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Introduction
Hepatocellular carcinoma (HCC) is the fifth most 
common cancer worldwide and the second lead-
ing cause of cancer-associated mortality with an 
average life expectancy of 6–9 months.1,2 By 2030, 
these numbers are expected to rise, primarily due 
to increased rates of hepatitis C virus (HCV)-
related cirrhosis.3 In the United States (US), 
there were 42,220 new cases and 30,200 deaths 
related to liver cancer in 2018.4 In addition, non-
alcoholic fatty liver disease (NAFLD) has been 
shown to be a major risk factor associated with an 
increased risk of HCC.5 In fact, NAFLD and 
other metabolic disorders contribute more to the 
risk of HCC than any other risk factor in the US, 
likely in the setting of chronic inflammation, a 
known catalyst for the development of HCC.6

In early-stage disease, treatment has traditionally 
comprised of surgery (partial resection or trans-
plantation) or locoregional therapies such as  
ablation or chemoembolization.6 Patients with 
early-stage disease have a good prognosis with a 
5-year survival rate of greater than 70%, however, 
the majority of patients are diagnosed with 

late-stage disease with an overall survival rate of 
less than 18%.4

In the last few years, immune-based approaches 
have shown great promise in the treatment of 
solid tumor malignancies.7 Both anti-cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) 
and anti-programmed cell death protein 1 (PD-
1)/programmed death-ligand 1 (PD-L1) therapy 
enhances antitumor immunity by blocking tumor-
induced immune suppression of cytotoxic T-cells. 
This leads to an exaggerated immune activation 
and is thought to be the result of tumor neoanti-
gens that are produced. Studies to evaluate tar-
geting CTLA-4 or the PD-1/PD-L1 axis in 
melanoma, lung, bladder and kidney cancers are 
associated with survival benefit and long-term 
disease control.8–10 In HCC, the recent second-
line approval of the anti-PD-1 drug, nivolumab, 
shows the potential role of immunotherapy in this 
difficult-to-treat disease.11 In this review, we sum-
marize the current standard of care treatment for 
HCC. We then examine the role of immune-
based approaches and discuss currently available 
and ongoing clinical trials.

Current frontline approaches in the 
management of hepatocellular carcinoma: 
the evolving role of immunotherapy
Gagandeep Brar, Tim F. Greten and Zachary J. Brown

Abstract: Hepatocellular carcinoma (HCC) is a major cause of cancer-associated mortality 
worldwide and is expected to rise. Patients with early-stage disease may have a good 
prognosis with a 5-year survival rate of greater than 70%. However, the majority of patients 
are diagnosed with late-stage disease with a dismal overall survival rate of less than 16%. 
Therefore, there is a great need for advances in the treatment of advanced HCC, which for 
approximately the past decade, has been sorafenib. Immunotherapy is an evolving cancer 
treatment and has shown promise in treating patients with advanced HCC. In this review, we 
discuss the current standard of care for advanced HCC and then discuss the evolving role of 
immunotherapies.

Keywords: hepatocellular carcinoma, immune checkpoint inhibitor, immunotherapy

Received: 28 June 2018; revised manuscript accepted: 24 September 2018.

Correspondence to: 
Tim F. Greten 
Thoracic and GI 
Malignancies Branch, 
Center for Cancer 
Research, National 
Institutes of Health, 
Building 10, Room 3B43, 
Bethesda, MD 20892, USA 
tim.greten@nih.gov

Gagandeep Brar 
Zachary J. Brown 
Thoracic and GI 
Malignancies Branch, 
Center for Cancer 
Research, National 
Cancer Institute, National 
Institutes of Health, 
Bethesda, MD, USA

808086 TAG0010.1177/1756284818808086Therapeutic Advances in GastroenterologyG Brar, TF Greten
review-article20182018

Review

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tag
mailto:tim.greten@nih.gov


Therapeutic Advances in Gastroenterology 11

2 journals.sagepub.com/home/tag

In advanced disease, systemic therapy with 
sorafenib is the standard first-line treatment. 
Sorafenib is a potent oral multikinase inhibitor 
that prevents tumor cell growth and angiogenesis. 
It is approved for inoperable or metastatic HCC 
based on two randomized phase III clinical trials. 
In the SHARP trial, sorafenib improved median 
overall survival (OS) by 3 months compared with 
best supportive care (BSC); 10.7 months in the 
sorafenib arm and 7.9 months in the BSC arm 
[hazard ratio (HR) 0.69; 95% confidence interval 
(CI) 0.55–0.87, p < 0.001].12 In a similarly 
designed study by Cheng and colleagues, Asian 
patients were enrolled to receive sorafenib versus 
placebo. Median OS improved by approximately 
2 months, 6.5 months in the sorafenib arm versus 
4.2 months with placebo, (HR 0.68, 95% CI 
0.50–0.93, p = 0.014).13

Recently, lenvatinib was shown to be noninferior to 
sorafenib as a first-line treatment for unresectable 
or advanced HCC in the REFLECT trial.14 
Lenvatinib is an oral multikinase inhibitor that tar-
gets vascular endothelial growth factor receptor 
(VEGFR) 1–3, fibroblast growth factor receptor 
(FGFR) 1–4, platelet-derived growth factor recep-
tor (PDGFR)-α, RET, and KIT. Compared with 
sorafenib, the median OS for lenvatinib was 
13.6 months (HR 0.92; 95% CI 0.79–1.06) which 
met the criteria for noninferiority. It had a slightly 
different side-effect profile, causing more hyperten-
sion and proteinuria. Lenvatinib is currently under-
going US Food and Drug Administration (FDA) 
review for approval. Cabozantinib, which inhibits 
MET, VEGFR and AXL, has also shown some 
activity based on the recent phase III CELESTIAL 
trial when compared with placebo.15

For patients who progress following first-line 
treatment, regorafenib and recently nivolumab, 
are approved as second-line agents. Regorafenib is 
a multikinase inhibitor targeting tumor growth 
and angiogenesis. In a study comparing regorafenib 
with placebo in patients with advanced HCC who 
progressed through sorafenib, regorafenib impro-
ved OS by approximately 4 months (HR 0.63, 
95% CI 0.50–0.79, p < 0.001), and progression-
free survival (PFS) (HR 0.46, 95% CI 0.37–0.56, 
p < 0.001).16 Nivolumab was approved based on 
the CHECKMATE-040 study and is discussed in 
further detail below.11

Ramucirumab, a VEGFR 2 inhibitor, was not 
associated with a survival benefit compared with 

placebo as a second-line treatment option based 
on the REACH trial (HR 0.80; 95% CI 0.63–
1.02; p = 0.06).17 In a subset analysis, patients 
with alpha-fetoprotein (AFP) > 400  
ng/ml did reach a survival benefit with a Child–
Pugh score (CPS) of 5 (HR 0.61; 95% CI 0.43–
0.87; p = 0.01) and a CPS of 6 (HR 0.64; 95% 
CI 0.42–0.98; p = 0.04). Based on these findings, 
REACH-2 was conducted with the goal of evalu-
ating ramucirumab specifically in patients with 
AFP > 400 ng/ml (AFP-high). The median OS 
was recently reported to be 8.5 months (HR 0.71; 
95% CI 0.53–0.95; p = 0.02) reaching statistical 
significance compared with placebo. The PFS 
also improved to 2.8 months with ramucirumab 
compared with 1.6 months with placebo (HR 
0.45; 95% CI 0.34–0.60; p < 0.001).18 Although 
ramucirumab is not currently US FDA-approved 
for HCC, it demonstrates promise for biomarker-
based therapy. Cabozantinib, which inhibits 
MET, VEGFR and AXL, has also shown some 
activity based on the recent phase III CELESTIAL 
trial when compared with placebo.15 Cabozantinib 
resulted in an OS benefit of 10.2 months (HR 
0.76; 95% CI 0.63–0.92; p = 0.0049). Final 
reported data are pending but based on the sur-
vival benefit, cabozantinib is undergoing US FDA 
review for approval. Additionally, the c-MET 
inhibitor, tepotinib, has shown some promising 
results in early-phase clinical trials.19

Despite the few successes of treating HCC as 
shown above, the majority of clinical trials have 
failed to prove a survival advantage. The approval 
of the immune checkpoint inhibitor, nivolumab, 
however, represents an alternative and promising 
treatment strategy in immunotherapy.

Immune landscape of HCC
The liver plays an important role in filtering envi-
ronmental and bacterial agents from the gastro-
intestinal tract. As a result, the liver is under 
constant antigen exposure from portal–venous 
blood flow. In order to prevent widespread 
immune activation from these antigens, the liver 
has developed intrinsic tolerogenic mechanisms 
within the innate and adaptive immune system.20 
This intrinsic tolerance often goes unrecognized 
and no harm is rendered from ignoring the large 
majority of antigens. However, this unbiased tol-
erance is potentially detrimental, since it fails to 
recognize and act upon tumor-associated anti-
gens (TAAs) and other stimulants leading to 
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HCC growth and progression.21 Additionally, as 
most cases of HCC occur in the setting of chronic 
liver disease, chronic inflammation promotes 
immune suppression through the continuous 
production of cytokines and recruitment of 
immunosuppressive cells to the liver.21

In addition to the immune-tolerant nature of the 
liver, the tumor cells take advantage of the intrin-
sic suppressive abilities of the immune system to 
avoid detection. Strategies include the upregula-
tion of immune checkpoints such as PD-1/PD-L1 
and CTLA-4 as well as immune inhibitory factors 
like arginase-1 and galasctin-922 (Figure 1). 
PD-L1 overexpression in HCC is associated with 
more aggressive tumors and increased postopera-
tive recurrences.23 Recruitment of certain immune 
cells into the microenvironment further sup-
presses antitumor immunity in HCC. Regulatory 
T-cells (Tregs) inhibit the immune response by 
competing for crucial costimulatory receptors. 
Tregs have been shown to accumulate in patients 
with HCC where an increase in Tregs has been 
linked to a worse outcome.24 Myeloid-derived 

suppressor cells (MDSCs), a heterogeneous 
group of immature and immunosuppressive mye-
loid cells, have also been found to be increased in 
patients with HCC, and elevated counts often 
correlate with tumor progression.25–27

In order for an immune response to be mounted 
against a tumor, CD4+ T-cells must be able to 
recognize its antigen.22 In an attempt to promote 
antigen recognition, incomplete tumor ablation 
has been tried in combination with immunothera-
pies based on the assumption that radiofrequency 
ablation (RFA) or transarterial chemoemboliza-
tion (TACE) promotes immunogenic cell death.28 
This cell death leads to a systemic release of anti-
gens resulting in a global immune response which 
is enhanced by immunotherapy.29 Therefore, 
studies have been performed and more are under-
way combining ablative and immunotherapies.

Immunotherapy in HCC
The tumor microenvironment creates an immu-
nosuppressive milieu, promoting tumor formation 

Figure 1. Current landscape of systemic HCC therapy.
The mainstay of treatment for advanced HCC over the past decade has been the multikinase inhibitor, sorafenib. Within 
the last few years, more of these multikinase inhibitors have been found to have success in treating HCC. Unlike typical 
chemotherapy, immunotherapies rely on activating a person’s own immune system or the transfer of immune cells to elicit 
tumor eradication. The tumor microenvironment may create an immunosuppressive milieu through recruitment of Tregs, 
MDSCs, and upregulation of immune checkpoints. These immunosuppressive factors lead toward carcinogenesis and tumor 
progression. Therapies such as immune checkpoint inhibitors, cancer vaccines, cytokine-based therapies, and adoptive cell 
transfer have attempted to promote antigen recognition and subsequent tumor eradication.
HCC, hepatocellular carcinoma; MDSC, myeloid-derived suppressor cell; Treg, regulatory T-cell.
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as well as limiting the capacity of the host to 
mount a proper immune response. Investigations 
are underway to create immune-based therapies 
to promote tumor recognition and ultimately 
tumor eradication. In the following we review 
various strategies and treatments tested in HCC.

Cytokines
The first immunotherapy studied in patients with 
HCC was interferon (IFN). The use of IFN 
appeared as a logical first choice for treatment of 
HCC and it may show both antiviral and antitu-
mor functions.22 However, the use of IFN has 
been met with limited success. For patients with 
advanced disease, the tumor response rates to 
IFN-α therapy was poor with no OS benefit and 
a partial response rate of 6% (2 of 30 patients). In 
addition, IFN was not well tolerated resulting in 
nearly half of the patients discontinuing treat-
ment due to intolerance or adverse events.30 The 
use of intratumoral delivery of interleukin (IL)-12 
has also been tested, where, in two phase I trials, 
patients with advanced gastrointestinal (GI) 
tumors displayed feasibility and safety but did not 
show promising HCC tumor response rates, 
although the studies were underpowered.31,32

Transforming growth factor (TGF)-β activity has 
an important role in maintaining a favorable micro-
environment for tumor cell growth in HCC. Studies 
have shown that TGF-β is involved in the accumu-
lation of the extracellular matrix in the tumor 
microenvironment, which is associated with pro-
longed inflammation, remodeling, and eventual 
destruction of the liver architecture.33 In addition, 
TGF-β is also involved in the regulation of several 
signaling pathways including Wnt, MAPK, PI3K, 
and NOTCH.34,35 A study by Faivre and collea-
gues evaluated the TGF-β1 receptor inhibitor, 
Galunisertib (LY2157299), in a phase II study in 
patients with advanced HCC who had progressed 
on sorafenib.36 The median OS was 36 weeks. 
Interestingly, patients with elevated AFP > 200 ng/
ml who experienced >20% reduction in AFP at 
any time during treatment had an improved median 
OS 93.1 weeks. Several clinical trials are ongoing in 
HCC with Galunisertib (i.e. ClinicalTrials.gov 
identifiers: NCT01246986, NCT02423343).

Immune checkpoint inhibitors
After the success of treating patients with mela-
noma and non-small cell lung cancer with immune 

checkpoint inhibitors, these agents sparked interest 
in treating patients with advanced HCC. From 
2013 to 2018, the results of four clinical trials utiliz-
ing immune checkpoint inhibitors in patients with 
advanced HCC have been reported (Table 1). 
Sangro and colleagues reported the first clinical 
trial of immune checkpoint inhibitors in patients 
with advanced HCC.37 In this phase II multicenter 
trial, patients with advanced HCC and chronic 
hepatitis C viral infection were treated with what is 
now considered to be a suboptimal dose of tremeli-
mumab, anti-CTLA-4, and evaluated for safety 
and tumor response. Of the 17 evaluable patients, 
there were 3 partial responses (17.6%) and an addi-
tional 10 patients (58.8%) were found to have sta-
ble disease. Despite suboptimal dosing, the time to 
progression was 6.48 months and the OS reached 
8.2 months.

The next trial used an optimal dose of tremeli-
mumab in combination with incomplete tumor 
ablation utilizing RFA or TACE.28 This was a 
phase I/II study where, of the 19 evaluable patients, 
5 patients (26%) had a partial tumor response and 
12 patients (63%) had stable disease. Following 
the promising results of the tremelimumab trials, 
nivolumab was studied in a multicenter, open-
label trial conducted in patients with HCC and 
Child–Pugh A cirrhosis who progressed on, or 
were intolerant to, sorafenib. The study included 
patients with and without chronic viral hepatitis, 
including active hepatitis B virus (HBV) (31%) 
and HCV (21%) but not those with active co-
infection with HBV and HCV or with hepatitis D 
virus infection. In the dose-expansion cohort, 
patients received nivolumab 3 mg/kg by intrave-
nous infusion every 2 weeks. The objective 
response rate was 20% (95% CI 15–26) with 3 
complete responses and 39 partial responses. 
Response duration ranged from 3.2 to 38.2+ 
months; 91% of responders had responses lasting 
6 months or longer and 55% had responses lasting 
12 months or longer.11 Recently, the results from 
KEYNOTE-224 were published utilizing pem-
brolizumab, anti-PD-1, in patients with advanced 
HCC who had progressed on sorafenib. 
Pembrolizumab produced an objective response in 
18 of 104 patients with one complete response and 
16 partial responses while 44% of patients were 
deemed to have stable disease.38

There are several noteworthy points from the above 
immune checkpoint inhibitor trials. The immune 
checkpoint inhibitor studies were performed in 
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patients with more advanced liver disease than 
those patients in the SHARP trial. In Sangro and 
colleagues’ trial, 43% of patients had Child–Pugh 
stage B and in Duffy and colleagues’ trial, 14% of 
patients were Child–Pugh class B compared with 
the Llovet and colleagues’ trial, utilizing sorafenib, 
which only consisted of patients with Child–Pugh 
stage A.12,28,37 The dose-escalation phase of 
El-Khoueiry’s study included patients with 
Child–Pugh A or B7 while the dose-expansion 
phase only included patients with Child–Pugh A 
liver disease.11 The recent study with pembroli-
zumab only consisted of patients with Child–
Pugh A liver disease.38 Therefore, the survival 
results may be skewed between the studies on the 
basis of confounding liver disease but despite this, 
all three studies demonstrated a survival benefit. 
In addition, active hepatitis does not seem to be 
affected by immunotherapy. The above studies 
demonstrate immune checkpoint inhibitors are 
well tolerated in patients with advanced HCC.39 
Clinical trials using checkpoint inhibitors in com-
bination with other strategies are ongoing.

Vaccine therapy
Utilizing the principles of immune recognition to 
promote an adaptive immune response against 
specific antigens, vaccines are now being applied 

not only for cancer prevention but cancer treat-
ment. The basic principle underlying cancer vac-
cines is to increase immune recognition of 
tumor-specific neoantigens that result from genetic 
mutations producing altered proteins to create 
neoepitopes.40 For example, AFP is not typically 
expressed on normal adult tissue but is produced 
by HCC. AFP was the first TAA to be targeted for 
vaccine-based trials in HCC but was met with lim-
ited success. In early studies utilizing AFP peptides 
or AFP-pulse dendritic cells, a T-cell response was 
detectable but there was no observed clinical ben-
efit.41,42 In a more recent phase I clinical trial, 15 
patients with HCC received an AFP-derived pep-
tide vaccine resulting in T-cell stimulation. This 
led to one complete tumor response and sup-
pressed tumor growth in eight patients with no 
serious adverse events.43

Clinical trials have also been performed using the 
targeted oncolytic poxvirus, JX-594 (Pexa Vec) 
which is designed to replicate in and destroy can-
cer cells. JX-594 was found to be well tolerated 
and displayed promising results with an intrahe-
patic disease control rate of 46%.44,45 Currently, 
there is an ongoing phase III clinical trial evaluat-
ing JX-594 followed by sorafenib versus sorafenib 
alone in patients with advanced HCC (Clinical 
Trials.gov identifier: NCT02562755).

Table 1. Results from clinical trials in advanced hepatocellular carcinoma using checkpoint inhibitors.

Drug, dose Sorafenib 
exposure

ORR DCR TTP OS Reference

Tremelimumab
15 mg/kg q90 days

Naïve, 
intolerant, or 
progressed

3/17 (17.6%) PR 13/17 
(76.4%)

6.48 months 8.2 months Sangro and 
colleagues37

Tremelimumab
10 mg q28 days + 
ablation

Progressed 5/19 (26.3%) PR NR 7.4 months 12.3 months Duffy and 
colleagues28

Nivolumab
0.1–10 mg/kg q14 
days (escalation)

Naïve, 
intolerant, or 
progressed

2/48 (4.2%) CR
4/48 (8.3%) PR

28/48 
(58%)

3.4 months 15 months El-Khoueiry 
and 
colleagues11

Nivolumab
3 mg/kg q14 days
(expansion)

Naïve, 
intolerant, or 
progressed

3/214 (1.4%) CR
39/214 (18.2%) PR

139/214 
(64.5%)

4.1 months 83% alive at 
6 months

El-Khoueiry 
and 
colleagues11

Pembrolizumab
200 mg q3 weeks 
for about 2 years

Intolerant, or 
progressed

1/104 (1%) CR
17/104 (16%) PR

46/104 
(44%)

4.9 months 54% alive at 
12 months

Zhu and 
colleagues38

CR, complete response; DCR, disease control rate; NR, not reported; ORR, overall response rate; OS, overall survival; PR, partial response; TTP, 
time to progression.
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Other trials have been conducted utilizing pep-
tide vaccines against the carcinoembryonic anti-
gen glypican-3 (GPC3). GPC3 is a 
glycosylphosphatidylinositol (GPI)-anchored cell 
surface protein consisting of a core protein and 
two heparan sulfate chains and functions as a co-
receptor for Wnt and FGF and facilitates signal-
ing pathways.46,47 It has also shown activity in 
other pathways including TGF-β2, EMT and 
ERK.48–50 GPC3 is expressed in nearly all HCCs 
and plays an important role in promoting tumor 
growth and progression of HCC. Early studies 
utilizing a GPC3 peptide vaccine found the treat-
ment to be well tolerated and able to induce 
tumor infiltration of CD8+ T-cells. However, the 
therapy produced only 1 partial response out of 
33 treated patients with a median time to tumor 
progression of 3.4 months.51 Preclinical studies 
have shown that utilizing anti-PD1 therapy may 
result in an increased response to GPC3 peptide 
vaccines and therefore combination therapy may 
be warranted.52 The GPC3 vaccine was also 
tested in the adjuvant setting demonstrating a sig-
nificantly improved recurrence rate in patients 
treated with surgery plus vaccine compared with 
surgery alone at 1 year but was found to be no 
longer statistically significant at 2 years.53

Besides a vaccine, targeting GPC3 through an 
anti-GPC3 antibody, GC33, has shown to be 
well tolerated and may have promise in further 
phase II trials.54 Other trials utilizing a vaccine-
based strategy with dendritic cells pulsed with 
antigens have failed to demonstrate a significant 
clinical benefit.21 Additionally, a phase II trial of 
low dose cyclophosphamide in combination with 
the telomerase peptide GV1001 in patients with 
advanced HCC showed no radiologically detect-
able tumor responses.55

Cell-based therapies: adoptive cell transfer, 
T-cell receptors and chimeric antigen receptor 
T-cells
Adoptive cell transfer (ACT) is a highly personal-
ized form of cancer immunotherapy that involves 
the transfer of host-derived expanded immune 
cells.56 ACT exploits the natural ability of T-cells 
to recognize and eliminate its target antigen. In 
normal conditions, recognition and response to 
diseased cells is mediated by the T-cell receptor 
(TCR) and its interaction with the major histo-
compatibility complex (MHC) molecules on the 
affected cell. The MHC is comprised of a group 

of cell surface proteins that are essential for the 
presentation of TAAs to the immune system. 
ACT of autologous tumor-infiltrating lympho-
cytes (TILs) has been shown to produce a com-
plete and durable tumor regression in patients 
with metastatic melanoma as well as in a select 
case of cholangiocarcinoma.57,58 There are lim-
ited data in the treatment of HCC patients with 
metastatic or unresectable disease via ACT. 
Haruta and colleagues evaluated two ACT tech-
niques, lymphokine-activated killer (LAK) ther-
apy and tumor-specific cytotoxic T-cell (CTL) 
therapy, finding better results in the CTL group 
which produced 3 complete responses out of 18 
patients and 2/18 partial responses.59

An emerging strategy of ACT in HCC is through 
the use of cytokine-induced killer (CIK) cells. 
CIK cells are expanded ex vivo from a patient’s 
peripheral blood mononuclear cells and cultured 
with a cytokine cocktail producing a cell popula-
tion with potent antitumor effects.60,61 A nonran-
domized evaluation demonstrated CIK cell 
therapy may improve OS when given with RFA or 
TACE.62 Additionally, in a phase II randomized 
trial, it was found that the addition of CIK cell 
therapy can improve OS and PFS as compared 
with standard treatment.63

Tumor cells have evolved ways to escape the 
immune system by downregulating antigen pres-
entation through reduced MHC expression which 
renders T-cells blind to the presence of cancer 
cells.64 Through genetic manipulation, we have 
the ability to produce modified TCRs aimed at 
specific tumor antigens. The first MHC-restricted 
tumor antigens targeted by ACT therapy using 
TILs were found in patients with melanoma 
including MART1, tyrosinase, and GP100.65 
Since TILs could not be isolated from all patients, 
tumor reactive T-cells could be generated through 
genetic modification with TCR genes that were 
isolated from effective TILs.66,67 In virally-related 
cancers like HCC, TCRs can be generated from 
viral antigens and be effective as long as these are 
expressed on tumor cells. As an example, TCR-
targeted HBV-infected HCC tumor cells were 
found to reconstitute virus-specific T-cell immu-
nity directed at HBV-infected HCC cells.68 AFP 
is being targeted in the ongoing phase I trial eval-
uating the safety and antitumor activity of AFP-
targeted TCRs in patients with advanced HCC 
(ClinicalTrials.gov identifier: NCT03132792). A 
limitation to TCR therapy is that it can only be 
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used in a proportion of patients, due to the MHC-
restricted nature of TCR function.

On the other hand, chimeric antigen receptor 
(CAR)-bound T-cells are MHC unrestricted. 
CAR-T-cells incorporate chimeric antigen recep-
tors, where an antibody single-chain variable frag-
ment joins with TCRs and T-cell costimulatory 
receptor signaling domains to recognize cell sur-
face antigens in an MHC-unrestricted approach.69 
Simply put, CAR-T-cells work independently of 
antigen processing and presentation. These can 
be manipulated to specifically target malignancy-
associated antigens. Different types of antigens 
can be used as potential targets, such as tissue-
specific differentiation antigens (e.g. CD19), 
germ cell antigens (e.g. NY-ESO-1) which is 
detected in normal testis and a variety of tumor 
types, overexpression of self-proteins (e.g. 
HER2), mutational antigens (e.g. BRAF-V600E), 
and viral antigens (e.g. human papilloma virus in 
cervical cancer).70

First generation CAR-T-cells contained an intra-
cellular portion of the TCR CD3ζ subunit at the 
T-cell signaling domain. Later generations now 
integrate two types of T-cell signaling domains 
comprising of costimulatory domains derived 
from costimulatory receptors such as CD28 or 
4-1BB and a T-cell activation domain originated 
from CD3ζ.71 The gene that encodes for the CAR 
is transfected into the T-cell genome using gene-
therapy vectors including a replication-incompe-
tent γ-retrovirus and less commonly, lentivirus or 
transposon systems.72–75

Recent reports have demonstrated that GPC3-
targeted CAR-T-cells induce tumor regression in 
preclinical models of HCC.76,77 GPC3-targeted 
CAR-T-cells were found to eradicate HCC xeno-
grafts with high levels of GPC expression and 
suppress the growth of low GPC3-expressing 
xenografts in vivo using Huh-7 cell lines.76 The 
tolerability and efficacy was confirmed in a phase 
I Chinese study using GPC3 CAR-T-cells in 
relapsed or refractory GPC3-positive HCC. All 
13 patients tolerated the treatment well without 
dose limiting toxicity (DLT) and 1 grade 3 fever 
was reported. The patients pretreated with a lym-
phodepletive regimen (n = 8, 2 were nonevalua-
ble) showed a best response of 1 partial response, 
3 stable disease, and 2 progression of disease. The 
CAR-T-cell dose ranged from 0.013 × 107 to 
14.68 × 107 cells/kg.78

Combination therapies
As we have seen benefits of combining multiple 
chemotherapeutic agents in other disease settings, 
similar results have also been witnessed with 
immunotherapies. Combining different immuno-
therapy modalities may improve HCC response 
rates. The combination of checkpoint inhibitors, 
adoptive T-cell therapy, cytokines and vaccines 
have been studied in other malignancies with vary-
ing success. In patients with advanced melanoma, 
the combination of nivolumab and ipilimumab has 
shown increased efficacy compared with ipili-
mumab alone.79 The combination of atezolizumab 
and bevacizumab produced a partial response in 
62% of patients with advanced HCC naïve to 
treatment.80 Clinical trials with the combination of 
tremelimumab and durvalumab along with abla-
tive therapies (ClinicalTrials.gov identifier: 
NCT02821754) and nivolumab plus sorafenib 
(ClinicalTrials.gov identifier: NCT03439891) are 
currently underway. Combination therapies may 
prove to be important for tumor response to 
immune-based therapies, as studies have shown 
tumors have the capacity to adapt to treatment 
becoming resistant to therapies and if we are able 
to target the alternative pathway we may improve 
tumor response.81,82

Limitations of immunotherapy
There are several limitations with the application 
of immunotherapy to patients with HCC. The vast 
majority of patients with HCC have underlying 
liver disease.6 Patients selected for the majority of 
trials in HCC had well-preserved liver function 
and performance status and therefore the results 
and safety profiles must come into question with 
the real-world application to patients who do not 
fit these characteristics.39 However as previously 
mentioned above, a modest amount of patients 
with Child–Pugh class B liver function were 
included in the checkpoint inhibitor trials.

Additionally, although patients with viral hepati-
tis were included in some immunotherapy trials, 
the long-term effects of modulating the immune 
system in patients with active infections remains 
largely unknown. In early studies, there was a 
concern that immunotherapies may cause hepat-
ocyte destruction due to an overwhelming 
immune response against infected hepato-
cytes.37,39 Furthermore, several immune-based 
approaches such as ACT and personalized vac-
cine therapies require specialized centers and 
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these treatments are difficult to make commer-
cially available.

Finally, in addition to surgical resection and RFA 
as curative treatment options for early-stage HCC, 
orthotopic liver transplantation offers a curative 
oncologic procedure while also addresses the 
underlying liver disease.6 However, immunothera-
pies are not well studied in patients receiving an 
organ transplantation, as these patients were 
excluded from prior clinical trials involving immu-
notherapies. The overall effects of the combination 
of systemic immunosuppressive medications, as 
given to transplant patients, and immunotherapies 
is also not well known. There have been case 
reports of patients with advanced melanoma 
treated with immune checkpoint inhibitors after 
receiving a liver transplant without going into ful-
minant liver failure or graft rejection.83,84 However, 
there are not enough data to support the safety of 
immunotherapies in the transplant population.

Conclusion
The role of immunotherapy has restructured the 
treatment approach to numerous malignancies. 
The application of these therapies is quickly 
evolving for the treatment of patients with 
advanced HCC. Nivolumab is the first approved 
immunotherapy for HCC and we expect to see 
other immune-based approaches approved as 
ongoing clinical trials publish their results. A 
number of combination therapies are also being 
evaluated. Further basic science, translational 
and clinical studies are required to better under-
stand the complex interactions between tumor 
cells, immune cells and immunotherapies in the 
tumor microenvironment.
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