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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.
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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. 

DECLARATIONS
Authors’ contributions
Made substantial contributions to conception: Monge Bonilla C, Xie C
Manuscript writing and organizing, collect data and interpretation: Monge Bonilla C, McGrath NA, Fu J, 
Xie C

Availability of data and materials 
Not applicable.

Financial support and sponsorship
Xie C was supported by NIH/NCI/CCR Physician-Scientist Early Investigator Program (ZIA BC 011888).

Conflicts of interest
All authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2020.

REFERENCE
1. Mathers CD, Loncar D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med 2006;3:e442.



Monge Bonilla et al. Hepatoma Res  2020;6:68  I  http://dx.doi.org/10.20517/2394-5079.2020.58                              Page 11 of 14

2. Arnold M, Abnet CC, Neale RE, Vignat J, Giovannucci EL, et al. Global burden of 5 major types of gastrointestinal cancer. 
Gastroenterology 2020;159:335-49.e15.

3. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2018;68:394-424.

4. Lok AS, Seeff LB, Morgan TR, di Bisceglie AM, Sterling RK, et al; HALT-C Trial Group. Incidence of hepatocellular carcinoma and 
associated risk factors in hepatitis C-related advanced liver disease. Gastroenterology 2009;136:138-48.

5. Jemal A, Bray F, Center MM, Ferlay J, Ward E, et al. Global cancer statistics. CA Cancer J Clin 2011;61:69-90.
6. Chen CJ, Yang HI, Su J, Jen CL, You SL, et al; REVEAL-HBV Study Group. Risk of hepatocellular carcinoma across a biological 

gradient of serum hepatitis B virus DNA level. JAMA 2006;295:65-73.
7. Lee MH, Yang HI, Lu SN, Jen CL, Yeh SH, et al. Hepatitis C virus seromarkers and subsequent risk of hepatocellular carcinoma: long-

term predictors from a community-based cohort study. J Clin Oncol 2010;28:4587-93.
8. Chang MH, You SL, Chen CJ, Liu CJ, Lee CM, et al; Taiwan Hepatoma Study Group. Decreased incidence of hepatocellular carcinoma 

in hepatitis B vaccinees: a 20-year follow-up study. J Natl Cancer Inst 2009;101:1348-55.
9. Kanwal F, Kramer J, Asch SM, Chayanupatkul M, Cao Y, et al. Risk of hepatocellular cancer in HCV patients treated with direct-acting 

antiviral agents. Gastroenterology 2017;153:996-1005.e1.
10. Fujiwara N, Friedman SL, Goossens N, Hoshida Y. Risk factors and prevention of hepatocellular carcinoma in the era of precision 

medicine. J Hepatol 2018;68:526-49.
11. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, et al; SHARP Investigators Study Group. Sorafenib in advanced hepatocellular 

carcinoma. N Engl J Med 2008;359:378-90.
12. Kudo M, Finn RS, Qin S, Han K, Ikeda K, et al. Lenvatinib versus sorafenib in first-line treatment of patients with unresectable 

hepatocellular carcinoma: a randomised phase 3 non-inferiority trial. Lancet 2018;391:1163-73.
13. Bruix J, Qin S, Merle P, Granito A, Huang Y, et al. Regorafenib for patients with hepatocellular carcinoma who progressed on sorafenib 

treatment (RESORCE): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2017;389:56-66.
14. Abou-Alfa GK, Meyer T, Cheng AL, El-Khoueiry AB, Rimassa L, et al. Cabozantinib in patients with advanced and progressing 

hepatocellular carcinoma. N Engl J Med 2018;379:54-63.
15. Zhu AX, Kang Y, Yen C, Finn RS, Galle PR, et al. Ramucirumab after sorafenib in patients with advanced hepatocellular carcinoma 

and increased α-fetoprotein concentrations (REACH-2): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol 
2019;20:282-96.

16. Postow MA, Harding J, Wolchok JD. Targeting immune checkpoints: releasing the restraints on anti-tumor immunity for patients with 
melanoma. Cancer J 2012;18:153-9.

17. Belloni L, Pollicino T, De Nicola F, Guerrieri F, Raffa G, et al. Nuclear HBx binds the HBV minichromosome and modifies the epigenetic 
regulation of cccDNA function. Proc Natl Acad Sci U S A 2009;106:19975-9.

18. Dunn C, Peppa D, Khanna P, Nebbia G, Jones M, et al. Temporal analysis of early immune responses in patients with acute hepatitis B 
virus infection. Gastroenterology 2009;137:1289-300.

19. Sato S, Li K, Kameyama T, Hayashi T, Ishida Y, et al. The RNA sensor RIG-I dually functions as an innate sensor and direct antiviral 
factor for hepatitis B virus. Immunity 2015;42:123-32.

20. Shlomai A, Schwartz RE, Ramanan V, Bhatta A, de Jong YP, et al. Modeling host interactions with hepatitis B virus using primary and 
induced pluripotent stem cell-derived hepatocellular systems. Proc Natl Acad Sci U S A 2014;111:12193-8.

21. Stacey AR, Norris PJ, Qin L, Haygreen EA, Taylor E, et al. Induction of a striking systemic cytokine cascade prior to peak viremia in 
acute human immunodeficiency virus type 1 infection, in contrast to more modest and delayed responses in acute hepatitis B and C virus 
infections. J Virol 2009;83:3719-33.

22. Wieland S, Thimme R, Purcell RH, Chisari FV. Genomic analysis of the host response to hepatitis B virus infection. Proc Natl Acad Sci 
U S A 2004;101:6669-74.

23. Boltjes A, van Montfoort N, Biesta PJ, Op den Brouw ML, Kwekkeboom J, et al. Kupffer cells interact with hepatitis B surface antigen in 
vivo and in vitro, leading to proinflammatory cytokine production and natural killer cell function. J Infect Dis 2015;211:1268-78.

24. Wu J, Meng Z, Jiang M, Pei R, Trippler M, et al. Hepatitis B virus suppresses toll-like receptor-mediated innate immune responses in 
murine parenchymal and nonparenchymal liver cells. Hepatology 2009;49:1132-40.

25. Tu Z, Bozorgzadeh A, Pierce RH, Kurtis J, Crispe IN, et al. TLR-dependent cross talk between human Kupffer cells and NK cells. J Exp 
Med 2008;205:233-44.

26. Fisicaro P, Valdatta C, Boni C, Massari M, Mori C, et al. Early kinetics of innate and adaptive immune responses during hepatitis B virus 
infection. Gut 2009;58:974-82.

27. Lunemann S, Malone DF, Hengst J, Port K, Grabowski J, et al. Compromised function of natural killer cells in acute and chronic viral 
hepatitis. J Infect Dis 2014;209:1362-73.

28. Oliviero B, Varchetta S, Paudice E, Michelone G, Zaramella M, et al. Natural killer cell functional dichotomy in chronic hepatitis B and 
chronic hepatitis C virus infections. Gastroenterology 2009;137:1151-60, 1160.e1-7.

29. Asabe S, Wieland SF, Chattopadhyay PK, Roederer M, Engle RE, et al. The size of the viral inoculum contributes to the outcome of 
hepatitis B virus infection. J Virol 2009;83:9652-62.

30. Rehermann B, Nascimbeni M. Immunology of hepatitis B virus and hepatitis C virus infection. Nat Rev Immunol 2005;5:215-29.
31. Rehermann B, Ferrari C, Pasquinelli C, Chisari FV. The hepatitis B virus persists for decades after patients' recovery from acute viral 

hepatitis despite active maintenance of a cytotoxic T-lymphocyte response. Nat Med 1996;2:1104-8.



Page 12 of 14                               Monge Bonilla et al. Hepatoma Res  2020;6:68  I  http://dx.doi.org/10.20517/2394-5079.2020.58

32. Sun C, Sun HY, Xiao WH, Zhang C, Tian ZG. Natural killer cell dysfunction in hepatocellular carcinoma and NK cell-based 
immunotherapy. Acta Pharmacol Sin 2015;36:1191-9.

33. Hoechst B, Voigtlaender T, Ormandy L, Gamrekelashvili J, Zhao F, et al. Myeloid derived suppressor cells inhibit natural killer cells in 
patients with hepatocellular carcinoma via the NKp30 receptor. Hepatology 2009;50:799-807.

34. Peppa D, Micco L, Javaid A, Kennedy PT, Schurich A, et al. Blockade of immunosuppressive cytokines restores NK cell antiviral 
function in chronic hepatitis B virus infection. PLoS Pathog 2010;6:e1001227.

35. Kong X, Sun R, Chen Y, Wei H, Tian Z. γδT cells drive myeloid-derived suppressor cell-mediated CD8+ T cell exhaustion in hepatitis B 
virus-induced immunotolerance. J Immunol 2014;193:1645-53.

36. Park JJ, Wong DK, Wahed AS, Lee WM, Feld JJ, et al; Hepatitis B Research Network. Hepatitis B virus--specific and global T-cell 
dysfunction in chronic hepatitis B. Gastroenterology 2016;150:684-95.e5.

37. Wherry EJ. T cell exhaustion. Nat Immunol 2011;12:492-9.
38. Pallett LJ, Gill US, Quaglia A, Sinclair LV, Jover-Cobos M, et al. Metabolic regulation of hepatitis B immunopathology by myeloid-

derived suppressor cells. Nat Med 2015;21:591-600.
39. Pal S, Nandi M, Dey D, Chakraborty BC, Shil A, et al. Myeloid-derived suppressor cells induce regulatory T cells in chronically 

HBV infected patients with high levels of hepatitis B surface antigen and persist after antiviral therapy. Aliment Pharmacol Ther 
2019;49:1346-59.

40. Kim GA, Lim YS, Han S, Choi J, Shim JH, et al. High risk of hepatocellular carcinoma and death in patients with immune-tolerant-phase 
chronic hepatitis B. Gut 2018;67:945-52.

41. Maini MK, Boni C, Lee CK, Larrubia JR, Reignat S, et al. The role of virus-specific CD8(+) cells in liver damage and viral control during 
persistent hepatitis B virus infection. J Exp Med 2000;191:1269-80.

42. Mason WS, Gill US, Litwin S, Zhou Y, Peri S, et al. HBV DNA integration and clonal hepatocyte expansion in chronic hepatitis B 
patients considered immune tolerant. Gastroenterology 2016;151:986-98.e4.

43. Fisicaro P, Barili V, Montanini B, Acerbi G, Ferracin M, et al. Targeting mitochondrial dysfunction can restore antiviral activity of 
exhausted HBV-specific CD8 T cells in chronic hepatitis B. Nat Med 2017;23:327-36.

44. Amadei B, Urbani S, Cazaly A, Fisicaro P, Zerbini A, et al. Activation of natural killer cells during acute infection with hepatitis C virus. 
Gastroenterology 2010;138:1536-45.

45. Axley P, Ahmed Z, Ravi S, Singal AK. Hepatitis C virus and hepatocellular carcinoma: a narrative review. J Clin Transl Hepatol 
2018;6:79-84.

46. Rosen HR, Golden-Mason L. Control of HCV infection by natural killer cells and macrophages. Cold Spring Harb Perspect Med 
2019:a037101.

47. Gremion C, Grabscheid B, Wölk B, Moradpour D, Reichen J, et al. Cytotoxic T lymphocytes derived from patients with chronic hepatitis 
C virus infection kill bystander cells via Fas-FasL interaction. J Virol 2004;78:2152-7.

48. Erickson AL, Kimura Y, Igarashi S, Eichelberger J, Houghton M, et al. The outcome of hepatitis C virus infection is predicted by escape 
mutations in epitopes targeted by cytotoxic T lymphocytes. Immunity 2001;15:883-95.

49. Ruhl M, Knuschke T, Schewior K, Glavinic L, Neumann-Haefelin C, et al; East German HCV Study Group. CD8+ T-cell response 
promotes evolution of hepatitis C virus nonstructural proteins. Gastroenterology 2011;140:2064-73.

50. Radziewicz H, Ibegbu CC, Hon H, Osborn MK, Obideen K, et al. Impaired hepatitis C virus (HCV)-specific effector CD8+ T cells 
undergo massive apoptosis in the peripheral blood during acute HCV infection and in the liver during the chronic phase of infection. J 
Virol 2008;82:9808-22.

51. Rutebemberwa A, Ray SC, Astemborski J, Levine J, Liu L, et al. High-programmed death-1 levels on hepatitis C virus-specific T cells 
during acute infection are associated with viral persistence and require preservation of cognate antigen during chronic infection. J 
Immunol 2008;181:8215-25.

52. Owusu Sekyere S, Suneetha PV, Kraft AR, Zhang S, Dietz J, et al. A heterogeneous hierarchy of co-regulatory receptors regulates 
exhaustion of HCV-specific CD8 T cells in patients with chronic hepatitis C. J Hepatol 2015;62:31-40.

53. McMahan RH, Golden-Mason L, Nishimura MI, McMahon BJ, Kemper M, et al. Tim-3 expression on PD-1+ HCV-specific human CTLs 
is associated with viral persistence, and its blockade restores hepatocyte-directed in vitro cytotoxicity. J Clin Invest 2010;120:4546-57.

54. Chattergoon MA, Latanich R, Quinn J, Winter ME, Buckheit RW 3rd, et al. HIV and HCV activate the inflammasome in monocytes and 
macrophages via endosomal Toll-like receptors without induction of type 1 interferon. PLoS Pathog 2014;10:e1004082.

55. Liu Y, Wang W, Zou Z, Hu Z, Fan Q, et al. Hepatitis C virus entry into macrophages/monocytes mainly depends on the phagocytosis of 
macrophages. Dig Dis Sci 2019;64:1226-37.

56. He G, Karin M. NF-κB and STAT3 - key players in liver inflammation and cancer. Cell Res 2011;21:159-68.
57. Shin EC, Sung PS, Park SH. Immune responses and immunopathology in acute and chronic viral hepatitis. Nat Rev Immunol 

2016;16:509-23.
58. Ren JP, Wang L, Zhao J, Wang L, Ning SB, et al. Decline of miR-124 in myeloid cells promotes regulatory T-cell development in 

hepatitis C virus infection. Immunology 2017;150:213-20.
59. Farooqi ZU, Tareen SH, Ahmed J, Zaidi NU. Logical analysis of regulation of interleukin-12 expression pathway regulation during HCV 

infection. Protein Pept Lett 2016;23:581-9.
60. Piconese S, Timperi E, Pacella I, Schinzari V, Tripodo C, et al. Human OX40 tunes the function of regulatory T cells in tumor and 

nontumor areas of hepatitis C virus-infected liver tissue. Hepatology 2014;60:1494-507.
61. Della Bella S, Crosignani A, Riva A, Presicce P, Benetti A, et al. Decrease and dysfunction of dendritic cells correlate with impaired 



Monge Bonilla et al. Hepatoma Res  2020;6:68  I  http://dx.doi.org/10.20517/2394-5079.2020.58                              Page 13 of 14

hepatitis C virus-specific CD4+ T-cell proliferation in patients with hepatitis C virus infection. Immunology 2007;121:283-92.
62. Ulsenheimer A, Gerlach JT, Gruener NH, Jung MC, Schirren CA, et al. Detection of functionally altered hepatitis C virus-specific CD4 T 

cells in acute and chronic hepatitis C. Hepatology 2003;37:1189-98.
63. Cancer Genome Atlas Research Network. Electronic address: wheeler@bcm.edu. Cancer Genome Atlas Research Network. 

Comprehensive and integrative genomic characterization of hepatocellular carcinoma. Cell 2017;169:1327-41.e23.
64. Zheng C, Zheng L, Yoo JK, Guo H, Zhang Y, et al. Landscape of infiltrating T cells in liver cancer revealed by single-cell sequencing. 

Cell 2017;169:1342-56.e16.
65. Kim HD, Song GW, Park S, Jung MK, Kim MH, et al. Association between expression level of PD1 by tumor-infiltrating CD8+ T cells 

and features of hepatocellular carcinoma. Gastroenterology 2018;155:1936-50.e17.
66. Lim CJ, Lee YH, Pan L, Lai L, Chua C, et al. Multidimensional analyses reveal distinct immune microenvironment in hepatitis B virus-

related hepatocellular carcinoma. Gut 2019;68:916-27.
67. Hoechst B, Ormandy LA, Ballmaier M, Lehner F, Krüger C, et al. A new population of myeloid-derived suppressor cells in hepatocellular 

carcinoma patients induces CD4(+)CD25(+)Foxp3(+) T cells. Gastroenterology 2008;135:234-43.
68. Lin EY, Li JF, Gnatovskiy L, Deng Y, Zhu L, et al. Macrophages regulate the angiogenic switch in a mouse model of breast cancer. 

Cancer Res 2006;66:11238-46.
69. Ugel S, De Sanctis F, Mandruzzato S, Bronte V. Tumor-induced myeloid deviation: when myeloid-derived suppressor cells meet tumor-

associated macrophages. J Clin Invest 2015;125:3365-76.
70. Li H, Han Y, Guo Q, Zhang M, Cao X. Cancer-expanded myeloid-derived suppressor cells induce anergy of NK cells through membrane-

bound TGF-beta 1. J Immunol 2009;182:240-9.
71. Zhang HH, Mei MH, Fei R, Liu F, Wang JH, et al. Regulatory T cells in chronic hepatitis B patients affect the immunopathogenesis of 

hepatocellular carcinoma by suppressing the anti-tumour immune responses. J Viral Hepat 2010;17 Suppl 1:34-43.
72. Han Y, Chen Z, Yang Y, Jiang Z, Gu Y, et al. Human CD14+ CTLA-4+ regulatory dendritic cells suppress T-cell response by cytotoxic 

T-lymphocyte antigen-4-dependent IL-10 and indoleamine-2,3-dioxygenase production in hepatocellular carcinoma. Hepatology 
2014;59:567-79.

73. Prieto J, Melero I, Sangro B. Immunological landscape and immunotherapy of hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol 
2015;12:681-700.

74. Chen Y, Huang Y, Reiberger T, Duyverman AM, Huang P, et al. Differential effects of sorafenib on liver versus tumor fibrosis mediated 
by stromal-derived factor 1 alpha/C-X-C receptor type 4 axis and myeloid differentiation antigen-positive myeloid cell infiltration in 
mice. Hepatology 2014;59:1435-47.

75. Sangro B, Gomez-Martin C, de la Mata M, Iñarrairaegui M, Garralda E, et al. A clinical trial of CTLA-4 blockade with tremelimumab in 
patients with hepatocellular carcinoma and chronic hepatitis C. J Hepatol 2013;59:81-8.

76. El-khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, et al. Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate 
040): an open-label, non-comparative, phase 1/2 dose escalation and expansion trial. Lancet 2017;389:2492-502.

77. Yau T, Park J, Finn R, Cheng A, Mathurin P, et al. CheckMate 459: a randomized, multi-center phase III study of nivolumab (NIVO) vs 
sorafenib (SOR) as first-line (1L) treatment in patients (pts) with advanced hepatocellular carcinoma (aHCC). Ann Oncol 2019;30:v874-5. 

78. Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S, et al. Pembrolizumab in patients with advanced hepatocellular carcinoma previously 
treated with sorafenib (KEYNOTE-224): a non-randomised, open-label phase 2 trial. Lancet Oncol 2018;19:940-52.

79. Finn RS, Ryoo BY, Merle P, Kudo M, Bouattour M, et al; KEYNOTE-240 investigators. Pembrolizumab as second-line therapy 
in patients with advanced hepatocellular carcinoma in KEYNOTE-240: a randomized, double-blind, phase III trial. J Clin Oncol 
2020;38:193-202.

80. Yen C, Markman B, Chao Y, Hill A, Kang J, et al. Preliminary results of a phase 1A/1B study of BGB-A317, an anti-PD-1 monoclonal 
antibody (mAb), in patients with advanced hepatocellular carcinoma (HCC). Ann Oncol 2017;28:iii54.

81. Qin S, Ren Z, Meng Z, Chen Z, Chai X, et al. Camrelizumab in patients with previously treated advanced hepatocellular carcinoma: a 
multicentre, open-label, parallel-group, randomised, phase 2 trial. Lancet Oncol 2020;21:571-80.

82. He A, Weiss G, Falchook G, Yee N, Gil-martin M, et al. Cemiplimab, a human monoclonal anti-PD-1, in patients (pts) with advanced or 
metastatic hepatocellular carcinoma (HCC): Data from an expansion cohort (EC) in a phase I study. Ann Oncol 2018;29:x26..

83. Wainberg ZA, Segal NH, Jaeger D, Lee KH, Marshall J, et al. Safety and clinical activity of durvalumab monotherapy in patients with 
hepatocellular carcinoma (HCC). J Clin Oncol 2017;35:4071.

84. Floudas CS, Xie C, Brar G, Morelli MP, Fioravanti S, et al. Combined immune checkpoint inhibition (ICI) with tremelimumab and 
durvalumab in patients with advanced hepatocellular carcinoma (HCC) or biliary tract carcinomas (BTC). JCO 2019;37:336.

85. Kelley RK, Abou-alfa GK, Bendell JC, Kim T, Borad MJ, et al. Phase I/II study of durvalumab and tremelimumab in patients with 
unresectable hepatocellular carcinoma (HCC): Phase I safety and efficacy analyses. JCO 2017;35:4073.

86. Li B, Yan C, Zhu J, Chen X, Fu Q, et al. Anti-PD-1/PD-L1 blockade immunotherapy employed in treating hepatitis B virus infection-
related advanced hepatocellular carcinoma: a literature review. Front Immunol 2020;11:1037. 

87. Pishvaian MJ, Lee MS, Ryoo B, Stein S, Lee K, et al. Updated safety and clinical activity results from a phase Ib study of atezolizumab 1 
bevacizumab in hepatocellular carcinoma (HCC). Ann Oncol 2018;29.

 88. Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, et al; IMbrave150 Investigators. Atezolizumab plus bevacizumab in unresectable 
hepatocellular carcinoma. N Engl J Med 2020;382:1894-905.

89. Ikeda M, Sung MW, Kudo M, Kobayashi M, Baron AD, et al. A phase 1b trial of lenvatinib (LEN) plus pembrolizumab (PEM) in patients 
(pts) with unresectable hepatocellular carcinoma (uHCC). JCO 2018;36:4076.



Page 14 of 14                               Monge Bonilla et al. Hepatoma Res  2020;6:68  I  http://dx.doi.org/10.20517/2394-5079.2020.58

90. Bang Y, Golan T, Lin C, Dahan L, Fu S, et al. Ramucirumab (Ram) and durvalumab (Durva) treatment of metastatic non-small cell lung 
cancer (NSCLC), gastric/gastroesophageal junction (G/GEJ) adenocarcinoma, and hepatocellular carcinoma (HCC) following progression 
on systemic treatment(s). JCO 2019;37:2528.

91. Yau T, Kang Y, Kim T, El-khoueiry AB, Santoro A, et al. Nivolumab (NIVO) + ipilimumab (IPI) combination therapy in patients (pts) 
with advanced hepatocellular carcinoma (aHCC): results from CheckMate 040. JCO 2019;37:4012.

92. Kudo M, Motomura K, Wada Y, Inaba Y, Sakamoto Y, et al. First-line avelumab + axitinib in patients with advanced hepatocellular 
carcinoma: Results from a phase 1b trial (VEGF Liver 100). JCO 2019;37:4072.

93. Duffy AG, Ulahannan SV, Makorova-Rusher O, Rahma O, Wedemeyer H, et al. Tremelimumab in combination with ablation in patients 
with advanced hepatocellular carcinoma. J Hepatol 2017;66:545-51.

94. Katz SC, Burga RA, McCormack E, Wang LJ, Mooring W, et al. Phase I hepatic immunotherapy for metastases study of intra-arterial 
chimeric antigen receptor-modified T-cell therapy for CEA+ liver metastases. Clin Cancer Res 2015;21:3149-59.

95. Zhai B, Shi D, Gao H, Qi X, Jiang H, et al. A phase I study of anti-GPC3 chimeric antigen receptor modified T cells (GPC3 CAR-T) in 
Chinese patients with refractory or relapsed GPC3+ hepatocellular carcinoma (r/r GPC3+ HCC). JCO 2017;35:3049.

96. Yu X, Zhao H, Liu L, Cao S, Ren B, et al. A randomized phase II study of autologous cytokine-induced killer cells in treatment of 
hepatocellular carcinoma. J Clin Immunol 2014;34:194-203.

97. Lee JH, Lee JH, Lim YS, Yeon JE, Song TJ, et al. Adjuvant immunotherapy with autologous cytokine-induced killer cells for 
hepatocellular carcinoma. Gastroenterology 2015;148:1383-91.e6.

98. Tan AT, Yang N, Lee Krishnamoorthy T, Oei V, Chua A, et al. Use of expression profiles of HBV-DNA integrated into genomes of 
hepatocellular carcinoma cells to select T cells for immunotherapy. Gastroenterology 2019;156:1862-76.e9.

99. Wisskirchen K, Metzger K, Schreiber S, Asen T, Weigand L, et al. Isolation and functional characterization of hepatitis B virus-specific 
T-cell receptors as new tools for experimental and clinical use. PLoS One 2017;12:e0182936.

100. Gehring AJ, Xue SA, Ho ZZ, Teoh D, Ruedl C, et al. Engineering virus-specific T cells that target HBV infected hepatocytes and 
hepatocellular carcinoma cell lines. J Hepatol 2011;55:103-10.

101. Qasim W, Brunetto M, Gehring AJ, Xue SA, Schurich A, et al. Immunotherapy of HCC metastases with autologous T cell receptor 
redirected T cells, targeting HBsAg in a liver transplant patient. J Hepatol 2015;62:486-91.

102. Sahin U, Türeci Ö. Personalized vaccines for cancer immunotherapy. Science 2018;359:1355-60.
103. Buonaguro L; HEPAVAC Consortium. Developments in cancer vaccines for hepatocellular carcinoma. Cancer Immunol Immunother 

2016;65:93-9.
104. Nakagawa H, Mizukoshi E, Kobayashi E, Tamai T, Hamana H, et al. Association between high-avidity T-cell receptors, induced by alpha-

fetoprotein-derived peptides, and anti-tumor effects in patients with hepatocellular carcinoma. Gastroenterology 2017;152:1395-406.e10.
105. Sawada Y, Yoshikawa T, Nobuoka D, Shirakawa H, Kuronuma T, et al. Phase I trial of a glypican-3-derived peptide vaccine for advanced 

hepatocellular carcinoma: immunologic evidence and potential for improving overall survival. Clin Cancer Res 2012;18:3686-96.
106. Sawada Y, Yoshikawa T, Shimomura M, Iwama T, Endo I, et al. Programmed death-1 blockade enhances the antitumor effects of peptide 

vaccine-induced peptide-specific cytotoxic T lymphocytes. Int J Oncol 2015;46:28-36.
107. Greten TF, Forner A, Korangy F, N’Kontchou G, Barget N, et al. A phase II open label trial evaluating safety and efficacy of a telomerase 

peptide vaccination in patients with advanced hepatocellular carcinoma. BMC Cancer 2010;10:209.
108. Harrington K, Freeman DJ, Kelly B, Harper J, Soria JC. Optimizing oncolytic virotherapy in cancer treatment. Nat Rev Drug Discov 

2019;18:689-706.
109. Heo J, Reid T, Ruo L, Breitbach CJ, Rose S, et al. Randomized dose-finding clinical trial of oncolytic immunotherapeutic vaccinia JX-

594 in liver cancer. Nat Med 2013;19:329-36.
110. Park B, Hwang T, Liu T, Sze DY, Kim J, et al. Use of a targeted oncolytic poxvirus, JX-594, in patients with refractory primary or 

metastatic liver cancer: a phase I trial. Lancet Oncology 2008;9:533-42.
111. Moehler M, Heo J, Lee HC, Tak WY, Chao Y, et al. Vaccinia-based oncolytic immunotherapy Pexastimogene Devacirepvec in patients 

with advanced hepatocellular carcinoma after sorafenib failure: a randomized multicenter Phase IIb trial (TRAVERSE). Oncoimmunology 
2019;8:1615817.

112. Ma C, Han M, Heinrich B, Fu Q, Zhang Q, et al. Gut microbiome-mediated bile acid metabolism regulates liver cancer via NKT cells. 
Science 2018;360:eaan5931.


