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INTRODUCTION 

Liver cancer is among the most common cancers world-

wide, and hepatocellular carcinoma (HCC) is the most com-

mon primary liver cancer.1 HCC frequently develops in a 

background of chronic liver disease caused by infection with 

hepatitis B virus or hepatitis C virus (HCV), or by cirrhosis 

induced by alcohol abuse, autoimmune hepatitis, or non-al-

coholic fatty liver disease.2 HCC incidence is expected to 

continue increasing and HCC patients have a poor progno-

sis, such that the socioeconomic burden of HCC is among 

the most important global health issues.3 Patients with ad-

vanced HCC have limited therapeutic options. Sorafenib, 

lenvatinib, regorafenib, ramucirumab, and cabozantinib are 

the approved systemic treatments that prolong survival,4-6 

but these agents show an unsatisfactory survival benefit and 

are frequently not tolerated. Therefore, novel HCC therapeu-

tic strategies are urgently needed.

The HCC tumor microenvironment (TME) is a spatially 

structured mixture of various cells, including tumor cells, 

immune cells, tumor-associated fibroblasts, and hepatic non-

parenchymal resident cells. These cellular components dy-

namically interact through cell-to-cell contacts, and this cel-

lular interplay influences tumor immune evasion—for 
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example, related to T-cell exhaustion. Although T-cell ex-

haustion was originally identified in chronic viral infections,7 

similar dysfunctional features have been observed in cancers. 

T-cell exhaustion is defined as an impaired ability to secrete 

cytokines and proliferate, along with prolonged antigenic 

stimulation-induced overexpression of immune checkpoint 

receptors, such as programmed cell death-1 (PD-1), T cell 

immunoglobulin and mucin-domain containing-3 (TIM-3), 

cytotoxic T lymphocyte antigen-4 (CTLA-4), and lympho-

cyte-activation gene-3 (LAG-3).8-10 Immune checkpoint in-

hibitors (ICIs) targeting the PD-1/programmed cell death-

ligand1(PD-L1) and CTLA-4 pathways are currently 

available for clinical use, and have revolutionized the treat-

ment of various cancer types.11 Clinical trials of anti-PD-1 

therapy in patients with advanced HCC show objective re-

sponse rates (ORRs) of 16-20%,12,13 resulting in approval of 

the anti-PD-1 monoclonal antibodies nivolumab and pem-

brolizumab for use in HCC by in U.S. Food and Drug Ad-

ministration (FDA). However, the majority of HCC patients 

receiving anti-PD-1 therapy do not have clinical benefit, 

highlighting that novel immunotherapeutic strategies with 

improved therapeutic efficacy such as ICI-based therapeutic 

strategies in combination with targeted agents, locoregional 

therapy, and other forms of immunotherapy are urgently 

needed.14

Here we review the advancements and clinical implications 

of immune checkpoint inhibitor use in HCC, focusing on re-

sults from clinical trials. In the first part of this paper, we re-

view the usage of immune checkpoint inhibitors as monother-

apies for HCC, and the clinical responses. In the second part, 

we summarize the current status of combined immunotherapy 

targeting immune checkpoint receptors and other molecules 

in HCC.

MONOTHERAPIES USING IMMUNE CHECK-
POINT INHIBITORS FOR HCC

ICIs, such as anti-CTLA-4 and anti-PD-1 agents, have 

been tested as monotherapy in patients with unresectable 

HCC. A small pilot study evaluated the anti-CTLA-4 inhibi-

tor tremelimumab in HCV-related HCC.15 This agent yielded 

an ORR of 17.6%, and exhibited good safety, with no pa-

tients requiring steroid treatment due to the immune-related 

adverse events. 

However, the current mainstream of ICI treatment for 

HCC is based on targeting the PD-1/PD-L1 axis. The phase 

1/2 trial CheckMate040 tested nivolumab in patients with 

advanced unresectable HCC including patients previously 

treated with sorafenib, and nivolumab yielded a promising 

ORR of 20%.12 Pembrolizumab has also shown an ORR of 

17% in previously sorafenib-treated patients in a phase 2 tri-

al.13 Consequently, nivolumab and pembrolizumab were ap-

proved by the FDA in 2017 as post-sorafenib second-line 

systemic treatments for HCC.

In the randomized multi-center phase 3 trial Check-

Mate-459 (NCT02576509), nivolumab was compared to 

sorafenib as first-line systemic treatment, among patients 

with advanced HCC who were ineligible for locoregional or 

surgical treatments.16 Unfortunately, the overall survival (OS) 

benefit of nivolumab compared to sorafenib did not reach 

statistical significance according to the pre-defined threshold 

in the trial design (HR, 0.84; P=0.042). The median OS was 

16.4 months in the nivolumab group versus 14.7 months in 

the sorafenib group (P =0.075). However, several important 

findings of this study support the clinical benefit of nivolum-

ab treatment. Firstly, ORR tended to be higher in the 

nivolumab group (15% versus 7%), including complete re-

sponse (CR) in 14 patients (14/371, 4%) with nivolumab 

treatment, compared to only five patients (5/372, 1%) with 

sorafenib treatment. Secondly, grade 3 or 4 adverse events 

occurred in 81 patients (81/371, 22%) following nivolumab 

treatment, compared to in 179 patients (179/372, 49%) after 

sorafenib treatment, showing the safety and tolerability of 

nivolumab. A recent subgroup analysis further supports this 

safety of nivolumab, which also exhibited favorable safety 

and tolerability in patients with Child-Pugh B liver func-

tion.17

The randomized double-blind phase 3 trial KEYNOTE-224 

evaluated pembrolizumab as a second-line systemic treat-

ment compared with placebo for patients previously treated 

with sorafenib.18 The median OS was 13.9 months in the 

pembrolizumab group versus 10.6 months in the placebo 
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group (P=0.024), but the statistical significance of this differ-

ence was insufficient according to the pre-defined criteria. 

Treatment-associated adverse events of grade 3 or higher oc-

curred in 52 patients (52/278, 19%). These findings could 

justify the accelerated FDA approval of these two anti-PD-1 

inhibitors as a second-line systemic treatment for HCC. 

However, the insufficient clinical benefit demonstrated in 

these phase 3 trials indicates the necessity of complementary 

combined strategies to improve ICI efficacy in HCC.

On the other hand, phase 3 randomized trials are examin-

ing anti-PD-1 agents as adjuvant treatments to reduce tumor 

recurrence following curative therapy, such as ablation or 

surgical resection. KEYNOTE-937 compares pembrolizumab 

versus placebo as adjuvant therapy, in terms of recurrence-

free survival (RFS) and OS, in patients who achieved com-

plete radiological response after curative treatments 

(NCT03867084). Furthermore, CheckMate-9DX compares 

nivolumab versus placebo as adjuvant therapy, in terms of 

OS, especially in high-risk patients. HCC has high recurrence 

rates following curative treatment, about 70% at 5 years after 

surgical resection,19 and about 50-70% after radiofrequency 

ablation.20 Thus, there is a need to further investigate the po-

tential role of ICIs in improving clinical outcomes following 

curative treatments. In the phase 3 randomized STORM trial, 

adjuvant sorafenib following curative treatment failed to 

show clinical benefit in terms of RFS.21 Table 1 shows cur-

rently on-going phase 3 clinical trials of ICIs.

Table 1. Phase 3 clinical trials of immune checkpoint inhibitors for HCC

Clinical setting Regimen Trial name/number
Estimated primary completion 

date

First-line systemic Pembrolizumab-envatinib LEAP-002/NCT03713593 May 2022

First-line systemic Nivolumab-ipilimumab CheckMate-9DW/
NCT04039607

Mar 2023

First-line systemic Durvalumab-tremelimumab HIMALAYA/NCT03298451 Dec 2021

First-line systemic Atezolizumab-cabozantinib COSMIC-312/
NCT03755791

Jun 2021

First-line systemic SHR-1210-apatinib NA/NCT03764293 Dec 2021

First-line systemic Sintilimab-IBI305 
(anti-VEGF)

ORIENT-32/
NCT03794440

Dec 2022

First-line systemic Tislelizumab RATIONLALE-301/
NCT03412773

May 2022

Adjuvant resection/ablation Pembrolizumab KEYNOTE-937/
NCT03867084

Jun 2025

Adjuvant resection/ablation Nivolumab CheckMate-9DX/
NCT03383458

Jan 2023

Adjuvant resection/ablation Atezolizumab-bevacizumab IMbrave-050/
NCT04102098

Mar 2023

Adjuvant resection/ablation Durvalumab-bevacizumab EMERALD-2/
NCT03847428

May 2023

Adjuvant TACE Durvalumab or 
Durvalumab-bevacizumab

EMERALD-1/
NCT03778957

Sep 2022

Adjuvant TACE Nivolumab or 
Nivolumab-ipilimumab

CheckMate-74W/
NCT04340193

Feb 2026

Adjuvant TACE Pembrolizumab-lenvatinib LEAP-012/
NCT04246177

Apr 2025

Adjuvant TACE beads Nivolumab TACE-3/NCT04268888 Jun 2025

VEGF, vascular endothelial growth factor; TACE, transcatheter arterial chemoembolization.
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CURRENT STATUS OF IMMUNE CHECK-
POINT INHIBITORS FOR HEPATOCELLULAR 
CARCINOMA: ADVANCEMENT OF COM-
BINED REGIMENS

Table 1 presents the on-going trials investigating com-

bined regimens based on ICIs. As introduced above, tumor-

infiltrating lymphocytes (TILs) from HCC patients highly 

express multiple immune checkpoint molecules, including 

PD-1, TIM-3, LAG-3, and CTLA-4.22,23 Treatment with anti-

PD-1 or anti-PD-L1 combined with anti-CTLA-4, anti-

TIM-3, or anti-LAG-3 synergistically increases TIL prolifera-

tion and function.22,23 Beyond these experimental studies, the 

phase 1/2 clinical trial CheckMate-040 tested nivolumab plus 

ipilimumab as a second-line systemic treatment following 

sorafenib treatment.24 Administration of ipilimumab plus 

nivolumab, repeated four times, followed by nivolumab ad-

ministration every 2 weeks, yielded a promising ORR rate of 

32%. Most patients (94%) experienced treatment-related ad-

verse events of any grade, but most adverse events were man-

ageable. Based on these results, the FDA granted accelerated 

approval to this regimen on March 2020. Moreover, an on-

going phase 3 trial is comparing first-line treatment with the 

nivolumab-ipilimumab regimen versus sorafenib (Check-

Mate-9DW, NCT04039607).

Targeting the vascular endothelial growth factor (VEGF)/

VEGFR pathway is proposed to be a promising strategy for 

HCC chemotherapy, since this pathway is associated with 

high vascularization in the HCC microenvironment.25 Im-

portantly, VEGF is immunosuppressive and affects various 

types of immune cells within the TME—impacting the re-

cruitment of regulatory T cells (Tregs) and myeloid-derived 

suppressor cells (MDSCs), and the inhibition of dendritic 

cell maturation and T-cell function.26 A recent preclinical 

study in mice used orthotopic and induced HCC models to 

demonstrate that dual PD-1 and VEGFR blockade normaliz-

es vascularity and restores anti-tumor immune responses.27 

They reported CD8+ T-cell activation and Treg reduction, as 

well as reductions of M1 tumor-associated macrophages 

(TAMs) and chemokine receptor 2 monocytes. Therefore, 

the combination of ICI treatment and VEGFR blockade is 

expected to be a promising strategy to overcome resistance to 

ICI monotherapy.

Results from the phase 3 trial IMbrave-150 have opened a 

new horizon for systemic treatment of HCC. Compared to 

sorafenib, the anti-PD-L1 inhibitor atezolizumab in combi-

nation with the anti-VEGF inhibitor bevacizumab yielded a 

better OS and progression-free survival (PFS).28 At 12 months 

of treatment, the OS rate was 67% in the atezolizumab-beva-

cizumab group versus 55% in the sorafenib group (P<0.001; 

HR, 0.58). Moreover, the median PFS was 6.8 months in the 

atezolizumab-bevacizumab group versus 4.3 months in the 

sorafenib group (P <0.001). The atezolizumab-bevacizumab 

group was also superior to the sorafenib group in terms of 

the time to deterioration of quality of life. This finding has 

also been confirmed by a recent study that investigated pa-

tient-reported outcomes, including quality of life, function-

ing, and symptoms due to the disease, which were all superi-

or in the atezolizumab-bevacizumab group compared to the 

sorafenib group.29 Adverse events of grade 3 or higher were 

comparable between the two groups, occurring in 201/329 

(61.1%) of the atezolizumab-bevacizumab group and 95/156 

(60.9%) of the sorafenib group. The risk of bleeding (any 

grade), including variceal bleeding, tended to be higher in 

the atezolizumab-bevacizumab group (25.2% versus 17.3%), 

indicating that endoscopic evaluation is required before 

treatment using this regimen. Overall, the atezolizumab-bev-

acizumab combination regimen could be a successful substi-

tute for sorafenib, which has been the only option for sys-

temic treatment of HCC for decades. In May 2020, the FDA 

approved this regimen as a first-line treatment for patients 

with unresectable or metastatic HCC.

Currently available multi-kinase inhibitors (MKIs) can 

target the VEGF/VEGFR pathway and angiogenesis, and also 

have immunomodulatory effects. For example, MKIs can 

regulate immunosuppressive populations (e.g., TAMs, MD-

SCs, and Tregs), as well as enhance T-cell responses.30 In 

particular, lenvatinib, an MKI that has been approved as a 

first-line systemic treatment, was recently investigated as part 

of a combinational regimen with anti-PD-1 in a murine 

model of HCC.31 The results demonstrated that lenvatinib 

downregulated PD-L1 expression on tumor cells, via FGF re-
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ceptor 4 (FGFR4). Lenvatinib also acted through FGFR4 to 

hinder Treg differentiation by IL-2, and thereby synergisti-

cally improved anti-tumor immune responses in combina-

tion with anti-PD-1. These findings suggest that lenvatinib is 

a promising MKI in terms of combination immunotherapy 

with ICIs. A recent report from a phase 1b trial describes the 

safety and efficacy of lenvatinib plus pembrolizumab in pa-

tients with unresectable HCC.32 Although the study was small 

and did not have a comparative design, it demonstrated that 

pembrolizumab-lenvatinib treatment yielded an ORR of 

36%, with a median OS of 22 months. Among the patients, 

67% experienced adverse events of grade 3 or higher, but 

they were manageable. This regimen is presently being tested 

in a phase 3 randomized trial (LEAP-002, NCT03713593).

In addition to the role of combined regimens as systemic 

chemotherapy, they are also being investigated in phase 3 clini-

cal trials for use as adjuvant treatments following curative 

treatments or transcatheter arterial chemoembolization 

(TACE). Specifically, phase 3 trials are examining the use of 

atezolizumab-bevacizumab (IMbrave-050, NCT04102098) 

and durvalumab-bevacizumab (EMERALD-2, NCT03847428) 

following resection or ablation, compared to radiofrequency 

ablation with placebo. Trials are also investigating durvalum-

ab-bevacizumab (EMERALD-1, NCT03778957), nivolumab-

ipilimumab (CheckMate-74W), and pembrolizumab-lenva-

tinib (LEAP-012, NCT04246177) following TACE. Combined 

immunotherapy may become a standard means of HCC treat-

ment, not only as a first- or second-line systemic chemothera-

py, but also as an adjuvant treatment following locoregional 

treatment for HCC.

CONCLUDING REMARK

In this review, we have discussed the recent advances in 

immunotherapy targeting immune checkpoint receptors for 

HCC treatment. While anti-PD-1 therapy shows great thera-

peutic success in some HCC patients, it exhibits limited effi-

cacy in the majority of HCC patients. Various studies have 

investigated the factors that determine clinical responses to 

ICIs, and the mechanisms by which they modulate tumor-

specific immunity in cancer patients. However, most have 

focused on tumor-intrinsic factors, rather than on the char-

acteristics of exhausted tumor-infiltrating T cells. Overcom-

ing the limitations of anti-PD-1 therapy for HCC will require 

a better understanding of T-cell exhaustion in TMEs. Recent 

studies have highlighted the heterogeneity of tumor-infiltrat-

ing CD8+ T cells (CD8+ TILs) in the context of T-cell exhaus-

tion and T-cell activation in HCC patients,23,33 which was as-

sociated biomarkers indicating anti-PD-1 response.23,33 These 

findings support the importance of detailed characterizations 

of the heterogeneity within the exhausted CD8+ TIL popula-

tion for cancer immunotherapy in HCC patients. 

Our current knowledge of the mechanisms underlying ICI 

response lags behind the application of ICIs. Thus, there re-

mains a need for more cross-disciplinary studies to better 

understand the biological and clinical implications of ICIs, 

by elucidating the cellular and molecular heterogeneity of tu-

mor-infiltrating immune cells among HCC patients. The re-

sults of such investigations could enable the application of 

immunotherapies targeting various immune checkpoint re-

ceptors in combination with currently available ICIs. Con-

sidering that HCC patients exhibit variations in the expres-

sions of checkpoint receptors other than PD-1,23 it will be 

important to find biomarkers to identify patients specifically 

eligible for each combinational checkpoint blockade regi-

men. Therefore, along with evaluations of the therapeutic ef-

ficacy of novel combined checkpoint blockade therapies, ef-

forts to develop biomarkers clinically suitable for use as 

companion diagnostics may help advance personalized im-

munotherapy. 

In conclusion, advances in immune checkpoint inhibitor-

based immunotherapy have opened a new era for HCC treat-

ment. Future clinical studies that evaluate the efficacy of 

combined immune checkpoint blockades in HCC patients, 

and further investigation of the immune biology of the TME 

in HCC, may provide the rationale for establishing optimal 

immunotherapy strategies in patients with HCC.
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