
by direct-acting antivirals (DAAs) and HBV suppression by nucleos(t)ide analogs (NUCs) - strategies to 
prevent cancer development in patients with advanced fibrosis and established cirrhosis are still lacking[3,4]. 
Despite the recent improvements, treatment options for HCC remain largely unsatisfactory. Currently, 
curative treatment options for patients with HCC include surgical resection and loco-regional ablation, 
frequently associated with tumor recurrence, and orthotopic liver transplantation, a resource-intensive 
solution[3,4]. However, due to its silent clinical character and the low sensitivity and specificity of currently 
available diagnostic biomarkers, HCC is commonly diagnosed at an advanced stage, when curative 
treatments are not feasible, leaving systemic drugs as the only option[3,4]. Patients with untreated advanced 
HCC carry a very poor prognosis with an expected survival of 4-6 months. Treatment modalities available 
for patients with advanced HCC not eligible for curative treatment include the multikinase inhibitors 
(MTKi) sorafenib and lenvatinib as first line treatment, with an increase in survival of approximately 
3 months, and MTKi regorafenib or cabozantinib as second or third line treatment that enables extension 
of survival by an additional 3 months[3,4]. Immune checkpoint inhibitors (ICIs) in monotherapy achieve 
striking tumor responses in a few patients who have hugely improved outcomes[3,4], but the low rate of 
responding patients does not allow significant improvements in the median overall survival. More recently, 
the combination of drugs targeting the liver microenvironment with PD1/PD-L1 inhibitors, such as the 
association of bevacizumab and atezolizumab, or the combination of ICIs have shown promising results[3-5]. 

In HCC, as in numerous other tumor types, the chemoresistance is thought to be due to the existence 
of a sub-population of poorly differentiated cancer cells, widely known as liver cancer stem cells (CSCs) 
or tumor initiating cells (TICs)[6,7]. The escape mechanisms are diverse, like enzymatic inactivation 
or increased drug efflux[6,7]. The microenvironment also plays an important role. By secreting growth 
factors and cytokines, it favors the emergence, maintenance and survival of CSCs and their resistance 
to chemotherapeutic drugs, resulting in the recurrence of more aggressive tumors[8]. Chronic HBV and 
HCV infections and alcohol abuse induce liver inflammation, fibrosis, and cirrhosis. This pathological 
microenvironment exhibits alterations in cytokine secretion, extra-cellular matrix components and 
stiffness, angiogenesis, and liver resident immune cells. Moreover, the abnormal activation of signaling 
pathways, several of them strongly involved in stemness, are observed in liver fibrosis and cirrhosis[9,10]. All 
these alterations could contribute to the emergence of cellular clones with characteristics of liver CSCs, as 
shown in other tumor types[8] and subsequently to HCC initiation and development.

Understanding the mechanisms responsible for liver CSC maintenance and survival is therefore an 
important step in the search of efficient therapies for HCC. CSCs exploit signaling pathways essential for 
self-renewal, proliferation and differentiation that are usually used by stem cells in physiological situations. 
Wnt/β-catenin, Hedgehog, Notch, and TGFβ are the main pathways found activated in hepatic CSCs[11-14]. 
For some of them, this activation has been associated with the expression of cell surface markers, such as 
EpCAM for the Wnt/β-catenin pathway or CK19 for the TGFβ pathway, and with poorly differentiated 
tumors, drug resistance and worse prognosis[15-17]. 

In addition to these pathways, another key player of CSCs is the p53 family. In this review, we summarize 
the main functions of p53 and the p53 family, as well as the mechanisms that lead to their functional 
inactivation in tumors. We describe the alterations of p53 functions that favor the emergence of CSCs 
with a particular focus on liver CSCs. Finally, we highlight the close connection between the p53 family 
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members and key players of stemness, which could help developing new approaches to prevent the 
appearance of liver CSCs in the context of chronic liver diseases, inflammation in the liver, and HCC 
development.

THE P53 FAMILY
The p53 family encompasses three members, namely TP53, TP63 and TP73[18,19]. All three genes encode for 
multiple isoforms generated by both internal promoter usage and alternative splicing [Figure 1]. The full-
length isoforms (p53, TAp63 and TAp73) share a N-terminal transactivation domain, followed by a proline-
rich sequence, a central DNA-binding domain (DBD) and the C-terminal oligomerization domain involved 
in the formation of transcriptionally active homo-tetramers [Figure 1]. All three possess the ability to 
bind sequence specific cognate DNA motifs (p53RE, p53 responsive elements) and thus to transactivate a 
large number of direct target genes collectively referred to as p53-target genes. Due to the high sequence 
homology (> 70% sequence identity) in their DBDs[18,19], p73 and p63 regulate many p53-target genes 
(e.g., WAF1, PUMA, NOXA, BAX and MDM2)[20]. The complete repertoire of common and private target 
genes regulated by the p53 family members in different physiological and pathological contexts is still 
unknown[20]. The C-terminus of TAp63 and TAp73 alpha isoforms also contains a sterile alpha motif and 
a terminal transcription inhibitory domain, not conserved in p53[18,19,21,22]. Additional shorter isoforms (β, 
g, d, and less investigated e, z and h) isoforms, whose specific functions are still poorly characterized, are 
generated by C-terminus alternative splicing[23,24] [Figure 1]. The N-terminal truncated isoforms (ΔTA or 
ΔN) act as oncogenes, in part through their dominant negative effect (DNE) on TA isoforms[18,25,26] [Figure 1].

p53 has held its position of master protein in the cancer field for 40 years. A true hub in the cell stress 
response, p53 is ubiquitously expressed at low levels and in a latent form in physiological conditions. 

Figure 1. The p53 family - a complex expression strategy. A: schematic representation of the exon structure of TP53 , TP63  and TP73 
genes. The position of the P1 promoter and the internal P2 promoter relative to the exons in the 3 genes are indicated. p53 gene 
transcription is initiated from two distinct sites (P1 and P1′); B: p53, p63 and p73 protein domains. TAD: N-terminal transactivation 
domains (yellow); PR: proline-rich sequence (grey); DBD: DNA-binding domain (purple); OD: C-terminal oligomerization domain 
(green); SAM: sterile alpha motif (dark blue); post-SAM: post-sterile alpha motif (burgundy). The principal N-terminal truncated 
isoforms (ΔTA or ΔN), generated by the use of internal promoters (P2), alternative splicing of the first exons or the use of alternative 
translation start sites, and the COOH-terminal variants a, β, g, d, e, z, generated by alternative splicing of p53, p63 and p73 are also 
indicated

A B
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In response to a wide variety of intrinsic and extrinsic stress signals, such as DNA damage, oncogenic 
activation or hypoxia, p53 is subjected to a number of post-translational modifications, including 
phosphorylation at multiple N- and C-terminal sites by Chk1/2, CK1/2, DNA-PK and other kinases. 
Phosphorylation usually blocks the binding of E3-Ubiquitin ligases, resulting in both stabilization and 
conformational shift of p53 from a latent to an activated state[27]. Stabilization and activation are remarkably 
fine-tuned processes that depend not only on the type and intensity of the signal, but also on the cell 
type and its differentiation state[28], leading to the transactivation of canonical p53-target genes. p53 
activation translates into various cellular processes, such as cell cycle arrest[29], DNA repair[30], allowing cell 
survival, or apoptosis[31], autophagy[32] and ferroptosis[33], causing the death of damaged cells. Thereby, p53 
response enables the maintenance of genomic stability and prevents the emergence of pre-malignant cells. 
Accordingly, tp53 knock-out mice or tp53 knock-in mice expressing an inactivated form of p53, are prone 
to developing spontaneous tumors[26]. Importantly, p53 activities do not depend on transactivation only and 
the interaction between p53 and other cellular proteins has also been implicated in its tumor suppression 
function[34]. In addition, besides cell-cycle arrest and cell death the regulation of other cellular processes, 
including metabolism, cell migration (by blocking epithelia-mesenchymal transition) or induction of 
differentiation, contributes to the tumor suppressor function of p53[35,36]. The repertoire of functions, 
pathways and genes regulated by p53, p63 and p73 has progressively widened well beyond cell fate, tumor 
suppression and development. p53 family members have been so far involved in reproduction, genomic 
repair, fidelity and recombination, metabolic processes, longevity, stem cell biology, adaptive immunity and 
T cell functions and changes in epigenetic marks[26,37]. 

TP53 MUTATIONS AND THEIR CONSEQUENCES ON LIVER TUMORIGENESIS 
Unlike TP63 and TP73 genes, which are rarely lost or mutated in tumors, genetic alterations of the TP53 
gene are frequently observed, but in contrast to other tumor suppressor genes, the deletion of the two 
alleles is a rare event[38]. Strikingly, more than 50% of human tumors present a missense (or less frequently a 
nonsense or frame shift) mutation in one TP53 allele, frequently accompanied by the deletion of the other 
one (loss of heterozygosity, LOH)[39]. The location of the mutation depends on numerous parameters, such 
as cell type and the tumor-inducing agent. Nevertheless, some codons (175, 245, 248, 249, 273 and 282) 
have been found to be preferentially mutated and defined as “hot spot” codons. Mutations of these hot 
spots can be classified in two categories, those affecting p53 conformation (175, 245, 249, 282) and those 
that lie in the DNA contact domain (248, 273)[40]. All block p53 binding to the cognate p53REs. Altogether, 
these six mutations account for more than 25% of the missense and nonsense mutations listed in the IARC 
TP53 database R20, (https://p53.iarc.fr/)[41]. Figure 2A illustrates the distribution of the resulting substituted 
amino acids along the p53 protein (only those for which more than 100 mutations have been reported in 
the database are shown). Most of the mutations are located in the DBD, mostly resulting in the inability of 
mutant p53 (mutp53) to bind p53RE and thus to transactivate p53-target genes (Figure 3, left upper panel). 
The mutation at codon 249 represents a particular case among the hot spots, because it is overrepresented 
in HCC. Figure 2B clearly shows the high prevalence of this mutation in HCC (around 30%), whereas 
the five other hot spots account for only 9%. Interestingly, the arginine residue at codon 249 is almost 
exclusively changed to a serine residue (96%) in HCC, due to a G/C to T/A transversion. Transversions 
in the TP53 gene are also found in several other types of cancer, such as those affecting the respiratory 
and urinary tracts, whereas G/C to A/T transitions are mainly present in colorectal carcinomas or brain 
tumors. Whereas transitions are expected to be due to intrinsic factors, transversions are correlated with 
exposure to environmental mutagens that form DNA adducts and often affect particular codons, as in the 
TP53 gene[42]. For example, TP53 codons 157 and 158 are targets of tobacco smoke compounds in lung 
adenocarcinoma. Similarly, in HCC the G/C to T/A transversion at codon 249 is caused by consumption of 
AFB1-contamined food[43-46]. AFB1 exposure is mainly observed in sub-Saharan Africa and Southeast Asia, 
two regions in which HBV chronic infection is frequent. The combination of these two extrinsic factors 
has been shown to be responsible for the high incidence of HCC in these regions and to be associated 
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with the presence of the p53R249S mutant. More than 50% of HCC from these regions express a p53R249S 
mutant[47-49]. It is important to underline that TP53 is the most frequently mutated gene and is associated 
with a shorter survival in HBV-related HCC also independently from AFB1 exposure[50,51].

Most p53 mutants have lost wild-type p53 (wtp53) functions (loss of function, LOF). Moreover, when 
expressed with wtp53 encoded from the non-mutated remaining allele, they form heterotetramers, or 
aggregates, and thus reduce or eliminate the ability of wtp53 to maintain genomic integrity by a dominant 
negative effect[52]. In the context of response to stress of premalignant cells (e.g., hepatocytes with 
p53R249S), the expression of mutant p53 may allow cells to survive despite the accumulation of genetic 
alterations, thus favoring the emergence of potential tumor cells. Many tumors harboring a missense 
mutation in one TP53 allele have lost the wild-type one, suggesting that LOH provides a selective advantage 
in the transformation process for cells expressing at least some of the p53 mutants. 

In an attempt to better understand the properties of the different p53 mutants, many functional 
experiments both in cells, yeast and mouse models have led to the classification of these mutants in 
two main categories. The first one includes LOF mutants whose expression has biological consequences 
similar to the homozygous deletion of the TP53 gene. The second one includes mutants that enhance cell 
transformation, tumor growth and aggressiveness compared to their p53-null counterparts. This last class is 
expected to acquire new functions (gain of function, GOF). Numerous studies since the 1990s have shown 
that GOF mutp53 are involved in transcriptional activation or repression, independently of their binding 
to p53RE, but mediated by cooperation with other transcription factors, such as NF-Y, ETS2 or NF-kB[53-55]. 
Among the hot spot mutants, p53R175H, p53R248Q and p53R273H have been shown to be GOF mutants, 
whereas p53G245S is part of the LOF category with a DNE on wtp53[53,56,57]. p53R249S has been considered 
a LOF mutation, mainly according to the results of in vitro and in vivo experiments performed in non-
hepatic cells or tissues other than the liver[56], whereas a GOF phenotype was observed in the liver and in 
the context of HCC[58-60].

A

B

Figure 2. TP53 missense mutations found in human cancers and liver cancer. The main mutated codons were placed on the p53 protein. 
A: main somatic mutations found in all cancer types (more than 100 mutations listed); B: main mutations found in HCC (more than 
4 mutations listed). Source, IARC TP53  database R20. TA: transactivation domain; DBD: DNA binding domain; OD: oligomerization 
domain. The position of the first and the last p53 aminoacids are noted in red. Deletions, insertions and mutations in introns have not 
been included in the cartoon
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Why p53R249S is selected in HCC compared to other AFB1-induced TP53 mutations remains an open 
question. In vitro mutagenesis with AFB1 generates a transversion at codon 249, but also at hot spot 
codons 245 and 248[44] and the preferential formation of AFB1 adducts alone cannot explain the high 
frequency of p53R249S in HCC[61]. The other extrinsic factor that could participate in the strong selection 
of this mutation is HBV. Indeed, we showed that p53R249S interacts with the viral HBx protein and may 
contribute to cell proliferation and survival[58]. Together with its DNE on wtp53, one can hypothesize 
that this mutant could provide a selective advantage to human hepatocytes chronically exposed to AFB1 
and HBV infection. Results from knock-in mice have shown that the expression of the mouse equivalent 
of the human p53R249S mutant (p53R246S) under the control of the albumin promoter enhances the 
carcinogenic effect of AFB1 exposure alone and the cooperative carcinogenic effect together with HBsAg 
expression[59,62]. Altogether, p53R249S represents a very peculiar p53 mutant with a cell- and genotoxic-
specific GOF.

Recently, Liao and colleagues reported new insights in the preferential selection of p53R249S[60]. They 
found that CDK4 is able to phosphorylate p53R249S. Phosphorylated p53R249S interacts with Pin1 and 

Figure 3. Wtp53 inactivation by genetic mutations and dominant negative p53 family proteins. The wtp53, once activated, works as a 
tetramer to bind the p53-regulatory elements (p53RE) of its direct target genes and induce transcription. At a late stage of tumor cells 
evolution mutant p53 forms tetramers and/or aggregates that are unable to bind to canonical target sequences to turn on its targets 
(LOF) (upper left panel). Some mutant p53 (p53R175H, p53R248Q, p53R273H) acquire novel gain of functions (GOFs) to activate (or 
repress) transcription independently of their binding to p53RE by cooperating with other transcription factors, such as NF-Y, ETS2 or 
NFkB, and drive the growth, survival and invasion of tumor cells. At earlier stages, when one allele is mutated there is reduced overall 
function resulting in haploinsufficieny and also the DNE of the mutant p53 on the wtp53 due to the formation of transcriptionally 
inactive heterotetramers (upper right panel). The N-terminal truncated isoforms (ΔTA or ΔN) of p53, p63 and p73 also exert a 
DNE on the wtp53. ΔN-tetramers compete with p53, TAp63 and TAp73 on the same p53RE leading to the abrogation of the wtp53 
transcriptional program (middle and lower right panels)
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then the complex is targeted to the nucleus, where it interacts with c-Myc. This interaction stabilizes c-Myc 
and enhances c-Myc-driven ribosomal biogenesis and HCC cell growth. Interestingly, HBx viral protein 
has been shown to interplay with several of these p53R249S partners. HBx is able to increase CDK4 activity 
and also to interact with Pin1 and thus enhances HBV-related hepatocarcinogenesis[63,64]. The identification 
of this CDK4-p53R249S-PIN1-c-Myc pathway could explain the high frequency of p53R249S mutant in 
HCC associated with HBV chronic infection and its low frequency in other tumor types. Moreover, the 
ability of p53R249S to increase c-Myc activity allows its classification among the GOF mutants, at least in 
the particular context of HCC. 

ADDITIONAL MECHANISMS RESPONSIBLE FOR P53 FUNCTIONAL LOSS IN HEPATOCELLULAR 

CARCINOMA
In North America and Europe, the TP53 mutation rate in HCC is around 25%, meaning that the majority 
of HCC cells express the wild-type form. This indicates that mechanisms other than genetic inactivation 
must ensure the abrogation of wtp53 tumor suppressor functions. Several viral (SV40 LargeT Ag, Ad12 
E1B, HPV16-18 E6, HBx) and cellular proteins have been reported to be able to inactivate wtp53 by 
direct interaction, possibly followed by degradation[65-68], the prototype being MDM2, a direct p53-target 
gene. MDM2 protein is an E3 ubiquitin ligase able to bind p53 and to drive the complex to proteasomal 
degradation[69]. In physiological conditions, MDM2 is the main regulator of p53 intracellular levels, but it 
has been found to be overexpressed, mainly in sarcomas, but also in HCC (around 25% positivity), leading 
to wtp53 loss in the tumor cells[70,71]. 

In addition to MDM2, 18 other E3 ubiquitin ligases leading to p53 proteasome-dependent degradation 
have been reported[72]. Some of them are of particular interest, since their expression has been found to 
be altered in HCCs. PIRH2 overexpression in human HCCs is associated with a worse prognosis[73], while 
COP1 silencing results in the inhibition of proliferation and the induction of apoptosis in human HCC 
cells, as well as in the suppression of tumor growth in mouse liver[74]. Notably, PIRH2 and COP1, like 
MDM2, are encoded by genes inducible by p53 and, although they act independently, all participate in the 
autoregulatory feedback loop that controls p53 function[75,76]. RING1 and CUL4A E3 ubiquitin ligases are 
also overexpressed in HCCs[77,78] and play a role in stem cell maintenance. RING1, by activating the Wnt/
β-catenin pathway, promotes the transformation of hepatic progenitor cells into CSCs[79]. The CUL4A/
DDB1 complex that plays a key role in HBV replication controls embryonic and hematopoietic stem 
cell differentiation and homeostasis[80]. Although each of these ubiquitin ligases can, in principle, favor 
hepatocarcinogenesis by inducing wtp53 degradation, their contribution to HCC development is not 
known and the prevalent mechanism of hepatocarcinogenesis in the absence of TP53 mutations in human 
HCCs may be, according to the data available so far, the overexpression of ΔNp73 (see below). 

TRUNCATED MEMBERS OF THE P53 FAMILY ACT AS FUNCTIONAL INHIBITORS OF WTP53 
The N-terminal truncated isoforms (ΔTA or ΔN) of p53, p63 and p73, generated by the use of internal 
promoters (P2), alternative splicing of the first exons or the use of alternative translation start sites, exert a 
DNE on TA isoforms[18,19,81]. Two major mechanisms underlie the DNE of ΔTA/ΔN p53, p63 and p73 [Figure 3]. 
The first is a direct competition of ΔN-tetramers with p53, TAp63 and TAp73 on the same p53REs and the 
consequent inhibition of p53/TAp73-mediated activation (right middle and lower panels). The second is 
the oligomerization with TA proteins to form transcriptionally ineffective heterocomplexes (right upper 
panel). Notably, since the oligomerization domains are only partially conserved, p73 and p63 form hetero-
oligomers with each other but not, or to a very limited extent, with p53[82]. 

The mechanisms responsible for the differential expression of TA and ΔN isoforms in the different tissues 
and pathophysiological conditions are far from being fully elucidated. Several signaling and/or oncogenic 
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pathways affect TA- and/or ΔN-p73 levels by affecting transcription or protein stability. TAp73 isoform 
transcription from the P1 promoter is primarily driven by E2F1[83-88], but its activity can be also modulated 
by other factors such as C-EBPa[89], ZEB[90] and Ying Yang 1 (YY1)[91]. The regulation of the P2 promoter 
is much less clear. Notably, both p53 and TAp73 bind the internal P2 promoter of TP73, activate the 
transcription of P2 ΔNp73 isoforms to create a negative feedback loop between ΔNp73 and p53/TAp73 that 
may self-restrict their transcriptional activities[92-95].

The ratio between ΔN- and TA isoforms has been shown to determine the net effect and, in the case of p73, 
to predict the effectiveness of chemotherapy[96-98]. The TA pro-oncogenic role of dominant negative ΔTA/
ΔN p53, p63 and p73 is supported by several observations. ΔNp73 overexpression in fibroblasts increases 
their colony formation capacity[99] and cooperates with RAS, c-Myc and E1A in promoting transformation 
and tumorigenicity[21,100]. In melanoma xenografts ΔNp73 expression is associated with upregulation of 
Slug, downregulation of the actin binding protein EPLIN, activation of the IGF1R-AKT/STAT3 pathway, 
loss of E-cadherin and a higher ability to invade and metastasize[101]. Notably, 83% of 12-20 month-old 
transgenic mice expressing ΔNp73 under the control of the albumin promoter develop HCC, confirming 
the oncogenic potential of ΔNp73 and its capability to drive hepatocarcinogenesis in vivo[102]. In the case 
of ΔNp63, in addition to the mechanisms already described, its oncogenic potential in squamous cell 
carcinomas is related to its ability to control transcription of genes involved in skin developmental and 
tumorigenic pathways, such as IRF6, IKKa, and FGFR2[103-105], and to act as a regulator of p53 tumor 
suppressive functions both in a cell-autonomous way and as a mediator of activation of FGF signaling 
pathway in a paracrine way[26]. 

THE ROLE OF P53 FAMILY IN THE EMERGENCE, MAINTENANCE AND IMMATURE 

PHENOTYPE OF CSCS
Since their discovery, p63 and p73 have been associated with tissue development, because of the multiple 
developmental abnormalities observed in tp63 and tp73 knock-out mice[26]. tp63 knock-out mice are 
devoid of stratified and glandular epithelia and die few hours after birth, whereas tp73 knock-out mice 
exhibit defects in central nervous system neurogenesis and fertility, but do not develop tumors[18,106-109]. 
On the other hand, tp53 knock-out mice exhibit only few developmental abnormalities, but are prone to 
the spontaneous development of a variety of neoplasms, mainly lymphomas and sarcomas by 6 months of 
age[110,111]. Therefore, due to this prevailing tumor suppressor function, p53 has been extensively studied 
in the context of cancer. The role of TAp73 and TAp63 in DNA damage response (DDR) and cancer cell 
chemosensitivity[21,96] was also described, whereas their contribution to tumor suppression was established 
only later through the analysis of p73 and p63 heterozygous mutation in mice[112] and the generation of 
mice selectively lacking TAp73 or TA63 isoforms[113,114]. Fifteen years ago, several groups reported p53 ability 
to induce the differentiation of embryonic stem (ES) cells and to negatively regulate the proliferation and 
survival of adult neural stem cells[115,116]. Consequently, adult bone marrow of tp53 knock-out mice harbors 
less quiescent- and more proliferative- hematopoietic stem cells[117]. More recently, p53 has been shown to 
control genomic integrity during reprogramming and to dramatically reduce reprogramming efficiency 
in several cell types[118,119]. p53 is also essential for the maintenance of DNA methylation homeostasis in 
ES cells[120]. Based on these properties, p53 - known as the “guardian of the genome” since 1992[121] - has 
also been named “guardian of reprogramming”[122]. Notably, some p53 mutants, such as p53R175H and 
p53R273H, enhance reprogramming to a level that is higher than that observed in the case of p53 loss, thus 
supporting an additional GOF for these mutants[119,123].

The association of TP53 mutations with poorly differentiated human tumors has been widely reported. 
In breast and lung cancers, the presence of p53 mutants has been linked to stem cells and iPSCs (induced 
pluripotent stem cells) transcriptional signatures and downregulation of differentiation genes regulated 
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by the polycomb repressor complex 2[124], a complex required for maintaining ES cell pluripotency 
and plasticity during embryonic development[124-126]. A direct link between some p53 mutants, like 
p53R248W in osteosarcoma cells, and the acquisition of CSCs features (high proliferation rate, sphere 
formation, clonogenic growth, high migration and invasive ability) and increased aggressiveness has been 
established[127]. Truncated forms of p53 have also been shown to favor cancer stemness. For example, 
the Δ133p53β isoform enhances the expression of the pluripotency factors SOX2, OCT3/4 and NANOG, 
promotes mammosphere formation and is associated with metastatic potential and chemoresistance in 
breast cancer cell lines[128]. The N-terminal truncated isoforms of p63 and p73 are also involved in the 
emergence and maintenance of CSCs. ΔNp63, which has been described as master regulator of normal 
epithelial stem cell maintenance in stratified and glandular epithelia[129,130], promotes stem cell properties 
by activating signaling pathways, like the Wnt/FZD7 pathway in basal-like mammary cell lines[130], or 
components of the Hedgehog (Hh) pathway (SHH, PTCH1, and GLI2) and the Hh-target gene BMI1 in 
mammary cell lines with a luminal-like phenotype[131]. Notably, BMI1 plays important roles in the self-
renewal of normal and CSCs[132], as well as in the chemoresistance and survival of CSCs from several tumor 
types[133]. ΔNp73 also favors CSCs properties. Its overexpression in a non-tumorigenic melanoma cell 
line exerts a DNE on TAp73-mediated miR-885-5p expression, a negative regulator of the IGF1 receptor 
(IGF1R)[134], leading to an increased expression of IGF1R and, consequently, of CD133, NANOG and OCT4 
and an enhanced ability to form tumors in xenografts[134]. ΔNp73 also forms complexes with Smad3/4 on 
Smad binding elements, leading to the enhanced transactivation of stemness-related TGFβ-target genes[135]. 
Finally, both ΔNp63 and ΔNp73 are able to enhance reprogramming by favoring the mesenchymal-
epithelial transition (MET) required during iPSCs generation[136,137] and in the case of ΔNp73, by inhibiting 
wtp53[138]. 

Altogether, there is enough evidence to affirm that the truncated forms of the p53 family members and 
some p53 mutants not only act as functional inhibitors of wtp53 but also exhibit new additional functions, 
some of them contributing to stemness. It is more difficult, however, to define the relative contribution of 
the different isoforms to the stem-related phenotype, due to their variable expression (not having discussed 
the C-terminal variants), the complexity of their crosstalk and their largely redundant functions. 

P53 FAMILY MEMBERS IN HCC
The expression and activities of p53 family members have been studied in normal hepatocytes and HCC 
cells. In a small series of 16 cholangiocarcinomas (CCAs), p63 overexpression correlated with CK19 
positivity and low tumor differentiation, whereas no expression was found in 37 HCCs[139]. Similarly, in 
hepatocytes and HCC cell lines, TAp63 is barely expressed and the detection of ΔNp63, generated from 
the P2 promoter, is restricted to p53-null cells[140], because its expression is repressed by p53, as previously 
reported in other cell types[141,142]. Conversely, ΔNp73 expression is activated by p53 and to a lesser extent 
by TAp63 and TAp73[141,143]. TAp73 and several p73 N-terminal truncated isoforms are highly expressed 
in HCC samples, independently of the presence of wild type or mutant p53[144,145]. The overexpression of 
ΔNp73 and/or a high ΔNp73/TAp73 ratio are associated with a reduced survival in patients with HCC[146-149]. 
Moreover, in patients with HCC undergoing OLT, recurrence and reduced survival were correlated with an 
increased expression of ΔNp63 and ΔNp73, and a reduction of TAp63 and TAp73 expression[150]. All these 
observations indicate that ΔNp73/TAp73 ratio could be a potentially relevant prognostic factor in HCC.

As already mentioned, the expression of p53 family members is highly dependent on the differentiation 
state of cells. Thus, ΔNp73 is detected in proliferative immature HepaRG non-transformed bi-potent liver 
cells, but not in the differentiated state[151], whereas p53 and TAp73 are expressed in mature hepatocytes. 
The presence of p53 in mature hepatocytes has been shown to play an important role in the maintenance 
of their cell identity when exposed to an oncogenic stress. The expression of c-MYC at low levels is able 
to induce the expression of NANOG, OCT4 and EpCAM and to increase both sphere formation and 
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tumorigenicity of HCC cell lines[152]. c-Myc-induced reprogramming and the acquisition of CSCs features 
are readily observed in p53-null cells but the functional inactivation of p53 is needed in cells with wtp53 
alleles[152]. HCC cells in which p53 functional inactivation is achieved by genetic alteration or expression 
of proteins that exert a DNE are prone to dedifferentiation if exposed to oncogenic stimuli. Similar results 
have been obtained in mouse models. Tschaharganeh and colleagues have shown that in the presence 
of high levels of YAP, an oncogene overexpressed in human HCC and CCA[153], tp53 deletion in mature 
hepatocytes facilitates their dedifferentiation in vivo, the emergence of progenitor tumor cells with high 
NESTIN expression and the development of tumors sharing HCC and CCA characteristics[154]. NESTIN 
was required for the dedifferentiation and malignant expansion of p53-deficient cells and the activation 
of Wnt or Notch pathways in the p53-null progenitor tumors drive the development of HCC and CCA, 
respectively. NESTIN was also overexpressed in 17% of human HCCs and 40% of CCAs, associated 
with a reduced survival and the presence of mutations or LOH in the TP53 gene[154]. Altogether, these 
results suggest that in mature liver cells the p53-mediated inhibition of NESTIN restricts plasticity and 
tumorigenesis in response to oncogene activation. 

LIVER CSCS AND THE CROSSTALK BETWEEN NANOG, IGF1R AND THE P53 FAMILY
Cancer tissues contain subpopulations of cells known as stem-like TICs (sl-TICs or CSCs) that have been 
identified as key drivers of tumor growth and malignant progression with drug resistance. Liver CSCs are 
bi-potent and give rise to two different lineage types, HCC and CCA. Indeed, combined hepatocellular-
cholangiocarcinomas (cHCC-CCAs) with both hepatocytic and cholangiocytic phenotypes account for 1% 
to 5% of all primary liver cancers[155], and about one third of HCCs express progenitor cell markers such as 
CK7 and CK19[156], suggesting that at least a portion of HCC cells have intermediate characteristics between 
the bi-potent hepatic progenitor cells (HPCs) and differentiated mature hepatocytes[157,158]. The origin of 
liver CSCs and liver cancer cells is still controversial[159] and there is evidence for both their derivation from 
HPCs chronically activated by the persistent intrahepatic inflammation sustained by chronic HBV, HDV 
and HCV infections, alcohol consumption and metabolic disorders[160] and the dedifferentiation of mature 
hepatocytes that acquire the expression of stem-related genes when exposed to inflammatory cytokines, 
lipid overload or epigenetic reprogramming[161-163] [Figure 4A]. 

p53 has been shown to repress many key transcription regulators, such as Oct4, Nanog, Sox2, Zic3, 
Jmjd1c, Esrrb, Tcfcp2l1, Utf1, n-Myc, c-Myc, and Prdm14 in mouse ES cells[164,165]. Among them, Nanog 
is of particular interest with respect to the p53 family in the context of HCC development. Nanog is 
overexpressed in about 30% of HCCs as shown by immunohistochemistry[166-168], regulates the expression 
of genes involved in mitochondrial metabolic pathways[169], promotes CSC properties[169] and enhances 
resistance to drugs, such as sorafenib or cisplatin, as well as tumor invasion and metastasis[169,170]. 

The wtp53 represses NANOG expression either by direct binding to the Nanog promoter in mouse 
cells[115,164] or by transactivating miR34a-c, a direct p53-target gene that in turn represses NANOG[171] in 
human cells[172]. In a recent study, Liu and colleagues have shown that the enhanced mitophagy observed 
in HCCs increases p53 localization at the mitochondrial membrane[173-176] and leads to its subsequent 
degradation. In contrast, when mitophagy is impaired, mitochondrial p53 is phosphorylated by Pink1 
and translocated into the nucleus, where it represses NANOG expression resulting in a decrease of liver 
CSCs[176,177]. 

Two p53 family isoforms are able to exert a DNE on p53 and TAp73 regulation of NANOG. Δ40p53, 
by titrating full-length p53, regulates the switch from pluripotency to differentiation by increasing 
the expression of Nanog and Igf1R in mouse ES cells[178] and ΔNp73, as already mentioned, interferes 
with TAp73 in the regulation of IGF1R expression in human melanoma cells[134]. Furthermore, we and 
others demonstrated that ΔNp73 transactivates NANOG expression independently of p53[138,179]. The 
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overexpression/accumulation of NANOG leads to p53 proteolysis. By activating the Aurora A kinase and 
aPKCz, Nanog allows the phosphorylation of NumB and the dissociation of the p53-NumB complex, 
thus relieving Numb inhibition and freeing Mdm2 to degrade p53 and to potentiate the proliferation of 
CSCs[180]. Based on all these results, the fine-tuned crosstalk between p53 and Nanog plays a key role in the 
emergence, maintenance and chemoresistance of CSCs [Figure 4B]. 

CONCLUSION
In HCC, in contrast to other tumor types, the loss of functional p53 seems to be achieved by several other 
mechanisms in addition to genetic mutation. p53 degradation mediated by MDM2 or other E3 ubiquitin 
ligases and the overexpression of N-terminal truncated isoforms of the family have a prominent place 
due to their important role in the emergence and regulation of liver CSCs. ΔNp73 is of particular interest 
because, by inhibiting p53 and TAp73 activities, it activates the expression of NANOG both in a p53-
dependent and -independent manner and enhances IGF1R expression. The ΔNp73-IGF1R-NANOG axis 
may prove to be an attractive therapeutic target for HCC patients, as already proposed in melanoma[134]. 

Figure 4. p53 family proteins and liver progenitor/stem cell transformation. A: the origin of cancer stem cells (CSCs) in HCC. CSCs 
and liver cancer cells can originate from: (1) hepatic progenitor cells (HPCs) chronically activated by the persistent intrahepatic 
inflammation sustained by viral infections (HBV, HDV, HCV), alcohol consumption and metabolic disorders; (2) hepatocytes 
undergoing dedifferentiation and expressing stem-related genes (such as Nanog). According to the currently available knowledge, 
ΔNp73 expression levels and its role in the different steps are highlighted; B: crosstalk between IGF1R, Nanog and p53 family in liver 
cancer cells. IGF1R  repression by wtp53 and TAp73 and NANOG  repression by wtp53 inhibit the dedifferentiation of liver cancer cells. 
In presence of the N-terminal truncated isoforms Δ40p53 or ΔNp73, wtp53 activity is inhibited, IGF1R  and NANOG  are expressed and 
activate a positive feedback loop. By activating AURKA-aPKCz kinase cascade Nanog induces NumB phosphorylation and disrupts the 
p53-NumB interaction thus allowing Mdm2-mediated polyubiquinilation and proteasome degradation of p53. The loss of p53 function, 
achieved either by expression of ΔN isoforms or p53 degradation, favors stemness features, increased proliferation, dissemination and 
chemoresistance of liver cancer cells

A B
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The characterization of how this axis is regulated in the viral and metabolic inflammatory chronic liver 
diseases that precede HCC development might also help to develop new biomarkers for risk-stratification 
and new preventive strategies. 

The identification of at least three main mechanisms of wtp53 inactivation in HCCs may have therapeutic 
implications and lead to new strategies for treatment personalization. Besides p53-based gene therapy 
approaches, there are very few reports of drugs targeting the p53 family in HCC, either in preclinical 
or clinical settings. PRIMA-1 (p53 Reactivation and Induction of Massive Apoptosis), a small molecule 
capable of restoring a wild-type activity in some p53 mutants, has been shown to slow down tumor growth 
in immunocompromised mice xenografted with p53R249S-expressing human cells[181]. Therefore, it might 
be valuable to test the potential of PRIMA-Met (an improved version of PRIMA-1) and MIRA-1 (mutant 
p53-dependent induction of rapid apoptosis), a small molecule targeting p53 structurally distinct from 
PRIMA-1[182], to reactivate wtp53 functions in HCCs with p53 mutants, or of Nutlins to counteract MDM2-
mediated degradation of wtp53[183]. IFNa has been shown to inhibit the expression of ΔNp73 by inducing 
chromatin remodeling at the P2p73 promoter and increasing apoptosis of human HCC cells[184]. These 
results provide a proof of concept of the possibility to target the third mechanism of wtp53 inactivation 
frequently engaged in HCCs, i.e., the DNE of N-terminal truncated members of the p53 family. However, 
IFNa has no indication in current HCC treatment algorithms and the identification of potent and selective 
drugs capable to target ΔNp73 expression might prove of value to increase HCC chemosensitivity and to 
enhance tumor and cancer stem cells apoptosis, either alone or in combination with TKIs.
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Abstract
Repeat liver resection (RLR) is an effective treatment approach for recurrent hepatocellular carcinoma (HCC) and 
can provide acceptable long-term outcomes in select patients. Recent randomized controlled trials comparing 
RLR with radiofrequency ablation revealed that the latter approach was associated with a higher rate of early 
recurrence compared with RLR. With recent advances in laparoscopic liver resection (LLR), RLR has been 
increasingly performed using laparoscopy. Several propensity score-matched studies reported that laparoscopic 
RLR achieved lower blood loss and shorter hospital stays compared to open RLR. However, laparoscopic RLR 
requires more advanced techniques because of adhesions formed after the previous liver resection, changes 
in anatomical landmarks, and deformity of the remnant liver. The recently described difficulty classification of 
laparoscopic RLR is based on five factors including type of previous liver resection (open or laparoscopic), number 
of previous liver resections, surgical procedure used in previous liver resections, tumor location in previous liver 
resections, and difficulty score of LLR for recurrent HCC. We reviewed the available literature to summarize 
available evidence suggesting that laparoscopic RLR might be considered a more minimally invasive surgical 
treatment approach for recurrent HCC as long as the indication for laparoscopic RLR is carefully determined. 

Keywords: Hepatocellular carcinoma, repeat liver resection, laparoscopic repeat liver resection

INTRODUCTION
Repeat liver resection (RLR) is an effective treatment approach for recurrent hepatocellular carcinoma 
(HCC) and can provide acceptable long-term outcomes for select patients[1-3]. However, RLR is considered 
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a difficult procedure due to adhesions associated with previous liver resection and changes in anatomical 
recognition. In fact, several studies have reported high morbidity rates after RLR[4-6]. With advances in 
laparoscopic liver resection (LLR), RLR has been increasingly performed laparoscopically[7]. LLR is a less 
invasive procedure that is associated with better short-term outcomes compared with open liver resection 
(OLR)[8,9]. Similarly, the superiority of laparoscopic RLR over open RLR in short-term outcomes has been 
reported[10-12]. However, none of the studies were randomized controlled trials and laparoscopic RLR 
might be performed in select patients. Laparoscopic RLR was discussed at the first European Guidelines 
Meeting on Laparoscopic Liver Surgery (Southampton 2017) and considered an appropriate option[13]. 
However, most laparoscopic liver surgeons suggest that repeat liver resection significantly increases the 
difficulty of LLR[14]. Currently, the indications for laparoscopic RLR vary between centers. Considered a 
difficult procedure, RLR poses a range of challenges depending on the location of recurrent tumor and 
previous liver resections. A recent report has introduced a difficulty classification for laparoscopic RLR[15]. 
Specifically, the level of difficulty was determined on the basis of the type of previous liver resection (open 
or laparoscopic), number of previous liver resections, surgical procedure and tumor location in previous 
liver resections, and difficulty score of LLR for recurrent HCC[16]. RLR after LLR has been increasing in 
parallel with the increasing number of LLR for HCC. In colorectal surgery, the laparoscopic approach has 
been reported to reduce adhesion formation[17]. Similarly, RLR after LLR is associated with less adhesion 
formation compared with RLR performed after OLR. Therefore, RLR in the era of LLR has distanced 
characteristics. Conversely, percutaneous radiofrequency ablation (RFA), a technique developed in the 
last two decades[18,19], has been demonstrated to be useful in small HCCs[20]. In general, patients who 
previously undergo hepatectomy for HCC are examined regularly by imaging studies, which facilitate the 
frequent detection of small-diameter recurrent HCCs. Within this framework, the role of liver resection for 
recurrent HCC might be changing. In this review, we describe the current status of laparoscopic RLR for 
HCC in the era of LLR and RFA.

SIGNIFICANCE OF REPEAT LIVER RESECTION FOR RECURRENT HEPATOCELLULAR 

CARCINOMA 
Relatively good survival outcomes of RLR for HCC have been reported since the 1990s[21-24]. These earlier 
studies reported that 5-year survival rate after RLR was around 50%, which was comparable to the prognosis 
of primary liver resection and was better than the prognosis of transarterial chemoembolization[25,26]. 
However, RLR was performed in select patients with relatively better liver function and tumor factors 
compared to those undergoing transarterial chemoembolization. Moreover, disease-free survival rates were 
significantly lower with RLR compared to initial liver resection[2,3]. Studies investigating prognostic factors 
after RLR for HCC reported that portal vein invasion at the time of first liver resection, portal vein invasion 
in RLR, multiple HCCs at the time of first liver resection, and disease-free interval of less than one year 
were independent prognostic factors after RLR[1,3,27]. The 5-year survival rate was 86.0% in patients without 
prognostic factors[1]. These results provide clear evidence that RLR for recurrent HCC is a useful treatment 
option for select patients. 

In the last decade, several studies investigating long-term outcomes in patients undergoing three or more 
RLRs reported that the 5-year survival and disease-free survival rates after the third RLR were 40.0%-68.2% 
and 12.8%-33.8%, respectively[6,28,29]. These results were comparable to those observed after the second RLR. 
Regarding short-term outcomes, Mise et al.[6] reported significantly longer surgical duration and higher 
postoperative morbidity with three or more RLRs, whereas Yamashita et al.[28] reported no significant 
differences. These results indicated that three or more RLRs might be considered an acceptable treatment 
approach in patients whose liver function and tumor factors were within surgical indications. 
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ADVANCES IN LAPAROSCOPIC REPEAT LIVER RESECTION
Progress in surgical procedures and devices has enabled the expansion of surgical indications for LLR[30-32]. 
However, laparoscopic RLR demands a more advanced technique due to adhesion formation following 
prior liver resection, changes in anatomical landmarks, and deformity of the remnant liver. In 2009, 
Belli et al.[33] reported 12 patients who underwent laparoscopic RLR for recurrent HCC. The authors 
concluded that laparoscopic RLR was feasible and that the degree of adhesion was mild in patients 
undergoing LLR as initial liver resection. In 2011, Hu et al.[34] reported six patients who underwent 
laparoscopic RLR for recurrent HCC. No intra- or postoperative complications were observed; however, 
the authors noted that the patients were carefully selected. Another report in 2011 was a tri-institutional 
analysis of 76 patients undergoing laparoscopic RLR[35]. The study cohort comprised 63, 3, and 10 patients 
with metastatic liver tumors, HCC and benign tumors, respectively. Seven patients (9.2%) were converted 
to open surgery, and there were no perioperative deaths. The patients who underwent OLR as initial liver 
resection experienced higher intraoperative blood loss compared to those who underwent LLR. In 2016, a 
review by Goh et al.[36], which included 103 patients who underwent laparoscopic RLR for recurrent HCC, 
reported that only 2 patients (1.9%) were converted to open surgery. These retrospective analyses have 
provided evidence for the feasibility and safety of LLR in select patients.

In 2018, Noda et al.[37], and Ome et al.[38], reported their findings on the comparison between laparoscopic 
RLR and open RLR in their institutions indicating that blood loss was less and hospital stay shorter with 
laparoscopic RLR; there were no differences in operative duration and postoperative complications. 
Thereafter, similar results have been reported from several single centers[7,12,39]. In 2019, a multicenter 
propensity score-matched study compared laparoscopic and open RLR for colorectal liver metastasis[40]. 
After matching, 105 pairs were extracted from the initial cohort of 271 patients who underwent 
laparoscopic RLR and 154 patients who underwent open RLR. Laparoscopic RLR was associated with a 
significantly shorter operative duration (200 min vs. 256 min), less intraoperative blood loss (200 mL vs. 
300 mL), and shorter postoperative hospital stay (5 days vs. 6 days), whereas postoperative morbidity and 
mortality rates were similar between the groups. Similar results of laparoscopic RLR for HCC were reported 
in another multicenter propensity score based study[11]. Table 1 summarizes the comparison between 
laparoscopic RLR and open RLR of these reports.

Although no randomized controlled trials to date have compared laparoscopic RLR and open RLR, 
evidence from previous studies indicate that laparoscopic RLR is feasible and safe as long as the indications 
are within the capabilities of institutions and surgeons. 

DIFFICULTY CLASSIFICATION OF LAPAROSCOPIC REPEAT LIVER RESECTION 
Several factors affect the level of difficulty in laparoscopic LLR. Previous OLR was reported to increase 
difficulty in laparoscopic RLR[33,35]. In 2014, Ban et al.[16] described the first difficulty scoring system for LLR. 
The difficulty score was based on tumor location, extent of liver resection, tumor size, tumor proximity 
to major vessels and liver function. The difficulty of LLR was classified into low, intermediate and high 
levels. This score can be effortlessly utilized for risk assessment in patients undergoing laparoscopic RLR. 
Recently, Kinoshita et al.[15] reported on difficulty classification of laparoscopic RLR. They reviewed 60 
cases of laparoscopic RLR in their institution and analyzed the factors accounting for prolonged operative 
duration or severe adhesion. As a result, an intermediate or high LLR difficulty score, two or more previous 
liver resections, a history of previous major liver resection, and tumor location near the resected surface 
of previous liver resection were identified. These five factors were reported to be correlated with operative 
duration in laparoscopic RLR. The authors then classified the patients undergoing RLR into low-risk 
(score, 0-1), intermediate-risk (score, 2-3), and high-risk (score, 4-5) categories and found that the risk was 
significantly correlated with operative duration[15]. 
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Laparoscopic repeat liver 
resection (laparoscopic RLR)

Open repeat liver resection 
(open RLR) P  value

Morise et al. [11] (2020)
   Blood loss (mL) 268 497 0.001
   Duration of operation (min) 272 232 0.007
   90-day morbidity, beyond Clavien-dindo II (%) 15.1 13.0 0.611
   90-day Mortality (%) 0.42 0.84 0.623
   Postoperative hospital stay (days) 10.4 9.6 0.327
van der Poel et al. [40] (2019)
   Blood loss (mL) 200 (50-450) 300 (100-600) 0.077
   Duration of operation (min) 200 (123-273) 256 (199-320) < 0.001
   90-day morbidity, beyond Clavien-dindo II (%) 5.7 5.7 0.319
   90-day Mortality (%) 1.9 0 0.5
   Postoperative hospital stay (days) 5 (3-8) 6 (5-8) 0.028
Onoe et al. [39] (2020)
   Blood loss(mL) 100 (0-1050) 435 (30-1920) 0.001
   Duration of operation (min) 276 (125-589) 292 (96-972) 0.861
   90-day morbidity, beyond Clavien-dindo III (%) 6.75 14.3 0.297
   90-day Mortality (%) 0 0 1
   Postoperative hospital stay (days) 10 (4-50) 14.5 (10-76) 0.002
Goh et al. [12] (2019)
   Blood loss (mL) 200 (100-425) 250 (125-475) 0.345
   Duration of operation (min) 315 (181-395) 125 (99-184) < 0.001
   30-day morbidity, beyond Clavien-dindo III (%) 0 5 0.48
   30-day Mortality (%) 0 10 0.56
   Postoperative hospital stay (days) 4 (3-5) 7.5 (6-10) 0.001
Ome et al. [38] (2018)
   Blood loss (mL) 30 (0-1012) 652 (20-12046) < 0.001
   Duration of operation (min) 217 (43-356) 222 (84-923) 0.56
   30-day morbidity, beyond Clavien-dindo III (%) 6.1 10.8 0.393
   30-day Mortality (%) 3 0 0.471
   Postoperative hospital stay (days) 6.5 (3-47) 9.0 (5-78) < 0.001
Noda et al. [37] (2018)
   Blood loss (mL) 159 502 0.004
   Duration of operation (min) 225 237 0.601
   30-day morbidity, beyond Clavien-dindo III (%) 0 14.5 0.009
   30-day Mortality (%) 0 0 1
   Postoperative hospital stay (days) 14.2 19.2 0.028

Table 1. Outcome of treatment after recurrent hepatocellular carcinoma

LONG-TERM OUTCOMES AFTER LAPAROSCOPIC REPEAT LIVER RESECTION FOR 

RECURRENT HEPATOCELLULAR CARCINOMA
A global systematic review and meta-analysis in 2013 reported that the long-term outcomes were 
comparable between LLR and OLR for initial HCC[41]. Subsequently, propensity score-matched studies 
comparing LLR and OLR for initial HCC revealed that overall survival (OS) and recurrence-free survival 
(RFS) were not different between LLR and OLR, while short-term outcomes were significantly better with 
LLR[42-44]. Similar results were obtained in a study limited to patients undergoing major hepatectomy[45]. 
However, no randomized controlled trials have compared LLR and OLR for initial HCC. LLR might be 
performed in select patients. Moreover, Stiles et al.[46] reported that unplanned conversion to OLR from 
LLR for HCC was associated with inferior OS compared to non-converted cases. Therefore, the long-term 
prognosis of LLR might be comparable to OLR as long as the indication for LLR is carefully evaluated. 
Regarding RLR, few studies have compared long-term survival outcomes between laparoscopic RLR and 
open RLR. A recent multicenter, propensity score-based study by Morise et al.[11], which included 42 
surgery centers around the world, reported comparable median survival times between laparoscopic RLR 
and open RLR (12.55 years vs. 8.94 years; P = 0.086), although intraoperative blood loss was significantly 



Hokuto et al. Hepatoma Res  2020;6:81  I  http://dx.doi.org/10.20517/2394-5079.2020.78                                          Page 5 of 7

greater with open RLR (268 mL vs. 497 mL; P = 0.001) and operative duration was significantly longer with 
laparoscopic LLR (272 min vs. 232 min; P = 0.007). These findings suggest acceptable long-term outcomes 
with laparoscopic RLR for recurrent HCC. 

LAPAROSCOPIC REPEAT LIVER RESECTION AND RADIOFREQUENCY ABLATION FOR 

RECURRENT HEPATOCELLULAR CARCINOMA
Percutaneous RFA, a technique developed in the last two decades has been reported to be an effective and 
safe treatment for small HCCs[18-20]. Nowadays, RFA is widely used as non-surgical treatment for HCCs 
because the therapeutic effect was reported to be more effective than microwave coagulation therapy or 
percutaneous ethanol injection therapy[47,48]. In general, recurrent HCCs are detected at a small diameter 
because of routine screening after initial liver resection. Therefore, RFA for recurrent HCCs could be an 
effective treatment. 

However, a very recent randomized controlled trial comparing RLR with RFA for recurrent HCC revealed 
that RFA was associated with a higher rate of early recurrence compared with RLR (40.3% vs. 23.3%, P = 
0.04)[49]. On the other hand, the trial results indicated that RLR had a higher complication rate than RFA 
(22.4% vs. 7.3%, P = 0.001). These findings highlight that RLR remains an important treatment approach 
for recurrent HCC even in the era of RFA. As mentioned previously, laparoscopic RLR can be performed 
safely, with less blood loss and shorter postoperative hospital stay compared to open RLR in select cases. 
Therefore, laparoscopic RLR for recurrent HCC might be considered a standard treatment with reduced 
surgical invasiveness as long as the indication for RLR is carefully considered. 

CONCLUSION
RLR for recurrent HCC remains an important treatment strategy even in the era of RFA. Laparoscopic 
RLR could be considered a more minimally invasive surgical treatment than open RLR for patients with 
recurrent HCC.
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Abstract
Despite the fact that non-alcoholic fatty liver disease (NAFLD) and its severe clinical forms [non-alcoholic 
steatohepatitis (NASH) and NASH-cirrhosis] are highly prevalent in the general population, there are no licensed 
drugs for NAFLD, and lifestyle intervention remains the only treatment accepted by international guidelines. This 
is despite massive investments in research by pharmaceutical companies. In the presence of type 2 diabetes, 
novel anti-diabetic drugs offer an opportunity to reduce the burden of NAFLD, by adequate control of glucose 
and lipid metabolism, also reducing the risk of NASH progression, advanced fibrosis, and finally hepatocellular 
carcinoma. We extensively reviewed the literature, based either on registration studies, ad hoc randomized studies 
or real-world data, to define the effectiveness of anti-diabetic drugs in the treatment of NAFLD and prevention of 
hepatocellular carcinoma (HCC). Metformin provides the best evidence for decreased risk of HCC, pioglitazone 
was associated with decreased progression to fibrosis, glucagon-like peptide-1 receptor agonists offer a possible 
opportunity to reduce NAFLD progression coupled with a definite protection for cardiovascular outcomes, and 
sodium-glucose cotransporter-2 inhibitors are likely to reduce lipid burden, simultaneously reducing the risk of 
progressive renal and heart failure. For the latter two drug classes, the effects on NAFLD might largely explained 
by decreased body weight, in keeping with the beneficial effects of intensive lifestyle intervention. 

Keywords: Metformin, pioglitazone, incretins, DPP-4 inhibitors, GLP-1 receptor agonists, SGLT-2 inhibitors, insulin, 
cirrhosis
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INTRODUCTION
The clinical and economic burden associated with non-alcoholic fatty liver disease (NAFLD) is becoming 
of paramount importance for national health systems globally. Most recent data indicate that approximately 
25% of adults may be classified as NAFLD[1], one in 4 to 5 patients with NAFLD have non-alcoholic 
steatohepatitis (NASH)[1], and 1.5% have advanced fibrosis[2], the hallmark of disease progression to 
cirrhosis[3].

The hepatic disease is part of a multifaced involvement of other tissues and organs, primarily the 
cardiovascular system and the kidney[4], within the frame of the metabolic syndrome[5], that adds to the 
liver in driving long-term outcomes[6]. For this reason, there is a compelling need to adjust treatment to 
minimize cardiovascular risk in all patients with NAFLD, as suggested by national[7] and international[8] 
guidelines.

Despite much research and investment by pharmaceutical companies, no drugs have so far been approved 
for treatment by regulatory authorities, and adherence to healthier lifestyle remains the only accepted 
treatment strategy[9]. Several drugs failed the agreed treatment outcomes (reduced fibrosis without 
worsening of NASH or reduced necroinflammation, no worsening of fibrosis[10]) for approval during phase 
2 or phase 3 randomized controlled studies (RCTs)[11]; only obeticholic acid fulfilled the targets in a phase 
3 study[12], but the Food and Drug Administration required additional studies considering the low benefit/
risk ratio[13]. 

Individuals with Type 2 diabetes mellitus (T2DM) constitute a large cohort of NAFLD cases. The prevalence 
of NAFLD in T2DM is as high as 60%[14], and T2DM increases the risk of disease progression to cirrhosis 
as well as the occurrence of hepatocellular carcinoma (HCC)[15-17]. The relationship between T2DM and 
NAFLD appears to be bidirectional, with T2DM increasing the risk of NAFLD and NAFLD favoring the 
development of altered glucose regulation and T2DM[18]. Initially considered the hepatic manifestation of 
metabolic syndrome[19], and consequently as a likely effect of diabetes[20], it has also been suggested that 
liver fat accumulation and NAFLD might indeed be the metabolic driver of T2DM[21]. This evidence makes 
the development of T2DM an additional outcome of NAFLD treatment and prompts the need for strict 
control of glucose metabolism in NAFLD cases. 

In the past 15 years the treatment of T2DM has completely changed. Second-generation sulfonylureas and 
glinides, very effective oral drugs long considered the standard of treatment before prescribing insulin 
injection, have been moved as third-line treatment and limited to rare settings in most recent international 
guidelines, because of poor durability and a high risk of hypoglycemia and coronary artery disease[22-24]. 
Very effective and safer drugs dipeptidylpeptidase-4 inhibitors (DPP-4Is), glucagon-like peptide-1 receptor 
agonists [(GLP-1Ras) and sodium-glucose transporter-2 inhibitors (SGLT-2Is)] were added to the classical 
armamentarium (metformin, acarbose, sulfonylureas and glinides, insulin) with definite advantages on 
the impending risk of hypoglycemia, cardiovascular disease and heart failure[22]. Their efficacy and safety 
has been demonstrated in registration studies as well as in large cardiovascular outcome trials (CVOTs) 
required by regulatory agencies such as the FDA and European Medicines Agency[25]. The effects on liver 
fat accumulation have been tested vs. sulfonylureas/glinides, or are under investigation. Also, pioglitazone, 
an insulin-sensitizer of limited use following a series of warning data on class safety, initially involving 
rosiglitazone[26], has shown positive effects on cardiovascular outcomes[27]. In patients with NAFLD, 
irrespective of the presence of T2DM, is was associated a reduced risk of advanced fibrosis[28], and its use is 
now recommended by national and international guidelines[8].

The present review is aimed at defining the role of novel anti-diabetic drugs for the treatment of NAFLD 
in patients with T2DM, with particular reference to the prevention of HCC. Data were retrieved from ad 
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hoc RCTs, as well as from the re-analysis of large registration or CVOT trials. More recently, several large 
epidemiological surveys of real-world data became available, and their support to define the best treatment 
to prevent liver disease progression is also reported.

DATA SEARCH AND ANALYSIS
We searched PubMed and www.clinicaltrials.gov for studies on novel anti-diabetic drug use in patients 
with NAFLD or NASH. In PubMed we used the string [liver steatosis (MeSH Terms)] OR [NAFLD (MeSH 
Terms)] OR [HCC (Text Word)] OR [carcinoma (Text Word)] AND [adult onset diabetes mellitus (MeSH 
Terms)] AND [treatment (Text Word)] filtered by “humans”. The string retrieved 694 references published 
in the period 1988-2020. On www.clinicaltrials.gov we used the string “NAFLD OR NASH” as “condition or 
disease” field, while the names of the classes and later the names of the individual molecules were entered 
in the “other terms” field. On the left bar, in “Study Phase” we selected “Phase 2, 3, and 4”. Only studies with 
more than 10 participants were considered. Later, the references of all retrieved studies and review articles 
were scrutinized for missing references, and duplicate studies were removed. Data of the available evidence 
is summarized in Table 1.

RESULTS
Metformin
Metformin has long been considered the first-line drug for the treatment of T2DM and it is still indicated 
for all individuals who can tolerate its use without gastrointestinal discomfort. Despite its insulin-
sensitizing activity, potentially reducing lipid burden, metformin is no longer specifically indicated for 
NAFLD, following a few studies and a review article where it failed to reduce histological severity of 
NAFLD[29]. However, metformin is now living a second life, as it were, considering its HCC-preventive 
action[30-32], coupled with reduced all-site cancer risk[33]. Continuation of metformin was also shown to 
improve overall survival in NASH-cirrhosis with Child-Pugh class A and B[34]; these beneficial effects 
justify the statement of international guidelines suggesting the use of background metformin for all T2DM 
patients with NAFLD[8].

Pioglitazone
Pioglitazone is an anti-diabetic drug that activates peroxisome proliferator-activated receptor-γ (PPARγ), 
a nuclear receptor, mostly expressed in the adipose tissue, and to a lesser extent in other organs, including 
the liver. The activation of the PPARγ quells the production of liver collagen by hepatic stellate cells, 

Drug class Metabolic control Hypo-glycemia Cardiovascular 
system Heart failure Specific beneficial/adverse 

effects
Metformin + ± Uncertain protection Null Cancer protection Acidosis, 

anemia
a-Glucosidase inhibitors + - Null Null Modest weight loss GI 

discomfort
Pioglitazone ++ ± Protective Increased risk Weight gain, non-

osteoporotic fractures
Sulfonylureas/Glinides +++ +++ Increased risk Increased risk Alcohol interaction Weight 

gain, low durability
DPP-4 inhibitors ++ - Null Null High durability Flu-like 

symptoms, runny nose
GLP-1 receptor agonists +++ - Protective Null Weight loss Nausea, vomiting
SGLT-2 inhibitors +++ - Protective Protective Weight loss, renal protection 

Genito-urinary infections
Insulin (basal or basal-
bolus)

++++ ++++ Protective* Protective* Weight gain, highly negative 
impact on quality of life

Table 1. Metabolic and clinical effects of anti-diabetic drugs

*Protection exerted by improved metabolic control; Null: no evidence of specific protection
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promotes the differentiation of adipocytes, decreases leptin and IL-6 concentration, increases adiponectin 
levels, and above all, reduces insulin resistance, the driver of NAFLD[35]. Pioglitazone has been tested in 
NAFLD at the target dose of 30-45 mg/day in several RCTs with histologic outcomes, showing a reduction 
of necroinflammation (NAFLD activity score - NAS)[36-40], as well as improvement in fibrosis in a systematic 
meta-analysis[41]. Pioglitazone also reduces the risk of cardiovascular and cerebrovascular outcomes[42,43], 
as well as of HCC (odds ratio, OR = 0.83, 95%CI: 0.72-0.95)[44]. This makes pioglitazone the treatment of 
choice of NASH, independent of the presence of T2DM. Notably, treatment discontinuation is followed 
by NASH recurrence[45]. Pioglitazone treatment is associated with moderate weight gain, and the risks of 
non-osteoporotic fractures and, particularly, of heart failure are also increased; for these reasons the drug 
should not be used in elderly patients[46]. Adverse events are probably rare at lower doses (15 mg/day), but 
the effects on the liver are also unknown. At present, the use of pioglitazone is off-label outside T2DM and 
informed consent is needed before treatment in individuals without diabetes.

Dipeptidyl-peptidase-4 inhibitors
DPP-4Is (sitagliptin, vildagliptin, saxagliptin and alogliptin) decrease blood glucose by preventing 
the rapid degradation in incretins, thus increasing glucose-dependent insulin release[47]. This class of 
antidiabetic drugs has progressively entered the market in the past 15 years, showing a moderate effect 
on glucose control, and no risk of hypoglycemia or adverse cardiovascular outcomes. A meta-analysis 
by Carbone et al.[48] on the effects of incretin treatment in patients with NASH and T2DM including 66 
participants treated with sitagliptin for between 16 and 36 weeks found a significant mean reduction of 
alanine aminotransferase (ALT) in the two sitagliptin-treated cohorts (mean 17.7 U/L; 95%CI: 12.4-23.1; 
P < 0.001). In a small cohort with T2DM and NASH, the administration of sitagliptin 100 mg/day for one 
year determined a significant improvement in hepatocyte ballooning (P = 0.014) and total NAS (P = 0.04), 
as well as a decrease in ALT and aspartate aminotransferase (AST), an index more closely correlated with 
chronic liver damage[49]. Similar data on liver enzymes were reported in 44 patients treated for six months 
with DPP-4Is[50], whereas the improvement of NAS was confirmed in 40 NASH patients[51], randomized to 
lifestyle changes vs. lifestyle changes associated with sitagliptin (NAS: -1.9 ± 1.4 vs. -0.7 ± 1.1; P = 0.006).

On the contrary, no differences in aminotransferases, liver fat content or liver stiffness were reported 
in a 24-week RCT including patients with pre-diabetes or early diabetes[52,53], treated with sitagliptin 
(100 mg per day), as well as in two studies in which sitagliptin was tested against placebo for 12 weeks (no 
differences in serum liver enzymes, hepatic fat content, fibrosis). No differences were reported in surrogate 
biomarkers of fibrosis, namely NAFLD fibrosis score [NFS], Fibrosis-4 score [FIB-4], aminotransferase-to-
platelet ratio index [APRI][51,53]. In summary, the use of DPP-4Is in T2DM with NAFLD appears to be safe, 
but without any systematic advantage on progressive liver disease. Th ere are no specific studies on their 
possible effects on the risk of HCC in T2DM.

Glucagon-like petide-1 receptor agonists
GLP-1RAs (exenatide, lixisenatide, liraglutide, dulaglutide, semaglutide) are potent injectable anti-diabetic 
drugs, mimicking the effects of endogenous incretins on insulin release, gastrointestinal motility, and the 
central nervous system (reduced appetite and food intake[47]). CVOTs demonstrated that GLP-1RAs, as a 
class but with some differences between rapid- (exenatide b.i.d. and lixisenatide) and long-acting drugs, 
reduce the risk of major cardiovascular events in T2DM[23], and lead to a systematic weight loss[54]. In 
patients with NAFLD and T2DM, liraglutide was initially reported to reduce liver inflammation (AST, ALT) 
and liver fibrosis scores (APRI index). These favorable effects might possibly derive from or be enhanced by 
the concomitant weight and HbA1c reduction[55]. Eguchi et al.[56] also found a reduction in NAS and Brunt’s 
classification grade after a 96-week treatment with liraglutide in ten patients with biopsy-proven NASH/
NAFLD. 
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A beneficial role of liraglutide has been convincingly demonstrated in the pilot LEAN (Liraglutide Efficacy 
and Action in NASH) study[57], a 48-week RCT in which liraglutide was tested vs. placebo in 52 patients 
with biopsy-confirmed NASH. The study included patients with stage 3 fibrosis (38% in liraglutide vs. 
8% in placebo) and cirrhosis (8% vs. 15%, respectively), and 35% of the liraglutide group had T2DM (vs. 
31% in placebo). Liraglutide led to histologic NASH resolution in 35% of cases, compared with 8% of 
placebo-treated patients [relative risk (RR) 4.5; 95%CI: 1.1-18.9; P = 0.017]. Specifically, liraglutide led to 
the resolution of NASH in 3 out of 8 patients with T2DM (38%) (RR = 4.7, 95%CI: 0.3-75, P = 0.020), and 
only 9% of patients in the liraglutide group vs. 36% in the placebo group had fibrosis progression during 
treatment.

Less convincing data support a similar role for dulaglutide. A post-hoc analysis of the phase 3 AWARD 
studies [Assessment of Weekly AdministRation of LY2189265 (Dulaglutide) in Diabetes], involving 760 
patients with T2DM and high likelihood of NAFLD/NASH based on elevated ALT values and exclusion 
of other hepatic diseases, showed a significantly greater reduction of ALT after 6-month treatment with 
dulaglutide 1.5 mg once a week (-2.1 IU/L; 95%CI: -3.9 to -0.3; P = 0.022). Similar changes were observed 
when the results were adjusted for body weight (-8.7 IU/L; 95%CI: -10.1 to -7.3)[58].

Exenatide also reduced ALT and AST levels in people with T2DM and elevated baseline ALT levels[59] 
in a case series of eight patients with NASH treated for 28 weeks. Some patients also experienced an 
improvement in histological features, including fibrosis[60]. Furthermore, the previously mentioned meta-
analysis by Carbone et al.[48] showed a significant mean ALT reduction in both the liraglutide and exenatide 
treated cohorts (mean 12.2 U/L; 95%CI: 4.9-19.4; P < 0.001). Finally, exenatide effectively reduced hepatic 
triglyceride content compared to reference treatment (+12.5 ± 9.6%, P = 0.007, when assigned to 44 obese 
subjects with T2DM[61], again in a weight loss-dependent manner; r = 0.47, P = 0.03). Cuthbertson et al.[62] 
reported a 42% median reduction of intracellular fat content (P < 0.0001), measured by magnetic resonance 
spectroscopy (MRS), independently of weight loss, after six months of exenatide or liraglutide.

GLP-1RAs have also been investigated in combination with lifestyle interventions or other drugs. Fan et al.[63] 
found a significant reduction in ALT, AST, and gamma-glutamyl transpeptidase, and an increase in 
the AST/ALT ratio in a cohort of 49 patients affected by both T2DM and NAFLD and treated by the 
combination of exenatide and lifestyle interventions. The MRS-assessed hepatic content was significantly 
higher in individuals receiving the combination of exenatide and pioglitazone for 12 months (12.1 ± 1.7 to 4.7 
± 1.3%), however, compared with pioglitazone alone (11.0 ± 3.1 to 6.5 ± 1.9%)[64].

A phase 2 study of semaglutide, a longer-acting, weekly dosing GLP-1 analogue, has recently been completed. 
A preliminary release reports that after 72 weeks of therapy with the highest dosage tested (0.4 mg), 
33 of 56 patients (59%) with fibrosis stages F2 to F3 met the primary end-point of NASH resolution and no 
worsening in liver fibrosis, vs. 10 of 58 patients (17%) in the control arm[65]. Semaglutide is very effective on 
body weight; a phase 3-4 trial in obesity reported a mean weight loss of 14.9% with semaglutide 2.4 mg/week 
for 68 weeks, increasing to 17.4% at follow up[66]. An oral formulation of semaglutide is also being tested in 
pre-registration studies[67].

Concern on the use of GLP-1RA in NASH cirrhosis was recently raised by the observation that liraglutide. 
While providing optimal control of blood glucose, HbA1c, and body weight in patients, it blunted the 
effect of beta-blockers on heart rate, possibly indicating a raised bleeding risk after starting GLP-1RA[68]. 
The researchers proposed a mechanistic molecular explanation of how a GLP-1RA might prevent beta-
adrenergic receptor blockade[69]. For this reason, the treatment of T2DM with GLP-1RA in subjects at risk 
of bleeding requires additional studies.
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Sodium-glucose co-transporter-2 inhibitors (Gliflozins)
Empagliflozin, dapagliflozin, canagliflozin, ertugliflozin, and many other SGLT-2Is under development 
block renal exchange of glucose in the proximal tubule, being responsible for the reuptake of 90% of the 
pre-urinary glucose[70]. They entered the market in the last decade; registration and CVOT trials showed 
that gliflozins reduce cardiovascular events and, particularly, heart failure[71], prevent the deterioration of 
renal function[72], and induce a moderate weight loss[73]. The risk of genitourinary tract infections are the 
principal adverse events associated with gliflozin use[74]. 

Their effects of SGLT-2Is on liver fat have not been systematically studied, but a few data have recently 
become available, based either on RCTs or epidemiological studies. In a RCT involving 84 patients, 
dapagliflozin significantly reduced hepatic fat content measured by magnetic resonance imaging 
(dapagliflozin, from 17.3% to 15.1%, P < 0.05; placebo from 15.1% to 14.5%, P not significant), as well as 
liver enzymes (AST, ALT, GGT) when compared to placebo[75]. Similar results on liver fat were reported in 
a prospective RCT with empagliflozin involving 50 patients (mean difference between patients treated with 
and without empagliflozin, -4%; P < 0.0001)[76], and in another RCT in 20 patients treated with canagliflozin 
(from 17.6% ± 7.5% to 12.0% ± 4.6% after 6 months and 12.1% ± 6.1% after 12 months; P < 0.005 for both)[77]. 

In real-world studies, a larger reduction in liver enzymes is commonly observed during treatment with 
SGLT-2Is when compared with other antidiabetic drugs[78-81], such as sulfonylureas[80] or DPP-4Is[81]. In 
a large observational study involving 3,667 patients with T2DM, after a mean follow-up of 4.8 months, 
ALT levels (independently of weight and HbA1c) were lower in the group treated with canagliflozin and 
dapagliflozin, compared with those treated with liraglutide and sitagliptin[82].

Very few data are available on SGLT-2Is and histological changes in NAFLD patients. In a prospective 
open-label study involving five patients who underwent serial liver biopsies, all patients treated with 
canagliflozin had an improvement in liver steatosis and NAS at 24 weeks, together with a decrease in 
fibrosis stage in two of them[83]. The authors also confirmed these results in nine patients after 24 weeks of 
canagliflozin treatment, with reduced lobular inflammation, ballooning, and fibrosis stage in 33%, 22%, and 
33% of patients, respectively[83]. 

A significant proportion of the beneficial effects of gliflozins might be derived by reduced body weight. A 
network meta-analysis of 29 RCTs confirmed that gliflozin treatment was significantly associated with a 
higher probability to achieve significant weight loss (≥ 5%) vs. placebo[84]. In a recent study, canagliflozin 
was also reported to reduce the risk of prostate, lung, and pancreatic cancers, without deleterious effects on 
HCC[85].

CONCLUSION
Progress in pharmacotherapy of T2DM has opened interesting areas of research and treatment for patients 
with NAFLD. The use of old drugs should be systematically abandoned in favor of safer and effective 
treatments, also addressing the associated cardiovascular and cancer risks, as well as the impending risk 
of hypoglycemia that may be particularly harmful for frail patients with NASH and non-NASH cirrhosis. 
A decalogue summarizing the novel evidence is reported in Table 2. Needless to say that the use of novel 
drugs must be accompanied by intense lifestyle interventions, the only effective strategy to reduce the 
burden of NAFLD in the long term, as well as by adherence to international guidelines, supporting a 
change from treatment-to-target to treatment-to-cure, while being respectful of patients’ frailty and 
economic resources[86].

Insulin treatment remains the most effective therapy to control glucose metabolism in very advanced 
stages; the risk of hypoglycemia and insulin-associated lipogenesis and weight gain - as well as difficulties 
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to lose weight for subjects with obesity - suggests that efforts should be aimed at limiting insulin use. The 
use of oral DPP-4Is and, later, of weekly-injectable GLP-1RAs or SGLT-2Is in comparison to basal insulin 
is under investigation[87,88]. There is evidence that early initiation of GLP-1RAs may achieve similar or even 
better results than treatment with basal insulin[89,90] and the improved ease of treatment is associated with 
better quality of life in advanced disease states. Fewer data are available for SGLT-2Is, but also this drug 
class appears to be non-inferior to add-on basal insulin as to effectiveness and safety[91,92].

In conclusion, we are living a totally new era in the pharmacologic treatment of type 2 diabetes and patients 
with NAFLD are likely to take the greatest advantage from novel agents. The beneficial effects of GLP-1RAs 
and SGLT-2Is on metabolic outcomes extend well beyond the area of diabetes, namely to obesity, 
cardiovascular risk, heart failure and renal disease[93,94], and might soon be available for NAFLD patients 
outside of T2DM[95,96].
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Table 2. A decalogue for safe and effective NAFLD treatment in patients with T2DM

1. Implement a systematic, intensive, continuing lifestyle intervention (healthy diet and habitual physical activity) aimed at 
maintaining or slowly achieving a near-normal body weight. Physical activity is particularly needed to prevent sarcopenia

2. Carefully assess NAFLD stage by surrogate biomarkers, as well as T2DM comorbidities (cardiovascular and renal involvement). 
In patients with cirrhosis determine Child-Pugh class and MELD score

3. Define treatment targets on the basis of patients’ frailty and disease severity. Although HbA1c below 6.5% (48 mmol/mol) may 
be the desired target in subjects without comorbidities, in individual cases values up to 8% (64 mmol/mol) may be acceptable. 
Consider that HbA1c may be unreliable in the presence of recent hemorrhage, and random glucose monitoring may be advisable

4. Background metformin (2 g/day) treatment should always be used and maintained also in compensated cirrhosis, although at 
reduced doses (1-1.5 g/day), as long as compatible with gastrointestinal symptoms and renal function

5. Sulfonylureas and glinides should not be used, except as third-line therapy; they both increase the risk of hypoglycemia, and 
sulfonylureas are also associated with increased cardiovascular risk

6. Add pioglitazone (30-45 mg/day) in patients not at risk of heart failure or ascites. Further intensify lifestyle intervention to 
prevent weight gain

7. Add DPP4-Is to improve glucose control to near-normal glucose targets in patients without comorbidities
8. Add GLP-1RAs in patients at high risk of cardiovascular disease, including patients with previous cardiovascular events. Caution 

should be used in subjects with cirrhosis at risk of bleeding
9. SGLT2-Is should be preferred in patients at risk of heart failure, as well as in patients with progressive decline of glomerular 

filtration rate. Consider the risk of genitourinary infection, particularly in women and in elderly men with prostate problems
10. Avoid insulin use as long as possible, to reduce the risk of hypoglycemia and the impact on quality of life. Late insulin use may be 

needed in most advanced stages; whenever possible use basal or basal-bolus regimens. Combination of basal insulin with GLP-
1RAs may be a likely option in selected cases
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Abstract
Nonalcoholic fatty liver disease (NAFLD) exhibits sexual dimorphism, with men being more exposed than women 
to the risk of simple steatosis, nonalcoholic steatohepatitis fibrosis, and hepatocellular carcinoma (HCC), while the 
protection conferred to women seemingly disappears with aging and reproductive senescence (i.e., menopause). 
HCC, the most common primary liver cancer, which carries an ominous prognosis, may result from various genetic 
and non-genetic risk factors. NAFLD is now projected to become the most common cause of HCC. HCC also 
exhibits a definite sexual dimorphism in as much as it has a worldwide high male-to-female ratio. In this review 
article, we focus on sex differences in the epidemiological features of HCC. Moreover, we discuss sex differences 
in the clinical outcome and molecular pathobiology of NAFLD-HCC. By highlighting the research gaps to be filled, 
the aim of this review is to prompt future research of sex differences in HCC and facilitate developing personalized 
cancer prevention strategies, detection, and treatments to achieve better patient outcomes in NAFLD-HCC, 
considering sex differences in HCC pathobiology.
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BACKGROUND 
Hepatocellular carcinoma (HCC), the most common primary liver cancer (PLC), carries an ominous 
prognosis, and is the fourth most common cause of mortality owing to cancer[1,2]. The chief modifiers 
of HCC risk include geographic variability, demographics and severity of liver disease[2]. Cirrhosis, 
irrespective of aetiology, increases the risk of HCC[1]. On a global basis, the proportion of HCCs attributed 
to nonalcoholic fatty liver disease (NAFLD) is increasing owing to trajectories of declining HCV infection 
and escalating NAFLD[1,3,4]. Additional risk factors for the development of HCC are infection with HBV, 
alcoholic liver disease, aflatoxin, and genetic haemochromatosis[5].

Spanning a wide range of liver histology changes, NAFLD faithfully recapitulates the whole spectrum 
of alcoholic liver disease though it is observed in the nonalcoholic patient[6] and in the absence of other 
competing causes of (steatogenic) liver disease[7]. Similar to HCC, NAFLD accounts for a substantial 
clinical burden and exacts a heavy toll of healthcare-related expenses[8].

Sex disparities in various human diseases, from initial manifestations to disease outcome, are often 
encountered in clinical practice. In fact, sex and gender act as powerful modifiers of the top ten causes 
of mortality and morbidity, including heart disease, cancer, chronic lung disease, Alzheimer’s disease, 
influenza and pneumonia, chronic kidney and chronic liver diseases[9]. Clear sex disparity exists in 
HCC, which is twice as common in men as in women[1]. NAFLD also exhibits multifaceted sexual 
dimorphism[10,11]. It occurs more often in men than in women of fertile age and is heavily affected by 
reproductive status[12]. Understanding these sex differences is the key to deciphering the pathophysiology of 
the disease as well as in guiding personalized care[12].

On this background of evidence, we aimed at illustrating our current knowledge of sex differences in HCC 
and clarifying gaps to be filled in future research, while placing special focus on NAFLD-related HCC. 

METHODS
The PubMed database was extensively searched for articles published as of the 31st of July 2020. The 
keywords used in our search include, but are not limited to: HCC, liver cancer, sex differences, gender 
differences, epidemiology, natural course, pathogenesis, risk factors, immune response, genetics, and sex 
hormones. Additional terms were used to search for articles reporting sex differences and/or the effect of 
sex hormones in specific mechanisms pertaining to carcinogenesis. Among the retrieved publications, only 
those that were deemed to be relevant based on consensus among the authors were retained.

EPIDEMIOLOGICAL MODIFIERS OF HCC RISK 
Irrespective of its aetiology, HCC affects men more commonly than women owing to complex and multi-
factorial reasons. This section reviews risk factors of HCC in general and discusses interactions between 
sex and risk factors.

Geographic area and ethnicity
Eastern Asia, Southeast Asia, and sub-Saharan Africa exhibit a high incidence and prevalence of HCC; 
Mongolia, China, Japan, Papua New Guinea, and Egypt are top-ranked countries[1]. By contrast, countries 
with a low incidence and prevalence include India, Russia, northern countries of South America, 
Argentina, European countries (except for southern countries), USA, and Australia with the rest of the 
world exhibiting intermediate rates of incidence and prevalence[1].
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Multi-ethnic populations display a clear ethnic gradient. For example, in the United States, Asians/Pacific 
Islanders have been reported to have the highest incidence rate per 100,000 (11.7), followed by Hispanics 
(9.5), Blacks (7.5), while Whites had the lowest (4.2)[13].

Sex
With few exceptions, the male to female (M:F) ratio of the incidence of HCC ranges between 2 to 3 in the 
most of the countries, irrespective of whether they are high-rate areas or not, and are maximal in middle 
European countries (M:F ratio up to 5)[13,14]. In contrast, in Costa Rica, Colombia, Ecuador and Uganda, the 
M:F ratio of the incidence of HCC is smaller, ranging from 1.3 to 1.6[13,14].

The biological grounds underlying this sex disparity in the prevalence of HCC are incompletely defined 
and probably related to multiple behavioural, hormone-metabolic risk factors, and cancer biology. Sex 
differences in HCC pathogenesis are discussed below under sex disparity in HCC pathobiology. 

The difference in the M:F ratio of the incidence of HCC among different countries is intriguing, suggesting 
potential race/ethnicity-sex interplay in HCC. At this point, sufficient data do not exist to delineate whether 
the difference is explained by a biological interplay and/or an interplay of gender attributes and culture/
ethnicity. 

Age
The overall incidence of HCC consistently peaks at 70 years in various countries worldwide, such as 
France, Italy, Japan, and USA (whites) and this is approximately 5-15 years before the peak occurrence 
of cholangiocarcinoma, the second most common PLC after HCC[15]. However, other authors report that 
the mean ages of diagnosis with HCC are 55-59 years in China and 63-65 years in Europe and North 
America[14]. In Qidong, China, where the HCC burden is among the world’s highest, the age-specific 
incidence rates increase up to the age of 45 among men and then plateau; while increasing to the age of 60 
and then plateauing among women[14]. A surveillance, epidemiology, and end results (SEER) Analysis (from 
1988 to 2010) including 39,345 patients with HCC (Men 76%, women 34%) showed that men are diagnosed 
4-7 years earlier than women across the race/ethnic groups[16]. These findings suggest that sex and age 
interact in the occurrence of HCC, implying that consideration of this interaction (as opposed to treating 
age and sex as independent variables) will be essential in future research. 

Severity of liver histology
While cirrhosis is an almost essential pre-requisite for the development of HCC in those with HCV 
infection, infection with HBV exerts a more direct carcinogenic effect on the liver[1]. Similar to HBV 
infection and to alcoholic liver disease, NAFLD-HCC may occur in non-cirrhotic livers[14,15]. A Japanese 
descriptive study reported that men with nonalcoholic steatohepatitis (NASH) developed HCC at earlier 
liver fibrosis stages than women[17]. The study was too small to confirm the sex difference but provides an 
intriguing hypothesis pertaining to carcinogenesis. Further larger studies are warranted to investigate this. 

Viral hepatitis 
With the exceptions of Japan and Egypt (where HCV infection is the chief risk factor of HCC), in most 
high-risk countries, chronic HBV infection and aflatoxin B1 are the major risk factors for the development 
of HCC, whereas HCV infection, excessive alcohol consumption, and common metabolic disorders 
(diabetes, obesity and metabolic syndrome) prevail in low-rate areas[15]. Chronic drinking of alcohol > 
80 g/day for over 10 years increases the risk of HCC by a factor of 5; and alcohol consumption enhances 
the risk of HCC in those with either chronic hepatitis C or NAFLD[10,18]. However, given that these data 
often combine both sexes, research needs to be conducted urgently to clarify the sex-specific thresholds of 
alcohol consumption that are associated with a raised HCC risk. 
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Family history
HCC commonly exhibits familial clustering, and family history of disease is a risk factor for the 
development of HCC. Interestingly, family history of HCC was identified as a favourable prognostic factor 
for improved survival particularly in those individuals whose tumours can be radically cured, even in 
the stage-stratified analysis[19]. In the study, female sex and younger age, non-diabetics, and lifetime non-
drinkers were more common among individuals with first-degree family histories of HCC than among 
those without such histories[19]. The exact mechanisms underlying the above associations remain uncertain. 

Genetic risk determinants of NAFLD and inherited metabolic liver diseases
Genetic variants associated with an increased risk of NAFLD, advanced NAFLD, and NAFLD-HCC 
appear to contribute to the risk of HCC in the general population. A recent study conducted using Danish 
and UK databases demonstrated that a genetic risk score using three genetic variants [i.e., patatin-like 
phospholipase domain-containing protein 3 (PNPLA3) p.I148M, transmembrane 6, superfamily member 2 
(TM6SF2) p.E167K, and hydroxysteroid 17-beta dehydrogenase 13 (HSD17B13) rs72613567], is associated 
with an up to 12-fold higher risk of cirrhosis and up to a 29-fold higher risk of HCC in individuals from 
the general population from these countries[20].

Certain inheritable metabolic disorders such as hemochromatosis, α-1 antitrypsin deficiency, tyrosinemia, 
glycogen storage diseases and several porphyrias also increase HCC risk, although they account for a 
negligible HCC risk globally[21,22].

Other risk factors of HCC
Smoking and co-infection with HIV also contribute to the development of HCC[1]. Certain environmental 
factors or occupational factors, such as vinyl chloride, polycyclic aromatic hydrocarbons, aflatoxins, and 
aristolochic acid, a common ingredient of traditional herbal medicine, have been suggested to play a role 
in the development of HCC[23,24]. How these factors and underlying mechanisms intersect with sex and sex 
hormones in the development of HCC has not been fully elucidated.

Interaction between sex/gender and metabolic risk factors
Sexual dimorphisms in metabolism are well-known (recently reviewed elsewhere[9,10,12]) and likely account 
for sex differences in HCC risk. A few other risk factors have been suggested for sex/gender-interaction, 
which are also discussed in this section. 

Obesity has been associated with a higher risk of HCC incidence in men than women, especially in non-
Asians[25]. A recent study conducted in an Asian population found a different relationship between BMI and 
HCC risk according to sex, following a U-shaped and a linear curve in men and women, respectively[26]. 
Studies reported a stronger risk association between pre-diabetes/diabetes and HCC in men than 
women[26-28]. 

NAFLD has a definite sexual dimorphism; men are more prone than women to the risk of uncomplicated 
steatosis, NASH fibrosis, and HCC. However, aging and menopause are associated with the disappearance 
of protection in women[12,29,30]. 

Prospective studies indicate that regular alcohol intake, although within safe thresholds, is a risk factor for 
the progression to HCC among individuals with NAFLD[31]. Moreover, among those with HCC, alcohol use 
is more frequent in men than in women[26,32]. 

Additionally, men are more prone to acquire HBV and HCV infection, develop chronic hepatitis, cirrhosis 
and HCC than women[14]. 
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CLINICAL SEX DIFFERENCES IN HCC 
Recent large epidemiological studies conducted in the USA have shown that, compared to men, women 
with HCC presented with older age, higher frequency of NAFLD, non-cirrhotic HCC, less-advanced 
tumour stage (by size, local/vascular invasion, metastasis) and lower frequency of alcoholic liver 
disease[32-34].

Studies regarding sex differences in survival rates have yielded conflicting results so far. Two recent large 
multi-centre US studies enrolling 5,327 patients with HCC (22.6% women) and 1,110 (23.5% women), 
respectively, reported higher overall survival rates among women after adjusting for confounding 
factors[33,34]. Consistently, one of these found that female sex was independently associated with early 
tumour detection [odds ratio (OR) 1.46] and response to first HCC treatment (OR 1.72)[33]. Conversely, 
other US studies found no sex-related difference in HCC prognosis[32,35], while Asian studies did[36-39]. 
Another US study showed age, sex, and ethnicity intersection in survival rates; women had higher survival 
rates from HCC than men before age 55, while after 65 years or among Hispanics, there was no such a 
survival difference between sexes[38]. Another US study also suggested a similar interplay of age and sex in 
HCC survival and further possible age-, sex-, and race/ethnicity-interaction in HCC survival[16]. Table 1 
provides a synthetic overview of sex differences in risk factors, presentation, and outcome of HCC owing 
to NAFLD and non-NAFLD aetiologies. Future studies with proper consideration of these interactions are 
warranted to reconcile some inconsistency in the literature. 

SEX DISPARITY IN HCC PATHOBIOLOGY 
Chronic persistent injury induces wound-healing responses through the release of pro-inflammatory 
cytokines (e.g., IL-6, TNF-alpha) and increased oxidative stress in the liver[40]. The wound-healing process, 
together with persistent liver damage, promotes fibrogenesis and tissue DNA damages and facilitates 
hepatic carcinogenesis[41]. The liver tissue concentration of 8-OHdG, a marker of oxidative DNA damage, 
has been associated with epigenetic inactivation of tumour suppressor genes (i.e., methylated tumour 
suppressor genes)[42,43]. An increased number of methylated tumour suppressor genes was, in its turn, 
associated with a shorter time-to-HCC development in patients with chronic hepatitis C[44], demonstrating 
a mechanistic link of oxidative DNA damage, epigenetic alteration of tumour suppressor genes, and 
development of HCC. In NAFLD patients, chronic metabolic stress to hepatocytes aggravates oxidative 
stress, induces cellular protein/DNA damage, and promotes premature senescence of hepatocytes, 
contributing to an increased risk of HCC among obese individuals[12,45], even in the absence of cirrhosis. 

Sex differences are well documented in cancer mechanisms[46]. Several well studied mechanisms accounting 
for sex differences are summarized in Table 2[47-56]. Compared to females, males are more susceptible to 
oxidative stress due to a higher NADPH oxidase activity, a lower NFR-2, and lower anti-oxidants[51,52,57], 
and have a higher induction of IL-6 by hepatic Kupffer cells under liver injury[54]. In contrast, higher 
physiological oestrogens protect females from HCC development via the anti-oxidative effects of 
estrogenic[51,57], anti-fibrotic effects[12], and inhibitory effects on IL-6 production by hepatic Kupffer 
cells[54]. The protective effects of oestrogen are lost after menopause, which may explain the fact that the 
male predominance observed in HCC incidence decreases with advancing age[58]. Gut microbiota also 
exhibits sex differences[56,59-61]. In an experimental mouse model, higher hepatic hydrophobic bile acids 
were observed in males, which was causally associated with a decreased expression of tumour-suppressive 
microRNA in the liver and increased incidence of HCC[61]. Importantly, similar sex differences in bile 
acid profile exist in humans[56], suggesting that sex-differences in gut microbiota and bile acid profile may 
contribute to male dominance in the development of HCC in man. 

Despite the fact that evidence supports oestrogen exerting protective effects on the development of HCC, 
whether oestrogens have protective effects on the progression of HCC and patients’ survival remains 
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Table 1. Sex differences in risk factors, presentation, and outcome of HCC owing to NAFLD and non-NAFLD aetiologies

Authors Study characteristics
Sex differences

Risk factors Tumour features Outcome
Yang et al. [16] Retrospective cohort 

from a national registry, 
US, 39345 HCC patients, 
9557 (24%) F, diagnosed 
between 1988-2010

F older age (67 years vs . 61 
years)

F more liver-limited 
(32% vs . 26%) and less 
metastatic (14% vs . 16%) 
disease

F better overall survival (11 
months vs . 10 months; HR 
0.93) independent of age, race, 
disease stage, or treatment. 
The protective effect of sex 
was greatest in patients aged 
18-44 years (14 months vs . 
10 months; HR 0.75) and it 
was lost after 65 years. No 
survival sex difference among 
Hispanics

Ladenheim et al. [35] Retrospective cohort, US, 
1,886 HCC patients, 437 
(23.2%) F, diagnosed 
between 1998-2015

F older age (64 years vs . 
60 years); M more HCV+ 
(43% vs . 37%), alcohol 
use (63% vs . 35%) and 
smoking (58% vs . 31%)

F less likely to present with 
tumours > 5 cm (30% vs . 
40%) and more likely to 
be diagnosed by routine 
screening (66% vs . 58%) 

No significant difference in 
median survival (30.7 months 
vs . 33.1 months)

Wu et al. [32] Retrospective cohort single 
centre, Hawaii (US), 1,206 
HCC patients, 307 (25%) 
F, diagnosed between 
1993-2017

F older age (66.0 years vs . 
62 years), more NAFLD/ 
NASH (22% vs . 7%)
M more HCV+ (43% vs . 
37%), alcohol (53% vs . 
12%) and smoking (68% 
vs . 38%)

F smaller mean size at 
diagnosis (5 cm vs . 6 cm), 
less vascular invasion (7.5% 
vs . 12%). F more likely to 
undergo HCC surveillance 
but less to undergo liver 
transplant

Similar overall survival.
Mortality predictors at MVA: 
NAFLD/NASH for both M 
and F, age and smoking for 
M. Transplant predictive of 
survival for M

Lai et al. [39] Retrospective cohort single 
centre, Asia (Taiwan), 516 
consecutive HCC patients, 
118 (22.9%) F, who 
received surgical resection 
between 2000-2007, F-up 
> 10 years

F more HCV + (37% vs . 
23%); lower HBV + (59% 
vs . 73%)

F less micro-vascular 
invasion (25% vs . 36%) 

Similar overall survival. F 
better recurrence-free survival 
and distant metastasis-free 
survival in patients with alpha-
fetoprotein ≤ 35 ng/mL, 
independent of other clinical 
variables

Rich et al. [33] Retrospective cohort single 
centre, US, 1,110 HCC 
patients, 258 (23.5%) F, 
diagnosed between 2008-
2017

F older age (63 years vs . 
59 years), more NAFLD 
(27% vs . 8%)
M more alcohol alone 
(17% vs . 5%) or with 
HCV+ (33% vs . 15%)

F vs . M earlier- BCLC stage 
tumours (53% vs . 44%)
but similar liver function 

F < 65 years had better overall 
survival than M (18.3 months 
vs . 11.2 months). However, 
older F and M had similar 
overall survival (15.5 months 
vs . 15.7 months) at UVA
F sex associated with lower 
mortality (HR 0.82), early 
tumour detection (OR 1.46) 
and response to first HCC 
treatment (OR 1.72) at MVA

Phipps et al. [34] Retrospective cohort 
multi-centric, US, 5,327 
HCC patients, 1,203 
(22.6%) F, diagnosed 
between 2000-2014

F more NAFLD (23% vs . 
12%) and less alcoholic 
liver disease (5% vs . 15%)

Non-cirrhotic HCC higher 
among F (17% vs . 10%). 
F less-advanced HCC by 
tumour, node, metastasis 
staging and a higher 
proportion within Milan 
criteria (39% vs . 35%)

F greater overall survival (2.5 ± 
2.9 years vs . 2.2 ± 2.7 years)

AFP: alpha-fetoprotein; BCLC: barcelona clinic liver cancer; F: female; F-up: follow-up; HR: hazard ratio; M: male; MVA: multivariate 
analysis; NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; OR: odds ratio; US: United States; UVA: 
univariate analysis

uncertain. A few epidemiological studies implicated a potentially favourable effect of oestrogen on HCC 
survival, by demonstrating a beneficial association of exogenous oestrogen use with overall survival among 
women with HCC[62] and the better overall survival rates of women compared to men, which, however, 
disappears in advanced age[16]. However, possible beneficial effects of oestrogen on HCC survival have not 
been tested in experiments, and the mechanisms, if any, through which oestrogens affect HCC survival, 
remain uncertain. 

HCC tumour tissue expresses oestrogen receptors, although the clinical and pathological significance of 
these remain controversial[63,64]. The positive expression rates of oestrogen receptors among HCC cases also 
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Table 2. Sex differences relevant to the pathomechanisms of HCC in NAFLD

Authors Study characteristics
Sex differences

Risk factors Outcome Impact on HCC
Pre-hepatic factors increasing hepatic metabolic stress

Lemieux et al. [47] Total body fat and 
abdominal adipose tissue 
were evaluated in 89 men 
and 75 women using CT

Visceral adiposity After adjusting for total body fat 
mass, men had significantly higher 
values of visceral adipose tissue 
volume and areas, measured by 
CT, than women. An increase in 
total fat mass was associated with 
a significantly greater increase in 
visceral adipose tissue volume in 
men than in women

Higher FFA release in males 
induces inflammation, 
insulin resistance, and 
lipotoxicity and fosters 
a tumour-promoting 
environment in the liver 
and may contribute to an 
increased recurrence of 
HCC

Laughlin et al. [48] A cross-sectional study 
to measure serum leptin, 
adiponectin and sex 
hormone levels in 1510 
community dwelling men 
and postmenopausal 
women aged 50-92 years

Visceral adipokines Serum adiponectin and leptin 
levels were higher in women than 
in men. In both sexes, adiponectin 
concentrations were lower, and 
leptin levels higher, with increasing 
BMI and waist girth

A higher adiponectine level 
may protect women from 
developing HCC via the 
activation of AMPK and 
p38α[49]

Lönnqvist et al. [50] BMI and age matched 
obese subjects (22 male 
and 23 female) undergoing 
elective surgery were 
evaluated for visceral fat 
lypolysis 

Visceral fat 
lipolysis

Catecholamine-induced rate of 
FFA mobilization from visceral 
fat to the portal venous system 
is higher in obese men than in 
obese women, probably due to a 
larger fat-cell volume but also to 
a decrease in the function of α2-
adrenoceptors, an increase in the 
function of β3-adrenoceptors, and 
an increased ability of cyclic AMP 
to activate hormone-sensitive 
lipase

Higher FFA release in males 
induces inflammation, 
insulin resistance, and 
lipotoxicity and fosters 
a tumour-promoting 
environment in the liver 
and may contribute to an 
increase recurrence of HCC

Oxidative stress/Senescence
Augustine et al. [51] Compared Nqo1 mRNA 

and protein expression 
and activity in males and 
females before and after 
applying known inducers 
using SD and August 
Copenhagen x Irish (ACI) 
rat strains

NAD(P)H: quinone 
oxidoreducatase 1 
(Nqo1)

ACI rats showed minimal 
differences in Nqo1. In SD rats, 
Nqo1 mRNA, protein, and activity 
levels were significantly higher 
in females than in males. Female 
SD rats showed greater induction 
than male

Higher Nqo1 may lead to 
greater protection against 
oxidative stress and thus 
decreased susceptibility to 
carcinogens

Kratschmar et al. [52] The interaction among 
corticosteroid, 11b-HSD1, 
and NFR-2 was evaluated 
using transfected HEK-
293 cells and hepatic 
H4IIE cells. The hepatic 
expression levels of 
11b-HSD1 and NFR-2 target 
genes were also compared 
between male and female 
Han Wistar rats

NFR-2 The study using the cell lines 
demonstrated that glucocorticoids, 
activated by 11b-HSD1 and acting 
through GR, suppress the Nrf2-
dependent antioxidant response. 
This research also demonstrated 
that the hepatic expression of 
11b-HSD1 was higher in male rats 
vs. female rats while the Nrf-2 
target genes (HMOX1, NQO1 and 
ABCC3) were lower in male vs. 
female rats, confirming the above-
demonstrated pathway

Higher activity of 11b-HSD1 
and/or corticosteroid 
may lead to suppressed 
antioxidant response, which 
may lead to higher oxidative 
DNA damage

DNA damage/repair 
Hofer et al. [53] DNA SSB and ALS were 

measured in blood 
samples from 99 subjects 
(age: 19-31 years) living 
in Stockholm, Sweden. 
Oxidative DNA damage 
was also analyzed using 
the DNA repair glycosylase 
FPG as well as HPLC-ECD 
for specific analysis of 
8-oxodG

Oxidative DNA 
damage

Males had higher levels of SSB + 
ALS than females, although no 
difference was seen for oxidative 
lesions. There was no correlation 
between FPG sites and 8-oxodG. 
In females, there was a positive 
correlation between FPG levels 
and BMI and a negative correlation 
between SSB + ALS and fruit 
intake

Men are associated with a 
higher risk of oxidative DNA 
damage

Immune response
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significantly varies in the literature, probably due to the differences in the methodologies and populations 
of the studies (e.g., ethnicity, sex), as well as stage and aetiologies of disease[64]. HCC tumour tissues express 
both oestrogen receptor alpha (ERα) and beta (ERβ), and also a variant form of ERα (vERα), which lacks 
exon 5 in the hormone-binding domain[65]. Compared to patients with ER-negative HCC, patients with 
ER-positive HCC have a shorter survival rate after curative resection[66]. Several randomized controlled 
trials were conducted to ascertain whether blockage of oestrogen signalling in HCC by the anti-oestrogen 
tamoxifen would improve the survival of patients with HCC. However, the results were consistently 
negative[67,68]. The presence of the liver vER receptor in the tumour is a strong negative predictor of survival 
in inoperable HCC patients and is a marker of clinical aggressiveness compared to wild-type ERαn[69,70]. 
HCC positive for the vER receptor is unresponsive to tamoxifen but responds to megestrol[71].

Sex differences in HCC biology have extensively been explored in recent years in functional signatures of 
differentially expressed genes[71,72], expression quantitative trait loci (eQTL)[73], and cancer-driver genes[73]. 
These studies strongly suggest that HCC in males and females are biologically distinct and may respond 
differently to treatments. This is in agreement with epidemiological data summarized in Table 1. However, 
no randomized controlled trials have demonstrated sex differences in HCC treatment response or clinical 
outcomes. The consideration of sex and women’s reproductive history in clinical studies designs and 

Naugler et al. [54] In mice administered with 
DEN, HCC incidence, and 
its relationship with hepatic 
IL-6 induction, Toll-like 
receptor adaptor protein 
MyD88, and oestrogen 
were evaluated in male and 
female mice

IL-6 A higher HCC incidence was 
observed in male vs. female DEN-
induced hepatocarcinogenesis 
model. The higher incidence of 
HCC in males was associated 
with higher MyD88-dependent 
induction of IL-6 in male hepatic 
Kupffer cells under liver injury. 
Estradiol inhibited IL-6 production 
by hepatic Kupffer cells

Higher induction of IL-6 
in Kupffer cells under liver 
injury partly explains higher 
incidence of HCC in males 
while estrogens protect 
females from HCC, in part, 
via reducing IL-6

Fibrosis
Yasuda et al. [55] Using the DEN model, 

hepatic fibrosis was 
compared between male 
and female rats

Stellate cell 
activation/ 
fibrogenesis

In male rats the induction of 
fibrotic response was significantly 
stronger than in female rats. 
Estradiol reduced hepatic 
fibrogenesis in male rats while 
concomitant administration of a 
neutralizing antibody against rat 
estradiol enhanced fibrogenesis. 
Oophorectomy in the female rats 
had a fibrogenic effect

Higher oestrogen protects 
premenopausal women 
from advanced hepatic 
fibrosis, a major risk factor 
of HCC

Tumor suppressor genes
Xie et al. [56] The mechanistic link 

between microbiota 
and hepatocellular 
carcinogenesis using a 
STZ-HFD induced NASH-
HCC murine model and 
compared results for both 
sexes

Bile acid/
microbiota

STZ-HFD feeding induced a 
higher incidence of HCC in male 
mice, which was associated with 
increased intrahepatic retention of 
hydrophobic BAs and decreased 
hepatic expression of tumor-
suppressive microRNAs. 
Metagenomic analysis showed 
differences in gut microbiota 
involved in BA metabolism 
between male and female mice. 
Treating STZ-HFD male mice 
with 2% cholestyramine led to 
significant improvement of hepatic 
BA retention, tumor-suppressive 
microRNA expressions, microbial 
gut communities, and prevention 
of HCC

Sex differences in 
microbiota lead to 
higher intrahepatic 
retention of hydrophobic 
BAs, decreased tumor 
suppressor microRNA in 
the liver, and an increased 
incidence of HCC in male 
mice

ALS: alkali labile sites; AMPK: AMP-activated protein kinase; BA: bile acids; CT: computed tomography; DEN: diethylnitrosamine; FFA: 
free fatty acids; FPG: DNA repair glycosylase; IL-6: Interleukin-6; NASH-HCC: nonalcoholic steatohepatitis-hepatocellular carcinoma; 
SSB: single strand breaks; SD: sprague dawley; STZ-HFD: streptozotocin-high fat diet
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analyses is warranted in future trials to better understand whether and how these factors may modify 
treatment response to specific therapeutic targets and influence clinical outcomes.

CONCLUSIONS AND RESEARCH AGENDA 
A robust line of research has shown multifaceted sexual dimorphisms in the NAFLD domain[10-12]. It is 
important to note that the observed sex differences in NAFLD are not linear throughout the course of 
the disease but rather mechanism-specific. Further studies will eventually contribute to more effectively 
reducing the NAFLD-HCC incidence by delineating sex differences in individual pathways and therefore 
allowing the development of a personalized approach in preventing NAFLD progression. Similarly, sex 
differences in HCC epidemiology have not been fully characterized with proper consideration of women’s 
reproductive status/history. Therefore, we recommend that sex/gender and reproductive history should 
be considered in future clinical and epidemiological HCC studies. Further mechanistic understanding, 
together with the epidemiological characterization of sex differences and the impact of reproductive history 
will predictably help clinicians by allowing more accurate risk stratification and personalized therapeutic 
approaches in the future. A scoring system combining genetic and non-genetic HCC risk factors while 
considering biological disparities by sex and reproductive status may improve our future care, although 
sufficient data to develop such a scoring system is pending future research.
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Abstract
The epidemiology of nonalcoholic fatty liver disease goes hand-in-hand with the obesity pandemic. The 
pathogenesis of fatty liver has shifted from an hepatocentric view to an adipocentric view, in which the overloaded 
adipose tissue spills out lipids that spread to ectopic tissues and organs such as the liver, elicits inflammation, 
and changes its adipokines profile promoting insulin resistance and the metabolic syndrome. Up to 40% of 
nonalcoholic fatty liver disease (NAFLD) patients are not obese and up to 20% are actually lean. Furthermore 
roughly 10% of lean subjects have NAFLD. In fact, adiposopathy can occur in patients with normal weight, and 
it is associated with expansion of metabolically active visceral fat and a qualitatively different adipose tissue 
that becomes overwhelmed after challenged by a mildly positive energy balance. This defines the concept of 
personal fat threshold that when exceeded results in metabolic dysfunction. Overweight/obese persons have 
higher probability of exceeding that threshold, explaining why adiposopathy/metabolic syndrome/NAFLD is 
more frequent in the obese. In this article, the epidemiology, pathogenesis, and management of patients with lean 
NAFLD are reviewed with an emphasis on reconciling the concepts of NAFLD in its relationship with adiposity and 
of NAFLD in lean individuals.
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INTRODUCTION
Fatty liver disease is the most common liver disease worldwide[1]. The realization that liver steatosis may 
progress to cirrhosis is credited to the Austrian pathologist Carl von Rokitansky in mid-nineteenth century. 
Rokitansky also acknowledged that alcohol might not explain all types of fatty liver[2]. The link with 
obesity was well-established one century after, with the description of liver biopsies from 20 obese men by 
Zelman[3]. The designation “nonalcoholic steatohepatitis” (NASH) was first proposed by Ludwig 40 years 
ago[4], and the more general “nonalcoholic fatty liver disease (NAFLD)” roughly 20 years ago[5,6]. In 2020, 
an international group of experts changed the designation to “metabolic dysfunction-associated fatty liver 
disease” (MAFLD), focusing on the positive association with the metabolic syndrome (MS) rather than 
the negative association with alcohol, while acknowledging the possible concomitance of metabolic and 
alcohol-associated liver disease, in the same patient[7].

NAFLD goes hand-in-hand with obesity and its associated co-morbidities, particularly the MS and its 
components[8]. The prevalence of both NAFLD and obesity are rising. Data from the Fifth National Health 
and Nutrition Examination Survey (NHANES), in the US, showed that in the late 1980s, the prevalence of 
obesity was 22% and of NAFLD 20%, whereas currently, it is 39% and 32%, respectively[9]. In fact, obesity 
increases the risk for NAFLD by 10-fold[9].

Not all patients with NAFLD are overweight or obese. In those patients, liver steatosis has been called 
“lean-NAFLD” Lean-NAFLD was first recognized in studies from Asia[10], but it has gained relevance in 
Western populations as well[11]. 

New diagnostic criteria for MAFLD in lean persons were proposed[7], in which alcohol consumption is 
not an exclusion criteria, but requires, evidence of hepatic steatosis and the presence of at least 2 of the 
following metabolic abnormalities:
(1) Waist circumference (WC) ≥ 102 and 88 cm in Caucasian men and women, respectively (or ≥ 90 and 80 cm 
in Asian men and women, respectively);
(2) Blood pressure ≥ 130/85 mmHg or specific drug treatment;
(3) Plasma triglycerides ≥ 150 mg/dL or specific drug treatment;
(4) Plasma high-density lipoprotein (HDL)-cholesterol < 40 mg/dL for men and < 50 mg/dL for women or 
specific drug treatment;
(5) Prediabetes (i.e., fasting glucose levels 100-125 mg/dL, or 2-h post-load glucose levels 140-199 mg/dL 
or HbA1c 5.7%-6.4%);
(6) Homeostasis model assessment (HOMA) of insulin resistance score ≥ 2.5;
(7) Plasma high-sensitivity C-reactive protein level > 2 mg/L.

Research on lean-NAFLD is flourishing; however, many gaps in knowledge still subside: Does lean-NAFLD 
always associate with metabolic dysfunction and hence can be classified as MAFLD? Does lean-NAFLD 
follow the same fate as obesity-associated MAFLD? How should lean-NAFLD patients be managed? This 
article is a comprehensive review of the pathogenesis and clinical relevance of lean-NAFLD that aims to 
help clinicians in their daily practice.

EPIDEMIOLOGY
Roughly 20% of patients with hepatic steatosis present with normal body mass index (BMI) and 40% are 
not obese[12,13]. As such, lean-NAFLD represents a significant burden on the daily practice of hepatologists.

Epidemiological studies on lean-NAFLD present very heterogeneous data, which result from: (1) different 
populations with different adipose tissue compartmentalization; (2) different definitions of lean (some 
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studies consider normal weight, others non-obese, while studies in rural populations in Asia include a high 
proportion of patients underweight[14]); and (3) different tools to diagnose liver steatosis. Most studies rely 
on ultrasound to diagnose NAFLD, which has very low sensitivity for mild steatosis; others take advantage 
of non-invasive scores such as fatty liver index, some quantify liver triglycerides content through magnetic 
resonance spectroscopy, and several rely on liver biopsies. Those different diagnostic tools have known 
variations in accuracies for detecting liver steatosis[15]. 

Notably, epidemiological studies were performed before the new designation of MAFLD; as such, alcohol 
intake was excluded, and patients may not fulfill the diagnostic criteria of MAFLD. Because of this, the 
designation “lean NAFLD” is used in this review.

The definition of normal weight using BMI varies depending on the racial background of the individual. 
Caucasians are considered as having normal weight when BMI is 18.5-25 kg/m2 with overweight being 25-
30 kg/m2 and obese being > 30 kg/m[2,16]. However, lower BMI cutoffs are applied to Asians because a specific 
BMI reflects a higher percentage of body fat and higher health risk compared to Caucasians[17]. Accordingly, 
in Asians, normal weight is considered when BMI is < 23 kg/m2, with overweight being 23-25 kg/m2 
and obese being > 25 kg/m[2,16].

Although studies have shown a wide range of prevalence of NAFLD in lean individuals (from as low as 
5% to as high as 26%), two recent meta-analysis showed that roughly 10% of lean adults have NAFLD. 
The prevalence rises to 16% in non-obese adults[12,18]. Interestingly, the prevalence of lean-NAFLD 
gradually increased from 5.6% (95%CI: 3.6-8.8) in studies before 2000 to 12.6% (95%CI: 8.8-17.9) in 
studies after 2011[18]. The prevalence of NAFLD is around 4 times lower in the lean population compared 
to the overweight/obese population[11,19-24]. Asians seem to have a higher prevalence of lean-NAFLD, 
and African Americans lower[12,25], which might be explained, at least to some extent, with different 
compartmentalization of fat depots and intrinsic differences in adipose tissue structure/function in 
individuals with different racial backgrounds[26].

Regarding the association with metabolic features, lean patients with NAFLD seem to have an intermediate 
phenotype between healthy subjects and obese patients with MAFLD[12,18,27,28], regarding glucose intolerance 
and insulin resistance (IR), type-2 diabetes mellitus (T2DM), hypertension, and hyperuricemia. The 
lipid profile, however, appears to be similar between lean and obese patients with NAFLD, with similar 
levels of total cholesterol and triglycerides, although lean patients tend to present higher levels of HDL 
cholesterol[20,27,29,30]. 

On the other hand, a risk factor for NAFLD in lean subjects seems to be - besides older age - the presence 
of MS components (which seems to have an even stronger impact than in obese)[31]. In particular, 
hypertriglyceridemia associates with a 2-fold increased risk for hepatic steatosis in lean[10,27,32]. Furthermore, 
baseline hypertriglyceridemia or T2DM were predictors of incident lean-NAFLD in longitudinal 
studies[33-35].

Even though they are in the normal weight range, history of weight gain over 10 kg since early adulthood 
increased the risk for NAFLD 2.5-fold in lean individuals[21]. Furthermore, patients with lean-NAFLD tend 
to present higher BMI as compared to lean subjects without NAFLD[30]. Interestingly, a Japanese study 
showed a linear increase on the prevalence of NAFLD with increasing BMI, starting at 18 kg/m2 until 
28 kg/m[2,21,36]. Similarly, two longitudinal community-based studies in non-obese subjects, from South 
Korea and Sri-Lanka, showed that body weight changes were indicators for the development or regression 
of ultrasound-defined NAFLD[33,35]. Apparently, the lower the body fat (excluding underweight), the lower 
is the susceptibility for developing NAFLD.
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More important than BMI, a poor surrogate for adiposity, is central obesity which seems to predispose 
individuals to lean-NAFLD. In fact, lean patients with NAFLD tend to have higher WC as compared to 
lean subjects without NAFLD[32]. When comparing lean NAFLD with obese NAFLD, expectedly lean 
subjects present with lower WC. However, lean patients with NAFLD present similar waist-to-hip (WTH) 
ratio[22] but higher visceral adiposity indexes as compared to obese patients[20]. This can be explained by 
the poor accuracy of WC for visceral adipose tissue (VAT). In fact, WC is determined by both visceral and 
abdominal subcutaneous fat[37].

Lastly, in lean individuals, higher ferritin and hemoglobin levels seem to be associated with NAFLD, which 
suggest iron overload and oxidative stress as a cofactor to lipotoxicity in this subset of patients[32,38].

PATHOPHYSIOLOGY
Hepatic steatosis, in lean individuals, can be induced by different mechanisms [Figure 1]: 
(1) The visceral adipose tissue spills over fatty acids that reach the liver, and promotes an inflammatory 
milieu, producing adipokines that are diabetogenic and steatogenic[39];
(2) The liver itself is prone to steatosis, for example, as a consequence of genetic traits that modulate the 
metabolism and export of lipids[40];
(3) Malnutrition and malabsorptive diseases induce hepatic steatosis[41,42];
(4) The bowel induces hepatic steatosis through direct and indirect effects of a steatogenic and pro-
inflammatory intestinal microbiota[43];
(5) External factors induce hepatic steatosis such as drugs (for example, amiodarone, methotrexate, and 
tamoxifen);
(6) Other liver diseases may predispose to steatohepatitis (for example, hepatitis C particularly genotype 3, 
Wilson’s disease, and inborn errors of metabolism)[44].

Figure 1. Pathogenesis of lean-NAFLD. NAFLD: nonalcoholic fatty liver disease 
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NAFLD is in intimate association with obesity and is characterized by features of adiposopathy[45]. 
However, adiposopathy may exist even with normal BMI, associating with an expansion of VAT, the so-
called metabolically obese normal weight (MONW)[46,47]. Adiposopathy may also occur in association with 
a lipodystrophic phenotype, which can be genetic (rare genetic lipodystrophy disorders have an estimated 
prevalence of one in a million[48]) or acquired [for example, an adverse effect of highly active antiretroviral 
therapy in patients infected with human immunodeficiency virus (HIV)[39]].

Metabolically obese normal weight
BMI is an imperfect measurement of obesity/adiposity because it does not take into consideration 
body composition (for example, differences in adipose and muscle mass), or the different patterns of 
fat distribution[49]. MONW refers to subjects with normal weight according to BMI, but with associated 
cardiometabolic abnormalities such as IR, altered lipid profile, and/or hypertension[50]. The estimated 
prevalence of MONW is around 20% in normal weight subjects[51]. The prevalence seems to gradually 
increase from Caucasians to African American, Hispanics, and Asians[50]. The prevalence of MONW 
increases with age and with increasing BMI, even in the normal range[50]. Importantly, MONW is 
associated with a 3-fold increase in all-cause mortality, T2DM, and cardiovascular events, resembling obese 
or overweight subjects with associated metabolic dysfunction[48]. MONW might explain a high fraction 
of patients with lean-NAFLD[39]. The unsolved question is why normal weight patients develop metabolic 
features of overweight/obese patients. There seems to be a “personal fat threshold” independent of BMI, 
that when exceeded results in metabolic dysfunction[52]. In fact, MONW subjects may have normal body fat 
percentage, but different compartmentalization of fat, with central obesity, and particularly with increased 
visceral fat. Indeed, epidemiological studies demonstrate a strong association between the MONW 
phenotype and visceral adiposity[53].

VAT, that is intra-abdominal adipose tissue, accounts for 7%-15% of total body fat[39], and expands when 
subcutaneous adipose tissue (SAT) surpasses its capability to adapt to a positive caloric balance[54]. VAT is 
morphologically and metabolically distinct from SAT. Adipocytes in VAT respond to energy surplus with 
cell hypertrophy, with enlarged adipocytes presenting decreased ability to further store lipids, enhanced 
lipolytic response, and blunted insulin-inhibition of lipoprotein lipase, demonstrating adipose tissue IR[55]. 
Unlike abdominal SAT, VAT is drained by the portal vein which allows exposure of the liver directly to 
high concentrations of free fatty acids (FFA) and glycerol from oversized visceral adipocytes[54]. In fact, 
while in lean healthy subjects the VAT contributes to only 5-10% of the FFA that reach the portal vein, in 
subjects with expanded VAT, its contribution can increase to 50%[56]. FFAs that reach the liver contribute 
to the accumulation of ectopic fat in the liver and promote hepatic IR[57]. In the liver, FFAs activate nuclear 
receptors such as peroxisome proliferator activated receptor (PPAR)-a and hepatic nuclear factor, which 
profoundly modulate hepatic lipid metabolism, promoting the synthesis and export of triglycerides, 
and explaining the strong association between hypertriglyceridemia and NAFLD, particularly in lean-
NAFLD[54].

The oversized VAT is prone to cell death and inflammation with macrophage infiltration[58], which are 
responsible for local deregulation of adipokine secretion - with increased production of tumor necrosis 
factor (TNF)-a and interleukin-6, and decreased production of the insulin-sensitizer and anti-inflammatory 
adiponectin - and a systemic metabolic inflammatory state, further exacerbating IR[59].

Epidemiological studies showed that VAT was an independent risk factor for NAFLD, whereas BMI was 
not[60-65]. Furthermore, there seems to be a dose-response association between VAT and prevalence of 
NAFLD[62]. In contrast, between SAT and NAFLD, a negative association was even described[61]. Similarly, 
longitudinal studies showed that VAT expansion was associated with incident NAFLD, whereas SAT 
expansion was associated with NAFLD regression[66].
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Studies on lean-NAFLD showed similar associations between hepatic steatosis and both central obesity and 
visceral fat[20,29,67-69]. Interestingly, lean-NAFLD patients present lower levels of adiponectin than their lean 
healthy counterparts. Furthermore, even though lean-NAFLD patients tend to have lower levels of leptin 
compared to overweight/obese NAFLD patients, which translates to lower body fat, they have similar levels 
of adiponectin, suggesting similar adipose tissue malfunction and adiposopathy[28,68,70].

The differentiation between upper and lower body fat has unraveled interesting new concepts on the 
metabolic consequences of body fat distribution[71]. SAT can be divided into upper body fat, which refers to 
abdominal subcutaneous fat, and lower body fat, which refers to gluteofemoral subcutaneous fat. Data from 
the Third NHANES, in the US, showed that normal weight subjects with upper body obesity (defined by 
an increased WTH ratio) had the highest all-cause mortality rate, more than doubling both normal weight 
and overweight/obese subjects without upper body obesity, and being matched only by overweight/obese 
that also had upper body obesity[72]. Unlike abdominal/upper body fat, femoral/lower body subcutaneous 
fat seems to be an independent protective factor for cardiometabolic diseases and mortality[71,73,74]. In 
fact, abdominal SC fat depots are physiologically different from femoral SC fat depots. Abdominal SAT 
demonstrates a rapid diet-derived fat uptake and high lipid turnover responsive to adrenergic activation. 
Femoral SAT, on the contrary, has a low lipid turnover and is more efficient in storing fat, mounting a 
hyperplasic response (recruiting new adipocytes from precursors rather than enlarging the adipocytes as 
occurs in abdominal SAT) to a caloric challenge[75], and being less susceptible to inflammation[71]. Upper 
and lower body fat are under different epigenetic control of genes involved in adipocyte differentiation, 
with higher expression of TBX5 and HOXA5 in upper SAT and higher expression of HOTAIR in lower 
SAT[76]. Noteworthy, polymorphisms in genes that regulate adipocyte differentiation such as CCDC92, 
DNAH10, and L3MBTL3, associate with lower body fat, and paradoxically with IR, T2DM, and coronary 
heart disease. This suggests that subjects with predisposed limited storage capacity of peripheral adipose 
tissue, are more susceptible to IR and to cardiometabolic diseases[77].

Concordant with a role of decreased lower body fat in the susceptibility to NAFLD in lean individuals, WC 
and WTH ratio are better predictors for incident lean-NAFLD as compared to BMI[34,78].

Sarcopenia
Sarcopenia, that is, loss of skeletal muscle mass and function, seems to confer susceptibility to NAFLD[79]. 
Sarcopenia may help explain the occurrence of hepatic steatosis in patients with BMI within the normal 
range, since BMI cannot differentiate between fat deprived nor muscle mass deprived subjects. 

Data from the Korean National Health and Nutrition Examination Survey (KNHANES) showed that 
sarcopenia associates with NAFLD and liver fibrosis, independent of obesity and IR[79]. Other studies and 
recent meta-analysis corroborated that data[80-85]. Furthermore, skeletal muscle mass seems to be lower in 
lean versus obese patients with NAFLD[86]. 

The relationship between sarcopenia and metabolic dysfunction goes both ways. IR and chronic 
inflammation promotes myosteatosis[87], which exacerbates muscle catabolism. On the other hand, 
sarcopenia (and disturbed myokines secretion) promotes IR and hepatic steatosis[88].

IR and T2DM promote muscle depletion and dysfunction through several mechanisms: (1) FFAs released 
by an insulin resistant adipose tissue inhibit the growth hormone/insulin growth factor-1 axis, decreasing 
its protective effect on muscle regeneration[89]; (2) myosteatosis associates with a blunted activation of 
muscle peroxisome proliferator-activated receptor gamma coactivator-1a and an increase in oxidative 
stress resulting in mitochondrial dysfunction[90]; and (3) an increase in gluconeogenesis drives proteolysis. 
Obesity and NAFLD associate with a small grade inflammatory state, with an increase in proinflammatory 
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cytokines such as TNF-a and interleukin-6 that stimulate proteolysis/muscle catabolism further 
contributing to sarcopenia[91].

On the other hand, myosteatosis induces IR through FFA modulation of p38 mitogen-activated protein 
kinase[92]. The muscle is the primary organ responsible for insulin-mediated glucose disposal, hence a 
decrease in muscle mass translates in impaired glucose metabolism, with postprandial hyperglycemia[93]. 
Sarcopenia also decreases the tolerance to exercise, further decreasing energy expenditure, exacerbating 
energy surplus, and promoting weight gain and IR[94].

Myokines also have an important role in the pathogenesis of NAFLD. Irisin is an exercise-inducible 
myokine that promotes transdifferentiation of white into brown adipose tissue, with upregulation of 
uncoupling proteins, resulting in an increase in heat production, energy expenditure, and weight loss[95]. 
In the liver, irisin has direct anti-steatogenic effects through activation of PPAR-a and upregulation of 
fibroblast growth factor (FGF)-21[88]. Accordingly, a study in obese patients showed a negative correlation 
between irisin and hepatic steatosis severity[96]. Myostatin is a myokine whose expression is downregulated 
by exercise[97]. Myosin has a negative impact on sarcopenia, since it promotes proteolysis and inhibits 
muscle regeneration and function[98]. Myostatin also has metabolic actions, promoting adipose tissue 
expansion through direct effects on the adipose tissue and indirectly through downregulation of irisin[99,100]. 
Lastly, myostatin has fibrogenic properties through direct action on hepatic stellate cells[101]. Interestingly, 
myostatin levels correlate with liver steatosis in lean subjects[69]. Increased myostatin levels are also seen in 
end-stage liver disease[102], and associate with mortality in patients with liver cirrhosis[103].

Sarcopenia and expansion of VAT act synergistically in the pathogenesis and progression of NAFLD. In 
patients with NAFLD, a decrease in muscle mass and increase in VAT are associated with worsening of 
steatosis and, more importantly, progression of liver fibrosis[104].

Genetics
In 2008, a genome wide association study unraveled a polymorphism in patatin-like phospholipase domain-
containing protein 3 (PNPLA3), rs738409 C>G, encoding the substitution of isoleucine for methionine at 
position 148 (I148M), which associates with increased risk for hepatic steatosis disconnected from obesity 
or the MS[105,106]. Subsequent studies found that polymorphism is also associated with steatohepatitis, 
advanced fibrosis. and progression to hepatocellular carcinoma[107-110]. 

PNPLA3 (adiponutrin) is a membrane-bound protein highly expressed in the liver and adipose tissue, 
that regulates remodeling of lipid droplets on hepatocytes and hepatic stellate cells. Diet can modulate 
PNPLA3 expression. Carbohydrates upregulate[111,112], whereas unsaturated fatty acids suppress PNPLA3 
expression[113]. The rs738409 variant results in the accumulation of a dysfunctional adiponutrin on lipid 
droplets[114]. 

Regarding the role of PNPLA3 rs738409 on lean-NAFLD, studies consistently found an increased G allele 
frequency on lean-NAFLD patients as compared to lean healthy subjects, mirroring studies on MAFLD[28]. 
Some studies also found an increased G allele or GG phenotype in lean vs. obese NAFLD patients[22,35,115,116], 
though not all studies reproduced those findings[28,34,86,117]. An Italian study, albeit did not find a difference 
between G allele frequencies in lean or obese NAFLD, found that this variant is associated with disease 
severity (presence of steatohepatitis and significant fibrosis) only in lean patients[118]. Two meta-analyses 
failed to find a difference in G allele between lean and obese patients with NAFLD[12,18], which indicates 
that variants in PNPLA3 might not be a major factor in the development of lean-NAFLD. Of note, Asian 
studies showed higher differences in the PNPLA3 variant in lean-NAFLD as opposed to overweight/obese 
NAFLD[119], suggesting interplay between racial background and PNPLA3 phenotype in the development of 
lean-NAFLD.
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Transmembrane-6 superfamily-2 (TM6SF2) is another gene that regulates lipid metabolism and has been 
implicated on the pathogenesis of NAFLD. TM6SF2 modulates intestinal cholesterol absorption and 
clearance, hepatic cholesterol biosynthesis and secretion, as well as the flux of triglycerides from lipid 
droplets to the synthesis and secretion of very low-density lipoproteins (VLDL) from the liver[40,120]. A 
variant of TM6SF2, rs58542926 C>T, possesses a substitution of glutamate for lysine at position 167 (E167K), 
and is a loss-of-function variant that increases the risk of NAFLD and hepatocellular carcinoma, albeit 
decreasing circulating lipids and protecting from cardiovascular disease[121-125]. 

Regarding the association between TM6SF2 rs58542926 and lean-NAFLD, two studies found a higher 
prevalence of the T allele in lean compared to overweight/obese patients with NAFLD[118,126]. However, 
others could not reproduce those findings[28,117].

Cholesteryl ester transfer protein mediates the exchange of triglycerides from triglycerides-rich lipoproteins 
to HDL, allowing reverse cholesterol transport from peripheral tissues back to the liver. Two variants, 
rs12447924 and rs12597002, are associated with NAFLD in lean individuals, but not obese individuals, in 
an Australian cohort[127].

SREBP-2 regulates cholesterol biosynthesis, uptake, and excretion. The SREBP-2 polymorphism rs133291 
is associated with increased risk of NAFLD and steatohepatitis in non-obese, non-diabetic patients without 
the MS, once again helping to explain a dissociation between NAFLD and metabolic disturbances and 
obesity[128].

Lastly, a variant in phosphatidylethenolamine N-methyltransferase (PEMT), rs7946 C>T was associated 
with lean-NAFLD and unhealthy lipid profile with an increase in low-density lipoproteins (LDL) and 
a decrease in HDL[129,130]. PEMT catalyzes de novo synthesis of choline, which is required for the export 
of hepatic triglycerides as VLDL[131]. Accordingly, patients with lean-NAFLD have low hepatic PEMT 
expression[132].

It would be interesting to evaluate whether lean patients with NAFLD have an increased risk of carrying at 
least one of the above different risk alleles as compared to overweight/obese NAFLD.

Microbiota
Microbiota may have a strong role on the development of NAFLD in lean subjects. When comparing 
the microbiota from lean and overweight/obese patients, significant differences have been consistently 
reported[43,126,133].

A multicenter study recruited patients from Italy and Australia, and found that lean-NAFLD, compared 
to non-lean NAFLD and controls, had an altered fecal microbiota profile. Lean patients had enrichment 
of the genera Erysipelotrichaceae UCG-003, Ruminococcus, Clostridium sensu stricto 1, Romboutsia, and 
Ruminococcaceae UCG-008, and an impoverishment of Ruminiclostridium and Streptococcus, as compared 
to non-lean patients[126]. This microbiota profile of lean patients seems to promote the formation of 
bile acids, and hence to associate with increased levels of secondary bile-acids, as well as FGF-19. This 
increase in bile acids and FGF-19 could explain a metabolic adaptation to an obesogenic diet, promoting 
a peripheral increase in energy expenditure. On the other hand, as compared to healthy subjects, lean-
NAFLD patients showed impoverishment of species believed to be protective against hepatic steatosis such 
as Marvinbryantia and Christensellenaceae R7 group, and enrichment of Dorea species that have previously 
been associated with NASH[126]. 

Other studies found impoverishment of potentially protective bacteria such as Faecalibacterium and 
Lactobacillus[43]. Faecalibacterium prausnitzii are butyrate-producing bacteria with known immune-
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modulation and anti-inflammatory properties that have already been implicated in the pathogenesis of 
NAFLD[134].

A Japanese study also found that lean-NAFLD patients more frequently carry an HLA haplotype 
(HLA-B*54:01) that modulates gut microbiota towards an impoverishment of bacteria potentially protective 
against progression to cirrhosis, such as the phylum Vernucomicrobia and the genus Akkermansia[134,135].

Another way gut dysbiosis can promote hepatic steatosis is through the enrichment of bacteria, such as 
Weissella confusa that can produce ethanol through the fermentation of glucose and fructose[136,137]. A first 
pass effect of ethanol in the liver would abrogate systemic metabolic effects in patients harboring ethanol-
producing microorganisms in the gut.

Studies regarding the use of probiotics on NAFLD do not specifically evaluate lean patients, are small sized, 
use different combinations of probiotic agents, and do not evaluate hard outcomes such as liver biopsy. 
However, a recent meta-analysis suggests a benefit of probiotics in the treatment of patients with NAFLD, 
inducing an improvement in liver enzymes[138].

Lifestyle
A South Korean study evaluated a cohort of patients from the KNHANES, and found a high carbohydrate 
energy ratio and lower than moderate-level physical activity to be predictors of lean-NAFLD[139]. 
Carbohydrates are known to downregulate PNPLA3, which may partially explain its steatogenic 
effect[111,112]. A caveat of this finding is that the type of carbohydrates consumed in Asia, where rice is the 
major carbohydrate, is likely not the same as in Western populations, hence it is difficult to extrapolate 
these findings to non-Asians[139]. High fructose intake has also been associated with lean-NAFLD[140]. Lean 
patients that develop NAFLD consume more than double added sugar than lean subjects without NAFLD. 
Of note, most of the added sugar, in lean-NAFLD patients, comes from soft drinks and juices. Indeed, the 
prevalence of excessive soft drink consumers is 4 times as higher in lean-NAFLD patients than healthy lean 
subjects[140]. 

Lean-NAFLD patients tend to eat high-cholesterol diets. Both European and Asian cohorts showed 
lean-NAFLD patients to consume more cholesterol and less polyunsaturated fatty acids, as compared to 
healthy lean subjects, even without an excessive caloric intake[68,141]. Cholesterol has steatogenic effects, 
since it promotes fatty acids synthesis and de novo lipogenesis through activation of SREBP-1c and liver 
X-receptor-a[68].

Even though lean-NAFLD patients by definition have normal weight, they tend to adopt an intermediate 
obesogenic lifestyle. In fact, lean subjects that gain weight, over 10 kg, in their adulthood have a 2.5 fold 
increased risk of developing NAFLD, even when maintaining a normal BMI[21]. Probably in patients that 
develop NAFLD, those 10 extra kilograms surpass their “personal fat threshold”[52] inducing adiposopathy 
and its associated comorbidities.

Malabsorption
NAFLD is the most frequent hepatic manifestation of small bowel diseases with malabsorption such as 
inflammatory bowel disease (IBD) and celiac disease. We must consider these diagnoses in patients with 
lean-NAFLD, since 3% of patients with NAFLD have underlying celiac disease, which is 3 times the overall 
prevalence of celiac disease[142-145]. If we consider lean-NAFLD, the prevalence of celiac disease raises to up 
to 15%[144]. 

Overall, the reported prevalence of hepatic steatosis in patients with IBD is roughly 40%[146]. Also celiac 
disease patients, even when in a gluten-free diet, present 3 times higher prevalence of hepatic steatosis 
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as compared to healthy matched controls[147,148]. Interestingly, the risk of hepatic steatosis in non-obese 
celiac disease patients was almost 6 times higher than in weight-matched controls[147]. It seems that the 
more severe the malabsorption the higher the risk of hepatic steatosis. Indeed, patients with IBD that are 
underweight have 4 times higher prevalence of hepatic steatosis (up to 85%) than the ones with normal 
weight. Hepatomegaly, severity of steatosis, and elevation of aminotransferases are also more severe[41].

One important mechanistic link between bowel diseases and NAFLD is gut dysbiosis and increased 
intestinal permeability that may promote steatosis and inflammation in the liver[149]. Furthermore, 
malnutrition might lead to an impaired function of liver mitochondria and a loss of peroxisomes, which 
are important to maintain the normal liver function[150].

Lastly, intestinal failure/parenteral nutrition-associated fatty liver disease is a different entity, in which liver 
histology is characterized by steatosis (often microsteatosis) in association with cholestasis. This form of 
fatty liver disease is associated with rapid and frequent progression to steatohepatitis and end-stage liver 
failure. Mechanistically, it associates with choline deficiency, which impairs lipid metabolism resulting in 
reduced synthesis of phospholipids and reduced export of hepatic lipids[42].

Hepatic steatosis as a manifestation of other liver diseases
NAFLD is more frequent in overweight/obese subjects as compared to lean subjects. Hence, other liver 
diseases that increase liver fat should be actively excluded in lean subjects who present with hepatic 
steatosis. Chronic viral hepatitis (particularly hepatitis C virus genotype 3[151]) and Wilson’s disease can 
present with liver steatosis. Celiac disease should be systematically excluded since the prevalence of celiac 
disease in lean-NAFLD can reach up to 15%[144]. Cystic fibrosis should also be investigated, particularly in 
young patients with history of recurrent infections.

Inborn errors of metabolism should be suspected in young patients with atypical facial appearance, low 
stature, severe metabolic derangements (such as severe hyper- or hypolipidemia, hypoglycemia, and 
metabolic acidosis), and other organs involvement, with particular attention for muscle abnormalities, 
kidney disease (particularly tubulopathy), cardiovascular, and neurological symptoms[44].

Lysosomal acid lipase (LAL)-deficiency is a rare autosomal recessive lysosomal disease that can present 
in the adulthood. It manifests by hepatosplenomegaly, dyslipidemia, and hepatic steatosis[152]. Its clinical 
course is characterized by early onset atherosclerosis with severe cardiovascular disease, and rapidly 
progressive liver disease. Indeed, liver cirrhosis and end-stage liver disease may develop within 3 years of 
the clinical onset. Liver biopsy presents mixed macro- and microvesicular steatosis, and the presence of 
birefringent cholesteryl ester crystals is pathognomonic. Diagnosis can be made with determination of 
LAL activity in dry blood sample. Albeit a rare disease (estimated prevalence of 1:40000 to 1:300000), an 
enzyme replacement therapy (sebelipase-alpha) is available. As such, it is worthwhile to investigate LAL-
deficiency in young lean-NAFLD patients with severe hypercholesterolemia (LDL higher than 160 mg/dL 
or 130 mg/dL in patients taking lipid-lowering drugs; and HDL lower than 40 mg/dL in men and 50 mg/dL 
in women), with cryptogenic cirrhosis, or with liver biopsy that shows microvesicular steatosis[152]. In fact, 
one third of patients with microvesicular steatosis or cryptogenic cirrhosis may have LAL-deficiency[153].

Glycogen storage diseases might be misdiagnosed as lean-NAFLD because glycogen and fat accumulation 
in the liver may be undistinguishable by ultrasonography[154]. Some types of glycogen storage diseases may 
present a milder phenotype that can manifest only in adulthood, particularly types I, III, VI and IX. Besides 
symptoms related to hypoglycemia, these diseases may present with hepatosplenomegaly, that can progress 
to liver cirrhosis, hyperlipidemia (particularly hypertriglyceridemia), recurrent infections, myopathy, and 
kidney affection with tubular dysfunction and Fanconi-Bickel syndrome[44].
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Hypobetalipoproteinemia is a common autosomal dominant disease that is characterized by defective 
transport of triglycerides from the liver, causing intrahepatic accumulation. Mutations in ApoB and 
microsomal triglyceride transfer protein can induce hepatic steatosis[155]. Hypobetalipoproteinemia 
associates with hypotriglyceridemia, absence of cardiometabolic dysfunction/IR[156], severe forms of 
NAFLD, and even hepatocellular carcinoma[157]. 

CLINICAL FEATURES AND PROGNOSIS
Patients with lean-NAFLD may present the whole spectrum of liver disease, from isolated steatosis to liver 
cirrhosis, hepatocellular carcinoma, and end-stage liver disease. Most epidemiological studies suggest that 
liver histology might be less severe in lean patients as compared to overweight/obese patients with NAFLD/
MAFLD[12,117,118,158-160]. This finding, however, may be biased as clinicians might have a lower threshold to 
perform liver biopsy in lean patients with hepatic steatosis, in whom it may be clinically relevant to exclude 
other diseases. As such, liver biopsy may be performed in patients with milder forms of liver injury. 
In a community-based Hong Kong cohort, non-obese NAFLD presented lower liver stiffness (4.6 kPa 
vs. 5.6 kPa) despite similar intrahepatic triglycerides content. However, the percentage of advanced 
fibrosis, defined by liver stiffness > 9.6 kPa, was similar[22]. Indian studies also showed similar prevalence 
of steatohepatitis and advanced fibrosis in lean and overweight/obese NAFLD patients[30,161]. An Austrian 
study of 466 liver biopsies, on the contrary, found worse liver injury with more severe fibrosis and more 
prevalent cirrhosis in lean patients[162].

Central obesity/VAT expansion was the most transversal risk factor for advanced fibrosis in different 
epidemiological studies on lean-NAFLD[118]. In fact, each 10-cm2 increase in VAT is associated with a 
20% increased risk for significant fibrosis[63]. Other risk factors seem to be T2DM, hypertriglyceridemia, 
hypertension[118], and higher levels of hemoglobin (suggesting mild iron overload and hence increased 
oxidative stress)[163,164].

Lean subjects with NAFLD have a 3-fold increased risk for incident T2DM, even in the absence of MS. The 
risk for de novo T2DM seems similar to overweight/obese NAFLD patients[23,24,165].

An analysis of the Third NHANES, showed that compared to healthy lean subjects, lean patients with 
ultrasound-diagnosed NAFLD had a 50% increase in all-cause mortality and over a two-fold increase in 
cardiovascular mortality[166]. 

Three long-term follow-up studies evaluated the outcome of patients with biopsy-confirmed lean-
NAFLD[117,160], one of them was presented as a poster[158]. A recent meta-analysis including the 2 published 
studies suggested that lean-NAFLD patients had 28% and 78% lower odds of overall mortality and liver-
related mortality, respectively. However, the cardiovascular death rate was similar, compared to obese 
patients with MAFLD[12]. The Asian published study followed 307 NAFLD patients for up to 5 years and 
did not find a difference in clinical events between lean and non-lean. The majority of the events were 
cardiovascular. Only 6 deaths occurred, all of them in obese patients. Furthermore, relevant liver events 
were limited to 2 cases of hepatocellular carcinoma and one of liver failure, again all obese patients[117]. The 
European published study followed 646 patients for up to 20 years[160]. They found no difference on overall 
mortality in lean versus non-lean NAFLD patients, but lean patients presented an increased risk for severe 
liver disease compared to overweight and similar to risk compared to obese patients. Of note, 58% of lean 
patients who developed severe liver disease had no or mild fibrosis (F0-2) at baseline[160]. The unpublished 
study is an international cohort of 1,900 patients and found that even though lean-NAFLD patients had 
milder histology at baseline, they had lower liver-transplant free survival than non-lean patients.
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MANAGEMENT
The main treatment in MAFLD is lifestyle modification in order to lose weight targeting normal weight[167]. 
Lean-NAFLD patients already have normal weight, should weight loss be pursued? What would be the 
target weight loss?

Epidemiological studies taught us that even in the normal weight range, the lower the BMI, the lower 
the risk for NAFLD[21,36]. Also, lean patients with NAFLD frequently present with VAT expansion[20]. The 
concept that everyone has their own personal fat threshold[52] suggests that weight loss decreasing adiposity 
below the fat threshold might be beneficial metabolically and to the liver. In fact, in a small study with 20 
lean-NAFLD patients, any weight loss was associated with steatosis improvement, and being above 5% 
corporal weight was associated with improvement in NAFLD activity score[168].

Exercise should be highly encouraged. Exercise, particularly aerobic exercise, seems to preferentially target 
VAT over SAT[169]. Also a significant decrease in VAT can occur even without significant weight loss[170]. 
Patients should be advised to perform aerobic exercise below current recommendations for overweight/
obese, with at least 150 min per week of moderate intensity exercise (for example, brisk walking, light 
jogging, or stationary ergometer usage)[171].

Cardiometabolic risk factors should be aggressively treated. Of note, incretin-based therapy may be more 
effective in overweight/obese because it associates with weight loss[47]. On the contrary, thiazolidinediones 
promote adipocyte differentiation and fat cell hyperplasia in adipocytes in subcutaneous compartments, 
and may be more effective in MONW patients[58].

Lastly, modulation of gut microbiota in the treatment of lean-NAFLD should be further explored, giving 
the known role of gut dysbiota in its pathogenesis.

CONCLUSION
Lean-NAFLD is a frequent condition in the daily practice of hepatologists. Efforts should be made to 
differentiate between lean MAFLD and other conditions that are also associated with hepatic steatosis, 
such as other liver diseases (for example, chronic viral hepatitis and Wilson’s disease), small bowel diseases 
with malabsorption (for example, celiac disease and Crohn’s disease), and inborn errors of metabolism (for 
example, LAL-deficiency).

Patients with lean MAFLD have a disorder of the adipose tissue, despite their normal weight. Each 
individual might have his own personal fat threshold that when exceeded results in adipose tissue 
malfunction, cardiometabolic disturbances, and ectopic fat accumulation in the liver. The personal 
fat threshold is dependent on the different compartmentalization of the adipose tissue (visceral vs. 
subcutaneous and upper vs. lower body fat) as well as intrinsic properties of the adipose tissue that allow it 
to deal with fat challenges (hypertrophic vs. hyperplasic responses to energy surplus).

Patients with lean-NAFLD/MAFLD can have the whole spectrum of liver disease from isolated steatosis 
to liver cirrhosis and end-stage liver disease. Although studies evaluating the prognosis of lean NAFLD/
MAFLD are scarce, lean patients probably do not have a more benign prognosis as overweight/obese 
patients.

Management of patients with lean NAFLD/MAFLD should follow the same principles as for non-lean 
patients. Lifestyle modifications should be advised in order to address visceral fat. Weight loss might be 
beneficial even in patients with normal BMI, for whom their personal fat threshold falls below the upper 
normal BMI cutoff.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is estimated to affect 25% of the worldwide population, and is the 
leading cause of chronic liver disease in developed countries. Genetic research on NAFLD has included heritability 
studies, candidate gene studies, familial aggregation studies, and genome-wide association studies (GWAS). 
Next-generation sequencing approaches, such as whole-genome sequencing and whole-exon sequencing, are 
emerging as the post-GWAS era of genetic research. However, GWAS remains more practical for elucidating the 
genetic factors related to NAFLD, which is affected by thousands of common genetic variants and does not follow 
Mendelian inheritance. In the present review, we summarize the current knowledge regarding five GWAS-identified 
genetic loci that are associated with NAFLD. We also discuss the relationships between NAFLD-predisposing 
polymorphisms and cardiovascular disease, and potential applications for these identified genetic loci. 

Keywords: Genome-wide association study, non-alcoholic fatty liver disease, PNPLA3, TM6SF2, GCKR, MBOAT7, 
HSD17B13

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is estimated to affect a quarter of the global population, and 
is the leading cause of chronic liver diseases in developed countries[1]. NAFLD etiologies are complex 
and the factors driving NAFLD progression are not completely understood, although they likely include 
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environmental factors (e.g., diet), insulin resistance, increased visceral adiposity, and genetics. Genetic 
research on NAFLD has included heritability studies[1,2], candidate gene studies[3], familial aggregation 
studies[4,5], and genome-wide association studies (GWAS)[6-8]. NAFLD heritability was initially evaluated 
through a candidate gene study. Such studies are designed to examine the association of a phenotype with 
single-nucleotide polymorphisms (SNPs) in selected genes; however, they have weak statistical power[9]. 

Following candidate gene studies, GWAS have become the default methodology for testing the associations 
between diseases (phenotypes of interest) and millions of SNPs throughout the genome. Over the recent 
years, GWAS have dramatically improved our understanding of the genetic factors related to NAFLD 
susceptibility, progression, and outcomes[10]. GWAS have led to the identification of several variants that 
are significantly associated with NAFLD. For example, one well-known genetic risk factor for NAFLD 
is a coding variant in patatin-like phospholipase domain containing protein 3 (PNPLA3), an I-to-M 
substitution at position 148 (chr22:43928847, rs738409 C>G)[11]. This rs738409 variant has been repeatedly 
found to be associated with NAFLD or elevated hepatic fat content[7,8,12]. Additionally, NAFLD susceptibility 
is significantly associated with four other genes: transmembrane 6 superfamily member 2 (TM6SF2), 
membrane-bound O-acyltransferase domain containing 7 (MBOAT7), glucokinase regulator (GCKR), and 
hydroxysteroid 17β-dehydrogenase (HSD17B13)[9]. 

This was followed by next-generation sequencing, such as whole-genome sequencing and whole-exon 
sequencing, emerging as post-GWAS era advancements in genetic research. However, unlike monogenic 
diseases, heritability in complex diseases like NAFLD is affected by thousands of common genetic variants 
and thus does not follow Mendelian inheritance. GWAS have been used to uncover thousands of genetic 
variants that influence the risks for complex human traits and diseases, and are thus more appropriate for 
elucidating the genetic factors related to NAFLD. 

In the present review, we describe the five GWAS-identified risk variants that exhibit the most well-
established associations with NAFLD [Table 1]. We also identify and discuss genetic associations between 
NAFLD and cardiovascular diseases, and suggest potential applications of genomic data for precision 
medicine.

PAPTATIN-LIKE PHOSPHOLIPASE DOMAIN CONTAINING PROTEIN 3
PNPLA3 p.I148M (chr22:43928847, rs738409 C>G) was the first NAFLD-related variant identified using 
GWAS[7], and has exhibited a robust and well-replicated association with NAFLD in several studies[13-15]. 
PNPLA3 is highly expressed in the liver and adipose tissues. Its expression is regulated by insulin through 
a signaling pathway that includes LXR and SREBP-1c[16], and is thus increased with feeding in animal 

Table 1. List of five established variants associated with NAFLD

Region1 Variant Reported 
gene

Effect 
of the 

variant

MAF2 NAFLD spectrum

European Latino East 
Asian African Simple 

Steatosis NASH Fibrosis HCC

chr22:43928847 rs738409 PNPLA3 I148M 0.2281 0.5493 0.3816 0.1357 +[11,22,25,26] +[22] +[22] +[23]
chr19:19268740 rs58542926 TM6SF2 E167K 0.07387 0.03248 0.06969 0.03248 +[27] +[31,32] +[30] +[30]
chr19:54173068 rs641738 MBOAT7 Linked to 

3’-UTR
0.4322 0.3300 0.2382 0.3338 +[33,35] +[35] +[35] +[33]

chr2:27508073 rs1260326 GCKR P446L 0.5914 0.6666 0.5099 0.8670 +[8,36,38] +[38] +[37]
chr4:87310241 rs72613567 HSD18B13 Alternate 

slipcing 
P260S

0.2658 0.09614 0.3266 0.06386 +[45] +[44,45] +[45,47]

1The region of variant was annotated using the UCSC Genome Browser (GRCh38); 2MAF data was from the genome aggregation 
database browser (gnomAD, https://gnomad.broadinstitute.org/). MAF: minor allele frequency; NAFLD: non-alcoholic fatty liver 
disease; NASH: non-alcoholic steatohepatitis; HCC: hepatocellular carcinoma
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studies[17]. The PNPLA3 protein hydrolyzes triglycerides and retinyl esters[18]. The variant rs738409 C>G 
causes an isoleucine-to-methionine substitution at amino acid position 148 in PNPLA3, which results in 
impaired retinyl ester release and reduced hydrolase activity, causing fat accumulation within hepatocytes, 
including hepatic stellate cells[19]. 

Studies of PNPLA3 have transformed our knowledge of hepatic steatosis, revealing that lipid remodeling 
in intracellular lipid droplets is a common pathway underlying NAFLD progression, regardless of the 
environmental triggers. While the wild-type PNPLA3 protein is rapidly degraded, the variant protein 
has no lipase activity, thereby leading to triglyceride accumulation in the liver[19,20]. This can induce liver 
damage and inflammation, and can block the release of several extracellular proteins that protect against 
liver fibrosis, including matrix metalloproteinases and tissue inhibitor of metalloproteinases[21]. The G 
allele of rs738409 is significantly associated with NAFLD activity score (NAS, P = 0.004), steatosis (P = 
0.03), lobular inflammation (P = 0.005), portal inflammation (P = 2.5 × 10-4), and fibrosis (P = 7.7 × 10-6)[22]. 
Moreover, homozygosity of this variant is reportedly linked to a 10-fold increased risk of developing 
NAFLD-associated HCC in the European population[23]. Overall, these findings indicate that the G allele 
of rs738409 increases susceptibility to the whole spectrum of NAFLD - from steatosis to NASH (an 
inflammation-associated form of NAFLD), fibrosis, and HCC. 

The PNPLA3 gene could also be responsible for the different prevalence rates of NAFLD between ethnic 
groups. Different populations showed diverse odds ratios (ORs) for the variant rs738409 C>G, ranging from 
2.08 to 18.23 [combined OR: 3.41 (2.57-4.52), P < 0.00001][7,8,11,12]. According to the genome aggregation 
database browser (gnomAD, https://gnomad.broadinstitute.org/), the G allele of rs738409 has a frequency 
of 27.1% in the general population, but occurs at a lower frequency in persons of African ethnicity (26.1%), 
and at a higher frequency in persons of Latino ethnicity (54.9%), which may have an impact on NAFLD 
risk in Latino populations[7,12]. Accordingly, compared to other ethnic groups, persons of Latino ethnicity 
are reportedly more likely to progress to more severe forms of NAFLD[24]. The effect of PNPLA3 on NAFLD 
has also been described in East Asian cohorts. In two Japanese cohorts, the G risk allele of the rs738409 
variant is significantly associated with NAFLD [OR: 1.66 (1.43-1.94), P = 1.4 × 10-10 and OR: 2.05, P = 6.8 × 
10-14][11,25]. Similarly, among Korean NAFLD patients, rs738409 in PNPLA3 is significantly associated with 
NAFLD [OR: 1.537 (1.383-1.709), P = 1.74 × 10-15][26]. Therefore, the rs738409 variant C>G in PNPLA3 is 
strongly related to NAFLD progression in both Latino and East Asian cohorts.

TRANSMEMBRANE 6 SUPERFAMILY 2
Transmembrane 6 superfamily member 2 (TM6SF2) is a protein that localizes to the endoplasmic 
reticulum-Golgi apparatus of hepatocytes, and is involved in the increased hepatocytic secretion of 
triglyceride-rich lipoproteins via the pathway of very-low-density lipoprotein secretion. The TM6SF2 
polymorphism rs58542926 C>T (chr19:19268740, C>T) involves a C-to-T substitution at nucleotide 499, 
encoding a glutamate-to-lysine change at codon 167 (E167K). The variant rs58542926 leads to reduced 
TM6SF2 expression, and is thus associated with increased hepatic lipid content. In a multi-ancestry study, 
the rs58542926 polymorphism was related to increased serum liver enzyme [alanine transaminase (ALT)] 
levels and a decreased serum lipid profile (total cholesterol and triglycerides)[27]. Interestingly, rs58542926 
has also been linked to a decreased risk of cardiovascular events based on the decreased circulating 
lipoprotein levels[28,29]. The relationship between TM6SF2 and serum liver enzyme (ALT) has also been 
identified in other large cohorts (n > 80,000)[27]. Moreover, the variant rs58542926 has been associated with 
increased liver fibrosis (P = 5.57 × 10-5), independently of PNPLA3 I148M[30]. 

The G risk allele of rs58542926 occurs with a lower frequency (0.06969, gnomAD) in East Asia; thus, we 
explored the association of rs58542925 with NAFLD in East Asian studies. A Korean study reported that 
the co-existence of the risk alleles rs738409 and rs58542926 was associated with an increased risk of NASH 
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[OR: 2.03 (1.50-2.73), P < 0.001] and significant fibrosis [OR: 1.61 (1.19-2.17), P < 0.002], after adjustment 
for confounding variables[31]. Similar findings were reported in a Chinese cohort[32]. These results indicate 
that the rs58542926 variant in TM6SF2 is associated with NAFLD, even in East Asia, where the allele 
frequency is low.

MEMBRANE-BOUND O-ACYLTRANSFERASE DOMAIN CONTAINING 7
Membrane-bound O-acyltransferase domain containing 7 (MBOAT7) is a protein involved in 
phosphatidylinositol remodeling with arachidonic acid in the Lands cycle. MBOAT7 is mainly expressed 
in the liver, including in hepatic sinusoidal cells, hepatic stellate cells, and hepatocytes. In several studies, 
the T allele of rs641738 in MBOAT7 (chr19:54173068, rs641738 C>T) has been reported to increase the risk 
of developing the whole spectrum of NAFLD. Each T allele was associated with an increased risk of the 
development of hepatic steatosis [OR: 1.42 (1.07-1.91), P = 0.015], NASH [OR: 1.18 (1.00-1.40), P = 0.05], 
significant fibrosis [OR: 1.30 (1.06-1.70), P = 0.012], and HCC without advanced fibrosis [OR: 2.10 (1.33-
3.31)][33-35]. 

GLUCOKINASE REGULATOR
Glucokinase regulator (GCKR) controls de novo lipogenesis by regulating the glucose influx into 
hepatocytes, which boosts the lipogenic pathway by providing further substrate for liver biosynthesis. 
Several variants in the GCKR gene are reportedly associated with NAFLD[8,36]. The rs1260326 variant 
(chr2:27508073, C>T) encoding P446L has been considered as a causal variant for this association. In 
NAFLD patients, the T allele of rs1260326 is significantly associated with the hepatic fibrosis stage as 
compared to the F1 stage [OR: 2.06 (1.02-1.14), P = 0.0008][37]. The rs780094 variant in GCKR has also been 
significantly associated with computed tomography-proven and biopsy-proven NAFLD in a genome-wide 
association study (OR: 1.45, P = 2.59 × 10-8)[8], and in a meta-analysis of five studies comprising of 2,091 
NAFLD cases and 3,003 controls [OR: 1.25 (1.14-1.36), P < 0.00001][38]. 

The T risk allele of rs1260326 is associated with higher GCKR expression[39]. Unlike the wild-type GCKR 
protein, the GCKR P446L protein is not sustained by fructose-6-phosphate, resulting in enhanced hepatic 
uptake of glucose, glucokinase activity[40], and de novo lipogenesis[41]. Interestingly, the risk allele of 
rs1260326 is also associated with decreased serum glucose levels and reduced T2DM risk[42,43]. 

17β-HYDROXYSTEROID DEHYDROGENASE TYPE 13
Several recent GWAS have identified a protective variant against NAFLD: rs72613567:TA in hydroxysteroid 
17β dehydrogenase 13 (HSD17B13)[44,45]. This variant seems to be associated with decreased serum aspartate 
aminotransferase (AST, P = 6.2 × 10-10) and serum ALT (P = 4.2 × 10-12), and ameliorated progressive 
NASH among persons of European descent (n = 46,544). Furthermore, this splice variant (chr4:87310241, 
rs72613567: TA) in HSD17B13 protects against chronic liver diseases, including both NAFLD and alcoholic 
liver disease, and this finding has been replicated in two studies[45,46]. 

The protective effect of HSD17B13 is mediated by reduced activity of the enzyme, which is involved in the 
conversion of retinol to retinoic acid[47]. Retinoic acid reportedly suppresses fibrosis in NAFLD. This means 
that the protective effect of HSD17B13 is not due to changes in hepatic fat accumulation, but rather caused 
by the enzymatic activity of lipid droplet-associated retinol dehydrogenase activity. 
 
ASSOCIATION BETWEEN NAFLD-PREDISPOSING POLYMORPHISMS AND CARDIOVASCULAR 

DISEASE
Several studies report that cardiovascular disease (CVD) is the most common cause of mortality among 
NAFLD patients[48-50]. This can be explained by the fact that NAFLD and CVD share common pathological 



Kim et al. Hepatoma Res  2020;6:85  I  http://dx.doi.org/10.20517/2394-5079.2020.96                                               Page 5 of 10

pathways, such as inflammation, endothelial dysfunction, and oxidative stress[51,52]. Therefore, we explored 
the relationship between CVD and two of the most well-validated NAFLD-associated loci: PNPLA3 and 
TM6SF2. 

A meta-analysis study, including 60,801 coronary heart disease (CHD) cases and 123,504 controls, 
determined that the rs738409 variant in PNPLA3 showed a protective effect against CVD [OR: 0.92 (0.87-
0.97), P = 0.002][53]. In another study, the G allele of rs738409 was inversely related to CHD in 576 patients 
who underwent elective coronary angiography (P = 0.02)[54]. However, this trend of association between the 
rs738409 G risk allele and CHD has been inconsistent. Another study found no association between the G 
risk allele of rs738409 and CHD [OR: 0.98 (0.95-1.02), P = 0.79][55]. Interestingly, in a study including 1,103 
premature CHD patients and 1,469 healthy controls, the presence of the G allele of rs738409 was associated 
with increased risk of premature CHD development among T2DM patients [OR 1.20 (1.011-1.421), P 
= 0.042][56]. In addition to CHD, the G risk allele of rs738409 was reportedly linked to a greater risk of 
increased thickness of the carotid artery intima-media in 162 patients with biopsy-proven NAFLD [OR: 
2.94 (1.12-7.70), P = 0.02], and this finding was validated in 267 patients with biopsy-proven or clinical 
NAFLD[57]. 

The rs58542926 variant in TM6SF2, which is associated with fatty liver, is also reportedly protective against 
CVD by lowering serum lipid levels (total cholesterol, LDL-cholesterol, and triglycerides)[58]. This means 
that the T allele of rs58542926 in TM6SF2 confers protection against CVD at the expense of a higher risk of 
NAFLD. A meta-analysis confirmed that the rs58542926 T allele is associated with a tendency of decreased 
CVD risk [OR: 0.951 (0.92-0.98), P = 0.005][53]. Moreover, in a smaller cross-sectional study, this allele was 
related to a decreased risk of carotid artery plaques [OR: 0.49 (0.25-0.94)][29]. 

Despite these studies, the shared genetic causality between CVD and NAFLD remains unclear. The four 
genes that are most commonly reported to be associated with NAFLD - PNPLA3, TM6SF2, MBOAT7, 
and GCKR - have been analyzed by weighted fixed-effects statistical modeling, revealing no association 
of NAFLD with CVD [OR: 1.00 (0.99-1.91), P = 0.93][59]. These findings indicate that more complex 
relationships may exist between NAFLD and CVD. Exploring the roles of NAFLD-associated variants 
in CVD risk demonstrates that biologically relevant insights can be obtained by identifying individual 
pleiotropic loci that affect different outcomes. Clearly, more research is needed. 

APPLICATIONS FOR PRECISION MEDICINE
There are several other genetic variants associated with NAFLD [Supplementary Table 1]. These 
associations with SNPs from GWAS are generally reported as P values and/or effect sizes. However, these 
metrics do not fully reflect the SNP’s ability to differentiate between the control and the phenotype of 
interest. To apply genetic information for disease prediction, it is important to not only focus on the 
statistical power of a variant but also on the measurement of area under the ROC curve, which summarizes 
the true and false positive rates for a binary outcome[60]. 

Another emerging metric is the development of polygenic risk scores (PRSs), which reflect the risk 
accumulation based on multiple SNPs, and can be calculated as a weighted sum of the disease risk alleles 
carried by an individual[61]. PRS use would be a sensible approach in the study of NAFLD, as both common 
and rare SNPs are related to NAFLD risk, irrespective of clinical risk factors[62]. However, there is little 
evidence of the clinical application of PRSs. Similarly, Krawczyk et al.[63] reported that the summed number 
of risk alleles (0-5) for three genes (PNPLA3, TM6SF2, and MBOAT7) was significantly correlated with the 
individual risks of increased hepatic triglyceride content and elevated serum liver enzyme levels (AST and 
ALT). This study further suggests that the historical concept of genetic risk score (GRS) - which includes 
the contemporary concept of a continuous spectrum of NAFLD risk - could also be useful for predicting 
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NAFLD development and progression. Several NAFLD risk scoring models that incorporate both genetic 
and clinical information have also been proposed[64]. For example, Hyysalo et al.[65] developed a model for 
predicting NASH, which combines clinical variables and genetic information, based on European cohorts 
with biopsy-proven NAFLD. In another study, NAFLD-HCC was identified based on genotype information, 
age, sex, obesity, T2DM, and severe fibrosis, showing an AUROC of 0.96 ± 0.04 (89% specificity and 96% 
sensitivity)[33].

Additional research is needed before PRSs, GRSs, or prediction models using both clinical variables and 
genetic information can be effectively applied for NAFLD investigation in clinical practice. This knowledge 
of genetic loci is potentially useful for risk stratification in patients with NAFLD. Moreover, considering 
that there are presently no approved drugs for NAFLD treatment[66], there is an urgent need for more 
research and development of therapeutic targeting of the products of these genes in NAFLD patients with 
specific genetic variants that could provide insight into personalized treatments for NAFLD [Figure 1].

TRANSLATIONAL IMPLICATIONS AND CHALLENGES
As discussed above, several attempts have been made to predict NAFLD and/or NASH using genetic 
information alone or in combination with clinical information. The results of these efforts can be applied 
to the development of a new scoring model with better diagnostic performance compared to the previous 
models. Notably, a prediction model developed by combining serum metabolites, serum biochemical 
parameters, and genotype information was reported to discriminate NASH from NAFL with a good 
diagnostic performance[67]. Such a model would be appealing for clinical translation, considering that the 
current gold standard for NASH diagnosis is liver biopsy, which is an invasive method. However, there are 
several challenges hindering the clinical translation of genetic information in NAFLD.

Firstly, most studies performed to evaluate the diagnostic accuracy of predictive models for NAFLD and/
or NASH risk have been based on a cross-sectional design. Although these results can be useful, it is not an 
optimal study design for investigating models based on genetic information. Indeed, unlike classical factors 
such as biochemical results (AST, ALT), genetic variants have the strength of being stable over time. Thus, 

Figure 1. Toward personalized medicine based on genetic information. Personalized medicine makes it possible to tailor a treatment as 
individualized as the disease. This approach can be applied to solve tackling diseases that have far eluded effective treatments
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if an ideal prediction model based on genetic information is properly established, it could be possible to 
stratify NAFLD before it develops or progresses, thus enabling intervention at an early stage or early age. 
However, to properly apply this concept, results should be accumulated from multiple longitudinal studies.

Secondly, another important issue to consider when utilizing genetic information is the interaction between 
environment and gene. For example, with regards to rs738409 in the PNPLA3 gene, it has been reported 
that the variant’s effect is especially amplified in the setting of obesity[68]. This suggests that adiposity 
(environment) can influence how specific genetic information influences the full spectrum of NAFLD. 
Considering this interaction between gene and environment, a prediction model based exclusively on 
genetic information may not exhibit sufficient predictive power, while a model with integration of relevant 
NAFLD-associated clinical factors would be more likely to reach significant predictive power. 

Overall, prediction models that use both genetic information and relevant clinical factors derived from 
longitudinal studies can achieve sufficient predictive power for NAFLD risk stratification at the individual 
level.

CONCLUSION
The identification of genes associated with NAFLD development and progression is expected to provide 
important insights into its pathophysiology, as well as to guide disease risk stratification and further new 
opportunities for timely therapeutic intervention. Several genetic variants have been implicated in NAFLD 
development and progression, and here we focused on the five genes whose associations with NAFLD 
have been most extensively replicated. These genetic risk variants can improve the accuracy of NAFLD 
diagnosis, and may also be useful for the identification of high-risk NAFLD patients who have unfavorable 
prognoses. An understanding of these NAFLD-associated genetic risk factors will help identify individuals 
at risk, and potentially guide the provision of appropriate treatments based on an individual’s risk and 
likelihood of disease progression.
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The journal also recommends that authors prepare references with a bibliography software package, such as EndNote to 
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2.3.3.10 Supplementary Materials
Additional data and information can be uploaded as Supplementary Material to accompany the manuscripts. The 
supplementary materials will also be available to the referees as part of the peer-review process. Any file format is 
acceptable, such as data sheet (word, excel, csv, cdx, fasta, pdf or zip files), presentation (powerpoint, pdf or zip files), image 
(cdx, eps, jpeg, pdf, png or tiff), table (word, excel, csv or pdf), audio (mp3, wav or wma) or video (avi, divx, flv, mov, mp4, 
mpeg, mpg or wmv). All information should be clearly presented. Supplementary materials should be cited in the main text 
in numeric order (e.g., Supplementary Figure 1, Supplementary Figure 2, Supplementary Table 1, Supplementary Table 2, 
etc.). The style of supplementary figures or tables complies with the same requirements on figures or tables in main text. 
Videos and audios should be prepared in English, and limited to a size of 500 MB or a duration of 3 minutes.

2.4 Manuscript Format
2.4.1 File Format
Manuscript files can be in DOC and DOCX formats and should not be locked or protected.

2.4.2 Length
There are no restrictions on paper length, number of figures, or amount of supporting documents. Authors are encouraged 
to present and discuss their findings concisely.

2.4.3 Language
Manuscripts must be written in English.

2.4.4 Multimedia Files
The journal supports manuscripts with multimedia files. The requirements are listed as follows: 
Video or audio files are only acceptable in English. The presentation and introduction should be easy to understand. The 
frames should be clear, and the speech speed should be moderate.
A brief overview of the video or audio files should be given in the manuscript text.
The video or audio files should be limited to a duration of 3 min and a size of up to 500 MB.



Author Instructions

Please use professional software to produce high-quality video files, to facilitate acceptance and publication along with the 
submitted article. Upload the videos in mp4, wmv, or rm format (preferably mp4) and audio files in mp3 or wav format.

2.4.5 Figures
Figures should be cited in numeric order (e.g., Figure 1, Figure 2) and placed after the paragraph where it is first cited;
Figures can be submitted in format of tiff, psd, AI or jpeg, with resolution of 300-600 dpi;
Figure caption is placed under the Figure; 
Diagrams with describing words (including, flow chart, coordinate diagram, bar chart, line chart, and scatter diagram, etc.) 
should be editable in word, excel or powerpoint format. Non-English information should be avoided;
Labels, numbers, letters, arrows, and symbols in figure should be clear, of uniform size, and contrast with the background;
Symbols, arrows, numbers, or letters used to identify parts of the illustrations must be identified and explained in the 
legend; 
Internal scale (magnification) should be explained and the staining method in photomicrographs should be identified; 
All non-standard abbreviations should be explained in the legend;
Permission for use of copyrighted materials from other sources, including re-published, adapted, modified, or partial 
figures and images from the internet, must be obtained. It is authors’ responsibility to acquire the licenses, to follow any 
citation instruction requested by third-party rights holders, and cover any supplementary charges.

2.4.6 Tables
Tables should be cited in numeric order and placed after the paragraph where it is first cited;
The table caption should be placed above the table and labeled sequentially (e.g., Table 1, Table 2);
Tables should be provided in editable form like DOC or DOCX format (picture is not allowed);
Abbreviations and symbols used in table should be explained in footnote;
Explanatory matter should also be placed in footnotes;
Permission for use of copyrighted materials from other sources, including re-published, adapted, modified, or partial tables 
from the internet, must be obtained. It is authors’ responsibility to acquire the licenses, to follow any citation instruction 
requested by third-party rights holders, and cover any supplementary charges.

2.4.7 Abbreviations
Abbreviations should be defined upon first appearance in the abstract, main text, and in figure or table captions and used 
consistently thereafter. Non-standard abbreviations are not allowed unless they appear at least three times in the text. 
Commonly-used abbreviations, such as DNA, RNA, ATP, etc., can be used directly without definition. Abbreviations in 
titles and keywords should be avoided, except for the ones which are widely used.

2.4.8 Italics
General italic words like vs., et al., etc., in vivo, in vitro; t test, F test, U test; related coefficient as r, sample number as n, 
and probability as P; names of genes; names of bacteria and biology species in Latin.

2.4.9 Units
SI Units should be used. Imperial, US customary and other units should be converted to SI units whenever possible. There 
is a space between the number and the unit (i.e., 23 mL). Hour, minute, second should be written as h, min, s.

2.4.10 Numbers
Numbers appearing at the beginning of sentences should be expressed in English. When there are two or more numbers 
in a paragraph, they should be expressed as Arabic numerals; when there is only one number in a paragraph, number < 10 
should be expressed in English and number > 10 should be expressed as Arabic numerals. 12345678 should be written as 
12,345,678.

2.4.11 Equations
Equations should be editable and not appear in a picture format. Authors are advised to use either the Microsoft Equation 
Editor or the MathType for display and inline equations.

2.5 Submission Link 
Submit an article via http://www.oaemesas.com/hr.
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