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Liver cancer is one of the most common cancers world-
wide and its incidence is rising in Western countries1. 
Worldwide, it has a mortality to incidence ratio of 
0.91, occurs 2.3 times more frequently in men than in 
women, and 72% of new cases are diagnosed in Asia2. 
Hepatocellular carcinoma (HCC) is the most common 
primary liver cancer and most frequently develops on a 
background of chronic liver disease caused by infection 
with hepatitis B virus (HBV) or hepatitis C virus (HCV), 
alcohol abuse or the metabolic syndrome3. HCC is com-
monly multinodular at diagnosis due to synchronic car-
cinogenesis or early dissemination inside the liver, and 
it has a distinct affinity to grow inside the blood vessels, 
invading the portal or hepatic veins3. α-Fetoprotein 
(AFP) is the serum biomarker most widely used in 
HCC and it helps in refining prognosis and monitoring 
response to therapy. Treatment recommendations differ 
from region to region, indicating a relative lack of strong 
scientific evidence for several disease scenarios4–7. When 
tumours have not expanded outside the liver, locore-
gional treatments are applied. The choice between liver 
transplantation, resection, percutaneous ablation, tran-
sarterial chemoembolization (TACE) and radioemboli-
zation largely depends on tumour burden, location and 
comorbidities4. Due to a strong and broad resistance of 
HCC to cytotoxic chemotherapy, systemic therapy was 
for many years a deferred option in HCC. In 2008, the 

oral multi-tyrosine kinase inhibitor (TKI) sorafenib was 
shown to prolong the survival of patients with advanced 
stage HCC with preserved liver function (Child–Pugh 
class A)8. However, the efficacy of TKIs in the advanced 
stage was not replicated when combined with TACE in 
the intermediate stage9,10 or when given to prevent recur-
rence after resection or ablation11. Since 2017 three other 
multi-TKIs have been approved worldwide. Lenvatinib 
was found to be not inferior to sorafenib in the first-line 
setting12 whereas regorafenib13 and cabozantinib14 were 
found to prolong survival in the second-line setting 
compared with placebo. Ramucirumab, an inhibitor of 
the vascular endothelial growth factor (VEGF) receptor 2, 
also showed efficacy after sorafenib among patients with 
AFP levels >400 ng/ml15.

The immune system plays an important part in 
con trolling cancer progression16. The innate and 
adaptive immune systems interact to enable effec-
tive anti cancer immune surveillance. Dysfunctional 
tumour–immune system interactions lead to immune 
evasion through impaired antigen recognition or by gen-
erating an immunosuppressive tumour microenvironment 
(TME)17. Reduced recognition of tumour-associated 
antigens (TAAs) by immune cells can occur through 
epigenetic and post-transcriptional silencing or by alter-
ations in the antigen-presenting or peptide-processing 
machinery18. The presence of an immunosuppressive 

Biomarker
Biological parameter assessed 
in the laboratory that enables 
predicting or following the 
effects of a given treatment; 
identification of predictive 
biomarkers is important in 
selecting patients who would 
benefit from treatment.
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Abstract | Hepatocellular carcinoma (HCC) is a prevalent disease with a progression that is 
modulated by the immune system. Systemic therapy is used in the advanced stage and until 2017 
consisted only of antiangiogenic tyrosine kinase inhibitors (TKIs). Immunotherapy with checkpoint 
inhibitors has shown strong anti-tumour activity in a subset of patients and the combination of the 
anti-PDL1 antibody atezolizumab and the VEGF-neutralizing antibody bevacizumab has or will 
soon become the standard of care as a first-line therapy for HCC, whereas the anti-PD1 agents 
nivolumab and pembrolizumab are used after TKIs in several regions. Other immune strategies 
such as adoptive T-cell transfer, vaccination or virotherapy have not yet demonstrated consistent 
clinical activity. Major unmet challenges in HCC checkpoint immunotherapy are the discovery and 
validation of predictive biomarkers, advancing treatment to earlier stages of the disease, applying 
the treatment to patients with liver dysfunction and the discovery of more effective combinatorial 
or sequential approaches. Combinations with other systemic or local treatments are perceived 
as the most promising opportunities in HCC and some are already under evaluation in large-scale 
clinical trials. This Review provides up-to-date information on the best use of currently available 
immunotherapies in HCC and the therapeutic strategies under development.
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TME can be due to: accumulation of cells with negative 
regulatory immune activity such as regulatory T cells 
(Treg), inhibitory B cells, myeloid-derived suppressor cells 
(MDSCs) or M2-polarized tumour-associated macro-
phages (TAMs); upregulation of co-inhibitory lympho-
cyte signals including immune checkpoint ligands and 
receptors; elevated levels of tolerogenic enzymes such 
as indoleamine 2,3-dioxygenase-1 (IDO) or arginase-1; 
reduced immunoglobulin-mediated opsonization; and 
the presence of a metabolically unfavourable milieu 
for immune cells19. Any attempt to overcome these 
barriers to effective tumour cell killing by the immune 
system represents a form of immunotherapy worthy of 
therapeutic evaluation.

Immune checkpoints include co-inhibitory mole-
cules expressed by effector lymphocytes that prevent 
their overactivation. Liver tumours and other can-
cers exploit this physiological mechanism to evade 
anti-tumour immune responses by expressing the 
corresponding ligands in tumour and stromal cells20. 
Co-inhibitory receptors include cytotoxic T lymphocyte- 
associated antigen 4 (CTLA4), PD1, T cell immuno-
globulin and mucin domain containing-3 (TIM3), 
lymphocyte-activation gene 3 (LAG3) and others21. 
CTLA4 is expressed by activated T cells and mostly by 
Treg cells. It prevents the activation of effector T cells 
and serves as an effector molecule for Treg cells22. PD1 is 
expressed by activated T cells, natural killer (NK) cells, 
Treg cells, MDSCs, monocytes and dendritic cells (DCs), 
whereas its ligand, PDL1, is expressed by a number of 
stromal and tumour cells, and myeloid cells includ-
ing DCs. PD1 inhibits effector functions and leads to 
exhaustion or dysfunction of effector T cells. Immune 
checkpoint inhibitors (ICIs) are monoclonal antibodies 
that block the interaction of checkpoint proteins with 
their ligands, thereby preventing the inactivation of 
T cells. Across tumour types, ICIs have proven that an 
effective immune response is able to eliminate tumour 
cells23 in a way that has transformed cancer therapy. ICIs 
are the first, but hopefully not the last, immunotherapy 
agents to prove effective against HCC (Box 1).

In 2015, available evidence supporting the develop-
ment of immune interventions and therapies against 
HCC was reviewed in this journal24. Some of the best 
predictions in that Review have since become reality, 
and immunotherapy is now the core of translational 

and clinical research in the field. In this update, we 
focus on the rationale, preclinical evidence and clini-
cal use of immunotherapy in HCC, with a special focus 
on ICIs. After summarizing the latest findings related 
to the immune microenvironment, we discuss the 
available evidence on the clinical use of ICIs, provide 
the reader with important clues to the management of 
such therapies in HCC, and examine the mechanisms 
of response and resistance to ICIs. We finally provide a 
brief overview of the status of other immunotherapies 
such as cell therapies or therapeutic cancer vaccines, or the 
combination of ICIs and locoregional therapies.

The immune microenvironment of HCC
Antigenicity of HCC. The first step for the development 
of a tumour-specific T cell response is the expression of 
tumour antigens. A spontaneous immune response might 
be elicited during hepatocarcinogenesis through dereg-
ulated expression of oncofetal and cancer testis antigen 
genes25. Naturally occurring CD8+ T cells specific for 
AFP, glypican 3 (GPC3), melanoma-associated gene 1, 
and New York oesophageal squamous cell carcinoma 1 
(NY-ESO1) can be detected in blood and tumour samples 
from patients with HCC25. These tumour-specific T-cell 
responses correlate with patient survival25. On the other 
hand, genomic mutations occurring during hepatocar-
cinogenesis might lead to amino acid changes that even-
tually create cancer neoantigens26. The new amino acids 
might enhance the HLA-binding capacity of the peptide, 
making the novel epitope noticeable to T cells, or it might 
result in new contact points with the T cell receptor (TCR), 
thereby enabling recognition by T cells not removed by 
immune tolerance mechanisms27. Some neoantigens 
arising from driver mutations are shared by different 
tumours and patients (for example, mutations in TP53 
(ref.28)), but most are private neoepitopes resulting from 
seemingly passenger somatic mutations29.

Next-generation sequencing technologies have 
drafted the mutational landscape of many tumours30.  
Tumour mutational burden (TMB) is frequently used as a 
surrogate for the number of neoantigens, as the proba-
bility of identifying T lymphocytes specific for neoan-
tigens correlates with TMB31. TMB is usually high in 
tumours with >20 somatic mutations per megabase such 
as melanoma, and only sporadic in tumours with less 
than one somatic mutation per megabase such as pan-
creatic cancer32. Compared with other tumours, HCC 
typically shows a low to moderate TMB, with an average 
of five somatic mutations per megabase, corresponding 
to approximately 60 non-synonymous substitutions33. 
In theory, the higher the TMB, the higher the chances 
of a tumour being antigenic. However, the frequency 
and relevance of neoantigens in HCC have not yet been 
described in detail.

The immune cell microenvironment of HCC. The liver 
has an anti-inflammatory immune environment to foster 
tolerance to foreign, harmless molecules such as food 
antigens34. In humans, non-parenchymal resident liver 
cells such as Kupffer cells, hepatic stellate cells (HSCs) and 
liver sinusoidal endothelial cells (LSECs) cooperate in the 
maintenance of this tolerogenic milieu. Kupffer cells are 

Key points

•	multiple immune mechanisms are important in the development and progression 
of hepatocellular carcinoma (HCC) and correlate with prognosis.

•	Checkpoint inhibitors targeting PD1 and PDl1 and CtlA4 are active, tolerable  
and clinically beneficial against advanced HCC.

•	At present, the best available first-line treatment for advanced HCC is a combination 
of PDl1 blockade with atezolizumab and vegF blockade with bevacizumab.

•	there is as yet an almost complete lack of suitable biomarkers to guide the 
development of checkpoint inhibitors and their combinations in HCC.

•	Immunotherapy is likely to synergize with local and locoregional interventions 
in earlier stages of HCC.

•	other promising forms of immunotherapy for HCC such as additional checkpoint 
inhibitors, adoptive cell transfer, vaccination and virotherapy are being actively 
pursued.

Vascular endothelial  
growth factor
(VeGf). A family of soluble 
proteins that regulate 
angiogenesis of blood and 
lymphatic vessels acting  
on receptors encompassing 
intracellular tyrosine kinase 
domains; VeGfA is considered 
the main pro-angiogenic  
factor in human malignancies 
including HCC.

Tumour microenvironment
Cellular and molecular 
components of the malignant 
tissue in which tumour and 
stromal cells exist in a mutual 
relationship in which each  
cell type shapes the functions 
of the other.

Myeloid-derived suppressor 
cells
Immature haematopoietic  
cells of myeloid lineage 
resembling either macrophages 
or neutrophils that are 
abundant in patients with 
advanced cancer and are able 
to inhibit T cell responses.

Immune checkpoint
Surface receptor expressed  
on immune system cells that 
downregulates the intensity of 
immune responses or prevents 
their onset; neutralization  
with monoclonal antibodies  
of checkpoint receptors or 
their ligands known as 
checkpoint inhibitors restores 
immune responses to cancer.

www.nature.com/nrgastro

R e v i e w s

526 | August 2021 | volume 18 



0123456789();: 

the liver-resident macrophages and together with LSECs 
and HSCs can act as antigen-presenting cells (APCs)35. 
Kupffer cells produce inhibitory molecules such as IL-10, 
prostaglandins and IDO36 and promote the activation of 
Treg cells37. LSECs express high levels of PDL1 (ref.38) and 
drive a TGFβ-dependent induction of Treg cells. HSCs 
release hepatocyte growth factor (HGF), which pro-
motes MDSC39 and Treg cell accumulation40 inside the 
liver, and can also induce T cell apoptosis through PDL1 
expression41.

The TME of HCC is a complex and spatially struc-
tured mixture of hepatic non-parenchymal resident cells, 
tumour cells, immune cells and tumour-associated fibro-
blasts (fIG. 1). All these cellular populations dynamically 
interact through cell–cell contacts and the release or 
recognition of cytokines and other soluble factors. This 
complex cellular interplay has a substantial influence 
on tumour immune evasion. The adaptive immune 
response in patients with HCC is blunted, as shown 
by the enrichment of the TME with exhausted or dys-
functional tumour-infiltrating lymphocytes (TILs)25. 
The innate immune response is dampened too, and 
mechanisms implicated in NK cell dysfunction include 
expression of inhibitory receptors42,43, MDSC-mediated 
immune suppression44 and increased frequency of 
dysfunctional NK cells45.

A number of immune or stromal cell types that are 
abundant in HCC tumours cooperate in the genera-
tion of an immunosuppressive TME and their presence 
generally correlates with a worse prognosis. The best 
known examples are Treg cells and TAMs; for exam-
ple, the density of Treg cells in the liver correlates with 
a poor prognosis in HCC46,47. These immunosuppres-
sive T lymphocytes are recruited by the chemokine 
receptor 6 (CCR6) and chemokine ligand 20 (CCL20) 
axis48, and are also induced to locally differentiate from 
CD4+ T cells under the influence of a specific subset of 
MDSCs49. An alternative mechanism by which MDSCs 
support tumour progression involves the production of 
VEGF, which promotes vascularization and angiogenesis 
of the malignant tissue50. TAMs tend to correlate with a 
worse prognosis in HCC, especially if skewed towards an 
M2-like polarization51. Less common immunosuppres-
sive cell types in human HCC include a novel regulatory 
B cell population that expresses high levels of PD1 (ref.52), 
T helper 17 (TH17) cells, CD4+ T cells expressing CCR4 
and CCR6 (ref.53), CD14+ DCs expressing high levels of 
CTLA4 and PD1 (ref.54), tumour-associated fibroblasts 
that inhibit NK cell function55 and neutrophils that recruit 
macrophages and Treg cells56. The peritumoural environ-
ment in the forefront of HCC is also important. Kupffer 
cells in the peritumoural boundary express higher levels 
of PDL1 than non-tumoural liver57 while activated HSCs 
in those boundaries contribute to a poor prognosis58.

HCC molecular features that model the immune 
microenvironment. In metastatic melanoma, loss- 
of-function mutations in the β-catenin pathway result 
in markedly less infiltration by TILs59,60. The mecha-
nism has been traced to poor production of the CCL4 
chemokine so that DCs are not chemoattracted to the 
TME. Indeed, the presence of a subpopulation of DCs 

named conventional type 1 DCs (DC1) seems to be the 
most critical factor in gathering a T cell and NK cell infil-
trate in melanoma61,62. These DC1s are also commonly 
referred to as BATF3-dependent DCs and are critical 
for cross-presentation of tumour antigens to CD8+ 
T lymphocytes and for the action of ICIs63,64.

Echoing this line of research, a similar set of events 
has been shown in mouse models of genetic HCC car-
cinogenesis by hydrodynamic liver gene transfer. In 
such models, HCC tumours with activating mutations 
of β-catenin fail to produce the DC1-attracting CCL5 
chemokine, resulting in a conspicuous paucity of DC1 
in the mouse tumours65. Around a quarter of HCCs have 
mutations in β-catenin3. Preliminary clinical observa-
tions suggest that β-catenin-mutated tumours tend 
to be ‘cold’ in their lymphocyte infiltration and it has 
been proposed that they might fail to respond to PD1 
blockade66, although this finding needs confirmation in 
clinical trials.

Across tumour types, the number and activation 
status of T cells has a clear influence on tumour pro-
gression and response to ICIs67. Research on the con-
trol of baseline T cell infiltration is very active68 and 
in patients and animal models genetic alterations of 
PTEN69, RAS and LBK1 (ref.70) have been shown to give 

Box 1 | ICIs and their targets in HCC

ICIs licensed or in clinical research
Agents targeting PDl1

•	Atezolizumab

•	Durvalumab

•	sintilimab

Agents targeting PD1

•	Nivolumab

•	Pembrolizumab

•	tislelizumab

Agents targeting CtlA4

•	Ipilimumab

•	tremelimumab

other agents

•	Cobolimab (targeting tIm3)

•	Relatlimab (targeting lAg3)

ICI combinations with systemic agents licensed  
or in clinical research
Agents targeting CtlA4 and PD1 or PDl1

•	Ipilimumab + nivolumab

•	tremelimumab + durvalumab

Agents targeting PD1 or PDl1 and multiple tyrosine 
kinases

•	Atezolizumab + cabozantinib

•	Pembrolizumab + lenvatinib

Agents targeting PDl1 and vegF

•	Atezolizumab + bevacizumab

•	sintilimab + bevacizumab biosimilar

CtlA4, cytotoxic t lymphocyte-associated antigen 4;  
ICI, immune checkpoint inhibitor; HCC, hepatocellular 
carcinoma; lAg3, lymphocyte-activation gene 3; tIm3,  
t cell immunoglobulin and mucin domain containing-3; 
vegF, vascular endothelial growth factor.

Cytotoxic T lymphocyte- 
associated antigen 4
(CTLA4). Co-inhibitory surface 
glycoprotein also known  
as CD152 that is expressed  
on activated T cells and 
constitutively on regulatory 
T cells and that shows 
homology and shares ligands 
with CD28; it is known  
as an immune checkpoint 
inhibitor that upon ligation 
downregulates T cell-mediated 
immune responses to avoid 
autoimmunity.

PD1
Checkpoint inhibitor molecule 
also known as CD279 
expressed on the membrane  
of activated and exhausted 
T cells that, upon ligation  
by its cognate ligand PDL1, 
downregulates immune 
responses bringing tyrosine 
phosphatases, mainly SHP-2, 
to activating immune synapses.

Therapeutic cancer vaccines
formulation of cancer- 
expressed antigens in an 
immunogenic fashion, given  
to patients to elicit specific 
immune responses against 
malignant cells; adjuvant 
components enhance 
immunogenicity by promoting 
focal inflammation at the site 
of administration.

Cancer neoantigens
exclusive protein sequence 
expressed by cancer cells as  
a result of a non-synonymous 
mutation that is presented by 
self-MHC antigen-presenting 
molecules and is able to  
elicit cancer-specific immune 
responses.

T cell receptor
(TCr). A clonally distributed 
antigen-specific receptor 
expressed on the surface  
of T cells that specifically 
recognizes peptides presented 
by MHC antigen-presenting 
molecules and initiates 
intracellular signalling via  
the CD3 complex.

Tumour mutational burden
(TMB). Number of mutations 
per megabase of exonic DNA 
in tumour cells as compared 
with non-transformed cells  
of the same individual; it is 
usually expressed as number 
of mutations per megabase 
and correlates with the 
probability of T cell 
recognizable neoantigens  
in a given tumour.
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rise to lymphocyte depletion and lymphocyte-exclusion 
phenotypes71. Emerging evidence also implicates the 
epigenetic status of several genetic loci in the outcome 
of PD1 and PDL1 checkpoint inhibitor therapy in lung 
cancer72. Several factors produced by tumour cells might 
help establish an immunosuppressive TME in HCC by 
accrual of MDSCs and Treg cells, two cell types with a neg-
ative effect on prognosis73. VEGF, IL-8, HGF and TGFβ 
are examples of these factors that can be therapeutically 
targeted74–77. The role of AFP as an immunomodulatory 
molecule in HCC is less clear although in vitro AFP pro-
duced by HCC shows a suppressive effect on NK cells 
and T cells78 and DCs exposed to AFP have a reduced 
effect in stimulating antigen-specific T cell activation 
and proliferation79. Other genetic traits that contribute 
to HCC progression include reduced expression of HLA 

molecules80, decreased expression of NKG2D ligands81, 
and secretion by tumour cells of soluble molecules such 
as TGFβ, IL-10, IDO and arginase, or increased expres-
sion of inhibitory checkpoint ligands82. In summary, 
baseline immune contexture in HCC is the result of 
genetic and epigenetic features that largely remain to be 
determined and in which the control of the presence and 
function of DC1s seems to be critical83.

Soluble molecules that favour immune evasion in HCC. 
The TME in HCC is enriched in soluble mediators that 
modulate the anti-tumour immune response. Adding 
a new layer of complexity, these molecules are pleio-
tropic and their effects can be different depending on 
the target immune cell population, or in acute versus 
chronic exposure84. TGFβ is abundant in the HCC TME, 

cDC1
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 cell

MDSC
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TAM M2
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T cell

NK cell
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↑ TGFβ

DC
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Fig. 1 | Key players in the hepatocellular carcinoma immune tumour microenvironment. Hepatocellular carcinoma 
(HCC) tumour cells can escape immune attack from the host if they fail to effectively present antigens and remain 
unrecognized by the immune system, or if the tumour microenvironment is rich in cells and soluble molecules that 
deactivate or interfere with the action of tumour-killing cytotoxic T lymphocytes. A summary of this complex network  
of interactions is shown. Negative effects on the immune response are indicated by red arrows and enhancing effects are 
indicated by black arrows. Cells and molecules involved represent potential therapeutic targets through the blockade of 
negative signals or the stimulation of positive signals. Currently available therapeutic agents in orange boxes indicate their 
main mechanism of action. Effector T cells, natural killer (NK) cells and dendritic cells (DC) have an overall positive effect on 
immune tumour rejection, whereas regulatory T cells (Treg), myeloid-derived suppressor cells (MDSC), M2-polarized tumour- 
associated macrophages (TAM M2) and neutrophils have a negative effect. To be targeted by the immune system, HCC cells 
should express antigens through gene mutations leading to neoantigens (neoAgs) or gene deregulations leading to tumour- 
associated antigens (TAAs). Mutations in the β-catenin gene might impair the recruitment of conventional type 1 dendritic 
cells (cDC1) that are key in attracting immune effector cells, whereas the chemokine receptor 6 (CCR6) and chemokine 
ligand 20 (CCL20) axis attracts Treg cells. anti-CTLA4, CTLA4 inhibitor; anti-VEGF, VEGF inhibitors; anti-VEGFR, VEGFR 
inhibitors; CTLA4, cytotoxic T lymphocyte-associated antigen 4; GM-CSF, granulocyte–macrophage colony-stimulating 
factor; HGF, hepatocyte growth factor; IDO, indoleamine 2,3-dioxygenase-1; TGFβ, transforming growth factor-β;  
TKI, tyrosine kinase inhibitor; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor.
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produced by tumour cells, macrophages or Treg cells, 
where it downregulates the anti-tumour response at 
different levels: it inhibits the activation of DCs85; pro-
motes M2 polarization of TAMs86; impairs the effector 
functions of T cells87 and NK cells88; and promotes the 
generation of induced Treg cells89. High tissue expression 
of TGFβ is associated with a poor prognosis90 and high 
circulating levels determine the response to sorafenib91 
and pembrolizumab92. Type I IFN favours the immune 
response but it also triggers negative signals such as the 
production of IL-10 (ref.93). IL-10 is upregulated in HCC, 
produced by DCs, TAMs and regulatory B and T cells. 
It down-modulates the T cell stimulatory capacity of 
APCs, promotes upregulation of PDL1 in monocytes94 
and impairs the recruitment of tumour-specific human 
T cells95. High serum IL-10 levels are associated with 
increased numbers of MDSCs96 and reduced TIL activity 
in patients with HCC97.

VEGF is produced by tumour cells and the surround-
ing stroma98. Besides promoting tumour angiogenesis, 
VEGF inhibits the antigen-presenting functions and 
T cell stimulatory ability of DCs, and generates MDSCs 
and Treg  cells99. The immunomodulatory effects of 
VEGF inhibitors might be partly responsible for their 
anti-tumour activity.

Besides cytokines, the HCC TME is enriched in meta-
bolites with immunomodulatory properties. In HCC 
models, resistance to ICIs is associated with IDO upregu-
lation promoted by IFNγ, and blockade of IDO enhances 
the efficacy of ICIs100. Adenosine is another immuno-
suppressive metabolite generated by the ectonucleotidases  
CD39 and CD73. Patients with HCC with high tumour 
levels of CD39 have increased recurrence rates after 
resection and poor survival101. CD73 is upregulated in 
human HCC cell lines, where its expression promotes 
tumour growth and metastasis102.

Finally, IFNγ is key to an effective anti-tumour 
immune response. In patients with HCC, lower serum 
levels of IFNγ are associated with more advanced 
tumour stage and worse prognosis103. Mechanisms of 
escape of HCC from the IFNγ pathway include loss of its 
receptor104, induction of immunosuppressive cytokines 
such as IL-10 or VEGF, checkpoint ligands such as 
PDL1 (ref.105) and enzymes such as IDO106. Altogether, 
these data provide a rationale for testing the efficacy of 
agents that counteract the immunosuppressive actions 
of TGFβ, VEGF or IDO in HCC. The presence of so 
many immunoregulatory targets in the HCC TME, both 
cell-associated and soluble, has prompted the investiga-
tion of immunotherapies already known to be effective 
in other malignancies.

Immune checkpoint inhibitors in HCC
Single agents. Only 4 years after a pilot clinical trial 
showed for the first time that CTLA4 blockade with 
tremelimumab can induce durable objective remission 
in patients with HCC and HCV infection107, the PD1 
inhibitor nivolumab was granted accelerated approval 
in the USA for the treatment of patients with advanced 
HCC after sorafenib. Today, all phase III trials test-
ing systemic therapy in treatment-naive patients with 
HCC involve ICIs. Given the relatively small fraction 

of patients who respond to ICIs108,109, this situation is 
mostly a reflection of the scarcity of effective systemic 
therapies for HCC.

PD1 and PDL1 inhibitors are the backbone of sys-
temic therapies in clinical practice or under development 
for HCC. Nivolumab and pembrolizumab have shown 
unequivocal signs of activity in single-arm phase II trials 
in the second-line setting, after sorafenib failure or unac-
ceptable toxicity108–110. As shown in TABLe 1, nivolumab 
and pembrolizumab produce a 15–20% rate of objective 
remissions (including 1–5% complete responses) that are 
durable and associated with prolonged survival. In the 
CheckMate 040 trial, the median duration of response 
to nivolumab among 48 patients in the dose-escalation 
cohort was 17 months (95% CI 6–24 months), and the 
2-year survival rate among responders was over 80%108. 
Based on these results, nivolumab and pembroli-
zumab were approved by several regulatory agencies 
as second-line therapies after sorafenib. The consist-
ency of results with the different monoclonal antibod-
ies speaks in favour of a class effect. KEYNOTE-240,  
a phase III trial testing pembrolizumab versus placebo 
after sorafenib in 413 patients, showed a statistically 
significant prolongation of survival (HR 0.78; P = 0.023) 
that nevertheless did not meet the prespecified statistical 
threshold110. This statistically negative result was possi-
bly influenced by the dual primary end point of overall 
survival and progression-free survival (PFS), and by 
the fact that effective therapies such as regorafenib and 
nivolumab became available during the study and prob-
ably improved survival after progression. PFS and over-
all survival curves indicated that some patients derived 
long-term benefit from pembrolizumab. Indeed, almost 
20% of the patients receiving pembrolizumab remained 
free from progression for more than a year compared to 
less than 7% of controls110.

In the CheckMate 459 phase III trial comparing 
nivolumab versus sorafenib in 743 patients naive to sys-
temic agents, the predefined threshold of statistical sig-
nificance for overall survival was also not met, although 
patients survived longer after nivolumab than after 
sorafenib (median survival 16.4 versus 14.7 months, 
HR 0.85; P = 0.07)111. Survival curves overlapped com-
pletely for the first 6 months while 1-year and 2-year sur-
vival rates were 60% and 37% for nivolumab compared 
with 55% and 33% for sorafenib, respectively. Again, 
post-progression therapies probably had an effect on 
overall survival as at least 31% of patients treated with 
sorafenib later received an ICI or an investigational 
agent (often an ICI), while a more similar propor-
tion of patients in both arms received a TKI (36% and 
23%). Other end points in the CheckMate 459 trial also 
favoured nivolumab over sorafenib, with a more durable 
disease control (median 7.5 months versus 5.7 months), 
a better safety profile with fewer grade 3 or grade 4 
treatment-related adverse events (TRAEs) (22% versus 
49%), fewer events leading to treatment discontinuation 
and a better health-related quality of life. A more pro-
longed follow-up of CheckMate 459 has provided con-
firmation of the capacity of nivolumab versus sorafenib 
to increase the rate of long-term survivors (29% versus 
21% at 33 months)112.

Ectonucleotidases CD39 
and CD73
Surface enzymes expressed by 
tumour and non-tumour cells in 
the tumour microenvironment 
that synthesize the immuno-
suppressive metabolite 
adenosine from ATP.
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Other immune checkpoint inhibitors. There are other 
immune checkpoint molecules beyond PD1, PDL1 and 
CTLA4 that can be targeted to stimulate an anti-tumour 
immune response. In HCC, the abundance of PD1+ CD8+ 
T cells in the immune infiltrate105 and PDL1+ tumour 
cells113 is associated with a worse prognosis. TIM3 is 
expressed on CD4+ and CD8+ TILs114 and TAMs115 from 
human HCC tumours and it negatively regulates T cell 
effector function116, whereas its expression on Treg cells 
induces enhanced suppressor activity117. TIM3 is strongly 
expressed on, and associated with, less differentiated HCC 
tumours118. LAG3 binds MHC class II molecules with 
high affinity, is upregulated upon activation of T cells, 
and provides a negative signal to T cells119. Expression 
of LAG3 is substantially higher on tumour-specific 
CD4+ and CD8+ TILs than in other immune compart-
ments in patients with HCC120. LAG3 has another func-
tional soluble ligand named fibrinogen-like protein 1 

which is synthetized by hepatocytes121. Together, these 
preclinical data provide support to the investigation of 
LAG3 and TIM3 inhibitors in HCC in combination with 
PD1 and PDL1 blockade.

Combinations. Based on the activity of single-agent ICIs 
and a better understanding of the TME, a number of  
combination strategies can be considered and many  
of them have already entered clinical development (fIG. 2). 
TABLe 1 and TABLe 2 summarize the available experi-
ence, which comes mostly from patients treated in the 
second-line setting after sorafenib. Altogether, combina-
tions result in a consistent twofold increase in response  
rate, with ~5% complete remissions and encouragingly 
long survivals in excess of 18 months. In parallel, addi-
tive toxicities from the combinations increase the num-
ber of high-grade TRAEs, serious adverse events and 
adverse events leading to treatment discontinuation, 

Table 1 | Activity of ICIs in HCC from non-controlled trials

Anti-PD1/PDL1  
agent (dose)

Other agents (dose) Setting Number of 
patients

MVI 
(%)

EHD 
(%)

AFP  
>400 ng/ml 
(%)

ORR % 
(CRR %)

PDR 
(%)

mOS in months 
(95% CI)

Ref.

Monotherapy

Nivolumab (various) No 2L 145 28 71 38 20 (1) 46 13.8 (11.5–16.6) 211

Pembrolizumab (200 mg 
every 3 weeks)

No 2L 104 17 64 57a 17 (1) 33 12.9 (9.7–15.5) 109

Camrelizumab (3 mg/kg 
every 2–3 weeks)

No 2L 217 12 82 51 15 (0) 46 13.8 (11.5–16.6) 212

Durvalumab (1,500 mg 
every 4 weeks)

No Mix 104 29 61 37 11 (0) NA 13.6 (8.7–17.6) 124

Tremelimumab (750 mg 
every 4 weeks)

No Mix 69 25 45 48 7 (0) NA 15.1 (11.3–20.5)

Atezolizumab (1,200 mg 
every 3 weeks)

No 1L 59 42 66 32 17 (5) 42 NA 131

Combinations of two immune checkpoint inhibitors

Durvalumab (1,500 mg 
every 4 weeks)

Tremelimumab (300 mg 
single dose on day 1)

Mix 75 21 71 47 24 (1) NA 18.7 (10.8–27.2) 124

Durvalumab (1,500 mg 
every 4 weeks)

Tremelimumab (75 mg 
every 4 weeks ×4)

Mix 84 24 57 41 9.5 (2) NA 11.3 (8.4–14.9) 124

Nivolumab (1 mg/kg 
every 3 weeksb)

Ipilimumab (3 mg/kg 
every 3 weeksb)

2L 50 36 80 50 32 (8) 40 22.8 (9.4–NE) 142

Nivolumab (3 mg/kg 
every 3 weeksb)

Ipilimumab (1 mg/kg 
every 3 weeksb)

2L 49 27 82 37 31 (6) 49 12.5 (7.6–16.4) 142

Nivolumab (3 mg/kg 
every 2 weeks)

Ipilimumab (1 mg/kg 
every 6 weeks)

2L 49 39 86 45 31 (0) 43 12.7 (7.4–33) 142

Combinations of an immune checkpoint inhibitor and a tyrosine kinase inhibitor

Pembrolizumab (200 mg 
every 3 weeks)

Lenvatinib (8 or 12 mg 
every day)

2L 67 19 51 NA 33 (1) 9 20.4 (11–NE) 127

Nivolumab (240 mg 
every 2 weeks)

Cabozantinib (40 mg 
every day)

Mix 36 39 47 39 14 (3) 19 21.5 (13.1–NR) 128

Nivolumab (240 mg 
every 2 weeks)

Ipilimumab (1 mg/kg 
every 6 weeks) and 
cabozantinib (40 mg 
every day)

Mix 35 43 66 49 31 (6) 11 NE (15.1–NR) 128

Combinations of an immune checkpoint inhibitor and a VEGF inhibitor

Atezolizumab (1,200 mg 
every 3 weeks)

Bevacizumab (15 mg/kg 
every 3 weeks)

1L 104 53 71 36 36 (12) 24 17.1 (13.8–NE) 131

1L, first-line therapy; 2L, second-line therapy; AFP, α-fetoprotein; CRR, complete response rate; EHD, extrahepatic spread; HCC, hepatocellular carcinoma;  
ICI, immune checkpoint inhibitor; mOS, median overall survival; MVI, macrovascular invasion; NA, not available; NE, not evaluable; NR, not reached; ORR, overall 
response rate; PDR, progressive disease rate; VEGF, vascular endothelial growth factor. a>200 ng/ml. bFour doses followed by 240 mg nivolumab every 2 weeks.
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as shown in TABLe 3. There are no obvious signs of syn-
ergistic toxicities for overlapping adverse events such as 
skin toxicities, diarrhoea and hepatitis.

The increased response rates of around 30% observed 
with the dual blockade of CTLA4 and PD1/PDL1 con-
firm initial reports of HCC as a CTLA4-responsive 
tumour107,122. Contrary to PD1 and PDL1 inhibitors, 
dosing and timing seem important for CTLA4 inhibi-
tors. From preliminary findings with the combination 
of ipilimumab and nivolumab, the best median overall 
survival (22.8 months) was obtained with the high-
est dose (3 mg/kg once every 6 weeks) of the former 
and the lower dose of the latter (1 mg/kg once every 
2 weeks)123. Such encouraging results have led to accel-
erated approval of this combination by the FDA to treat 
patients with HCC after sorafenib. A similar effect was 
observed with the combination of a single 300 mg dose 
of tremelimumab combined with a continuous dose of 
the PDL1 inhibitor durvalumab124. Interestingly, this 
single, high priming dose of tremelimumab resulted in 
an early burst of proliferating CD8+ T cells in periph-
eral blood124. These findings are in line with observa-
tions in melanoma indicating that the activity of CTLA4 
inhibitors is dose-dependent125 and that the first doses 
of CTLA4 inhibitors cause a proliferative burst of CD4+ 
and CD8+ T cells126, probably related to the increased 
efficacy of the combination. In HCC, as in other tumour 
types, combination regimens increase the rate of TRAEs 

that are nevertheless tolerable, as shown in TABLe 3. The 
combination with lenvatinib is associated with double 
the response rate compared with the response rate 
observed with single-agent pembrolizumab, and leads 
to a promising 20 months median overall survival, but 
at the cost of increased toxicity127. The combination 
of cabozantinib and nivolumab is also associated with 
double the response rate compared with the response 
rate observed with single-agent nivolumab, and leads to 
prolonged survival, but at the cost of more frequent and 
serious toxicity128.

Based on such encouraging observations, a number 
of ICI combinations have entered into phase III clinical 
trials comparing them with standard of care in patients 
naive to systemic therapy (Box 1; fIG. 3). Two such com-
binations have already proved superior to sorafenib after 
more than a decade of failing trials. In the IMbrave150 
clinical trial, 501 patients were randomly assigned at a 
ratio of 2:1 to receive the standard dose of atezolizumab 
(1,200 mg) plus a high dose (15 mg/kg) of the VEGF 
inhibitor bevacizumab every 3 weeks, or sorafenib129. 
The trial had the dual primary end point of PFS and 
overall survival and was stopped at the first interim 
analysis after a median follow-up of only 8.6 months, 
when improved overall survival (HR 0.58, 95% CI 
0.42–0.79; P = 0.0006) and improved confirmed PFS 
(HR 0.59, 95% CI 0.47–0.76; P < 0.0001) were observed. 
The target population was comparable with those in 
other trials, with the main exception of a lower propor-
tion of patients with distant metastases (TABLe 2). With 
a more prolonged follow-up (median 15.6 months), 
median overall survival was 19.2 months in the atezoli-
zumab plus bevacizumab arm and 13.4 months in the 
sorafenib arm, with 52% and 40% of patients surviving 
at 18 months, respectively130. Median PFS and response 
rate by central review using RECIST 1.1 criteria were 
also better with the combination than with sorafenib. 
Importantly, health-related quality of life was also sig-
nificantly preserved in the combination treatment arm. 
Median time to deterioration in patient-reported qual-
ity of life was longer with the combination (11.2 versus 
3.6 months; HR 0.63, 95% CI 0.46–0.85), and much 
longer than median PFS in the combination arm but 
not in the sorafenib arm129. The trial lacked an arm with 
single-agent atezolizumab or bevacizumab; however,  
the contribution of both agents was probably driving the 
clinical benefit of the combination. On the one hand, 
PFS and response rate were better with the combination 
than with single-agent atezolizumab in a randomized 
cohort of 119 patients in a phase Ib trial131. On the other 
hand, bevacizumab showed response rates of 13–14% by 
mRECIST in single-agent phase II studies in HCC132,133. 
In late 2020, the combination of the PDL1 inhibitor sin-
tilimab with a bevacizumab biosimilar also proved supe-
rior to sorafenib among 571 patients with HCC naive to 
systemic therapy, who were enrolled in the ORIENT-32 
trial134. After a median follow-up of 10 months, median 
overall survival was not reached in the combination arm 
and was 10.4 months in the sorafenib arm (HR 0.57, 95% 
CI 0.43–0.75; P < 0.0001).

The FDA, EMA and other regulatory agencies world-
wide have approved the atezolizumab plus bevacizumab 
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Fig. 2 | Expanding the efficacy of ICIs in HCC through combination strategies. 
Combination strategies are shown for immune checkpoint inhibitors (ICIs) with other 
therapeutic tools, established or in development, that are being explored in preclinical or 
clinical studies based on their additive or potentially synergistic mechanisms of action. 
HCC, hepatocellular carcinoma; mAb, monoclonal antibody.
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combination for first-line therapy in HCC. This com-
bination will therefore set a new standard of care for 
treatment-naive patients. Yet, the story of immuno-
therapy in the first-line therapy setting of HCC is 
not finished. The beneficial interaction of VEGF or 
VEGFR blockade and PD1 and PDL1 inhibitors acts 
at different levels. Reduction and normalization of the 
tumour vasculature is probably only part of the effect 
and various lines of research concur to indicate that 
functional control by VEGF of innate immune popu-
lations including MDSCs is key135. In this respect, beva-
cizumab has demonstrated a capacity to reduce MDSCs 
in patients with other tumour types such as lung or 
colorectal cancer136,137. Moreover, data from preclinical 
mouse models of HCC have shown that the superior 
therapeutic activity of a combination of anti-PD1 and 
anti-VEGFR2 antibodies is associated with enhanced 
M1 and decreased M2 TAM levels, as well as with an 
increased level of infiltrating CD8+ T cells138. A key ques-
tion is what kind of agent would make the most of the 
ICI–anti-angiogenic agent combination. Bevacizumab 
neutralizes VEGFA while VEGFR inhibitors curtail 
proximal signal transduction from VEGF receptors. The 
only possible definitive answer to this question would 
come from clinical trials, which will probably not involve 
direct comparisons. In this regard, it must be considered 
that the spectra of tyrosine kinases inhibited to some 
extent by the commonly used agents139 reaches those that 
are able to directly or indirectly regulate anti-tumour 
immune responses. The development of combinations 
of anti-angiogenic agents for advanced HCC promises to 
be as interesting as the situation in metastatic renal cell 
carcinoma in which physicians have to choose from two 
or three combination regimens in any clinical scenario.

If one or more of the phase III trials testing dual 
blockade of CTLA4–PDL1 or combinations of ICIs 
with TKIs (TABLe 4) also show positive results, the choice 
of first-line treatment will depend substantially on 

patient characteristics, tolerability and toxicity profile. 
With this scenario, is there any role for single-agent ICI 
in the first-line therapy of HCC? Based on the results 
of the CheckMate 459 trial112, we believe that nivolumab 
is a valuable option for patients with strong contrain-
dications to the use of anti-angiogenics, usually related 
to their cardiovascular risk, and for those in whom the 
risk of variceal bleeding cannot be evaluated or man-
aged adequately in a timely manner (particularly rel-
evant in the current times of the coronavirus disease 
2019 pandemic).

Management of ICI-based therapies in HCC. Because 
of their key role in maintaining immune homeostasis, 
the blockade of inhibitory checkpoint molecules often 
produces a wide range of immune-mediated adverse events 
(IMAEs) that result from impaired self-tolerance. 
IMAEs can involve almost every organ resulting in, for 
example, hepatitis, colitis or pneumonitis, to mention 
some of the most common IMAEs, but they are usually 
manageable although they can also be life-threatening140. 
Among patients with HCC, the safety profile and overall 
incidence of IMAEs are comparable to those of other 
tumours141. However, the coexistence of chronic liver 
disease, most usually at the cirrhotic stage, has two 
consequences: liver toxicities are more frequent and 
more severe in patients with HCC than in those without 
chronic liver disease, and the diagnosis of other IMAEs 
might be challenging because of the confounding effect 
of organ dysfunctions associated with such a chronic 
condition. The latter has been reviewed and specific 
recommendations would help in daily practice141.

Most IMAEs can be successfully treated with corti-
costeroids alone or in combination with azathioprine or 
mycophenolate mofetil (Box 2). Drug discontinuation 
due to TRAEs occurs in 10–20% of patients with HCC, 
almost double that with single-agent ICIs142. With the 
dual blockade of CTLA4 and PD1, hepatic TRAEs 

Table 2 | Results from randomized controlled trials involving ICIs as systemic therapy for HCC

Agent (dose) Number of 
patients

MVI EHD AFP 
>400 ng/ml

ORR 
(CR)

mPFS mOS (95% CI) HR Ref.

KEYNOTE-240 (second-line setting)

Pembrolizumab (200 mg 
every 3 weeks)

278 13 70 46a 18 (2) 3.0 13.9 (11.6–16.0) 0.78 110

Placebo 135 12 69 43a 4 (0) 2.8 10.6 (8.3–13.5)

CheckMate 459 (first-line setting)

Nivolumab (240 mg every 
2 weeks)

371 75b 75b 33 15 (4) 3.7 16.4 (14.0-18.5) 0.85 112

Sorafenib (400 mg twice 
a day)

372 70b 70b 38 7 (1) 3.8  14.8 (12.1-17.3)

IMbrave150 (first-line setting)

Atezolizumab (1,200 mg 
every 3 weeks plus 
bevacizumab 15 mg/kg 
every 3 weeks)

336 38 63 38 27 (6) 6.8 NE 0.58 129

Sorafenib (400 mg twice 
a day)

165 43 56 37 12 (0) 4.3 13.2 (10.4–NE)

AFP, α-fetoprotein; CR, complete response; EHD, extrahepatic spread; HCC, hepatocellular carcinoma; HR, hazard ratio for overall 
survival; ICI, immune checkpoint inhibitor; mOS, median overall survival; mPFS, median progression-free survival; MVI, macrovascular 
invasion; NE, not evaluable; ORR, overall response rate. a>200 ng/ml. bMacrovascular invasion or extrahepatic spread.

Immune-mediated  
adverse events
(IMAes). Series of adverse 
effects following treatment  
with checkpoint inhibitors that 
resemble organ-specific 
autoimmune conditions.
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developed after 4–5 weeks of therapy and around 90% 
resolved after 6–8 weeks142. No significant differences 
in their safety profiles in terms of IMAEs and adverse 
events causing death or treatment discontinuation have 
been reported for anti-PD1 agents versus anti-PDL1 
agents143. Use and dose levels of anti-CTLA4 agents 
are more related to serious IMAEs. In the combina-
tion cohort of the CheckMate 040 trial, corticosteroids 
were used in 50% of patients treated with the higher 
dose of ipilimumab compared to 24% with the lower 
dose142. Steroid usage in other tumours such as mela-
noma or lung cancer seems not to curtail efficacy if 
given to treat IMAEs144. Clinically significant hepatitis 

flares have not been reported among patients with HCC 
chronically infected with HCV or HBV and treated with 
ICIs. Nevertheless, patients with hepatitis B have been 
excluded from all trials if they were not under effective 
treatment with direct antiviral agents. The compro-
mised liver safety profile of TNF-blocking agents such 
as infliximab discourages its use for hepatitis IMAEs and 
in patients with HCC145, although no direct evidence for 
this contraindication has been reported yet146.

The combination of ICIs and TKIs also causes more 
severe toxicity than single ICIs127. More important than 
the increased frequency is probably the more diverse 
spectrum of toxicities that result from non-overlapping 

Table 3 | Safety profiles of ICIs for HCC

PD1/PDL1 agent 
(dose)

Other agents (dose) TRAE (%) AST (%) Ref.

Total Grade 
≥3

Leading to 
discontinuation

Serious Any 
grade

Grade 
≥3

Monotherapies

Nivolumab (various 
doses)

No 83 25 6 6 21 10 108

Pembrolizumab (200 mg 
every 3 weeks)

No 73 26 17 15 7 7 109

Camrelizumab (3 mg/kg 
every 2 or 3 weeks)

No NR 22 4 11 21 5 212

Durvalumab (1,500 mg 
every 4 weeks)

No 60 20 8 11 8 3 124

Atezolizumab (1,200 mg 
every 3 weeks)

No 41 5 2 3 14 3 131

Tremelimumab (750 mg 
every 4 weeks)

No 84 43 13 25 10 4 124

Combinations of two immune checkpoint inhibitors

Durvalumab (1,500 mg 
every 4 weeks)

Tremelimumab 
(300 mg single dose 
on day 1)

82 35 11 16 16 12 124

Durvalumab (1,500 mg 
every 4 weeks)

Tremelimumab (75 mg  
every 4 weeks ×4)

69 24 6 14 15 8 124

Nivolumab (3 mg/kg 
every 3 weeks)a

Ipilimumab (1 mg/kg 
every 3 weeks)b

71 29 6 18 20 8 142

Nivolumab (1 mg/kg 
every 3 weeks)a

Ipilimumab (3 mg/kg 
every 3 week)b

94 53 22 22 20 16 142

Combinations of an immune checkpoint inhibitor and a tyrosine-kinase inhibitor

Pembrolizumab (200 mg 
every 3 weeks)

Lenvatinib (8 or 12 mg 
per day)

94 80 10 59 31 18 127

Nivolumab (240 mg 
every 2 weeks)

Cabozantinib (40 mg 
per day)

89 47 NR (6c) NR 14 8 128

Nivolumab (240 mg 
every 2 weeks)

Ipilimumab (1 mg/kg 
every 6 weeks plus 
cabozantinib 40 mg 
per day)

94 71 15.5 (7b) NA 29 23 128

Combinations of an immune checkpoint inhibitor and a VEGF inhibitor

Atezolizumab (1,200 mg 
every 3 weeks)

Bevacizumab  
(15 mg/kg every  
3 weeks)

88 39 NR (10c) 24 15 5 131

Atezolizumab (1,200 mg 
every 3 weeks)

Bevacizumab  
(15 mg/kg every  
3 weeks)

84 38 15 (7c) 17 19.5 7 129

AST, aspartate aminotransferase; HCC, hepatocellular carcinoma; ICI, immune checkpoint inhibitor; NR, not reported; TRAE, 
treatment-related adverse events; VEGF, vascular endothelial growth factor. aFour doses followed by 240 mg nivolumab every  
2 weeks. bDiscontinuation of both drugs. cDiscontinuation of nivolumab due to immune-mediated adverse events.
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adverse events, and the increased severity of overlap-
ping adverse events such as skin toxicities, diarrhoea and 
hepatitis. Highlighting this additive effect of ICI and TKI 
combinations, some lethal adverse events were reported 
with the combination of pembrolizumab and lenvatinib 
in patients with HCC127. The effect on quality of life will 
be critical in the event that these combinations prove 
to be useful as first-line agents.

The combination of atezolizumab and bevacizumab 
seems to be better tolerated than the combination of 
ICIs and TKIs. Hypertension was the only adverse event 
occurring in >10% of patients (15.2%)129. Bevacizumab 
causes a fourfold increase in the risk of gastrointestinal 
haemorrhage or perforation in patients with advanced 
cancer147. As patients with cirrhosis are at risk of gas-
trointestinal bleeding due to gastroesophageal varices, 
hypertensive gastropathy or gastrointestinal angiodys-
plasia, concerns were raised early about the safety of 
bevacizumab in patients with HCC. On the other hand, 
VEGF is key in the pathophysiology of portal hyperten-
sion. It might aggravate portal hypertension by increas-
ing splanchnic vasodilation and enhancing angiogenesis 
in the splanchnic circulation148. VEGF inhibition, there-
fore, reduces portal pressure in animal models149. 
However, when the hepatic venous pressure gradient 
was measured in 13 patients with HCC before and after 
chemoembolization alone or combined with bevaci-
zumab (5 mg/kg), no changes were observed between 
groups of patients after acute and chronic exposure to 

bevacizumab150. This circumstantial evidence suggests 
that at least bevacizumab would be unlikely to aggra-
vate portal pressure. In prior studies in HCC132,133, bev-
acizumab was associated with a 7–10% rate of severe 
haemorrhagic events, including but not restricted to gas-
trointestinal and variceal bleeding. In the IMbrave150 
trial, patients were excluded if they had untreated or 
incompletely treated oesophageal or gastric varices 
with bleeding, or if they were at high risk of bleeding as 
assessed by upper gastrointestinal endoscopy129. Among 
these well-selected patients, the incidence of upper gas-
trointestinal bleeding observed with the combination of 
atezolizumab and bevacizumab was 7% compared with 
4.5% after sorafenib129. Thus, it seems that the risk of 
bevacizumab-induced gastrointestinal bleeding is not 
much higher in patients with cirrhosis than it is in other 
patients with cancer.

Having more active agents and combinations avail-
able implies that decisions to switch patients from one 
treatment to another will be needed. These decisions are 
usually made on the basis of tumour progression and 
treatment toxicity. With ICIs, such decisions might not 
be easy. On the one hand, tumour progression does 
not always mean lack of benefit. As in other tumour 
types, delayed responses or ‘pseudo-progressions’ 
occur in HCC151. Furthermore, the pattern of progres-
sion could also be relevant, and it has been shown with 
nivolumab that some patients might obtain a treatment 
benefit from prolonged therapy. In a sub-analysis pub-
lished in abstract form, patients with progression in tar-
get lesions followed by a formal response, progression 
with new lesions followed by decreases in target lesions 
of ≥10%, or progression of target lesions or new lesions 
followed by stabilization had a median overall survival of 
18.8 months compared with 8.4 months in the remain-
ing progressors152. On the other hand, toxicities might 
mean an increased chance of benefit, as occurs with skin 
toxicity and sorafenib153. This possibility was suggested 
in a single-centre cohort of 114 patients with HCC, in 
which the presence of IMAEs in 68.4% of patients was 
independently associated with improved median PFS 
(HR 0.52) and overall survival (HR 0.38)154. This obser-
vation needs confirmation in larger series where the 
effect of a more prolonged time on treatment can be 
taken into consideration.

How to individualize therapies. It is clear that immu-
notherapy does not provide benefit in all patients. 
Identifying those with intrinsic resistance to ICIs  
would enable other therapies to be attempted and would  
save a substantial amount of money and health 
resources. Unfortunately, we ignore much more than 
we know. From a patient perspective, no strong clues 
were obtained from post-hoc subgroup analysis of ran-
domized clinical trials although some signals deserve 
attention. Overall survival was slightly better among 
Asian patients and those with AFP levels of >200 ng/ml 
in the KEYNOTE-240 trial (pembrolizumab versus pla-
cebo)110 and the CheckMate 459 trial (nivolumab versus 
sorafenib)111. However, objective remissions occurred 
irrespective of AFP levels, region or aetiology after 
nivolumab or pembrolizumab monotherapies, or the 
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combination of ipilimumab and nivolumab142. In the 
CheckMate 459 trial, better overall survival was also 
observed among patients with vascular invasion or extra-
hepatic disease while in the IMbrave150 trial, overall 
survival and PFS were better in all groups except in those 
with Barcelona Clinic Liver Cancer stage B, non-viral 
aetiology, high AFP levels, and absence of macroscopic 
vascular invasion and extrahepatic spread129.

Patient characteristics should not inform treatment 
decisions based on increased expected efficacy but 
rather on avoidable toxicities. Severe cardiovascular 
disease and thrombotic or bleeding events are contrain-
dications to the use of TKIs and other anti-angiogenics 
including bevacizumab155. Contraindications with the 
former include chronic conditions such as uncontrolled 
hypertension, moderate to severe congestive heart 

failure or diabetic and ischaemic ulcers, and with the 
latter include unstable angina or myocardial infarction, 
transient ischaemic attack or cerebrovascular accident, 
pulmonary embolism, and bleeding events. Altogether, 
anti-angiogenics are contraindicated in at least 10–15% 
of patients with HCC156. Besides these formal contrain-
dications, patient preferences based on expected toxic-
ities should be discussed as the meaning of individual 
quality of life goes beyond overall group assessments.

Mechanisms of response and resistance
Establishing pretreatment baseline levels of T cell infil-
tration and activity are paramount to determining 
response to checkpoint inhibition in various types of 
malignancies67. However, the effect of CD4+ and CD8+ 
T cell infiltration on survival following second-line 

Table 4 | Ongoing randomized trials of immunotherapy in HCC

Trial (NCT 
number)

Population under study Therapies under comparison Primary end 
points

Sample 
size (n)

KEYNOTE-937 
(NCT03867084)

Patients with complete 
radiological response 
after resection or ablation

Pembrolizumab versus placebo RFS and OS 950

CHECKMATE-9DX 
(NCT03383458)

Patients at high risk of 
recurrence after resection 
or ablation

Nivolumab versus placebo RFS 530

EMERALD-2 
(NCT03847428)

Patients at high risk of 
recurrence after resection 
or ablation

Durvalumab plus bevacizumab versus 
durvalumab plus placebo versus 
placebo plus placebo

RFS for 
placebo versus 
combination

888

IMBRAVE-050 
(NCT04102098)

Patients at high risk of 
recurrence after resection 
or ablation

Atezolizumab plus bevacizumab 
versus active surveillance

RFS 662

EMERALD-1 
(NCT03778957)

Candidates for first TACE TACE plus durvalumab plus 
bevacizumab versus TACE plus 
durvalumab plus placebo versus TACE 
plus placebo plus placebo

PFS for 
placebo versus 
combination

710

CHECKMATE-74W 
(NCT04340193)

Candidates for first TACE TACE plus nivolumab plus ipilimumab 
versus TACE plus nivolumab plus 
placebo versus TACE plus placebo plus 
placebo

TTTP and OS 765

LEAP-012 
(NCT04246177)

Candidates for first TACE TACE plus pembrolizumab plus 
lenvatinib versus TACE plus placebo 
plus placebo

PFS and OS 950

TACE-3 
(NCT04268888)

Candidates for first TACE DEB TACE plus nivolumab versus DEB 
TACE

OS (TTTP for the 
phase II portion)

522

CHECKMATE-9DW 
(NCT04039607)

Candidates for first 
systemic therapy

Nivolumab plus ipilimumab versus 
sorafenib or lenvatinib

OS 650

ORIENT-32 
(NCT03794440)

Candidates for first 
systemic therapy

Sintilimab plus IBI305 (anti-VEGF 
agents) versus sorafenib

OS and ORR 595

COSMIC-312 
(NCT03755791)

Candidates for first 
systemic therapy

Atezolizumab plus cabozantinib 
versus cabozantinib versus sorafenib

PFS and OS 740

LEAP-002 
(NCT03713593)

Candidates for first 
systemic therapy

Lenvatinib plus pembrolizumab 
versus lenvatinib plus placebo

PFS and OS 750

RATIONALE-301 
(NCT03412773)

Candidates for first 
systemic therapy

Tislelizumab versus sorafenib OS 
(non-inferiority)

674

HIMALAYA 
(NCT03298451)

Candidates for first 
systemic therapy

Durvalumab plus tremelimumab 
versus durvalumab versus sorafenib

OS 1,504

PHOCUS 
(NCT02562755)

Candidates for first 
systemic therapy

Pexa-Veca plus sorafenib versus 
sorafenib

OS 459

DEB, drug-eluting bead; HCC, hepatocellular carcinoma; ORR, overall response rate; OS, overall survival; PFS, progression- 
free survival; RFS, recurrence-free survival; TACE, transarterial chemoembolization; TTTP, time to TACE progression; VEGF,  
vascular endothelial growth factor. aPexa-Vec is a modified vaccine virus engineered by addition of the granulocyte–monocyte 
colony-stimulating factor gene and deletion of the thymidine kinase gene that limits viral replication to cells with high levels of 
thymidine kinase such as cancer cells.
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treatment of advanced HCC with PD1 inhibitors 
has been shown in the form of weak correlations and 
trends indicating that the effect is not as important as 
originally predicted157. Around 20% of advanced HCC 
tumours show expression of PDL1 in tumour cells by 
immunohistochemistry108,158. In the CheckMate 040 
trial, tumour responses were observed regardless of 
PDL1 expression, although response rate was increased 
among patients with at least 1% of tumour cells express-
ing PDL1 (ref.157). PDL1 expression in either tumour 
cells or stromal immune cells was increased in patients 
with objective remission following treatment with pem-
brolizumab, but responses also occurred in the absence  
of expression in both cell types110. Median overall sur-
vival was 16.1 months and 8.6 months (HR 0.80) follow-
ing nivolumab and sorafenib treatment, respectively, in 
naive patients with PDL1-positive HCC, and 16.7 months  
and 15.2 months (HR 0.84), respectively, in patients 
with PDL1-negative HCC111. With nivolumab mono-
therapy there was also a trend towards better survival 
in patients with higher tumour infiltration by CD3+ or 
CD8+ cells and several inflammatory gene signatures 
correlated with increased response rate and improved 
overall survival157. These gene signatures were related to 
cytolytic genes, inflammatory activity, IFNγ-associated 
genes, antigen presentation, exhaustion markers and 
NK cell markers, all of which are indicative of a supe-
rior presence and activity of T cells and NK cells that 
use IFNγ and cytolysis as main anti-tumour effector 
mechanisms. Interestingly, the most complex transcrip-
tomic classification including a large number of genes159 
was not identified as predictive of response in this anal-
ysis. However, the number of patients in whom RNA 
sequencing data were available was rather limited in this 
study159 and larger series might offer more conclusive 
positive or negative results. Linking transcriptomics 
and genomics correlates with the benefit of immuno-
therapy will need multifaceted integrative analyses and, 
importantly, biopsy sample collection before and during 
treatment160,161.

Among patients with paired HCC biopsy samples 
before and after two doses of tremelimumab, those 

with objective remissions had higher CD3+ and CD8+ 
infiltration than non-responders122. As for the combi-
nations, objective HCC remissions occurred irrespective 
of expression of PDL1 in tumour cells treated with ipil-
imumab plus nivolumab123,142. It is unlikely that a single 
biomarker would be sensitive enough to inform clinical 
decisions in a timely fashion. However, extensive tran-
scriptomic, mutational and immunohistological analy-
ses must be undertaken as it is possible that integrative 
multifactorial indices might identify subsets of patients 
who would benefit from ICI therapy162. The importance 
of paired pretreatment and on-treatment biopsies can-
not be overstated, and unfortunately diagnostic biopsy 
samples for HCC are seldom collected.

When considering the increased efficacy of combi-
nation ICI therapies, the question arises as to whether 
we are facing synergistic activity or just an additive 
effect. We still lack correlative studies from the main 
clinical trials. However, a subgroup analysis published 
in abstract form has suggested an association between 
response to tremelimumab, durvalumab or their com-
binations and an increase in proliferating Ki67+ CD8+ 
T cells among blood mononuclear cells on day 15 after 
treatment initiation124. The increase in this population of 
peripheral effector T cells was maximal for responders to 
a high priming dose of tremelimumab plus durvalumab, 
the combination that achieved the best overall survival, 
compared with tremelimumab or durvalumab mono-
therapies, or the combination of a repeated lower dose 
of tremelimumab with the same dose of durvalumab. 
The analysis of this sort of easily accessible biomarkers 
might be useful to inform the design of new combina-
tions and to interpret data between combinations. In 
animal models in which VEGFR blockade increases 
the efficacy of PD1 inhibitors, the TME shows mean-
ingful changes. For example, dual blockade of VEGFR 
and PD1 in mice reduces Treg cells and M2-polarized 
macrophages, increases PDL1 expression in TAMs and 
HCC cells, and promotes normalized vessel formation 
mediated by CD4+ cells138. Interestingly, efficacy was 
also seen with lower doses (vascular normalizing rather 
than anti-vascular) of anti-angiogenics, opening an 
interesting field of research into avoiding the combined 
toxicities.

One important point regarding ICIs is their efficacy 
and safety compared to one another. In a meta-analysis 
of studies of PD1 and PDL1 inhibitors including 5,744 
patients with advanced non-small-cell lung carcinoma 
(NSCLC)163, overall response rates were similar at 19% 
and 18.6%. However, in a meta-analysis assessing dif-
ferences in overall survival following treatment with 
PD1 and PDL1 inhibitors across different cancer types 
in a set of 19 randomized trials involving almost 12,000 
patients, anti-PD1 agents led to superior overall sur-
vival (HR 0.75; P < 0.001) and PFS (HR 0.73; P = 0.02) 
compared with anti-PDL1 agents143. PDL2 present 
in tumour cells can also bind PD1 and inhibit T cell 
activation164. The lack of inhibition of PDL2 signalling 
with anti-PDL1 agents might perhaps partly explain 
this difference. However, currently, it is unclear whether 
PD1 and PDL1 blockade result in different immunob-
iology. The functional importance of PDL1 interaction 

Box 2 | Recommendations for the management of IMAEs in HCC

•	Rule out other diagnoses, particularly those associated with chronic liver disease  
or extensive liver involvement141.

•	For grade 1 toxicities, continue ICIs and monitor more frequently.

•	For grade 2 toxicities except for some endocrine or skin events, withhold ICIs, monitor 
more frequently, initiate steroids if there is no spontaneous improvement, and resume 
ICI when grade 1 or after steroid taper.

•	For grade 3 toxicities, permanently discontinue ICIs (with the exceptions of 
hypothyroidism, adrenalitis, limited rash or sensory neuropathy), initiate steroids 
immediately and add mycophenolate mofetil or infliximab as needed (avoid infliximab 
if immune-mediated hepatitis).

•	With altered liver function tests, follow specific guidelines that take into account 
transaminases at baseline, magnitude of increase in transaminases and associated 
changes in total bilirubin141.

•	With pneumonitis or myocarditis, strongly consider permanent discontinuation  
of ICI irrespective of grade.

HCC, hepatocellular carcinoma; ImAes, immune-mediated adverse events; ICI, immune 
checkpoint inhibitor.
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with CD80 (ref.165) remains a matter of speculation as 
does the potential roles of PDL2. Direct comparisons 
of the best-performing PDL1 and PD1 agents either as 
monotherapy or in combinations are not being pur-
sued in clinical trials and, regarding CTLA4, it remains 
to be seen if intratumour Treg cell depletion mediates 
a major contribution to the effect of ipilimumab or 
tremelimumab.

Another potential cause of tumour resistance is the 
development of anti-drug antibodies (ADAs) that are 
able to alter the clearance of these agents or neutralize 
their activity. Across tumour types, the reported inci-
dence of ADAs during monotherapies with anti-PD1 
(nivolumab, pembrolizumab and cemiplimab), 
anti-CTLA4 (ipilimumab) and anti-PDL1 (avelumab 
and durvalumab) agents is low at 0–12.7%166, and a rel-
evant effect of ADAs on efficacy was not observed for 
nivolumab, pembrolizumab or ipilimumab in large clin-
ical trials167. However, ADAs were detected in up to 36% 
of patients with NSCLC treated with atezolizumab, with 
a negative effect on systemic exposure to the drug and a 
deleterious effect on anti-tumour efficacy168. Regarding 
HCC, in a subanalysis of the IMbrave150 trial, efficacy 
(effect on overall survival) was lower in the 20% of 
patients receiving atezolizumab and bevacizumab who 
were ADA-positive by week 6 (ref.168).

Other HCC immunotherapies
Adoptive cell therapy. Adoptive cell therapy (ACT) 
with effector cells is a form of passive therapy in 
which lymphocytes are sensitized and/or expanded 
ex vivo and then reinfused into the patient169. Cells 
used include lymphokine-activated killer (LAK) cells, 
cytokine-induced killer (CIK) cells, NK cells, TILs and 
redirected peripheral blood T cells. For the peripheral 
blood cells, immune T cells are genetically recoded to 
render them able to target tumour cells. The two main 
approaches are based either on transgenic tumour 
antigen-specific TCRs or chimeric antigen receptors 
(CARs)169,170. TIL, LAK and CIK therapies are independ-
ent of target tumour genes. TIL and TCR-redirected cells 
have MHC-restricted anti-tumour function, whereas 
LAK, CIK and CAR T cells do not169,171. In general, 
patients treated with ACT receive a preconditioning reg-
imen with cyclophosphamide and fludarabine to induce 
lymphodepletion and thereby support in vivo expansion 
of adoptively transferred cells. Patients receiving LAK, 
CIK and TIL therapy are also frequently treated with 
IL-2 to sustain in vivo survival of transferred cells172.

Initial attempts to develop ACT in HCC have failed 
to reach clinical stage due to a lack of efficacy and the 
relative complexity of the technology. To illustrate such 
complexity, LAK cells expand insufficiently ex vivo 
and exhibit low cytolytic effects in vivo in patients with 
melanoma173. Adjuvant use of LAK cells after resection 
delayed time to recurrence of HCC but did not prolong 
survival174. CIK cells usually show a higher cytotoxic 
effect and proliferative response than LAK cells. They 
are a heterogeneous population where NKT cells are pri-
marily responsible for the anti-tumour activity175. A large 
number of single arm or controlled trials with different 
methodological shortcomings suggested activity of CIK 

cells against HCC. A multicentre randomized phase III 
trial in 2015 including 226 patients proved that adju-
vant immunotherapy with CIK cells improved both PFS 
and overall survival of patients with HCC after curative 
surgical resection or percutaneous ablation compared 
with no adjuvant therapy176. ACT was delivered over a 
maximum of 60 weeks and resulted in a median PFS 
of 44 months compared with 30 months in the control 
group. Despite these positive results, ACT is not used in 
most centres as an adjuvant therapy, probably due to the 
limitations of in-house cell therapy facilities.

TILs are generated from a fresh tumour sample and 
tumour-reactive, expanding cells are selected based on 
their recognition of autologous tumour cells, and then 
further expanded to obtain several billion active cells169. 
The feasibility of adjuvant TIL therapy was shown in 
a phase I trial in patients with HCC177. TILs could be 
expanded in 15 out of 17 patients, and patients received 
doses up to 3 × 109 cells with minimal adverse effects. 
Increasing the content of T cells specific for tumour 
neoepitopes and scaling up the process are the main 
challenges for clinical application.

NK cells are characterized by a high receptor diver-
sity that enables them to recognize tumour cells without 
prior sensitization or acquired receptor rearrangement. 
Their poor expansion capacity in vitro might be over-
come for clinical use178. Ongoing phase II clinical trials 
are evaluating the use of allogeneic NK cells for the treat-
ment of patients with HCC at high risk of recurrence 
after resection (NCT02008929) and patients after TACE 
(NCT02854839).

CAR T cell therapy is a promising strategy that has 
shown great success in treating haematological malig-
nancies, while their application in solid tumours is still 
in development. CAR T cells typically have an extracel-
lular antigen-recognition domain, a transmembrane 
domain and an intracellular signalling domain170. The 
extracellular antigen-recognition domain usually con-
sists of a single-chain variable fragment derived from the 
variable heavy and light chains of a monoclonal antibody 
specific for an appropriate tumour cell target that can be 
a tumour antigen. GPC3 has become the most specific 
and attractive target in HCC. Efficacy has been shown 
in animal models with orthotopic xenografts179 and in 
patient-derived xenografts180. One of the main problems 
of CAR T cells is the off-target toxicity, in which the tar-
get molecule is expressed in non-tumour tissues. One 
clinical trial is underway to assess the safety and efficacy 
of GPC3-directed CAR T cells given as an intravenous 
injection (NCT04121273).

AFP is commonly overexpressed in HCC but is 
expressed intracellularly and secreted, and is there-
fore more appropriate for designing TCR-based 
than CAR-based therapies. Four HLA-A2-restricted 
AFP epitopes have been described in patients with 
HCC181. Some epitope-specific TCRs from human 
T cells show low affinity and anti-tumour effect due to  
central and peripheral tolerance182. Mutations in the 
complementarity-determining region might enhance  
the affinity183, and objective remissions have been reported 
in an ongoing clinical trial in HCC with such AFP-specific  
TCR T cells (NCT03132792). Other potential targets for 

Chimeric antigen receptors
(CArs). fusion proteins 
composed of a single-chain 
antibody that recognizes a 
surface tumour protein linked 
to a transmembrane domain; 
these constructs are usually 
transfected to T cells with 
retroviral vectors to artificially 
confer the ability to recognize 
and destroy cancer cells.
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TCR-engineered T cells include TP53 hotspot mutations 
frequent in HCC184, and HBV antigens (NCT03899415).

Therapeutic vaccines. The main rationale for the use 
of vaccines against cancer is the generation of tumour- 
specific responses with increased potency. This effect can 
be achieved by: de novo priming of T cells against anti-
gens expressed by tumour cells that are unable to spon-
taneously trigger a response; enhancing already existing 
responses; or widening the repertoire and breadth of 
tumour-specific responses185. Although vaccines were 
traditionally considered as a stand-alone therapy, it is 
now clear that they should be part of combinatorial strat-
egies with ICIs or ACT. The immunosuppressive TME 
impairs T cell activity, suggesting that combinations of 
ICIs might block these factors and facilitate the effector 
function of anti-tumour lymphocytes186.

In situ vaccines rely on the activation of tumour- 
infiltrating APCs that will engulf and present endog-
enous TAAs. Conversely, classic tumour vaccines 
involve the exogenous administration of antigens or 
antigen-pulsed DCs187. Tumour antigens should pro-
vide sufficient immunogenicity to break the tolerance 
imposed by many self-molecules expressed by tumour 
cells, while at the same time conferring specificity for 
the tumour cells and avoiding unwanted recognition of 
non-tumour cells188. In tumour lysates, antigen identity 
is unknown, and they mainly contain self-molecules 
that cannot guarantee the correct presentation of rele-
vant TAA. In HCC, many clinical trials based on tumour 
lysates have failed to produce consistent results24.

HCC peptide vaccines based on defined antigens have 
typically targeted TAAs such as telomerase, GPC-3 and 
AFP186. Spontaneous T cell responses against these anti-
gens have been observed in patients with HCC25, indi-
cating that they are somehow immunogenic. However, 
T cell affinity for their cognate antigen is unknown in 
most cases. Only a few strategies targeting telomerase 
and GPC-3 have reached the clinical stage189,190 and 
none of them has provided clinically meaningful results 
leading to pharmaceutical development.

More immunogenic vaccines should probably rely 
on the identification of true tumour-specific antigens. 
A first approach is the use of peptides identified through 
techniques of HLA peptidomics. The HLA peptidome is 
the group of HLA class I-bound peptides expressed by 
a particular cell and represents a distinctive immuno-
logical signature that can be selectively recognized by 
CTLs191. In HCC, a vaccination clinical trial based on 
this approach has finished recruitment and its results 
will be reported soon192.

A second strategy is based on the use of neoantigens. 
Their identification relies on a complex pipeline193 that 
includes the analysis of mutations in tumour cells versus 
wild-type cells, the expression of the mutated gene and 
analysis of immune-related parameters such as epitope 
processability and binding to HLA molecules. The abil-
ity to predict highly immunogenic neoantigens with 
anti-tumour activity as vaccines using this approach 
has been shown in other tumours such as melanoma194 
and glioblastoma195. In HCC we still lack evidence from 
clinical studies, and there are few data associating the 

presence of mutations with specific immune responses. 
Ongoing studies by our group show that mutations 
found in patients with HCC might originate peptides 
with a higher HLA-binding capacity than non-mutated 
wild-type sequences. These peptides are immunogenic 
in HLA transgenic mice and induce T cells that selec-
tively recognize the mutated, but not the wild-type, 
sequence, suggesting that this strategy might also be 
suitable as a vaccine in HCC196.

Enhancing with locoregional therapies
The immune system has evolved to respond to the pres-
ence of microbial pathogens and stressful tissue dam-
age. Both circumstances are detected by intertwined 
innate receptors whose function dictates whether an 
adaptive immune response is mounted and progresses 
or fails to do so197. Conceivably, these functions also 
determine whether immunity, tolerance or igno-
rance occurs against tumour antigens. Hence, over 
the years, many attempts have been pursued to make 
cancer tissue look like infected or stressed tissue that 
would favour the adaptive activities of cytotoxic immu-
nity. In this regard, there are two important concepts 
to consider: immunogenic cell death198 and the use of 
pathogen-associated molecular patterns199.

Immunogenic cell death is a form of death in which 
cells release or produce substances collectively known as 
alarmins, which alert and activate APCs such as DCs200. 
Immunogenic cell death involves reticular stress, necro-
sis or necroptosis, release of mitochondrial and nuclear 
components and the triggering of the type I interferon 
system198. Along these lines, a number of chemotherapy 
agents, radiotherapies and other physical forces cause 
cell and tissue destruction and the resulting improve-
ment in immunity against cancer contributes to the 
therapeutic benefit198,201.

The immune system reacts to substances that are 
exclusive of viruses or prokaryotes. This reactivity pro-
vides a means to ignite local immunity through the local 
delivery of agents that include Toll-like receptor agonists202, 
cGAS–STING agonists203, RIGI or MDA5 agonists204 and 
inflammasome agonists205. These agents are often derived 
from microbial products or synthetic analogues and they 
are usually quite toxic when given systemically, causing 
sepsis-like cytokine release syndromes and systemic 
inflammation. When delivered intratumourally they 
might not only be more potent in eliciting an immune 
response, but also be less toxic. Microorganisms them-
selves and not their immune-stimulating molecules can 
be used to enhance anti-tumour immunity and this is the 
basis for the use of Bacillus Calmette–Guérin vaccine to 
locally treat superficial bladder cancer206. Oncolytic viro-
therapy is a cancer treatment strategy that uses viruses 
that replicate selectively in cancer cells to destroy them, 
with potential efficacy in HCC that is under study207. Yet, 
it is increasingly clear that most of the beneficial effects 
of virotherapy are due to the elicitation or activation of 
an immune response that targets tumour antigens rather 
than the cytopathic effects of the viruses208.

Image-guided interventions are common practice 
in HCC therapy, including percutaneous ablation or 
intraarterial therapies4. Such accessibility to tumour 

Immunogenic cell death
A form of cell death that 
provokes immunity against the 
cell’s antigenic components 
and that usually accompanies 
stressful or non-programmed 
cell death; it is mediated by 
alarmins that are recognized  
by innate receptors on immune 
cells, especially dendritic cells.

Toll-like receptor
A member of the family  
of surface and endosomal 
proteins that have evolved to 
detect pathogen-associated 
molecular patterns that  
denote the presence of 
moieties exclusively present  
in prokaryotic cells.
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sites makes HCC ideal for local interventions that 
can cause immunogenic cell death or local delivery of 
pathogen-associated molecular patterns. Importantly, 
to obtain a strong immune stimulation, different 
locoregional therapies can be combined sequentially 
or simultaneously, and also combined with systemic 
immunotherapy209. Activation of immune responses 
and T cell infiltration is observed in HCC after radiof-
requency ablation210. Partial tumour ablation with radi-
ofrequency ablation or TACE in patients with advanced 
HCC receiving tremelimumab resulted in a response rate 
of 26% and a disease control rate of 89%, with 45% of 
the stabilizations lasting longer than 6 months, and an 
overall survival of 12.3 months122. These encouraging 
data have fuelled clinical trials in which ICIs alone or in 
combination with other ICIs or bevacizumab are given 
in combination with chemoembolization or radioem-
bolization, or after complete surgical or percutaneous 
ablation (TABLe 4).

Future directions
Progress in HCC immunotherapy has advanced even 
though the introduction of ICIs in this disease has lagged 
behind that in other tumours (fIG. 4). Looking to the past, 
the 2015 Review on immunotherapy in HCC in this 
journal is now outdated mainly because of clinical trial 
advances24. In the near future (TABLe 4), checkpoint-based 
immunotherapy might be found to increase the effi-
cacy of locoregional and radical treatments for HCC, 
and neoadjuvant therapy in patients with resectable or 
non-resectable disease will probably pave the way to an 
unprecedented drop in mortality rates in this deadly 

disease. Ideally, the road ahead should include the devel-
opment of new immunotherapy agents such as agonist 
immunostimulatory monoclonal antibodies, bispecific 
antibodies, engineered cytokines, antibody–drug con-
jugates, adoptive T cell therapy and neoantigen vacci-
nation (fIG. 2). Importantly, it should also include the 
identification of the molecular mechanisms of sensitiv-
ity and resistance to individual agents or combinations 
so that useful biomarkers are made available that might 
help advance personalized therapy. To achieve this goal, 
efforts should be made to embed correlative research 
studies in every new clinical trial or prospective study, 
and information from clinical trials should ideally be 
made available to researchers while protecting the rights 
and interests of patients and companies.

Conclusions
Within a decade, research into immunotherapy for HCC 
has grown dramatically and changed the treatment par-
adigm. ICIs are now well-established as active agents 
in the advanced stage. A better understanding of the 
local factors that give rise to, or abort, an anti-tumour 
immune response in the TME is shaping the design of 
new agents and combinatorial therapies. The develop-
ment of such therapies in synergistic combinations will 
probably be the key task in the future, with the hope 
that a new and effective immunotherapeutic break-
through is made. Along the way, the quest for accurate, 
user-friendly biomarkers will probably also be successful 
in opening the door to personalized immunotherapies.

Published online 13 April 2021
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Tumour
burden

Very early Early Intermediate Advanced

Treatment

Immunotherapy

Systemic therapiesSurgical or percutaneous therapies

Intra-arterial therapies

Available therapiesUnder investigation

Durvalumab + bevacizumab
Atezolizumab + bevacizumab
Nivolumab + ipilimumab
Tremelimumab + durvalumab
Pembrolizumab + lenvatinib
Atezolizumab + cabozantinib
Nivolumab 
Pembrolizumab 
Durvalumab 

Atezolizumab + bevacizumab
Nivolumab + ipilimumab
Nivolumab 
Pembrolizumab 
Tremelimumab + durvalumab
Pembrolizumab + lenvatinib
Atezolizumab + cabozantinib
Immunovirotherapy + sorafenib
Tislelizumab
Sintilimab + anti-VEGF biosimilar

Fig. 4 | Immunotherapy of HCC in 2021. Single agents and combinations approved or under study in randomized trials 
across tumour stages are shown. Those in bold type are already approved in at least one country. HCC, hepatocellular 
carcinoma; VEGF, vascular endothelial growth factor.
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