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Abstract: Advanced hepatocellular carcinoma (HCC) is a deadly disease. With increasing incidence of new
cases over the last years multiple efforts have been made to ameliorate survival and quality of life. Recent
advances in understanding the tumor microenvironment and cancer immune evasion led to development
of potent immune therapies targeting programmed death-ligand-1 (PD-L1), programmed cell death
protein 1 (PD-1) and anti-cytotoxic T-lymphocyte-associated protein-4 (CTLA-4). Early clinical studies
highlighted the activity and synergism of checkpoint inhibitors with antiangiogenic drugs, including antivascular endothelial growth factor (VEGF) antibodies and multi-tyrosine kinase inhibitors. Most recently,
the combination of bevacizumab and atezolizumab improved survival compared to sorafenib in the treatment
of advanced HCC on first-line therapy in a randomized phase III trial and now is considered the standard
of care. Multiple options are available for the treatment of metastatic HCC including atezolizumab,
bevacizumab, nivolumab, pembrolizumab, ipilimumab, sorafenib, lenvatinib, regorafenib, cabozantinib
and ramucirumab. Furthermore, other checkpoint inhibitors are being evaluated including durvalumab,
tremelimumab, CS1003, sintilimab and camrelizumab. In this review article, we focus on the landscape
of different immunotherapy strategies in the management of HCC and the combination of checkpoint
inhibitors antibodies with antiangiogenics. In addition, we will address the limitation of cell therapies in
advanced HCC and current strategies to improve efficacy.
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Introduction
Globally, liver cancer is estimated to be the sixth most
diagnosed malignancy with over 840,000 new cases in 2018
(1,2). Additionally, it is a relevant cause of mortality with
782,000 deaths (1,2). Hepatocellular carcinoma (HCC)
comprises 75–85% of primary liver cancers (2). The most
common predisposing factors in HCC development include
infections by hepatitis B virus (HBV) and C virus (HCV),
alcohol use, aflatoxins, diabetes, and metabolic syndrome

(3,4). HCC disproportionately affects Sub-Saharan Africa
and Asia due to endemic chronic HBV infection (2). It
is estimated that ~40% of HCC cases worldwide can be
attributed to chronic HBV (4). However, there has been
increasing incidence of HCC in traditionally low-risk HCC
areas such as Western countries in the last twenty years,
thought to be related to increased prevalence of obesity and
non-alcoholic fatty liver disease (NAFLD) (5).
The overall five-year survival rate for HCC varies
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drastically depending on the stage at which the malignancy
was originally diagnosed. If the disease is caught at its earlier
stages (30–40% of cases) and able to undergo curative
measures with ablation, resection, or transplantation, median
overall survival (OS) can be greater than 60 months (6).
However, most cases (50–60%) are diagnosed at advanced
stages and managed with palliative intent, with a median OS
of 26 months with chemoembolization in intermediate stage
HCC, and only around 12 months in advanced HCC (6).
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Checkmate-040, an open-label phase I/II dose expansion
and escalation trial, evaluated nivolumab, an antibody antiPD-1, to assess safety and efficacy. Patients included had
Child-Pugh scores of 7 or less, and an Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1.
Patients were treated with nivolumab 0.1–10 mg/kg every

two weeks (q2w) in the dose-escalation phase and 3 mg/kg
q2w in the dose-expansion phase. There were four cohorts
of patients: sorafenib untreated or intolerant without viral
hepatitis, sorafenib progressors without viral hepatitis,
and cohorts associated with HCV or HBV infections (16).
During the dose-escalation phase, nivolumab showed an
acceptable safety profile. An objective response was seen
in 42 of 214 (20%) patients in the dose-expansion cohort,
with a median duration of response of 9.9 months. Stable
disease was observed in 96 (45%) patients (16). Similarly,
in KEYNOTE-224, a non-randomized open-label phase
2 study, pembrolizumab (PD-1 inhibitor) was utilized in
Child-Pugh A patients with advanced HCC previously
exposed to sorafenib. One hundred and four eligible patients
were enrolled and treated with pembrolizumab 200 mg
every three weeks (q3w) until two years or progression of
disease. Objective response was observed in 18 (17%; 95%
CI, 11–26%) patients with median duration not reached
(3.1–14.6+ months). Disease stability occurred in 46 (44%)
patients, and disease progression in 34 (33%) patients.
Treatment-related adverse events (TRAE) occurred in 76
(73%) of 104 patients, with grades 1–2 in 49 (47%) patients,
grade 3 in 25 (24%), grade 4 in one patient and grade 5 in
one patient. Fatigue, elevated aspartate aminotransferase,
pruritus, rash, and diarrhea were among the most common
TRAE. Expression of PD-L1 was assessed in 52 patients,
finding that the objective responses were 32% (7 of 22
patients) with combined positive scores of at least 1 and
20% (6 of 30 patients) with combined positive scores less
than 1 (17). These studies led to the US Food and Drug
Administration (FDA) accelerated approval of nivolumab
and pembrolizumab monotherapies in patients with
advanced HCC.
Another anti-PD-1, camrelizumab, was evaluated in
an open-label, parallel, randomized trial in patients with
advanced HCC (18). Two hundred and seventeen patients
with advanced HCC previously exposed to systemic
treatment were evaluated in two groups, camrelizumab
3 mg/kg every two or three weeks. In a median follow-up of
12.5 months, objective response was observed in 32 patients
(14.7%; 95% CI, 10.3–20.2%). The OS rate in 6-month was
74.4% (95% CI, 68.0–79.7%). Median PFS for all patients
treated was 2.1 months (95% CI, 2.0–3.2), and median
OS was 13.8 months (95% CI, 11.5–16.6). Adverse events
related to treatment were found in >20.0%, with reactive
cutaneous capillary endothelial proliferation (RCCEP) as
the most common immune-related adverse event (67%, all
grade ≤2). Of note, those who had experienced RCCEP had
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Liver and tumor microenvironment
The liver is constantly exposed to diverse dietary and
microbial antigens from the gastrointestinal system
through portal venous flow (7,8). As a result, it contains
large populations of resident macrophages (Kupffer cells),
lymphocytes and natural killer (NK) cells, which respond
to antigenic presentation through cytokine production
and killing of targeted cells (9-11). However, the liver
also establishes immune tolerance in instances of nonpathogenic stimuli to avoid chronic inflammation. Kupffer
cells assist in immune regulation by secreting IL-10 to
inactivate NK cells, induce T-regulatory cells and inhibit T
cells through expression of programmed cell death protein
1 (PD-1) and programmed death-ligand-1 (PD-L1) (8,10).
Complex mechanisms of pro-inflammatory response and
immune tolerance occur in the setting of fibrosis and
chronic inflammation. The setting of chronic antigen
stimulation leads to T cell exhaustion with upregulation of
PD-1 and PD-L1 receptors (8,11). Studies have found that
HCC tissue have increased PD-1 expression in CD8+ and
CD4+ T cells associated with diminished cytotoxic function
when compared with surrounding healthy tissue (12-14).
PD-L1 expression has been strongly correlated with
tumor size, poorer survival, and increased post-operative
recurrence in HCC (15). The interplay of immunotolerance
with fibrosis, chronic inflammation, and HCC development
has spurred interest in novel therapies with checkpoint
inhibitors (ICI).
Immune checkpoint inhibitors clinical trials
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significantly higher objective response (19.3% vs. 5.6%) (18).
Despite the early enthusiasm with PD-1 inhibitors,
later phase 3 data questioned the efficacy of such agents
as monotherapies in HCC. Results from CheckMate-459
that compared nivolumab to sorafenib in patients with
advanced HCC in the first-line setting were presented (19).
Seven hundred and forty-three patients were randomized
to nivolumab (n=371) or sorafenib (n=372). ORR was
higher in nivolumab (15%) compared to sorafenib (7%).
However, despite median OS of nivolumab was numerically
higher than sorafenib, 16.4 versus 14.7 months, the primary
endpoint did not reach statistical significance (HR 0.85;
95% CI, 0.72–1.02; P=0.0752) (19). Sorafenib accounted
for more grade 3/4 TRAE (49% vs. 22%) and treatment
discontinuation (8% vs. 4%) (19). Similarly, randomized
phase III trial evaluating pembrolizumab in the secondline setting did not meet its primary end point (20). In
KEYNOTE-240, total of 413 patients were assigned in a
2:1 ratio to the pembrolizumab group (n=278) or placebo
group (n=135). ORR in the pembrolizumab group was
18.3% compared with 4.4% in the placebo group. The
median OS of pembrolizumab group was 13.9 months
compared with 10.6 months in the placebo group (HR
0.781; 95% CI, 0.611–0.998; P=0.0238). Additionally,
median progression-free survival (PFS) was 3.0 months
for the pembrolizumab group compared with 2.8 months
for placebo (HR 0.718; 95% CI, 0.570–0.904; P=0.0022).
Despite the improvements in OS and PFS compared with
placebo, prespecified parameters of P=0.0174 for OS and
P=0.002 for PFS were not reached (20). Both these trials,
CheckMate-459 in first-line setting and KEYNOTE-240 in
second-line setting, showed that probably PD-1 inhibitors
as monotherapy have limited activity in the majority of
unselected HCC patient population, emphasizing the
importance of better biomarker selection in this disease.
Tremelimumab, a monoclonal antibody that binds
T-lymphocyte-associated protein 4 (CTLA-4) was initially
studied in a phase II trial, in 20 patients with HCC and
chronic HCV infection. There was an observed disease
control rate (DCR) of 76%, partial response rate (PR) 17.6%
with median time to progression (TTP) 6.4 months (95% CI,
3.95–9.14) and median OS 8.2 months (95% CI, 4.64–21.34).
The drug had no safety concerns, with skin rash as the most
common adverse event (65%). Forty-five percent of patients
had grade 3 transaminase elevations, although this was
transient and did not require steroids (21). Tremelimumab
was later studied in conjunction with radiofrequency ablation,
chemoablation, or transarterial chemoembolization (TACE)

in advanced HCC. A total of 32 patients were involved.
Five in 19 patients with lesions outside of areas treated
with ablation/TACE had partial response (PR). TTP was
7.4 months (95% CI, 4.7–9.4 months), PFS rate in 6-month
was 57.1% (95% CI, 37.1–72.9%) and in 12-month was
33.1% (95% CI, 16.2–51.2%). Median OS was 12.3 months
(95% CI, 9.3–15.4 months). Given that all patients had also
being treated with tremelimumab, with no control group,
it was not clear if improvements were associated with the
ablation procedure (22).
Association of anti-PD1 antibodies and anti-cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) antibodies
is based on the probable action of recruiting lymphocytes
with the combined inhibition of B7-CTLA4 pathway. The
efficacy of anti-PD-1 antibodies would be improved with
the higher concentration of activated lymphocytes CD8+ in
the tumor microenvironment (23,24). In a phase I/II trial,
the combination of durvalumab, an anti-PD-L1 antibody,
with tremelimumab, (D+T) was evaluated (25). A total of 40
patients with advanced HCC were exposed to the regimen.
Overall DCR was 57.5% and objective RP 15% (25).
Expansion cohorts further evaluated these drugs in different
doses, in a four-arm study. A total of 332 patients who
progressed, were intolerant, or refused sorafenib were
randomized to single agent durvalumab, single agent
tremelimumab or one of the two D+T combinations
(tremelimumab 300 mg + durvalumab 1,500 mg followed
by durvalumab every 4 weeks or tremelimumab 75 mg +
durvalumab 1,500 mg followed by durvalumab every 4 weeks).
The RPs and median OS were: 7.2% and 17.1 months
in tremelimumab group, 9.6% and 11.7 months in
durvalumab group, 9.5% and 11.3 months in tremelimumab
75 mg + durvalumab 1,500 mg combination group, and was
the highest in the tremelimumab 300 mg + durvalumab
1,500 mg group with ORR of 22.7% and median OS
of 18.7 months. However, this combination (T300+D)
was associated with the highest toxicity profile with 35%
of patients developing grade 3/4 TRAEs and 10.8%
discontinuing the treatment due to adverse events. A
randomized phase III trial HIMALAYA (NCT03298451)
is evaluating D+T combination therapy against sorafenib
in the first-line treatment of patients with advanced HCC,
the study finished recruiting patients and results are eagerly
awaited (26).
Similar to the trend above with increased efficacy
when using higher doses of CTLA-4 inhibitors was found
with ipilimumab. Ipilimumab, another anti-CTLA-4
antibody, was evaluated in association with nivolumab in
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the Checkmate 040 study. The combination was evaluated
in three arms with different doses, arm A was nivolumab
1 mg/kg plus ipilimumab 3 mg/kg every three weeks (q3w)
for 4 doses, followed by nivolumab 240 mg q2w, arm B
nivolumab 3 mg/kg plus ipilimumab 1 mg/kg q3w (4 doses),
followed by nivolumab 240 mg q2w, or arm C nivolumab
3 mg/kg q2w plus ipilimumab 1 mg/kg every six weeks
(q6w). Of the 148 patients randomized, high proportion
of patients presented with adverse prognostic features
including vascular invasion and extrahepatic spread, 9% had
at least 3 previous systemic treatments for advanced disease.
The ORR was 32% (8% CR) in arm A, and 31% (6% CR)
in arm B, and 31% (0% CR) in arm C. Median OS in arm
A was 22.8 months (9.4–not reached), 12.5 months in arm
B, and in arm C was 12.7 months. Of note, this study was
not powered to evaluate efficacy differences between each
treatment arms. A total of 53% of patients had a grade
3–4 TRAE in arm A, most commonly with autoimmune
hepatitis, rash, diarrhea, and colitis. TRAE led to drug
discontinuation in 18% of patients in arm A, 6% and 2%
of patients in arm B and C, respectively. The majority of
TRAE resolved across all arms with corticosteroids being
used in higher grades (27). The results led to the approval
by the FDA of the combination in patients who have
progressed on prior sorafenib. A summary of the early
studies and results can be found on Table 1. The above data
shows the increased efficacy with combining programmed
cell death inhibitors with higher doses of CTLA-4
inhibitors antibodies. However, as this associated with
significant toxicity, further level-1 evidence is needed to
further establish the role of these combinations in advanced
HCC.
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Pathways associated with vascular endothelial growth factor
(VEGF) contribute to multiple immunosuppressive effects
in tumor microenvironment (28,29). The blockage of
VEGF associated pathways is associated with normalization
of tumor vasculature, decreased activation of myeloidderived suppressor cells (MDSCs), tumor-associated
macrophages (TAMs) and regulatory T cells (Tregs), and
improvements in maturation of dendritic cells resulting in
an immunostimulatory microenvironment more accessible
to immune checkpoint inhibitors (28,29). Anti-PD-L1
atezolizumab with bevacizumab (anti-VEGF antibody) was
first evaluated in a phase IB cohort of 68 advanced HCC

patients. At a minimum follow-up of 18 weeks, ORR was
34%, with responses observed in all clinically relevant
subgroups. The combination had a manageable safety
profile (30). Interestingly, in an exploratory post-roc analysis
from GO30140 study showed that a subset of patients that
experienced disease progression after atezolizumab for
naïve advanced disease, had some benefit with addition of
bevacizumab to atezolizumab in a crossover fashion (31).
Most recently, IMbrave150 trial, a randomized phase III
study, compared atezolizumab + bevacizumab with sorafenib
in 366 treatment-naïve advanced HCC patients (32).
In this study, patients with ECOG 0-1 and Child-Pugh A
were randomized in a 2:1 ratio to receive the combination
or sorafenib. Overall, more than 70% of patients included
were Child-Pugh A5, 62% had an ECOG performance
status 0, and 48% of patients treated in the combination
group had prior local liver directed therapies. It was found
that OS HR was 0.58 (95% CI, 0.42–0.79; P=0.0006) and
PFS 6.8 months with atezolizumab + bevacizumab versus
4.3 months with sorafenib (HR 0.59; 95% CI, 0.47–0.76;
P<0.0001). The estimated median OS with sorafenib was
13.2 months compared to median that was not reached in
the combination arm. Additionally, adverse event rates were
comparable, with grade 3–4 events occurring in 57% of
patients with the combined regimen compared with 55%
of patients who received sorafenib. The results of this study
led to the FDA approval of the combination as standard
of care (32). Although the combination (atezolizumab/
bevacizumab) was not directly compared with other firstline treatments, a recent network meta-analysis showed the
superiority of this regimen compared with lenvatinib and
nivolumab as well (33).
Similarly, lenvatinib, a multi-kinase inhibitor that targets
VEGFR1–3, was also evaluated with pembrolizumab in
a phase Ib trial in advanced HCC (34). In this study the
combination was evaluated in 100 patients in the first-line
setting of systemic treatment. Median OS was 22 months
(95% CI, 20.4–not estimable) and the median PFS was
8.6 months (95% CI, 7.1–9.7). The ORR by RECIST v1.1
per independent image review was 36%. In this cohort,
95% of patients (grade ≥3, 67%; grade ≥4, 4%) presented
TRAE. Three patients died from TRAE (34). This early
promising success led to an FDA breakthrough therapy
designation to the combination in July 2019. However,
the FDA recently held off on the originally planned
approval of pembrolizumab/lenvatinib as the combination
no longer meets the criteria for accelerated approval
of showing meaningful improvement over available
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Table 1 Results from early clinical studies including immune checkpoint inhibitors in advanced hepatocellular carcinoma
Study

Design

Drug

Nº

Characteristics

ORR

DCR

mPFS (mo)

mOS (mo)

Sangro et al.
2013 (21)

Phase II

Tremelimumab

20

Child-Pugh A or B;
Naïve or exposed

17.6%

76.4%

–

8.2

El-Khoueiry
et al. 2017 (16)

Phase I/II

Nivolumab

262

Child-Pugh A or B;
Naïve or exposed

20%

64%

–

–

Kelley et al.
2017 (25)

Phase I

Durvalumab +
Tremelimumab

40

Child-Pugh A;
Naïve or exposed

15%

57.5%

–

–

Zhu et al.
2018 (17)

Phase II

Pembrolizumab

104

Child-Pugh A;
Previous sorafenib

17%

62%

4.9

12.9

Yau et al.
2020 (27)

Phase II

NIVO1+IPI3 Q3W

50

32%

54%

–

22.8

NIVO3+IPI1 Q3W

49

Child-Pugh A;
Prior sorafenib

27%

43%

12.5

NIVO3 Q2W+IPI1 Q6W

49

29%

49%

12.7

Qin et al.
2020 (18)

Phase II

Camrelizumab

217

Child-Pugh A or B;
Previously treated

14.7%

44.2%

2.1

13.8

Kelley et al.
2020 (26)

Phase II

Durvalumab

104

9.6%

–

–

11.7

Tremelimumab

69

Child-Pugh A;
Prior sorafenib

Tremelimumab 300 mg + D
Tremelimumab 75 mg + D

7.2%

17.1

75

22.7%

18.7

84

9.5%

11.3

Nº, number of patients; ORR, objective response rate; DCR, disease control rate; mo, months; mPFS, median progression-free survival;
mOS, median overall survival; D, durvalumab; NIVO1, nivolumab 1 mg/kg; NIVO3, nivolumab 3 mg/kg; IPI1, ipilimumab 1 mg/kg; IPI3,
ipilimumab 3 mg/kg; Q2W, every 2 weeks; Q3W, every 3 weeks; Q6W, every 6 weeks; Anti-PD1: Nivolumab, Pembrolizumab, Camrelizumab;
Anti-PD-L1: Durvalumab; Anti-CTLA-4: Ipilimumab, Tremelimumab.

therapies (atezolizumab/bevacizumab). Further data is
awaited with the phase 3 LEAP 002 trial (NCT03713593)
comparing sorafenib with pembrolizumab/lenvatinib
combination in advanced treatment naïve HCC. The
study is currently ongoing but not enrolling any additional
patients. Pembrolizumab plus lenvatinib and transarterial
chemoembolization (TACE) will also be evaluated in a
randomized phase 3 trial for intermediate HCC ineligible
for curative treatment (35). In addition, lenvatinib is being
evaluated associated with nivolumab in the IMMUNIB
trial (36). Data from safety in this investigator-initiated
phase II trial were presented in ESMO 2020, no limiting
toxicities were observed in both cohorts with nivolumab
240 mg plus lenvatinib 12 or 8 mg. The study is still
recruiting patients (36). Another anti-PD-1, CS1003, is
being evaluated combined with lenvatinib. Sixteen Chinese
patients with advanced HCC Child-Pugh A received the
combination and were evaluated for efficacy in the phase
Ib study. The objective RP was 37.5%. Like other studies
TRAE was observed in 84.2% of the patients (37).
Another multi-kinase inhibitor cabozantinib, blocks

VEGFR 1-3, AXL, c-MET and RET, was evaluated
combined with nivolumab and ipilimumab in Checkmate
040 study. Seventy-one patients were randomized in two
arms: 36 patients were treated with nivolumab 240 mg
q2w plus cabozantinib 40 mg daily and 35 patients were
treated with nivolumab 3 mg/kg q2w plus ipilimumab
1 mg/kg q6w and cabozantinib 40 mg daily. ORR was 17%
in the nivolumab plus cabozantinib arm with a DCR of
81%. The RP was 26% in the nivolumab, ipilimumab plus
cabozantinib arm with a DCR of 83%. Median OS is still
not reached. It is important to note that in these cohorts,
prior sorafenib exposure was allowed (38).
Regorafenib, another multiple tyrosine-kinase inhibitor
with antiangiogenic features is also evaluated combined
with anti-PD-1 for first-line systemic treatment of patients
with metastatic HCC. The combination pembrolizumab
and regorafenib was evaluated for safety and tolerability
in a dose-finding study (39). In 18 patients treated with
regorafenib 120 mg, four presented dose-limiting toxicities
including transaminases and bilirubin elevations, and rash.
Of 32 patients evaluated for response, 28% had a partial
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response, with a DCR of 91% (39).
A phase 2/3 is being conducted to evaluate combination
of sintilimab, an anti-PD-1 antibody, and IBI305, a
bevacizumab biosimilar, versus sorafenib for the treatment
of patients with advanced HCC. Data from phase II part
of the trial were presented, with 24 patients enrolled.
After a median follow-up of 9.0 months, the median PFS
in patients treated with the combination was 8.4 months
(95% CI, 5.6–not reached), the ORR was 25% and the
DCR 83.3%, accessed by the investigator. The randomized
phase 3 trial evaluating the combination is ongoing, with a
planned recruitment accrual of 546 patients (40).
Camrelizumab (SHR-1210) and apatinib (VEGFR2
inhibitor) were studied in an open-label phase Ia and Ib to
assess tolerability and clinical activity in patients with HCC
and gastroesophageal cancers (41). For dose escalation
portion, 5 patients per cohort received apatinib in oral
doses of 125, 250, or 500 mg with camrelizumab 200 mg
(administered intravenously every 2 weeks). Fifteen patients
(HCC n=8) were in the dose escalation phase and 28
patients (HCC n=10) were in the subsequent dose expansion
phase (apatinib 250 mg was the selected dose). Out of 16
evaluable HCC patients, 8 achieved PR. ORR was 50.0%
(95% CI, 24.7–75.4%) and DCR was 93.8% (95% CI,
69.8–99.8%). Median time to response was 3.4 months
(1.4–9.7 months) and median PFS was 5.8 months (95%
CI: 2.5–not reached). Treatment was well-tolerated at
the apatinib 250 mg dose, with grade ≥3 TRAE most
commonly being hypertension (15.2%) and elevated
aspartate aminotransferase (15.2%). Of note, PD-L1 levels
were evaluated on circulating tumor cells (CTCs) in 35
patients, and it was found that patients with ≥20% PDL1 high CTCs had a significantly longer PFS compared
with <20% PD-L1high CTCs (6.1 vs. 2.9 months, HR 0.28;
95% CI, 0.12–0.67; P=0.0002). This study suggested
that apatinib and camrelizumab were well tolerated and
led to clinical efficacy, particularly in patients with ≥20%
PD-L1high CTCs at baseline (41). Further data from the
combination on first-line and second-line of treatment for
advanced disease was presented (42). This study involved
patients from 25 study sites in China. Patients were
treatment-naïve or sorafenib or donafenib exposed. Seventy
treatment naïve patients and 120 patients previously treated
(second-line setting) were enrolled to receive camrelizumab
and apatinib, 88% were patients with HBV infection. The
objective response assessed by independent central review
per RECIST v1.1 was 34% and 23%; with a 12-month OS
rate of 75% and 68%, respectively. Overall, 77% of patients

had grade ≥3 TRAEs, with hypertension and increased
γ-GT as common adverse events (42). A summary of the
early studies and results with immune checkpoint inhibitors
and antiangiogenics can be found on Table 2. Data from
randomized phase 3 trials can be found in Table 3.
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Chimeric antigen receptor T-cell (CAR-T)/T-cell
receptors (TCR) therapy
CAR-T therapy is another avenue through which the
immune system can be harnessed to target a tumor. By
combining an extracellular ligand recognition domain
with an intracellular signaling platform, these synthetically
developed receptors in T cells can be activated by specific
tumor antigens (43,44). CAR-T therapy has found success
in B cell malignancies through targeting of CD19; however,
testing in solid tumors has not yielded viable options as of
yet. The lack of efficacy in solid tumors can be attributed to
utilizing suboptimal tumor antigens as targets, as well as the
inhibitory nature of the tumor microenvironment. Within
the tumor microenvironment, hypoxia, nutrient deprivation,
and expression of inhibitory checkpoint ligands stymie
the proliferation and effector function of T cells (45,46).
Tumor production of indoleamine 2,3-dioxygenase (IDO)
catalyzes tryptophan breakdown and resultant formation of
metabolites that have been found to inhibit CAR-T cells (47).
Additionally, while efficacy of CAR-T therapy in solid
tumors has been limited, significant adverse effects have
been associated with CAR-T which include cytokine release
syndrome and neurotoxicity (48,49). Thus, selecting highly
specific HCC antigens would be key to delivering a more
efficacious and safe therapy.
Glypican-3 (GPC3), a heparin sulfate proteoglycan
highly expressed in most HCC has been explored as a
target for CAR-T therapy. There have been several studies
that showed activity against HCC in vivo and in patientderived xenografts with anti-GPC3 CAR-T therapy (50-52).
Of note, it was found that the GPC3 CAR-T cells were
able to eradicate PD-L1 negative tumors in xenografts,
whereas the PD-L1 tumors were more aggressive (51), and
models demonstrate that generated PD-1-deficient GPC3
CAR-T cells exhibits 1.25–1.30 times the cytotoxic activity
of wild-type GPC3 CAR-T cells (51-53). These findings
suggest the potential of combination of immune checkpoint
inhibitors to enhance CAR-T therapy’s cytotoxic effects in
HCC (54,55).
Alpha-fetoprotein (AFP) is used as biomarker for
hepatocellular carcinoma, with 60% to 80% of the tumors
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Table 2 Results from early clinical studies including immune checkpoint inhibitors with antiangiogenics
Study

Design

Drug

Nº

Characteristics

ORR

DCR

mPFS (mo)

mOS (mo)

Pishvaian et al.
2018 (30)

Phase Ib Atezolizumab + Bevacizumab

68

Child-Pugh A;
Treatment naïve

34%

78%

14.9

–

Shen et al. 2020
(37)

Phase Ib

CS1003 + Lenvatinib

16

Child-Pugh A;
Treatment naïve

37.5%

–

–

–

Zhu et al. 2020 (34)

Phase Ib

Pembrolizumab + Lenvatinib

100

Child-Pugh A;
Treatment naïve

36%

88%

8.6

22.0

Galle et al. 2020
(39)

Phase Ib

Pembrolizumab +
Regorafenib

32

Child-Pugh A;
Treatment naïve

28%

91%

–

–

Jia et al. 2020 (40)

Phase II

Sintilimab + IBI305

24

Child-Pugh A;
Treatment naïve

25%

83.3%

8.4

NE

Xu et al. 2020 (42)

Phase II

Camrelizumab + Apatinib

70

Treatment naïve

34%

77%

5.7

–

120

Previous treated

23%

76%

5.5

Nivolumab + Cabozantinib

36

17%

81%

5.5

NE

Nivolumab + IPI +
Cabozantinib

35

Child-Pugh A;
Naïve or exposed

26%

83%

6.8

NE

Yau et al. 2020 (38)

Phase II

Nº, number of patients; ORR, objective response rate; DCR, disease control rate; mo, months; mPFS, median progression-free survival;
mOS, median overall survival; IPI, ipilimumab, NE, not estimable; Anti-PD-1: Nivolumab, Pembrolizumab, CS1003, Sintilimab, Camrelizumab;
Anti-PD-L1: Atezolizumab; Anti-CTLA-4: Ipilimumab; Tyrosine kinase inhibitors: Lenvatinib, Cabozantinib, Regorafenib, Apatinib; VEGF
inhibitors: Bevacizumab, IBI305.

Table 3 Results from randomized phase III studies of immune checkpoint inhibitors in advanced hepatocellular carcinoma
Study

Design

Drug

Nº

Characteristics

ORR

DCR

mPFS (mo)

mOS (mo)

Yau et al.
2019 (19)

Phase III

Nivolumab

371

15%

–

3.7

16.4

Sorafenib

372

Child-Pugh A;
Treatment naïve

7%

–

3.8

14.7

Finn et al.
2020 (32)

Phase III

Atezolizumab + Bevacizumab

336

27.3%

73.6%

6.8

NE

Sorafenib

165

Child-Pugh A;
Treatment naïve

11.9%

55.3%

4.3

13.2

Finn et al.
2020 (20)

Phase III

Pembrolizumab

278

18.3%

62.2%

3.0

13.9

Placebo

135

Child-Pugh A;
Previous sorafenib

4.4%

53.3%

2.8

10.6

Anti-PD-1: Nivolumab, Pembrolizumab; Anti-PD-L1: Atezolizumab; Tyrosine kinase inhibitors: Sorafenib; VEGF inhibitors: Bevacizumab.
Nº, number of patients; ORR, objective response rate; DCR, disease control rate; mo, months; mPFS, median progression-free survival;
mOS, median overall survival.

expressing the protein (56). Tumor-specific T cells have
low affinity, and an option to obtain high-affinity antigenspecific T cells is to genetically modify T cells with tumorspecific TCR (57-59). TCR developed to target AFP
expressing HCC have been clinically evaluated with no
major safety concerns (57-59). The interaction of TCRs
with major histocompatibility complex (MHC) on the
cell surface improved the affinity and is being evaluated
in clinical trials, with most studies using human leukocyte

antigen (HLA) A02:01 given prevalence and early results
(59,60). In Table 4 some CAR-T and TCRs studies in
recruiting stage are exemplified.
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Conclusions
In the setting of advanced HCC, immune-directed therapies
are particularly novel and established a new paradigm
in the treatment of the disease. New combinations with
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Table 4 Ongoing studies with CAR-T/TCR therapy in hepatocellular carcinoma
ClinicalTrials.gov
identifier

Study phase

Intervention

Patients included

Status

NCT03993743

Phase I

CD147-targeted CAR-T

Previously treated HCC

Recruiting

NCT04121273

Phase I

GPC3-targeted CAR-T

Previously treated HCC

Recruiting

NCT02905188

Phase I

GPC3-targeted CAR-T

Previously treated HCC

Recruiting

NCT03198546

Phase I

GPC3-T2-targeted CAR-T

Previously treated HCC

Recruiting

NCT03884751

Phase I

GPC3-targeted CAR-T

Previously treated HCC

Recruiting

NCT03941626

Phase I

EGFRvIII/DR5-targeted CAR-T/TCR-T

Previously treated HCC

Recruiting

NCT03013712

Phase I

EpCAM-targeted CAR-T

Previously treated HCC

Recruiting

NCT03638206

Phase I

DR5-targeted CAR-T

Previously treated HCC

Recruiting

NCT03980288

Phase I

GPC3-targeted CAR-T

Previously treated HCC

Recruiting

HLA-A2 + AFP+ HCC

Recruiting

C332

NCT03132792

Phase I

Autologous genetically modified AFP

T cells

NCT02686372

Phase I

HBV specific T cell receptor redirected T cell

Hepatitis B virus related HCC

Recruiting

NCT04368182

Phase I

Autologous C-TCR055 (AFP TCR)

Previously treated AFP+ HCC

Recruiting

NCT03971747

Phase I

Autologous C-TCR055 (AFP TCR)

Previously treated AFP+ HCC

Recruiting

NCT02719782

Phase I

HBV specific T cell receptor redirected T cell

Hepatitis B virus related HCC

Recruiting

NCT03634683

Phase I

Autologous T cells mRNA HBV antigen-specific

Hepatitis B virus related HCC

Recruiting

NCT04502082

Phase I/II

ET140203 autologous T cell product

HLA-A2 + AFP+ HCC

Recruiting

NCT03888859

Phase I

ET1402L1-ARTEMIS™ T cells

HLA-A2 + AFP+ HCC

Recruiting

NCT03965546

Phase I

ET140202-T cell

HLA-A2 + AFP+ HCC

Recruiting

Ongoing clinical trials were identified by searching ClinicalTrials.gov using the terms “Hepatocellular carcinoma” and “CAR-T” and “TCR”,
on October 14th, 2020. CAR-T, chimeric antigen receptor T-cell; TCR, T-cell receptors.

antiangiogenics are emerging and standard of care with
novel drugs could be achieved soon. Immune cell therapy
associated with PD-1 pathway blockage could be a new
revenue for the success of the strategy in solid tumors
including advanced hepatocellular carcinoma.
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