
                                                                                              www.hrjournal.net

Review Open Access

Spieler et al. Hepatoma Res 2019;5:4
DOI: 10.20517/2394-5079.2018.77

Hepatoma Research

© The Author(s) 2019. 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.

Stereotactic ablative radiotherapy for hepatocellular 
carcinoma
Benjamin Spieler1, Eric A. Mellon1, Patricia D. Jones2, Huan Giap1, Lynn Feun3, Shree Venkat4, Lorraine 
Portelance1

1Department of Radiation Oncology, Sylvester Comprehensive Cancer Center, University of Miami, Miami, FL 33136, USA.
2Department of Medicine, Division of Hepatology, University of Miami, Miami, FL 33136, USA.
3Department of Medical Oncology, Sylvester Comprehensive Cancer Center, University of Miami, Miami, FL 33136, USA.
4Department of Radiation, Sylvester Comprehensive Cancer Center, University of Miami, Miami, FL 33136, USA.

Correspondence to: Dr. Lorraine Portelance, Department of Radiation Oncology, Sylvester Comprehensive Cancer Center, University of 
Miami, 1475 NW 12th Ave, Room D1500, Miami, FL 33136, USA. E-mail: lportelance@med.miami.edu

How to cite this article: Spieler B, Mellon EA, Jones PD, Giap H, Feun L, Venkat S, Portelance L. Stereotactic ablative radiotherapy for 
hepatocellular carcinoma. Hepatoma Res 2019;5:4. http://dx.doi.org/10.20517/2394-5079.2018.77

Received: 12 Jun 2018    First Decision: 23 Jul 2018    Revised: 15 Dec 2018    Accepted: 25 Dec 2018    Published: 27 Jan 2019

Science Editor: Guang-Wen Cao    Copy Editor: Cui Yu    Production Editor: Huan-Liang Wu

Abstract
Patients with hepatocellular carcinoma (HCC) often present with underlying liver disease and significant 
comorbidities, limiting treatment tolerance. With the development of improved toxicity models and highly 
conformal radiation delivery systems, external beam radiotherapy has become a valuable treatment option for liver 
cancer. Using cutting edge technology, stereotactic ablative radiotherapy (SABR) allows for the delivery of ablative 
doses in few fractions while sparing uninvolved liver tissue. This approach permits dose escalation and precise 
tumor targeting with minimal risk of radiation induced liver disease. This review clarifies SABR’s role alongside 
liver-directed treatments such as radiofrequency ablation, transarterial radioembolization, and transarterial 
chemoembolization in the management of HCC. It also examines the promising potential of SABR combined with 
immunotherapy to treat advanced HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most prevalent cancer worldwide and the second leading cancer-
related cause of mortality[1]. Incidence in the United States (US) has risen dramatically over the past two 
decades and is now estimated at 25,000 new cases each year[2]. In US, patients diagnosed with HCC have a 
poor prognosis, with mortality nearly doubling in recent decades and a 5-year survival rate less than 30%[3].  

http://crossmark.crossref.org/dialog/?doi=10.20517/2394-5079.2018.77&domain=pdf


Patients with HCC often present with a large tumor burden on a background of cirrhosis and hepatic 
decompensation, complicating treatment tolerance[4,5]. Prognosis of HCC depends on stage at presentation as 
well as overall liver function[6].   

Surgical resection is considered the first-line treatment for non-cirrhotic patients. Preoperative criteria such 
as Child-Pugh (CP) classification have been developed for risk stratification to minimize postoperative 
hepatic decompensation and prevent futile interventions[7]. Contraindications to resection include major 
vascular invasion, portal hypertension, large multifocal lesions, extrahepatic disease, CP class B/C (CP-B/C) 
or inadequate liver remnant. Predicted liver remnant must be in the range of 40% of preoperative total liver 
volume or 700 cm3 for a patient to be considered eligible for resection[7].  

More than 70% of HCC patients have portal hypertension and cirrhosis at diagnosis, making them ineligible 
for liver resection[8]. Orthotopic liver transplant (OLT) is an alternative for patients who meet the Milan 
criteria (a single tumor < 5 cm or up to three tumors < 3 cm without vascular invasion or extrahepatic 
manifestation)[9]. 

Patients who are not candidates for tumor resection or OLT may be candidates for liver-directed therapy. 
Liver-directed therapies can be grouped into the following broad categories: intra-arterial treatments 
(radioembolization, chemoembolization, bland embolization), percutaneous approaches [radiofrequency 
ablation (RFA), microwave ablation, focused ultrasound, ethanol ablation, electroporation] and external 
beam radiation therapy (EBRT). EBRT can use three-dimensional (3-D) conformal techniques for palliation 
or more advanced strategies such as stereotactic ablative radiotherapy (SABR) or particle beam therapy for 
definitive treatment[10].

Historically, EBRT (delivered mostly by 3-D conformal technique) had been considered ineffective in the 
treatment of HCC since the dose required to cure HCC far exceeded liver tissue tolerance to radiation 
therapy. Advances in EBRT techniques with SABR and particle beam therapy in the past two decades have 
allowed clinicians to deliver much higher doses with significant sparing of uninvolved liver, increasing local 
control while minimizing the risk of radiation induced liver disease (RILD). The major advantages of EBRT 
are non-invasiveness and the ability to treat the majority of patients with localized liver disease who are 
not candidates for surgery/transplant, arterial-directed therapy or ablative therapy. Multiple centers around 
the world have reported long-term outcomes with excellent local control, survival and acceptable toxicity 
profiles. Table 1 summarizes prospective trials showing that SABR is an excellent option for HCC tumor 
control with limited toxicity. Recent National Comprehensive Cancer Network (NCCN) guidelines list EBRT 
as a locoregional treatment option for patients who are not candidates for surgery/transplant or who are 
waiting for transplantation (bridge to transplant)[10]. 

WHAT IS SABR? 
SABR, also called stereotactic body radiation therapy, is an advanced form of EBRT that combines tumor/
organ motion management and multiple beams of high energy photons to deliver very high doses of 
radiation precisely to a small target volume over a short treatment course. In US, SABR is delivered in one to 
five fractions but can be more fractionated in other countries. 

SABR effectively treats primary and secondary malignancies in the liver, lung, bone, spine, and pancreas. 
When applied to malignant and benign disease of the central nervous system it is also referred to as 
stereotactic radiosurgery.  

Radiation treatment for liver cancer can be challenging because (1) tumors tend to be large and complex, 
requiring high doses for control; (2) underlying liver is usually compromised from liver disease and 
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vulnerable to decompensation from radiation toxicity; (3) nearby organs such as small bowel, heart, stomach 
and gallbladder cannot tolerate high-dose radiation; and (4) inter-fraction (day-to-day) variation of tumor 
size and intra-fraction (during treatment) tumor and organ movement with respiration can be significant. 
SABR uses a variety of strategies to overcome these challenges during the simulation, planning and radiation 
delivery phases of treatment.

During simulation, the reference conditions for future treatment are determined. The patient is positioned 
supine on a computed tomography (CT) tabletop similar to the treatment couch surface used in radiation 
delivery. Immobilization aides, such as an alpha cradle or vacuum lock, help to ensure the most precise 
positional reproducibility consistent with patient comfort. Motion management starts with acquisition 
of high resolution 3-D and 4-D CT scans during simulation to quantify tumor and organ intra-fraction 
movement. 

Intrahepatic fiducial markers are sometimes used to assist in localization of tumors poorly visualized on 
diagnostic CT scans. These small metallic radiopaque markers are inserted in the vicinity of tumor, placed 
percutaneously under local anesthesia at least three days prior to the simulation[11].  

In selected centers, where latest generation approaches allow for magnetic resonance imaging-guided (MRI-g) 
SABR, a planning MRI scan is performed in addition to the planning CT [Figure 1][12]. When MRI-g is 
available, patients forego fiducial placement. While MRI-g SABR represents a promising advance, most 
patients treated for HCC with radiation receive photon therapy using CT-based techniques. 

The simulation scan is transferred to a computer planning system and fused with available diagnostic 
imaging such as positron emission tomography, CT or MRI. The radiation oncologist then delineates 
tumor, uninvolved liver parenchyma and adjacent normal organs in the computer planning system. Due 
to the liver’s proximity to the diaphragm, this process must account for liver and organ motion across the 
breathing cycle[13]. One option is to add a security margin around the tumor equal to its cephalo-caudal 
motion measured on the 4-D CT simulation scan. The downside of this approach is that a larger volume of 
surrounding normal tissue will receive radiation during treatment delivery. Motion management strategies 
such as abdominal compression, breath-hold technique and respiratory gating enable sparing of liver 
parenchyma, an important end-point among HCC patients with cirrhosis[14,15]. Abdominal compression 
restricts physiologic organ motion, while breath-hold and respiratory gating permit radiation treatment in 
only a single phase of the breathing cycle. 

Prior to each treatment delivery, an X-ray or CT scan is performed to align patients to the simulated 
treatment position. Fiducials, which can be seen on these images, assist in target localization. This process 
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Table 1. Stereotactic ablative radiotherapy disease control and toxicity

Author, year  Patients/tumors
CP score 

Tumor 
size 
(cm)

Study design Dose/fractions Local control %
(1-year/

2-year/3-year)

Overall survival % 
(1-year/2-year/3-

year)

Toxicity % 
≥ grade 3

Scorsetti et al .[43], 2015 43/63
23 CP-A, 20 CP-B

4.8 Observational 36-75 Gy/3-6 94/86/- 78/45/- 16

Lasley et al .[52], 2015 59/65
38 CP-A, 21 CP-B

4 Phase I/II 36-48 Gy/3-5 CP-A: 91/91/91
CP-B: 82/82/82

CP-A: 94/72/61
CP-B: 57/33/26

CP-A: 11
CP-B: 38

Bujold et al .[41], 2013 102/164
102 CP-A

7.2 Phase I/II trial 36 Gy (30-54)/6 87/-/- 55/34/- 36

Kang et al .[42], 2012 47/56
41 CP-A, 6 CP-B

2.9 Phase II
(TACE + SABR)

42-60 Gy/3 -/95/- -/69/- 11

Cárdenes et al .[68], 2010 17/25
6 CP-A, 11 CP-B

4 Phase I trial 40-48 Gy/3-5 100/100/- 75/60/- 18

SABR: stereotactic ablative radiotherapy; TACE: trans arterial chemoembolization; CP: Child-Pugh



of alignment is called image-guided radiation therapy (IGRT). Once alignment is complete with millimeter 
accuracy, the radiation is delivered. Currently most IGRT is performed using X-ray images or CT scans with 
or without fiducial markers. Together, custom immobilization, respiratory management and IGRT help to 
minimize the tumor’s security margin[16-18]. 
 
The latest generation of IGRT allows for the use of MRI, which offers continuous and high-resolution 3-D 
images of tumor and normal organs during treatment. IGRT with MRI, currently available at a handful of 
centers, offers much higher accuracy compared with traditional IGRT approaches. Treatment units equipped 
with on-board MRI permit real-time tracking of the tumor (on-board monitoring with four MRI images per 
second). Target visualization can be further improved using gadoxetate contrast[19]. Safety mechanisms turn 
the beam off when the target transgresses the tracking volume, making it very safe to deliver high doses to 
tumor with tight margins, sparing adjacent organs-at-risk [Video 1]. 

Proton beam therapy offers theoretical advantages over photon therapy due to sharp dose fall-off at a 
specific depth (Bragg peak). Due to this beam characteristic, proton SABR could lead to improved normal 
liver sparing compared to conventional photon treatments. This comparative reduction in mean liver dose 
gives proton SABR the potential to escalate dose or increase target size[20,21]. Dosimetric studies suggest 
that proton SABR is more effective than photon SABR for dome and central tumors ≥ 3 cm, and for tumors > 5 cm 

Figure 1. Stereotactic ablative radiotherapy (SABR) dose distribution and post-treatment tumor response. Top left shows an example 
of SABR tumor and dose distribution. The image is an axial view of the planning target volume (red) with planned dose distribution 
extending from the interior (orange isodose line, 105% of prescribed dose) to the periphery (purple isodose line, 30% of prescribed dose) 
of the tumor. The bottom left image shows the same tumor on positron emission tomography (PET) computed tomography (CT) prior 
to SABR, with high avidity within the tumor volume. The bottom middle shows the same tumor on PET 6 months after treatment, with 
resolution of PET avidity. The bottom right shows the same tumor on CT 12 months after treatment, with tissue necrosis in the previously 
treated volume
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when photon therapy cannot meet dose constraint objectives[22]. Such advantages have yet to be validated 
clinically. A national cancer institute-sponsored phase 3 prospective randomized trial (NRG GI-003) is 
underway, comparing proton vs. photon SABR for unresectable HCC using either 5 or 15 fractions. While 
few radiation oncology centers in the world currently have the ability to treat patients with proton therapy, 
80 proton facilities are in development in US. As the number of proton centers equipped with respiratory 
gating continues to increase, proton SABR will become more widely available. 

The safety of SABR allows the radiation oncologist to prescribe a very high dose per fraction. Prescriptions 
in the range of 50 Gy in five fractions can be delivered safely to the target. A high radiation dose delivered 
in few fractions produces much greater biological effect than the same dose delivered over a protracted 
regimen. For this reason, 50 Gy delivered in 5 fractions has an ablative, tumoricidal effect while 50 Gy in 25 
fractions is associated with low tumor control probability for HCC[23,24]. 

Compared to other liver directed therapies, SABR has the additional advantage of being minimally-invasive. 
It can be delivered to lesions regardless of adjacent vascular structures, vascularity of the tumor, associated 
venous thrombus, or location within the liver. In contrast to more invasive liver-directed therapies, SABR 
can be used to treat patients at high risk of bleeding, a clinical situation frequently encountered in the 
cirrhotic patient population. It can also be used to simultaneously target enlarged portal nodes or portal 
vein tumor thrombus. An example of SABR target and dose distribution, as well as tumor response on post-
treatment imaging, is shown in Figure 1.

SABR CLINICAL INDICATIONS
SABR is often used to treat liver lesions beyond the capabilities of other local, ablative techniques: large 
volume tumors; lesions near the liver capsule, major vessels, or diaphragm; and disease complicated by 
portal vein tumor thrombus (PVTT). 

HCC tends to invade the portal vein causing PVTT, especially in patients with advanced disease at 
presentation. If untreated, overall survival (OS) after PVTT diagnosis is 2.7-4 months[25]. SABR can re-
cannulate the portal vein, facilitating subsequent embolic therapies for which the presence of PVTT is a relative 
contraindication. In this setting, SABR used in combination with embolic therapies increases patient OS[26]. 

Although SABR is a liver directed therapy most frequently used for patients who are not candidates for 
surgery or OLT, it can also be used as a bridge procedure to downstage lesions that do not meet the Milan 
criteria or to prevent disease progression while patients are on a waiting list for OLT.

Published clinical series demonstrate that SABR is a safe and well-tolerated procedure when used as a 
bridge to transplant. In 2011 O’Connor et al.[27] evaluated a clinical series of 10 patients with 11 HCC lesions 
treated with SABR while on the OLT waiting list. Local control over this period was 100% and all patients 
underwent OLT without increased surgical complications. In another phase I study, a 27-patient subgroup 
treated with SABR as a bridge to transplant had a 100% local control rate[28]. 

Alternatives techniques used as bridge procedures to transplant include RFA and transarterial 
chemoembolization (TACE). RFA, a commonly employed percutaneous technique in HCC treatment, 
involves the insertion of a monopolar or bipolar probe into targeted liver tissue, using frictional heat 
generated by alternating current to destroy tumor via coagulative necrosis[29]. With RFA, best outcomes 
occur when the lesion is less than 3 cm in diameter, distant from large hepatic vessels that divert heat from 
the intended target, and with at least a 1 cm margin from adjacent organs such as bowel to avoid injury to 
critical structures[30]. RFA is an invasive procedure often requiring general anesthesia. 
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Intra-arterial embolizations such as TACE are primary treatments for HCC patients with unresectable 
tumors and CP-A or B hepatic function who do not meet transplant criteria and cannot receive local 
ablation. In bland transarterial embolization, micron-sized particles are delivered into the tumor vasculature 
to decrease blood supply to the tumor and induce necrosis through hypoxia; in TACE, a chemotherapy 
agent infused into the region of interest remains sequestered due to subsequent microparticle embolization, 
potentiating cytotoxic effects[31]. Absolute contraindications to TACE include tumor involving more than 
half the liver, renal insufficiency, extrahepatic disease, reduced portal flow, or poor prognosis indicated by 
hepatic encephalopathy and jaundice[32].  

In 2017 Sapisochin et al.[33] first compared SABR (n = 36) with TACE (n = 99) and RFA (n = 244) as bridges 
to OLT in patient with HCC. The study found that SABR, while treating a greater tumor burden than RFA, 
demonstrated similar post-transplant survival and recurrence rates as the other techniques[33].  

In cases of borderline ineligibility for transplant, SABR is a logical option for downstaging HCC, as it is 
less invasive than surgery, RFA or TACE and provides comparable survival outcomes[33-35]. A recent study 
comparing SABR to resection in patients with CP-A disease and lesions ≤ 5 cm in greatest dimension 
reported comparable OS with fewer complications in the SABR group[34]. A 2015 University of California 
San Francisco study recommended an individualized approach to the choice of locoregional therapy for 
downstaging, determined case-by-case at a multidisciplinary tumor board[36]. The multidisciplinary model 
has been shown to improve HCC patient outcomes[37]. 

SABR FOR PATIENTS WHO ARE NOT SURGICAL CANDIDATES 
Treatment algorithms corresponding to clinical stages of HCC continue to evolve. There is increasing 
recognition that spatial cooperation with combination therapies can improve patient survival[38]. Among 
all treatments for HCC, only palliative systemic agents sorafenib and regorafenib are supported by category 
1 evidence. Surgical, ablative, intra-arterial and external beam approaches rely on consensus support from 
oncologists based on category 2 evidence[10]. 

The 2017 US NCCN guidelines emphasize the ability of SABR to treat HCC at any location in the 
liver[10]. NCCN considers SABR an appropriate alternative to ablation/embolization techniques. This 
recommendation is supported by a bulk of published data including the retrospective studies comparing 
SABR with RFA and TACE. A 2016 retrospective study by Wahl et al.[39] compared SABR (63 patients treated 
with 27-60 Gy in 3-5 fractions) to RFA (161 patients), showing these two modalities to be equally effective 
for the treatment of inoperable HCC < 2 cm, with SABR providing better local control than RFA for lesions 
≥ 2 cm. Another retrospective series that compared TACE and SABR reported that 2-year local control was 
significantly better for SABR, 91.3%-22.9% with no significant difference in OS[40]. 

While SABR is most often used to treat tumors ≤ 5 cm and 1-3 liver lesions, it can ablate more extensive 
disease provided radiation constraints and liver remnant limits are met. In Princess Margaret Hospital 
(PMH) phase I and II trials, Bujold et al.[41] reported the ability of SABR to accommodate an increased tumor 
burden. While the PMH multivariate analysis revealed that gross tumor volume was unrelated to treatment 
outcome[41], other studies report significantly better local control when using SABR on tumors < 5 cm[42,43]. 

SABR also can serve as second-line therapy when alternatives are contraindicated or have already failed. 
In the PMH trial, SABR was used to treat 102 patients with advanced HCC, ineligible for surgery, TACE 
or RFA. Median tumor diameter was 7.2 cm, more than half the cohort had PVTT and 12% had distant 
metastases. Despite this heavy disease burden, patients receiving a median dose of 36 Gy (range 30-54 Gy) in 
6 fractions had a 17-month median OS and one year local control rate of 87%, superior to historical controls 
for sorafenib (6.5-10.7 months OS) and supportive care (4.2-7.9 months OS)[41]. 
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Andolino et al.[28] reported results of a phase I dose escalation study in which 36 patients with CP-A disease 
received 48 Gy in 3 fractions while 24 patients with CP-B disease received 40 Gy in 5 fractions. Two-year 
local control was 90%, 2-year OS was 67%, and median time to progression was 47.8 months[28].

SABR VS.  TRANSARTERIAL RADIOEMBOLIZATION
While SABR is a minimally invasive, external beam radiation platform with precise dosimetry able to 
reliably target subsegmental lesions, transarterial radioembolization (TARE), also known as selective internal 
radiation therapy is often used to treat large multifocal disease impossible to address with SABR techniques. 
TARE can deliver very high local doses of radiation to HCC involving entire segments of the liver with a 
single invasive procedure. Published data support the use of both modalities, and no direct comparison has 
been attempted through clinical trials. The decision to use TARE or SABR is institution specific, based on 
disease distribution, co-morbidities and multidisciplinary tumor board consensus. 

TARE is an ablative radiation technique that involves injection of radiolabeled yttrium-90 (Y-90) 
microspheres into the hepatic artery by guided catheterization. Isotope-containing microspheres lodge in 
arterioles feeding liver tumors, embolize the small vasculature and deliver very high, tumoricidal doses 
(estimated to be 85-120 Gy and even higher in cases of TARE segmentectomy 300-400 Gy)[44]. TARE 
selectively targets disease by exploiting the liver’s dual blood supply: tumors greater than 3 cm in size are 
fed primarily by the hepatic artery while the liver parenchyma’s main source of blood supply is through the 
portal vein. 

Y-90, a beta-emitting isotope with a half-life of 2.67 days, is packaged in glass (Theraspheres, BTG Canada) 
or resin (SIR-Spheres, Sirtex Australia) particles. Spheres with diameters between 20 and 60 microns occlude 
arteries feeding the tumor proximal to arteriovenous anastomoses, sparing central venules from toxic doses. 
Central vein obliteration is characteristic of RILD, so precapillary entrapment combined with short-range 
activity accounts for low rates of radioembolization induced liver disease (REILD) in TARE studies[45]. 

For HCC patients with CP-A liver function treated with TARE, multiple studies report OS greater than 
15 months[46-48]. Many patients in these studies had significant tumor burdens, with multifocal disease, PVTT 
and median tumor diameters greater than 5 cm. Table 2 summarizes prospective trials showing TARE as an 
excellent option for tumor control in high-volume and multifocal HCC.

In the treatment of unresectable primary liver cancer, TARE’s clinical applications range from palliation to 
transplant bridging[10]. TARE can treat HCC in the setting of PVTT, whereas reduced main portal vein flow 
is a contraindication to TACE[47,49].  

Mild TARE-related syndromes are commonly reported after treatment of HCC, such as fatigue, abdominal 
pain, nausea, vomiting, and low-grade fever. Adverse events grade 3 or greater include 10% biliary 
toxicity 2%-13% REILD and 5.8%-23% bilirubin elevation[50,51]. While randomized studies show that Y-90 
radioembolization significantly prolongs time to HCC progression compared with TACE, grade 3 or higher 
toxicity rates are comparable between TARE and TACE[46-49]. 

Dosimetric software, providing accurate assessment of the dose delivered to tumor and adjacent normal 
liver tissue during TARE procedures, has recently been FDA approved (Hermes Medical Solution). Better 
assessment of dose delivered to tumor tissue and uninvolved liver may permit strategies combining both 
SABR and TARE in selected situations or may allow for better comparisons and selection between the two 
techniques for individual patients. 
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SABR, SYSTEMIC TREATMENT AND IMMUNOTHERAPY 
HCC tumors are somewhat resistant to cytotoxic and targeted therapies due to compromised metabolism 
caused by underlying liver disease[52]. For patients with advanced HCC, sorafenib is the first line agent, 
with a partial response rate of 2% and a rate of stable disease driving prolonged survival in the multicenter 
European SHARP trial[53]. For previously untreated patients receiving sorafenib, clinical trials have shown 
a median OS of 10.7 months vs. 7.9 months with placebo. The REFLECT study comparing lenvatinib to 
sorafenib demonstrated lenvatinib to be non-inferior as a first line agent in the treatment of HCC, with an 
overall response rate of 24.1% for lenvatinib vs. 9.1 % for sorafenib[54]. Lenvatinib was approved by the FDA 
for frontline HCC in August 2018. Oncologists managing HCC continue to look for alternative treatments 
and there is growing interest in immune based therapies. 

The host immune system’s inability to reject tumor during cancer development may represent failure at any 
step in the immune regulatory process. As a result, any host immune system regulatory element is a potential 
target for systemic treatment. Checkpoint antibodies such as pembrolizumab, ipilimumab and nivolumab 
have demonstrated clinical activity against melanoma, non-small cell lung cancer, Hodgkin’s lymphoma, 
and renal cell carcinoma[55]. Checkpoint antibodies also demonstrate antitumor effects in the treatment 
of advanced HCC[56,57]. In November 2018, the FDA granted accelerated approval to pembrolizumab for 
patients with HCC previously treated with sorafenib, based on results of the KEYNOTE-224 trial[58]. In that 
single arm multicenter trial, 104 CP-A patients who had already received or were intolerant to sorafenib 
were treated with pembrolizumb and had an overall response rate of 17%[59]. While duration of response 
may be prolonged, the response rates with checkpoint antibodies are generally 20% or less, contributing 
to growing interest in strategies that combine local treatments to amplify tumor immunogenicity. Cancer 
cell apoptosis induced by the delivery of high dose per fraction radiation releases tumor fragments into the 
tumor microenvironment and can stimulate the host immune response. Over 25 ongoing clinical trials are 
evaluating the combined use of SABR and systemic immunotherapy agents for different disease sites[55].

Conventional EBRT is known to be immunosuppressive. Large treatments fields can damage adjacent bone 
marrow stem cells and kill circulating blood cells. SABR is directed to a much smaller field, minimizing 
normal cell exposure while inducing proinflammatory tumor cell death. Cell death by apoptosis exposes 
tumor antigen and stimulates innate and adaptive immune responses[60]. Studies show increased myeloid and 
lymphocytic infiltration of tumor following dose-escalated radiation[61]. The hypothesis that ablated tissue 

Table 2. Transarterial radioembolization disease control and toxicity

Author, year 
Patients/

treatments
CP score

Tumor size 
(cm) Study design Solitary/

multifocal

Time to 
progression, in 

months

Median overall 
survival, in 

months

Toxicity % ≥ 
grade 3

Salem et al .[47], 
2016

24/-
CP-A 10, CP-B 13, 
CP-C 1

3.0 Randomized 
phase II

13/11 > 26 18.6 Clinical: 17
(Ascites: 
13, bacterial 
peritonitis: 6)

El Fouly et al .[69], 
2015

44
CP-B 44

6.4 Two-center 44 13.3 16.4 Clinical: 45
(Fatigue 40, 
abdominal pain 5, 
ascites 2)

Salem et al .[70], 
2010

291/526
CP-A 131, CP-B 
152, CP-C 8

7 Single-center 78/213 CP-A 10.8 
CP-B 8.4

CP-A 17.2
CP-B 7.7

Biochemical:
bilirubin (19) 
albumin (18)
ALT (14), AST (19), 
ALK (4)

Hilgard et al .[46], 
2010

108/159
CP-A 84, CP-B 24

- Single-center 2/106 10.0 CP-A 17.2
CP-B 6.0

Biochemical:
bilirubin (23)
lymphopenia (71)
platelets (4)

CP: Child-Pugh; AST: aspartate transaminase; ALT: alanine transaminase; ALK: alkaline phosphatase
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can act as an in-situ vaccine through tumor necrosis factor-α (TNF-α) and T-cell stimulation matured from 
case reports describing an abscopal effect, where tumor regression was observed outside of the treatment 
field following local irradiation[62]. The clinical significance of the abscopal effect remains hypothetical with 
limited supportive clinical data to date.

In HCC, preclinical models report positive results for combined radiation and checkpoint blockade. 
Radiation upregulates programmed death ligand 1 (PD-L1) expression, and tumors treated with combination 
radiation plus anti-PD-L1 inhibitors had significantly greater results than radiation or immunotherapy 
alone[63]. 

Gustafson et al.[64] in 2017 reviewed peripheral blood immunophenotypes in a series of patients with liver 
cancer before and after the administration of SABR. A 50% drop in peripheral CD3+ T-cells was observed, 
suggesting that T-cells were trafficking to tumor and lymph nodes both at the target site and possibly to 
disease outside of the treatment field[64]. 

A recent clinical study by Kim et al.[63] shows that PD-L1 expression is elevated following SABR treatment 
of HCC, similar to effects identified in murine models. This phenomenon points to potential therapeutic 
benefit from combination treatment with a PD-L1 checkpoint inhibitor such as atezolizumab[63]. Phase I/II 
clinical trials are underway evaluating SABR plus ipulimumab, a cytotoxic T-lymphocyte associated protein 
4 (CTLA-4) inhibitor [Figure 2][55].  

In summary, the combination of immunotherapy with SABR to treat advanced HCC is a novel strategy with 
promising potential.

SABR TOXICITY
Historically, the risk of hepatic decompensation due to RILD has discouraged the use of radiotherapy to treat 
liver cancer. RILD triggers a fibrotic process leading to the obliteration of central venules and widespread 

Figure 2. Hypofractionated radiation therapy increases tumor cell programmed death ligand 1 receptor expression
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venous congestion. Signs and symptoms can present in classical or non-classical patterns, developing 
between 2 weeks to 8 months after treatment. Outcomes vary from full recovery with supportive care to rare 
cases of liver failure and death. 

Improvements in normal tissue complications probabilities (NTCP) modeling and awareness of the liver’s 
parallel physiology provide the rationale for partial-liver irradiation to minimize the risk of RILD. A phase 
I trial of SABR in the treatment of liver metastases used partial hepatectomy outcome data to set volume 
parameters for normal tissue sparing[65]. The trial reported no cases of RILD when 700 cm3 of uninvolved 
liver tissue were protected from doses exceeding 15 Gy in 3 fractions. Since then, NTCP modeling has 
established mean liver dose constraints reducing the risk of RILD to less than 5% in selected patients with 
CP-A hepatic function[66].  

In CP-A patients, prospective studies show a range of grade 3 or higher toxicities in 11%-30% of patients, 
almost all gastro-intestinal related [Table 1]. The highest number is from the PMH trial, in which patients 
had a greater than typical disease burden (average tumor size > 7 cm, 55% with PVTT, 12% with metastatic 
disease, all patients deemed untreatable by RFA, TACE or surgery)[41]. Patients most commonly complain 
of increased fatigue and poor appetite, usually resolving by 3 weeks after completion of their radiation 
course. Non-RILD toxicities, such as gradual liver decompensation, moderately elevated liver enzymes or 
virus reactivation can also occur. For patients with advanced cirrhosis, tissue-sparing volumetrics and dose 
constraints may require reduction of the total dose prescribed. 

It is difficult to distinguish RILD from progressive liver disease, which can be multi-focal and out of the 
radiotherapy treatment field. For CP-B patients it may be reasonable to offer SABR when patients have no 
other option, though it must be done with caution. Non-critical use in inexperienced hands may result in 
toxicity. In 2015, a phase I/II trial reported 38% grade 3 or higher toxicities for CP-B HCC patients treated 
with SABR[52]. Ablative dose escalation should be applied carefully among CP-B patients as RILD rates 
increase in this population and limited safety data exists. SABR is not recommended for patients with 
CP-C disease. Proper commissioning of all equipment involved in SABR treatment, comprehensive quality 
assurance programs and specialized training for all staff involved in planning and delivery are essential 
safeguards[67]. 

CONCLUSION 
SABR is a minimally-invasive treatment option for patients with non-metastatic HCC who are not candidate 
for resection or liver transplant. Published series show that this treatment approach is associated with 
excellent tumor control and can be done safely when NTCP guidelines are applied. 

In addition, SABR may have some immunomodulation effects. Many ongoing clinical trials are looking 
at innovative ways to combine hypofractionated radiation therapy with immunotherapy to potentiate the 
systemic treatment response.
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