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Abstract
Background: Hepatocellular carcinoma (HCC) is the most 
common primary liver tumor, and it rates fourth as a cause 
of cancer-related death. The presence of underlying liver dis-
ease and poor chemosensitivity pose major treatment chal-
lenges in the management of HCC. However, in the last few 
years, the therapeutic scenario has substantially changed, 
and immunotherapy in the form of immune checkpoint in-
hibitors (ICPIs) has become an essential therapeutic strategy 
in this field. Summary: After controversial results of mono-
therapy, ICPIs have been mainly investigated in association 
with antiangiogenic agents or as dual checkpoint inhibition. 
The combination of atezolizumab plus bevacizumab has be-
come the new therapeutic standard for unresectable HCC. 
Currently, a number of ICPI-based combinations are being 
studied in phase III clinical trials as front-line therapy for ad-
vanced HCC, with growing interest in integration of early-

stage disease management in the form of adjuvant or neo-
adjuvant therapies. With most of the trials investigating ICPIs 
as first-line treatment, the second-line scenario relies mainly 
on tyrosine kinase inhibitors, which however have not been 
formally trialed after ICPIs. Key Messages: In this review, we 
summarize the main therapeutic advances in the systemic 
management of HCC focusing on the most relevant ongoing 
trials. We also discuss the main issues arising from a such 
rapidly evolving field including therapeutic sequencing and 
patient stratification. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the most com-
mon primary liver cancer, and due to its intrinsic che-
moresistance, it has historically been deprived of effec-
tive treatments [1]. Alongside scarcity of therapeutic op-
tions, the presence and severity of the underlying liver 
disease, which is an accompanying feature of almost all 
cases of HCC, contributes to worsen patient’s prognosis 

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.



Fulgenzi/D’Alessio/Talbot/Gennari/
Openshaw/Demirtas/Cortellini/Pinato

Chemotherapy2
DOI: 10.1159/000521837

[2] and requires a careful balance between treatment 
benefits and risk of hepatic decompensation [3]. Cura-
tive approaches are reserved to early stages (Barcelona 
Clinic Liver Cancer-BCLC 0/A), and they include surgi-
cal resection, local ablative techniques (radiofrequency 
ablation, cryoablation, microwave ablation, and percu-
taneous ethanol injection), and liver transplantation 
(OLT). The recurrence rate after surgery and ablation is 
still high [4], and liver transplantation is feasible only in 
a small percentage of patients falling into rigid criteria 
[5]. For patients with intermediate or advanced stage 
HCC, treatment is pursued with palliative intent. Trans-
arterial chemoembolization (TACE) is recommended 
for intermediate stage (BCLC-B), and systemic treat-
ments are the only option for advanced stage HCC 
(BCLC-C). Sorafenib is the first drug to show survival 
advantage over placebo in advanced stage HCC, and de-
spite leading to a net improvement in overall survival 
(OS) of almost 3 months compared to placebo, it has re-
mained the only available option for a decade [6]. More-
over, sorafenib has mainly a cytostatic action, and there-
fore its effect against tumor-related symptoms is limited 
and so is its capacity to downstage the disease [6]. After 
sorafenib approval, other tyrosine kinase inhibitors 
(TKIs) have been tested as first-line treatments with dis-
appointing results until 2018, when lenvatinib was ap-
proved as first-line treatment for advanced HCC, fol-
lowing the results of the phase III noninferiority RE-
FLECT trial [7]. After years of skepticism, mainly due to 
safety concerns regarding the delivery of immunothera-
py in patients with hepatitis and underlying liver dys-
function, promising results from phase I/II trials paved 
the way to immunotherapy in HCC as early as 2017. De-
spite initial optimism, the first phase III trial testing 
nivolumab as first-line treatment in advanced HCC 
failed to show significant survival advantage over 
sorafenib [8], leading researchers to investigate the as-
sociation of ICPIs with other agents, in order to augment 
efficacy and improve survival. In 2020, the combination 
of atezolizumab plus bevacizumab showed an OS advan-
tage over sorafenib, and this resulted in FDA approval as 
front-line therapy for advanced HCC [9]. After encour-
aging evidence of activity in early phase studies, other 
combinations are currently being tested in phase III tri-
als and, after a decade of disappointing results, are ex-
pected to further expand this therapeutic scenario of 
HCC. However, the availability of multiple therapeutic 
choices has raised other issues in the treatment land-
scape of HCC, with patient selection and definition of 
optimal treatment sequencing being the most relevant.

Immune Checkpoint Inhibitor Monotherapy

Immunotherapy has substantially changed the thera-
peutic landscape of different types of cancer in the last few 
years. In particular, immune checkpoint inhibition has 
become the most widely adopted strategy to activate the 
host immune system against cancerous cells [10] (shown 
in Fig.  1). Under physiological conditions, immune 
checkpoints prevent overactivation of immune cells 
against self-antigens and modulate immune response 
during inflammation. The inhibitory function of immune 
checkpoints is commonly exploited by tumor cells to 
avoid immune system attack [1]. Amongst the check-
point molecules, programmed cell death 1 (PD-1) and 
cytotoxic-T-lymphocyte-associated protein 4 (CTLA-4) 
have emerged as clinical targets, and several specific anti-
bodies are currently used in cancer medicine to prevent 
the interaction between PD-1 and CTLA-4 with their li-
gands (PD-L1/2 and B7-1/2, respectively) in order to re-
store T-cells’ antitumor function [11].

HCC is a paradigmatic example of an inflammatory 
tumor, and in fact, it usually arises on the background of 
chronic liver inflammation which promotes an immune 
exhausted microenvironment. Furthermore, the liver is 
physiologically exposed to antigens through the gut, and 
this contributes to maintain an immune tolerant environ-
ment [12]. These characteristics provide the rationale to 
test immune checkpoint inhibitors (ICPIs) in HCC. 
However, the development of immunotherapy in HCC 
has been hampered by a number of factors including safe-
ty concerns over the delivery of immunotherapy in pa-
tients with hepatotropic viral infection and liver dysfunc-
tion, the lack of predictive biomarkers, and, most recent-
ly, lack of evidence for survival improvement both in 
first- and in second-line use of PD-1 inhibitors [13].

CTLA-4 is an immune checkpoint receptor expressed 
by regulatory and activated T cells, interacting with its 
ligands (B7-1 and B7-2) on antigen-presenting cells, and 
it inhibits T-cell activity. The pharmacological inhibition 
of CTLA-4 has been exploited as an anticancer strategy in 
different malignancies, mainly in association with anti-
PD-1/PD-L1 drugs. In HCC, anti-CTLA-4 antibodies are 
not approved as monotherapy [14].

Tremelimumab is an anti-CTLA-4 monoclonal anti-
body, and it has been the first ICPI to be tested in a cohort 
of 20 patients with HCV-related HCC [15]. Overall, 17.6% 
of patients had objective response, and a drop in circulat-
ing HCV-RNA levels was also described. Tremelimumab 
monotherapy was further tested in a cohort of a phase I/
II trial assessing the safety of durvalumab and tremelim-
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umab combination therapy after sorafenib [15]. In total, 
69 patients were treated with tremelimumab (750 mg ev-
ery 4 weeks × 7 doses and then once every 12 weeks) with-
in the trial. This cohort achieved an objective response 
rate (ORR) of 7.2%, and an OS of 15.1 months which was 
higher than that reported by durvalumab monotherapy.

In 2017, results from the CheckMate-040 led to the FDA 
approval of nivolumab as second-line treatment for ad-
vanced HCC, in patients with well-preserved liver function 
(Child-Pugh class A). CheckMate-040 was a phase I/II tri-
al which tested the safety and efficacy of nivolumab, a 
monoclonal IgG4 anti-PD-1 antibody, in previously treat-
ed HCC patients [16]. The trial was composed of an escala-
tion and an expansion phase, and no safety concerns were 
raised during the first part. Nivolumab showed an ORR of 
15% and 20% in the escalation and expansion cohorts, and 
an OS of 15 months in patients previously treated with 
sorafenib in the dose escalation cohort [16]. The following 
phase III CheckMate-459 trial compared nivolumab to 
sorafenib as first-line treatment, and despite leading to lon-
ger OS, it did not achieve the statistical significance per 
prespecified criteria according, among others, to the num-
ber and dimension of tumor nodules, age, and comorbidi-
ties [8]. Nivolumab therapy was well tolerated with a man-

ageable toxicity profile both in phase I/II and phase III tri-
als. In 2021, nivolumab lost FDA approval for the treatment 
of advanced HCC after failure to sorafenib following vol-
untary withdrawal by the manufacturer.

Pembrolizumab is another anti-PD-1 IgG4 monoclo-
nal antibody which has been evaluated as monotherapy in 
advanced HCC. The phase II Keynote-224 trial enrolled 
104 previously treated HCC patients (80% had progressed 
during sorafenib treatment and 20% were sorafenib-intol-
erant) to receive pembrolizumab monotherapy (200 mg 
every 3 weeks). Pembrolizumab therapy resulted in an 
ORR of 17% and an OS of 12.9 months, with an acceptable 
safety profile [17], leading to breakthrough designation by 
the FDA in 2018 as a second-line agent for advanced HCC 
previously treated with sorafenib. The efficacy of pembro-
lizumab versus placebo was investigated in patients previ-
ously treated with sorafenib, in the phase III Keynote-240 
trial, which randomized 443 to receive pembrolizumab or 
placebo in a 2:1 ratio. Patients in the experimental arm 
reported a median OS of 13.9 months, compared to 10.6 
of placebo (HR 0.78; 95% CI: 0.61–0.99; p = 0.0238). De-
spite the absolute benefit, the OS advantage derived from 
pembrolizumab did not reach the statistical significance 
in comparison with placebo (p = 0.0174). The ORR was 

Fig. 1. Schematic representation of the immunologic mechanisms underlying the efficacy of the forerunner im-
mune checkpoint inhibitors in HCC.
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higher in the experimental arm compared to placebo 
(18.2% vs. 4.4%). The approval of second-line treatments 
(regorafenib and nivolumab) during trial accrual could 
have contributed to the overperformance of the placebo 
arm in terms of OS. Pembrolizumab has been also tested 
in Asian patients as second-line treatment after sorafenib 
in the phase III placebo-controlled III Keynote-394 trial 
(NCT03062358), and it has recently been announced to 
improve OS, progression-free survival (PFS), and ORR 
compared to placebo [18].

Durvalumab is another ICPI, an IgG1 monoclonal an-
tibody targeting PD-L1. In HCC patients pretreated with 
sorafenib, durvalumab has been tested for safety and effi-
cacy in a phase I/II basket trial, reporting an ORR of 10.3% 
and an OS of 13.2 months, with a surprisingly high OS of 
19.3 months in HCV-infected subjects [19]. Similar results 
were described in the 104 patients who received durvalu-
mab monotherapy (1,500 mg every 4 weeks) after sorafenib 
progression or intolerance, within the phase I/II trial as-
sessing the safety of the combination of durvalumab and 
tremelimumab at different doses; in this case, there was not 
any difference according to the etiology [20].

The disappointing results of ICPI monotherapy in 
phase III trials highlight the urgent need for predictive 
factors to identify those patients who could respond to 
monotherapy and, at the same time, prompted research-
ers to investigate other strategies to overcome the intrin-
sic immunotherapy resistance of HCC. Currently, im-
mune therapy in HCC is mainly delivered in association 
with antiangiogenic drugs or as dual checkpoint inhibi-
tion. RATIONALE 301 is the only ongoing phase III trial 
testing ICPI monotherapy compared to sorafenib in the 
first-line setting for advanced HCC [21]. The trial is cur-
rently randomizing patients to receive tislelizumab, an 
anti-PD-1 monoclonal antibody or sorafenib, and results 
are eagerly awaited.

Combinations

In 2020, the combination of atezolizumab plus bevaci-
zumab was approved by the FDA as first-line treatment for 
advanced/unresectable HCC [9]. The approval was based 
on the results of the phase III open label randomized trial 
IMbrave 150 [22]. The trial randomized 501 patients in a 
2:1 ratio to receive atezolizumab, an anti-PD-L1 monoclo-
nal antibody (at 1,200 mg every 3 weeks), plus bevacizu-
mab, an anti-vascular endothelial growth factor (VEGF) 
antibody (at 15 mg/kg every 3 weeks), or sorafenib (400 mg 
bid daily). The experimental arm reported a PFS of 6.8 

months compared to 4.3 for sorafenib and an OS of 19.2 
months compared to 13.4 months in the standard arm. The 
ORR was higher with the combination treatment, being 
27.3% compared to 11.9% in patients receiving sorafenib. 
The combination reported a manageable safety profile, 
with hypertension being the most common treatment-re-
lated adverse event (TRAE). Analysis of patient-reported 
outcomes in terms of quality of life was superior for atezoli-
zumab plus bevacizumab than sorafenib (median time to 
deterioration 11.2 months vs. 3.6 months) [23]. The ratio-
nale of combining an antiangiogenic agent with an ICPI 
stems from the known immunosuppressive effect of angio-
genic factors. For example, tumor-secreted VEGF is known 
to promote immunosuppression by increasing immuno-
regulatory cells and reducing CD8+ T cells [24]. Moreover, 
VEGF causes tumor hypoxia by its direct action on endo-
thelial cells, with consequent PD-L1 expression, which fur-
ther enhances immune suppression [25].

In HCC, the synergy between ICPIs and antiangiogen-
ics has also been exploited by association of multitargeted 
TKIs with an anti-PD-1/PD-L1 backbone. The combina-
tion of pembrolizumab with lenvatinib, for instance, yield-
ed promising results in the phase Ib Keynote-524 trial [26]. 
Lenvatinib is a multi-TKI targeting VEGF receptors 1–3, 
fibroblast growth factor (FGF) receptors 1–4, platelet-de-
rived growth factor receptor-a (PDGFRa), RET, and KIT; 
it has already been approved as first-line monotherapy for 
advanced HCC following the results of the noninferiority 
phase III REFLECT trial [7], where it was showed to be 
noninferior in terms of OS compared to sorafenib (median 
OS, 13.6 months with lenvatinib vs. 12.3 months with 
sorafenib; hazard ratio [HR], 0.92), while providing longer 
PFS (7.3 vs. 3.6 months; p < 0.0001) and higher ORR (mRE-
CIST: 40.6% vs. 12.4%; p < 0.0001). The rationale of com-
bining lenvatinib and pembrolizumab derives from the 
ability of lenvatinib to broadly modulate the immunosup-
pressive signals within the tumor microenvironment, 
mainly through its antiangiogenic effect. Moreover, recent 
data indicate that lenvatinib has direct immunomodula-
tory properties. In fact, according to preclinical models, 
lenvatinib has been reported to exert part of its action di-
rectly on tumor-infiltrating lymphocytes by reducing Treg 
differentiation and by promoting PD-L1 ubiquitination 
and degradation through FGF receptor 4 blockade [27]. 
Furthermore, results from mice models reported increased 
early CD8+ T-cell activity and promising antitumor effect 
of the combination compared to anti-PD-1 monotherapy 
[28]. The phase Ib trial testing the association of pembro-
lizumab (200 mg every 3 weeks) and lenvatinib (body 
weight ≥60 kg, 12 mg; <60 kg, 8 mg daily) on 104 treat-
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ment-naïve patients did not report any dose-limiting tox-
icity in the dose escalation phase and showed an ORR of 
46.0% per mRECIST and 36.0% per RECIST v1.1, with a 
median OS of 22 months [26]. The safety profile reflected 
the spectrum of AEs typical of the two agents, with the 
most common being hypertension (36%), diarrhea (35%), 
fatigue (30%), decreased appetite (28%), and hypothyroid-
ism (25%). Overall, 67% of participants reported a grade 3 
or higher AE, and again hypertension was the most com-
mon, affecting 17% of patients. The combination of lenva-
tinib and pembrolizumab has been further assessed for ef-
ficacy in the phase III randomized LEAP-002 trial 
(NCT03713593). LEAP-002 randomized 1:1 750 patients 
to receive the association of pembrolizumab and lenvatinib 
following the same schedule as the phase Ib study, as first-
line treatment for unresectable HCC. Only patients with 
preserved liver function (Child-Pugh score A) and without 
main portal vein invasion were included. OS and PFS are 
the two coprimary endpoints; the accrual is completed, 
and results are currently pending.

Atezolizumab plus cabozantinib is another combina-
tion that has been explored as first-line treatment for un-
resectable HCC. Cabozantinib is a multi-TKI targeting 
VEGF receptors 1–3, TAM kinase family (TYRO3, AXL, 
and MER), KIT, RET, FLT3, and MET [29]. The rationale 
of combining cabozantinib and atezolizumab stems from 
the ability of cabozantinib to modulate both adaptive and 
innate immune response [30]. In particular, apart from 
acting on VEGF receptors, cabozantinib reduces the in-
filtration of immunosuppressive neutrophiles in tumor 
microenvironment by blocking the interaction between 
MET and HGF, and its interaction with AXL promotes 
antigen-presenting cells maturation and enhances ex-
pression of MHC class I on tumor cells [31]. Moreover, 
through the specific inhibitory action on the TAM family, 
cabozantinib stimulates circulating and tumor-infiltrat-
ing T cells, and it contemporarily reprograms macro-
phages from M2 to M1 phenotype [32]. Preclinical mice 
models suggested a synergic increase in antitumoral ac-
tivity by combining cabozantinib with ICPI [30]. In HCC, 
the combination of atezolizumab plus cabozantinib is be-
ing tested for its efficacy against sorafenib in the phase III 
randomized COSMIC-312 trial [31]. The trial is random-
izing patients 2:1:1 into three arms: cabozantinib (40 mg 
daily orally) plus atezolizumab 1,200 mg IV once every 3 
weeks; sorafenib 400 mg bid; or cabozantinib monother-
apy (60 mg daily per os). OS and PFS of the doublet arm 
versus sorafenib represent the 2 coprimary endpoints, 
and PFS of single agent versus control is the secondary 
endpoint. Results from the first interim analysis have re-

cently been reported. The combination arm has been 
shown to reduce the risk of progression by 37% (HR, 0.63; 
95% CI: 0.44–0.91; p = 0.0012), reporting a PFS of 6.8 
months, compared to 4.2 with sorafenib and an ORR of 
11.2% [33]. At the same time point, OS was not signifi-
cantly superior in the combination arm (15.4 vs. 15.5 
months, HR 0.90; 95% CI: 0.69–1.18; p = 0.438). Grade 3 
or 4 adverse events occurred in 54% of patients in the 
combination arm and in 32% of those receiving sorafenib. 
The high percentage of patients receiving subsequent 
lines (20% in the combination arm and 37% in the stan-
dard one) could have contributed to the absence of OS 
advantage; however, longer follow-up is needed to derive 
definitive conclusions [34].

Another strategy to bolster anticancer immune re-
sponse is to combine anti-PD-1/PD-L1 antibodies with 
anti-CTLA-4 agents. This strategy has already demon-
strated positive results in several malignancies, including 
melanoma, NSCLC, renal cell carcinoma, and microsatel-
lite instability-high colorectal cancer [1]. In HCC, the 
combination of the anti-PD-1 nivolumab plus the anti-
CTLA-4 ipilimumab has been FDA approved for ad-
vanced HCC following sorafenib treatment [35]. The de-
cision was based on the results of the phase I/II Check-
Mate-040 trial, wherein patients were randomly assigned 
to receive the combination of nivolumab and ipilimumab 
at 3 different doses. Patients in arm A, receiving ipilim-
umab at 3 mg/kg every 3 weeks in association with 
nivolumab at 1 mg/kg for 4 doses followed by nivolumab 
at 240 mg every 2 weeks, reported the highest ORR (32%) 
and OS (22 months vs. 12.5 and 12.7 in arms B and C); 
results were independent from etiology or PD-L1 status. 
Cohort A reported the highest rate of any grade adverse 
events (94%), with 53% of participants experiencing 
grade 3 or higher adverse events and 35% reporting any 
grade immune-related adverse event. The follow-on 
phase III CheckMate 9DW (NCT04039607) is random-
izing patients 1:1 to receive nivolumab plus ipilimumab 
or standard of care (sorafenib or lenvatinib as per inves-
tigator choice). The trial is still recruiting, and accrual is 
planned to be completed in September 2023.

The combination of the anti-PD-L1 durvalumab plus 
the anti-CTLA-4 tremelimumab is another association of 
interest in HCC. Results from the phase I/II trial investi-
gating this combination at 4 different doses in patients pre-
viously treated with sorafenib have recently been pub-
lished [20]. The study was made up by three phases. The 
first one assessed the safety and efficacy of durvalumab 
(1,500 mg IV every 4 weeks) plus tremelimumab (75 mg 
IV every 4 weeks); part 2A allocated patients 1:1:1 to re-
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ceive durvalumab monotherapy, or tremelimumab mono-
therapy, or the combination tested in part 1; part 2B as-
sessed the safety of durvalumab (1,500 mg IV every 4 
weeks) plus tremelimumab (300 mg IV for 1 single dose); 
and phase 3 randomized 2:2:1:2 participants to durvalu-
mab, tremelimumab, or to the combination of both drugs 
at doses tested in part 1 (tremelimumab 75 mg IV every 4 
weeks plus durvalumab 1,500 mg every 4 weeks) and in 
part 2B (single dose of tremelimumab 300 mg IV plus dur-
valumab 1,500 mg every 4 weeks). Results from parts 2A, 
2B, and 3 reported the best outcomes for the combination 
of tremelimumab (300 mg) plus durvalumab, which 
showed an ORR of 24% (compared to 10.6% for durvalu-
mab monotherapy, 7.2% for tremelimumab alone, and 
9.5% for tremelimumab at 75 mg plus durvalumab). Simi-
larly, the combination with high dose of tremelimumab 
(300 mg) yielded the longest median OS (18.5 months vs. 
13.6 for durvalumab vs. 15.1 for tremelimumab and 11.5 
months for tremelimumab at 75 mg plus durvalumab). 
The safety profile appeared to be more favorable compared 
to that described for nivolumab and ipilimumab. Treme-
limumab monotherapy resulted in the highest rate of seri-
ous TRAEs (24.6% compared to 17.6% in the arm of high-
dose tremelimumab plus durvalumab). Tremelimumab 
containing regimens were characterized by higher inci-
dence of TRAEs requiring systemic steroids (24.3% in 
combination with tremelimumab 300, compared to 9.9% 
in the case of durvalumab monotherapy). These regimens 
(durvalumab monotherapy, durvalumab plus tremelim-
umab 75 or 300 combination) are being compared against 
sorafenib in the randomized phase III HIMALAYA trial. 
The study has recently completed the accrual, and final 
results are still pending (efficacy, tolerability, and biologic 
activity of a novel regimen of tremelimumab [T] in com-
bination with durvalumab [D] for patients [pts] with ad-
vanced hepatocellular carcinoma [aHCC]). However, it 
has recently been announced that the association of a high 
single dose of tremelimumab followed by maintenance 
therapy with durvalumab has met the primary end point 
showing a survival advantage over sorafenib, and dur-
valumab monotherapy has been described to be noninfe-
rior to sorafenib (NCT03298451) [36].

In this rapidly evolving landscape, patient selection re-
mains key, and predictive biomarkers are urgently re-
quired to allocate patients to the best treatment, avoiding 
toxicities to those who are not expected to derive thera-
peutic benefit. Moreover, it remains a major clinical chal-
lenge to treat patients generally excluded from clinical tri-
als, particularly those with deranged liver function (Child-
Pugh score B) or suboptimal performance status [37].

Predictive Biomarkers of Response

Despite the recent achievements, there is still a signifi-
cant percentage of patients who fail to respond to ICPI-
based therapies, and therefore predictive biomarkers are 
required to identify a priori this subset of patients. More-
over, the absence of reliable biomarkers is also, at least in 
part, responsible for the formal failure of phase III trials 
testing ICPI monotherapy. Differently from other onco-
logical disease, the expression of PD-L1 by tumor and/or 
inflammatory cells does not seem to carry a robust pre-
dictive significance, and its spatial and temporal hetero-
geneity, along with the absence of standardized methods 
for its evaluation, limits its clinical utility [38, 39].

Tumor mutational burden (TMB) is a term used to 
describe the number of nonsynonymous mutations in the 
genome. It reflects the number of neo-antigens present in 
neoplastic cells, and it is therefore considered a surrogate 
of tumor immunogenicity. In other oncological indica-
tions, high TMB (defined as >10 mutations per mega-
base) is a predictive marker of response to immunother-
apy. However, the prevalence of high TMB in HCC is too 
low to allow the broad applicability of this marker [40]. 
Deficiency of mismatch repair mechanisms is a surrogate 
of hypermutated phenotype, and it is used as an agnostic 
predictor of response to PD-1 inhibitors; however, it is 
rarely present in HCC [41].

HCC etiology appears to influence ICPI response; ac-
cording to a recent study, mice models of NASH-related 
HCC are intrinsically resistant to anti-PD-1 therapy [42]. 
Moreover, administration of ICPIs to mice with NASH-
induced cirrhosis resulted in increased risk of HCC de-
velopment. In the same study, data from a meta-analysis 
including three main ICPIs trials were reported, and they 
confirmed a reduced benefit in patients affected by non-
viral HCC. Based on these data, thorough stratification 
according to etiology will be necessary in future clinical 
trials [42]. Other factors that are currently being explored 
for their potential effect on ICPIs efficacy include gut mi-
crobiota [43], concomitant medications [44, 45], and spe-
cific genetic traits [46].

Second-Line Treatments

Following results of the phase II Keynote-224 and Ck-
eckMate-040 trials, pembrolizumab and the combination 
of nivolumab plus ipilimumab have been FDA approved 
as second-line treatment after sorafenib therapy. Rego-
rafenib, cabozantinib, and ramucirumab are the only 
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drugs tested in phase III trials after sorafenib. Regorafenib, 
a multi-TKI against VEGFR1–3, PDGFR, FGFR, TIE2, 
KIT, RET, and RAF, was tested against placebo in the 
phase III RESORCE trial, and it showed survival advan-
tage in patients who had progressed following sorafenib 
treatment [47], and patients who were intolerant to 
sorafenib were not included in the trial. The phase III CE-
LESTIAL placebo-controlled trial tested cabozantinib (60 
mg daily) in patients with advanced HCC who had pro-
gressed to at least one prior line. Cabozantinib, a multi-
TKI targeting VEGF receptors 1, 2, and 3, MET, and AXL 
showed significant superiority versus placebo in terms of 
both OS (10.2 vs. 8 months) and PFS (5.2 vs. 1.9 months), 
despite providing an ORR of 4%. Of note, 27% of patients 
in the cabozantinib arm had received two previous lines, 
and the PFS advantage was preserved in this subgroup, 
even if the OS improvement was not statistically signifi-
cant [48]. Ramucirumab is a VEGFR-2-directed mono-
clonal antibody, and it is FDA approved as second-line 
therapy after sorafenib in patients with baseline value of 
alpha-fetoprotein ≥400 ng/mL. The approval was moti-
vated by the results of the phase III REACH-2 trial [49], 
which showed survival advantage in the experimental arm 
against placebo. According to matching-adjusted indirect 
comparisons, there is no significant difference between 
second-line options [50]; however, direct comparisons do 
not exist. Therefore, the choice should be based on the 
tolerability of previous therapies and on the availability of 
drugs according to local regulatory agencies. Moreover, 
with the approval of new front-line treatments, more data 
are required to define the best sequencing.

Adjuvant/Neoadjuvant Treatments

The recurrence rate after surgery, OLT, or ablation is as 
high as 70% after 5 years [51]. Recurrence can be either due 
to the re-emergence of microscopic residual disease (early 
recurrence) or to the development of new tumors in the 
context of chronic liver inflammation (late recurrence) 
[52]. To date, the only strategy to prevent the latter is con-
trolling underlying liver disease (e.g., antiviral therapies, 
lifestyle correction, and alcohol abstention). Effective ad-
juvant treatments should prevent both early and late recur-
rences, but unfortunately there are currently no approved 
adjuvant treatments for HCC [10]. Sorafenib has been test-
ed as adjuvant treatment after resection or ablation in the 
phase III STORM trial, but it failed to reduce the risk of 
recurrence while increasing the rate of adverse events [53]. 
After showing activity in advanced stages, ICPIs, alone 

(NCT03383458) (NCT03867084) or in combination with 
antiangiogenic agents, are being investigated in phase I and 
II trials after TACE (NCT03397654), resection, or ablation 
in high-risk patients (NCT04102098) (NCT03847428). 
The use of adjuvant immunotherapy after OLT remains an 
open issue, and it is not currently recommended outside 
clinical trials, due the risk of organ rejection (up to 32%) 
following immune system stimulation [54].

While the aim of adjuvant treatments is to reduce the 
risk of recurrence, neoadjuvant therapies have the objec-
tive to allow curative treatments even in those patients 
who are diagnosed with unresectable disease and, at the 
same time, reduce the risk of recurrence after ablation or 
resection. Currently, there are no standard neoadjuvant 
treatments in HCC. Locoregional treatments, such as 
TACE [55] and transarterial radioembolization (TARE), 
have been proposed in this setting [56]; however, the lack 
of systemic activity on micrometastasis limits their effi-
cacy. TKIs, given their mainly cytostatic effect, are not 
able to achieve the adequate tumor shrinkage required in 
the neoadjuvant setting [52]. Currently, ICPIs are being 
tested in this setting in phase II trials, both alone 
(NCT03630640) and as dual checkpoint inhibition [57]. 
As stated for the adjuvant setting, the use of ICPIs before 
OLT is currently hampered by the risk of organ rejection, 
and specific trials addressing this issue are required.

Conclusion

ICPIs have become an essential therapeutic modality 
in the treatment landscape of advanced HCC, and the as-
sociation of ICPIs with antiangiogenic drugs or other IC-
PIs targeting different pathways has emerged as the most 
promising strategy to tackle the intrinsic immune resis-
tance of HCC. The promising results in the advanced set-
ting have prompted investigators to test ICPIs in the ad-
juvant and neoadjuvant settings, wherein previous treat-
ment have failed to provide any benefit. In this rapidly 
evolving landscape, a number of open issues remain un-
answered. The optimal treatment sequence in a scenario 
where second-line trials post-immunotherapy are lacking 
is still undefined. Other important challenges are the use 
of ICPIs before or after OLT and patient selection in the 
absence of validated predictive biomarkers and the deliv-
ery of ICPI in patients classically excluded from clinical 
trials, like those with impaired liver function, autoimmu-
nity, and HIV infection. Prospective research continues 
to be required to comprehensively evaluate the expand-
ing role of systemic therapy in HCC.
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