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Abstract: The treatment of hepatocellular carcinoma (HCC) has witnessed radical changes 
over the last few years, with the introduction of immune checkpoint inhibitors (ICI) in 
clinical practice, namely the combination of atezolizumab plus bevacizumab as the standard 
of care for first-line treatment of advanced HCC. The immunosuppressive microenvironment 
of the chronically inflamed liver makes HCC a fertile ground for the use of ICI. This review 
focuses on anti-programmed cell death-1 (PD-1) monoclonal antibodies (mAb), which have 
been extensively studied, as monotherapy, in combination with other ICI or with antiangio
genic agents. Currently, anti-PD-1 agents are approved by the United States Food and Drug 
Administration for second-line treatment in advanced HCC: nivolumab, alone or in combi
nation with ipilimumab, and pembrolizumab. Lack of demonstration of survival benefit in 
first and second line led to the investigation of PD-1 agents in combination with multi-kinase 
inhibitors, with a number of first-line treatment regimens being actively investigated. 
Mounting evidence suggests a potential role of PD-1 blockade as adjuvant or neoadjuvant 
therapies. A key challenge remains the identification of biomarkers of response, since only 
a minority of patients appear to benefit from ICI. 
Keywords: liver cancer, immunotherapy, advanced, immune checkpoint inhibition, PD-1, 
angiogenesis

Introduction
Liver cancer accounts for 830.180 deaths in the world every year and ranks 6th as 
most frequently diagnosed cancer and third as most frequent cause of cancer-related 
deaths.1 Hepatocellular carcinoma (HCC) represents the majority of cases of 
primary liver cancer. It arises most frequently in the context of an underlying 
liver disease, such as chronic viral hepatitis (hepatitis C virus [HCV] being the 
predominant etiological factor in Western countries and hepatitis B virus [HBV] in 
East Asia), alcoholic cirrhosis, non-alcoholic steatohepatitis (NASH), non-alcoholic 
fatty liver disease (NAFLD), and exposure to toxic agents such as aflatoxin. In 
particular, the incidence and the prevalence of NAFLD-related HCC are expected to 
increase, especially in the US, with NAFLD likely to become the most frequent 
etiology in the upcoming years.2 If diagnosed in the early phases, HCC can be 
potentially cured with surgical resection, liver transplantation, or loco-regional 
approaches. However, most of the patients are diagnosed with an advanced disease, 
and systemic agents represent the treatment of choice.3,4

The most frequently used staging system for HCC is the Barcelona Clinic Liver 
Cancer (BCLC) classification, and systemic treatment is indicated for patients 
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classified as BCLC C o BCLC B not deemed amenable to 
further loco-regional treatments. For more than a decade, 
multikinase inhibitors (MKIs) targeting the angiogenesis 
pathway have been the mainstay for advanced HCC treat
ment, with sorafenib being the only available first-line 
treatment,5,6 until another MKI, lenvatinib, was proven 
non-inferior to sorafenib in the Phase III REFLECT 
trial.7 For patients progressing on or intolerant to sorafe
nib, several agents have been proven effective as second- 
line treatment. In particular, two MKIs, regorafenib and 
cabozantinib, achieved a significant survival advantage for 
sorafenib-pretreated patients in the phase III RESORCE 
and CELESTIAL trials, respectively.8,9 Of note, cabozan
tinib is the only agent showing a benefit as third-line 
treatment, since 27% of the enrolled patients in the 
CELESTIAL trial had received two previous lines of treat
ments. Ramucirumab, an anti-VEGF monoclonal antibody 
(mAb), represents the only example of biomarker-driven 
therapy for HCC, since it showed to significantly prolong 
survival compared to placebo in sorafenib-pretreated 
patients with a baseline alfa-fetoprotein (AFP) ≥400ng/ 
mL.10

However, the landscape of HCC treatment has drama
tically changed in the last few years with the use of 
immune checkpoint inhibitors (ICI). The modulation of 

the immune system via the blockade of the programmed 
death-1 (PD-1)/PD-ligand 1 (PD-L1) and/or via the com
bined blockade of the cytotoxic T-lymphocytes antigen-4 
(CTLA-4) has been approved for several cancer types, 
becoming the current standard of care in different lines 
of treatment. The implementation of ICI for HCC treat
ment has met several challenges, due to the fact that the 
presence of a chronic HBV or HCV infection has been 
classically considered as a contraindication to the use of 
immunotherapy, due to the fear of a viral reactivation. 
However, the presence of a largely immunotolerant envir
onment in the liver makes the use of immunomodulatory 
agents for HCC particularly intriguing.11 The United 
States (US) Food and Drug Administration (FDA) 
approved the use of the combination of atezolizumab, an 
anti-PD-L1 mAb, plus bevacizumab, an anti-vascular 
endothelial growth factor (VEGF) mAb, as first-line treat
ment of unresectable or metastatic HCC, after the positive 
results of the phase III IMbrave150 trial, where the com
bination outperformed sorafenib in terms of survival and 
response.12,13 For further lines of treatment, in sorafenib- 
pretreated patients, the FDA has approved the use of 
nivolumab, an anti-PD-1, alone or in combination with 
ipilimumab, an anti-CTLA-4 mAb, and pembrolizumab, 
another anti-PD-1 agent (Table 1).

Table 1 Efficacy and Survival Outcomes of Anti-PD-1 Agents in Pivotal Clinical Trials

Outcome CheckMate 040 [28] 
Nivolumab

KEYNOTE-240 [35] 
Pembrolizumab

CheckMate 040 [33] Nivolumab Plus 
Ipilimumaba

Phase of the trial Phase I/II Phase III Phase I/II

Population Sorafenib-pretreated patients Sorafenib-pretreated patients Sorafenib-pretreated patients

Confirmed ORR per 
RECIST 1.1, %

20 18.3 32

95% CI (15–26) (14–23.4) (20–47)

Complete response, n (%) 3 (1) 6 (2.2) 4 (8)
Partial response, n (%) 39 (18) 45 (16.2) 12 (24)

Stable disease, n (%) 96 (45) 122 (43.9) 9 (18)

Overall survival (months)

Median NR 13.9 22.8

95% CI - (11.6–16) (9.4-NE)

Progression-free survival 

(months)
Median 4.0 3.0 Not reported

95% CI (2.9–5.4) (2.8–4.1)

Notes: aData from the arm A of the trial; references are reported in square brackets. 
Abbreviations: ORR, objective response rate; RECIST 1.1, response evaluation criteria in solid tumors version 1.1; 95% CI, 95% confidence interval; n, number of patients; 
NR, not reached; NE, not estimable.
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This review will focus on the use of PD-1 inhibitors for 
the treatment of advanced HCC, with a special focus on 
the possible future application in earlier phases of the 
disease.

The PD-1/PD-L1 Pathway as 
a Therapeutic Actionable Driver of 
Anti-Cancer Immunity in HCC
PD-1 and its ligand PD-L1 compose a widely studied 
checkpoint regulating the adaptive immune response. 
While PD-1 is a glycoprotein expressed on the cell mem
brane of tumor-infiltrating immune cells, PD-L1 is consti
tutively expressed on several lineages of immune cells and 
it is further upregulated upon their activation. It can also 
be expressed by tumor cells and by a number of somatic 
cells when exposed to proinflammatory cytokines, namely 
vascular endothelial cells, fibroblastic reticular cells, 
epithelia, pancreatic islet cells, astrocytes, and neurons.14 

The PD-1/PD-L1 axis leads to a negative feedback on 
immune response, by blocking the T-cell receptor (TCR) 
and CD28 signaling.15,16 Immune escape is one of the 
hallmarks of cancer,17 and tumor cells often overexpress 
PD-L1 as a resistance mechanism, in order to hijack the 
PD-1/PD-L1 immunosuppressive pathway. For this reason, 
the development and the use of anti-PD-1 and anti-PD-L1 
mAb has changed the treatment paradigm of many cancer 
types. HCC provides a particularly fertile ground to use 
ICI, since the underlying chronic disease induces an 
immune-tolerant microenvironment, where tumor cells 
can escape from immunological surveillance. An impor
tant function of the liver is to act as an “immunological 
gatekeeper” since it receives and metabolizes a number of 
immunologically active substances from the gut: in parti
cular, patients with a liver disease are characterized by 
a “leaky gut”, and the liver receives microbial components 
from the gut microbiota, including bacterial nucleic acid, 
lipopolysaccharides (LPS), and toxins, collectively 
referred to as microbial-associated molecular patterns 
(MAMPs) or pathogen-associated molecular patterns 
(PAMPs).18 HCC is known to escape from immune 
response thanks to aberrant expression of neoantigens 
and dysfunctional antigen presentation through the major 
histocompatibility complex.11 The impaired recruitment of 
CD4+ and cytotoxic CD8+ cells, combined with the 
expansion of tolerogenic dendritic cells and regulatory 
T cells (T-regs), contribute to the liver immune tolerance. 
Also, a number of cell lines play in role in the 

immunosuppressive microenvironment, namely myeloid- 
derived suppressor cells (MDSCs), hepatic stellate cells, 
and tumor-associated macrophages (TAMs).11 Despite 
some initial fears that ICI could cause a viral flare in 
case of HCV or HBV-related HCC, the first pivotal trials 
unequivocally confirmed the safety of ICI in these 
patients,19 paving the way for the subsequent efficacy 
testing of immunotherapy in HCC. The first anti-PD-1 
agent used in HCC was nivolumab, a fully human IgG4 
mAb blocking PD-1 interaction with PD-L1 and its other 
ligand PD-L2, and then others followed, namely pembro
lizumab, sintilimab, and tislelizumab.

In order to tackle the multiplicity of resistance mechan
isms within the cancer-immunity interface, anti-PD-1 
agents were tested in combination with other anti-tumor 
classes, such as anti-CTLA-4 mAb and antiangiogenic 
drugs. Double checkpoint blockade has showed to exert 
a synergistic anti-tumor effect across malignancies, in 
particular malignant melanoma20 and renal cell 
carcinoma.21 CTLA-4 is a receptor on the membrane of 
activated T cells and it is constitutively expressed on the 
membrane of CD4+ CD25+ regulatory T cells (T-regs). It 
binds to ligands of the B7 family (CD80/CD86) on anti
gen-presenting cells (APCs) and downplays the adaptive 
immune response, counteracting CD28 activating signal.22 

The combined inhibition of PD-1 and CTLA-4 enhances 
CD8+ T cell-mediated tumoral killing, activating a broader 
gene response than with the single agents.23

Another avenue tested to promote synergistic efficacy 
is inhibition of the VEGF pathway, a master regulator of 
angiogenesis, immune tolerance and driver of poor prog
nosis in HCC. Anti-PD-1 agents have also been investi
gated in combination with anti-VEGF mAb, such as 
bevacizumab, or with MKI with an antiangiogenic 
mechanism of action. The VEGF pathway is known to 
exert an immunosuppressive effect via a pleiotropic 
range of mechanisms, mainly involving the promotion of 
immunomodulating cell types (immature dendritic cells, 
myeloid-derived suppressor cells, tumor-associated macro
phages, and T-regs) and the downregulation of CD8+ 
T cells activity.24 Moreover, VEGF promotes aberrant 
angiogenesis and local hypoxia, which is a known 
mechanism of tumor immune escape in HCC.25 

Preclinical data show that the use of anti-VEGF agents 
can revert these immunosuppressive effects, and the con
comitant use of ICI can enhance the immune-mediated 
tumoral killing.26 Furthermore, the inhibition of the neoan
giogenesis can restore the normal delivery of ICI in tumor 
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tissues and can reduce the hypoxia-induced PD-L1 
overexpression.27

The presence of this strong preclinical rationale has 
paved the way for using ICIs as monotherapy or in com
bination in clinical practice for HCC treatment, translating 
into a significant benefit for cancer patients.

Clinical Evidence for the Use of 
PD-1 Inhibitors in Advanced HCC
Anti-PD-1 ± Anti-CTLA-4 for Advanced 
Disease
Nivolumab used as monotherapy was approved by the FDA 
for sorafenib-pretreated patients on the basis of the results of 
the phase I/II CheckMate-040 study.28 This was a multi-center, 
non-comparative, open-label trial testing the safety and effi
cacy of nivolumab in 48 patients for the dose-escalation and 
214 for the dose-expansion phase. Patients were stratified 
according to viral and non-viral etiology and a Child-Pugh 
score up to B7 was allowed. The majority of patients had 
already been treated with sorafenib (182 out of 262, 69.5%). 
The recommended dose for the expansion phase was 3 mg/kg 
every 2 weeks, after exposing patients in the dose escalation 
phase to a dose from 0.1 mg/kg to 10 mg/kg without dose- 
limiting toxicities. In the dose-expansion group, nivolumab 
achieved an objective response rate (ORR) of 20% (95% 
confidence interval [CI], 15–26) and a disease control rate 
(DCR) of 64% (95% CI, 58–71) per Response Evaluation 
Criteria in Solid Tumors (RECIST) 1.1 criteria, similar across 
the prespecified subgroups, and a 9-month overall survival rate 
of 74% (95% CI, 67–79) (Table 1). The experimental drug 
showed no unexpected safety signal, and in particular no viral 
flares in patients suffering from HCV and HBV hepatitis. Of 
note, nivolumab was proven a safe and effective option also in 
patients with a Child-Pugh B7 liver function, with 
a comparable rate of treatment-related adverse events 
(TRAEs) and treatment discontinuation due to an AE than in 
the general population.29 This pivotal trial paved the way for 
the CheckMate-459 trial, the multicenter phase III randomized 
trial testing the superiority of nivolumab in first line against the 
previous standard of care sorafenib.30 However, the study did 
not meet its primary endpoint: median OS did not significantly 
differ between the nivolumab arm (16.4 months [95% CI, 
13.9–18.4]) and the control arm (14.7 months [CI 95%, 
11.9–17.2]), with an HR of 0.85 (95% CI, 0.72–1.02; 
p=0.0752). Notably, both drugs achieved unprecedented 
results in terms of survival: nivolumab reached the highest 
median OS compared to the previous phase III first-line trials, 

and sorafenib obtained a much longer survival than in the 
SHARP5 and in the Asia-Pacific6 trial, possibly reflecting 
a better patient selection and an improved AEs 
management.31 The authors highlighted a potential clinical 
benefit of nivolumab, with regard to ORR (15% versus 7% 
for nivolumab and sorafenib, respectively), grade 3–4 (G3–4) 
TRAEs (22% versus 49%), and quality of life (QoL) in 
a further analysis.32 However, in view of the lack of survival 
advantage, nivolumab cannot be considered an alternative to 
sorafenib in first line.

The role of nivolumab in HCC was also explored in 
combination with ipilimumab. The double immune check
point blockade was investigated in the cohort 4 of the 
CheckMate-040 trial in patients who progressed on or were 
intolerant to sorafenib.33 The combination was tested at dif
ferent dosing regimens: the best results were obtained in the 
arm A of this cohort, where 49 patients received nivolumab 
1 mg/kg plus ipilimumab 3 mg/kg every 3 weeks for four 
doses, followed by single-agent nivolumab 240 mg every 2 
weeks. This regimen achieved an ORR of 32% (95% CI, 20– 
47) per RECIST 1.1, including 4 complete responses (CR), 
and a median duration of response (DOR) not reached (NR) 
(Table 1). Also, the regimen in arm A outperformed the other 
arms in terms of survival, with a median OS of 22.8 months 
(95% CI, 9.4-NR) versus 12.5 months (95% CI, 7.6–16.4) and 
12.7 months (95% CI, 7.4–33.0) in arm B and C, respectively. 
In arm A, 53% patients experienced a G3–4 TRAE, with the 
most frequent causes of treatment discontinuation being hepa
titis (6%), pneumonitis (6%), colitis (4%). Interestingly, 
researchers did not observe any recurrence of immune- 
related AE (irAE) when patients suffering from an irAE 
were rechallenged with nivolumab or ipilimumab. Based on 
these results, the US FDA approved the use of the combination 
of nivolumab plus ipilimumab at the regimen tested in the arm 
A after sorafenib discontinuation. Also, this regimen is cur
rently under investigation in the phase III CheckMate 9DW 
trial (NCT04039607), where it is tested in first line against 
sorafenib (Table 2). Another PD-1 inhibitor, pembrolizumab, 
received the FDA approval for sorafenib-pretreated patients 
after the positive results of the Phase II KEYNOTE-224 
trial.34 The trial met its primary endpoint, with an ORR of 
17% (95% CI, 11–26), and prepared the ground for the sub
sequent randomized phase III KEYNOTE-240 trial.35 This 
trial randomized 413 patients who had failed prior sorafenib 
in a 2:1 ratio to pembrolizumab or to placebo. Due to the 
statistical design, which established a prespecified boundary of 
p=0.0174 for OS, the primary endpoint, median OS, was not 
met: pembrolizumab achieved a median OS of 13.9 months 
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(95% CI, 11.6–16.0) versus 10.6 months (95% CI, 8.3–13.5) 
with placebo (HR 0.78; 95% CI, 0.611–0.998; p=0.0238), 
while median progression-free survival (PFS) was 3.0 months 
(95% CI, 2.8–4.1) versus 2.8 months (95% CI, 1.6–3.0) with 
pembrolizumab and placebo, respectively (HR, 0.72; 95% CI, 
0.570–0.904; p=0.0022, where the prespecified boundary was 
p=0.002) (Table 1). Despite the consistency of these findings 
with the previous phase II study, this trial was formally nega
tive. After the disappointing findings of anti-PD-1 mAbs as 
monotherapy, it will be of high interest to analyze the data 
from the phase III non-inferiority trial (RATIONALE 301: 
NCT03412773)36 currently testing tislelizumab (BGB-A317) 
, another anti-PD-1 mAb, against sorafenib in first line, after 
the promising results obtained in a previous phase Ia/b trial37 

(Table 2).

Anti-PD-1 Plus Antiangiogenic Agents
Following the success of the combination of atezolizumab 
and bevacizumab in the IMBrave150 study,12 another com
bination was proven effective in treatment-naïve HCC 
patients. The ORIENT-32 was a phase II/III trial testing the 

superiority of the combination of sintilimab, an anti-PD-1 
mAb, and a bevacizumab biosimilar against sorafenib as 
first-line treatment in a Chinese, HBV-predominant 
population.38 The trial reached its primary endpoints, both 
median OS (not estimable [NE] versus 10.4 months; HR 
0.57; 95% CI, 0.43–0.75; p <0.0001) and median PFS (4.6 
versus 2.8 months; HR 0.56; 95% CI 0.45–0.7; p <0.0001), 
thus making the combination a possible new standard of care 
for Chinese patients. Earlier phase studies tested the combi
nation of anti-PD-1 mAb and MKI with a known antiangio
genic spectrum. Pembrolizumab plus lenvatinib was 
administered in a phase Ib study to 100 untreated HCC 
patients, with an ORR of 46.0% (95% CI, 36.0–56.3) and 
a DCR of 88.0% (95% CI, 80.0–93.6) per modified RECIST 
(mRECIST) criteria by independent review.39 Based on 
these results, a phase III trial is currently testing the combi
nation in a large population against sorafenib40 (Table 2). 
Lenvatinib has been successfully combined with nivolumab 
in another phase Ib study conducted in 30 Japanese patients, 
where the combination obtained a promising ORR of 76.7% 
per mRECIST criteria.41 Moreover, a third phase Ib trial 

Table 2 Ongoing Phase III Trials with Anti-PD-1 Agents for First-Line Advanced Disease

Target 
Population

Confirmed Pathologic or Radiologicala Diagnosis of HCC; BCLC B Unsuitable for Locoregional Therapy or 
BCLC C; No Prior Systemic Therapy for HCC; Child-Pugh Class A; ECOG PS 0–1.

Trial Name 

[Reference] 
Number

Phase Study Regimens Estimated 

Sample 
Size

Status Primary 

Endpoints

Secondary Endpoints

RATIONALE- 
301b [36] 

NCT03412773

III Tislelizumab 200 mg iv q3w 674 Active, 
not 

recruiting

OS ORR, PFS, DOR, TTP, HRQoL, DCR, 
CBR

Sorafenib (800mg/day)

LEAP-002 [40] 

NCT03713593

III Pembrolizumab 200 mg iv q3w plus 

Lenvatinib (12 mg/day or 8 mg/day 

according to body weight ≥ or < 
60 kg)

750 Active, 

not 

recruiting

PFS, OS ORR, DOR, DCR and TTP both per 

RECIST 1.1 and mRECIST, PFS per 

mRECIST, lenvatinib pharmacokinetics, 
safety

Lenvatinib plus a matching-placebo

CheckMate 

9DW 
NCT04039607

III Nivolumab 1 mg/kg plus Ipilimumab 

3 mg/kg x 4 q3w followed by 
Nivolumab 480 mg q4w

1084 Recruiting OS ORR, DOR, TTSD

Sorafenib (800 mg/day) or Lenvatinib 
(12 mg/day or 8 mg/day according to 

body weight ≥ or < 60 kg)

Notes: aA radiological diagnosis according to the American Association for the Study of Liver Diseases (AASLD) criteria is admitted in LEAP-002 trials for cirrhotic patients; 
bnon inferiority trial; references are reported in square brackets. 
Abbreviations: HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group Performance Status; iv, 
intravenously; q3w, every 3 weeks; OS, overall survival; ORR, objective response rate; PFS, progression-free survival; DOR, duration of response; TTP, time to progression; 
HRQoL, health-related quality of life; DCR, disease control rate; CBR, clinical benefit rate; RECIST 1.1, response evaluation criteria in solid tumors version 1.1; mRECIST, 
modified response evaluation criteria in solid tumors; q4w, every 4 weeks; TTSD, time to symptom deterioration.
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tested the combination of pembrolizumab plus regorafenib 
on 32 treatment-naïve patients, with an interesting ORR of 
28% and a manageable safety profile.42 Another anti-PD-1 
agent, camrelizumab, was combined with apatinib (anti- 
VEGFR-2 MKI) in the phase II RESCUE trial, where the 
combination was tested both in first and second line, achiev
ing an ORR of 34% for untreated patients and 22.5% 
as second line.43

Clinical Evidence for the Use of 
PD-1 Inhibitors in Earlier Phases
Anti-PD-1 as Adjuvant Therapy for HCC
Currently, no treatment has proved to be effective in the 
adjuvant setting for HCC, after surgical resection, liver 
transplantation, or loco-regional treatment. These 
approaches can be performed for patients diagnosed with 
early-stage disease with a curative intent; however, tumor 
recurrence affects long-term survival, with relapse rates of 
up to 70% and 5-year OS <50%.44 Early relapse involves 
the recurrence of the primary tumor, while late relapse 
involves the appearance of a new primary tumor in the 
context of a chronically damaged liver. The only phase III 
trial testing a possible adjuvant treatment for HCC was the 
STORM trial, failing to demonstrate an advantage in 
relapse-free survival with sorafenib.45 Anti-PD-1 mAb 
have already proved effective in the adjuvant setting in 
other cancer types, such as melanoma46 and gastroesopha
geal cancer,47 showing a significant survival advantage. 
For HCC, several immunotherapy strategies have already 
been tried, such as cancer vaccines48 and lymphocyte 
infusions,49 without conclusive evidence. Currently, large 
phase III clinical trials are investigating the role of anti-PD 
-1 mAb in the adjuvant setting after curative resection or 
ablation, in particular nivolumab (CheckMate 9DX: 
NCT03383458) and pembrolizumab (KEYNOTE-937: 
NCT03867084). However, due to the high risk of acute 
graft rejection and due to the need of a chronic immuno
suppressive therapy, it is not possible to design a trial with 
an adjuvant ICI after a liver transplantation.50

Anti-PD-1 as Neoadjuvant Therapy
Most of HCC patients are diagnosed at a late stage of the 
disease, when it is not possible to offer a potentially cura
tive treatment, such as surgical resection, liver transplanta
tion or local ablation. For this reason, the use of a systemic 
therapy as a bridge to downstage the disease and to make 
it susceptible of a loco-regional approach is an appealing 

strategy. If this strategy was difficulty viable in the past, 
given the low ORR obtained by MKI, the more robust 
responses seen in the ICI clinical trials bring the spotlight 
on the neoadjuvant approach for HCC. Furthermore, the 
use of ICI in the neoadjuvant setting offers a unique pos
sibility of observing the in vivo response to the checkpoint 
blockade, thus providing precious tissue samples for bio
marker studies. Currently, no clinical data are available of 
the efficacy of anti-PD-1 in this setting, but several phase 
I/II clinical trials are currently testing nivolumab 
(NCT03630640), cemiplimab (NCT03916627), and toripa
limab (NCT03867370). Moreover, a phase II study 
(NCT03630640) and the phase Ib PRIME-HCC trial51 

(NCT03682276) are investigating the use of the combina
tion of nivolumab and ipilimumab prior to surgical resec
tion, and the latter will provide a thorough biomarker 
study on biological samples.

Anti-PD-1 in Combination with 
Loco-Regional Treatments
Loco-regional treatments are the treatment of choice for 
early and intermediate stage HCC.3 Besides their classic 
ablative action, a growing evidence points at the possible 
immunomodulatory role of these techniques, thus suggest
ing a potential synergism with immune checkpoint block
ade. In particular, radiofrequency ablation (RFA) and 
microwave ablation (MWA), used for early-stage HCC, 
are known to influence the tumor microenvironment via 
the release of tumor neoantigens, thus promoting local 
infiltration of CD8+ T cells and the systemic CD8+ T cell- 
mediated response.52 Also, the well-known abscopal effect 
induced by radiotherapy (RT) has not been characterized 
yet in HCC, but, considering the growing use of stereo
tactic body RT in early-stage HCC, the combination with 
ICI could be of high interest.53 Trans-arterial chemoembo
lization (TACE) is the treatment of choice for BCLC 
B stage HCC. The ischemic damage caused by the arterial 
occlusion induces the production of the hypoxia inducible 
factor (HIF)-1α, a known modulator of PD-L1 expression. 
Furthermore, TACE can act on tumor microenvironment 
by decreasing the percentage of T-regs and increasing the 
CD4+/CD8+ ratio, thus suggesting a possible positive 
interaction with ICI anti-tumor activity.54 This rationale 
guided the design of trials testing the combination of 
TACE and anti-PD-1 mAb, for instance the phase I/II 
PETAL study is investigating the safety and preliminary 
efficacy of pembrolizumab after TACE in intermediate 
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stage HCC (NCT03397654), while another study is testing 
the combination of nivolumab plus drug eluting bead- 
TACE (deb-TACE) (NCT03143270).

Biomarkers of Response
Despite the major advances in the use of immunotherapy 
for HCC, only a minority of patients respond to ICIs. The 
causes beneath the lack of response are not fully under
stood, and the search for biomarkers of response has 
become an area of high unmet need.55 Biomarkers asso
ciated with ICI efficacy in other cancer types appear to 
have little utility in HCC. For instance, microsatellite 
instability (MSI) is a widely recognized biomarker of 
response to ICI, and FDA granted pembrolizumab a site- 
agnostic accelerated approval for any MSI-high (MSI-H) 
or mismatch-repair deficient (dMMR) unresectable or 
metastatic cancer type, based on the response rates in the 
KEYNOTE-016 study.56 However, the percentage of MSI- 
H among HCC patients is low (<3%)57 and, despite some 
anecdotal evidence,58,59 the testing for MMR status as 
biomarker of response for ICI in HCC would be of low 
impact. Tumor mutational burden (TMB) over ten muta
tions per megabase (defined as TMB-high [TMB-H]) was 
found to be associated with a response to ICI in the 
KEYNOTE-158 study,60 leading the FDA to grant pem
brolizumab its second site-agnostic approval for the treat
ment of unresectable or metastatic TMB-H cancer 
regardless of its primary site. However, the study did not 
include any HCC patient, and HCC itself normally arises 
in an immunosuppressive microenvironment, with cases of 
TMB-H HCC being infrequent.61 PD-L1 expression, mea
sured with different immunohistochemistry assays either 
on tumor cells as tumor proportional score (TPS) either on 
tumor and surrounding immune cells as combined positive 
score (CPS), is a predictive biomarker of response in 
several cancer types.62 However, the efficacy of ICIs in 
HCC does not seem to be related to PD-L1 expression. For 
instance, in the CheckMate-040 trial, the PD-L1 expres
sion on tumor cells was assessed as secondary endpoint, 
but response to nivolumab was comparable across sub
groups (PD-L1 < or ≥1%).28 However, in a preplanned 
exploratory analysis of the KEYNOTE-224 trial, the 
response to pembrolizumab seemed to be linked to PD- 
L1 expression quantified with CPS, but not with TPS,34 

suggesting that further, prospective studies are needed to 
clarify the issue. Currently, the FDA approvals for ICIs 
HCC do not take into account the PD-L1 expression: the 
measure of PD-L1 is not performed in clinical practice and 

the lack of PD-L1 expression is not an exclusion criterion 
for the administration of ICIs. On the other hand, a more 
integrated evaluation of tumor microenvironment and 
immune phenotypes could be crucial to better predict ICI 
response.63,64 A post-hoc biomarker analysis performed on 
the tissues of patients treated with nivolumab within the 
dose-escalation and dose-expansion phases of the 
CheckMate-040 identified a possible role of a 4-gene sig
nature as predictor of response to ICI.65 This analysis 
further highlighted the limitation of considering PD-L1 
expression as a sole biomarker, since responses to nivolu
mab were registered regardless of PD-L1 expression, even 
if ORR were numerically higher in PD-L1 ≥1% patients.

Recent data show that response to ICI could depend on 
HCC aetiology. In particular, patients who develop HCC 
on the background of NASH etiology have been found to 
harbour an enriched population of exhausted CD8+PD1+ 
T cells.66 These aberrant cells are linked to an impaired 
immune surveillance, leading to a lack of response to ICI. 
This preclinical observation has been further corroborated 
by a meta-analysis of three randomized phase III clinical 
trials investigating ICI in advanced HCC, showing that 
survival of non-viral HCC patients was not improved by 
immunotherapy.66 Prospective evaluation of these 
mechanisms is warranted; however, immunotherapy still 
remains a valid treatment regardless of the underlying 
aetiology.67

Additional data will be provided by the biomarker 
analyses planned within the ongoing phase III immu
notherapy trials, both on tumor samples and other biolo
gical samples to overcome the problem of biopsy 
availability, trying to disentangle the complicated issue of 
ICI response in HCC.

Open Challenges
In 2017, the first results of the CheckMate-040 trial 
showed that anti-PD-1 inhibitors could radically change 
the natural history of HCC, challenging the dominance of 
MKI in the treatment algorithm.28 These pivotal findings 
paved the way, a couple of years later, to the unquestion
able success of the anti-PD-L1 mAb atezolizumab in 
combination with bevacizumab in the IMbrave150 
study.12 However, the disappointing data coming from 
the use of nivolumab30 and pembrolizumab35 as mono
therapy raise an intricate question: is there still a place for 
anti-PD-1 agents in HCC? Undoubtedly, despite the trial 
not reaching its primary endpoint, Checkmate-459 high
lighted the good safety profile of nivolumab, and its better 
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tolerability compared to sorafenib.32 We can speculate that 
a possible role of anti-PD-1 agents as monotherapy could 
be based on the favorable impact on QoL. Based on the 
trial results, nivolumab cannot be considered as standard 
of care for first line treatment. Perhaps a non-inferiority 
trial focused on adverse events and QoL could carve out 
a niche for PD-1-based immunotherapies in the complex 
treatment landscape of HCC. However, the number of 
patients required for a large non-inferiority trial and the 
issues related to this type of trial could discourage from 
planning one.68 Currently, a phase III non-inferiority trial 
(RATIONALE 301: NCT03412773) is testing an anti-PD 
-1 mAb, tislelizumab, against sorafenib.36 Whilst atezoli
zumab plus bevacizumab have become standard of care, 
the results of the trial may still change first-line treatment 
choices. PD-1 monotherapy holds the benefit of being safe 
and be characterized by a lower proportion of long-term 
adverse events such as diarrhea, skin toxicity and fatigue 
typical of MKIs, which may limit patient’s QoL. Also, 
nivolumab is the only agent proved safe and effective in 
Child B patients in clinical trials29 and post-registration 
studies,69 so further, prospective data on larger populations 
could provide important clinical data on the positioning of 
anti-PD-1 therapy agent in this more fragile segment of 
HCC patients, for which no approved therapy exists. The 
continued use of pembrolizumab as a second-line therapy 
is also debatable in view of atezolizumab and bevacizu
mab having become standard of care in first line and lack 
of survival benefit proven in the KEYNOTE-240 trial. It 
appears unlikely that pembrolizumab will be approved 
outside FDA territory in view of lack of OS benefit.70 

This is unfortunate as a number of patients who may not 
be eligible to atezolizumab and bevacizumab could still 
benefit from PD-1 inhibition as a second-line therapy. An 
area of active investigation is the a priori identification of 
the subset of patients benefitting from pembrolizumab 
after sorafenib failure. However, clinical trial datasets 
have been unhelpful in answering this question. Some 
hints could possibly come from the identification of mole
cular signatures predicting response to immunotherapy- 
based approach. For instance, nearly 25% of HCC fall 
into the “immune class” category, showing the markers 
of a potential better response to ICIs.64 On the other side, 
negative biomarkers found in preclinical models could 
also be highly useful to exclude patients from unnecessary 
and potentially toxic treatments.71 It is therefore likely that 
anti-PD-1/PD-L1 blockade will keep its position in the 
HCC treatment algorithm in combination with other 

agents, since the preliminary results of the phase I/II 
studies39,41,42 are highly promising and the phase III trials 
on their use in first line are currently ongoing. 
Furthermore, the possible applications of anti-PD-1 agents 
in earlier stages of the disease, as in the neo-/adjuvant 
setting or in combination with loco-regional treatments, 
is intriguing and could expand the domain of immunother
apy use in HCC.72,73 In particular, the immunomodulatory 
role of ablation, SBRT, and TACE makes the results of the 
ongoing studies focusing on the combination with ICI 
eagerly awaited. In case of a relapse after early use of anti- 
PD-1 agents, it will be challenging to address the role of 
atezolizumab plus bevacizumab or other combinations in 
advanced/relapsed disease, since the evidence supporting 
the use of ICI in immunotherapy-pretreated patients is 
growing for other solid tumors74,75 but still lacking for 
HCC. The growing number of phase III clinical trials due 
to report in the next few years will be crucial in further 
reshaping the treatment landscape of HCC. While cancer 
immunotherapy continues to expand in clinical research 
and routine practice, the revolutionizing role of anti-PD-1/ 
PD-L1 agents as a backbone to novel immunotherapeutic 
combination approaches is undoubted. As such, their clin
ical use, with different indications and in combination, is 
likely to expand.
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