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Immune suppressive checkpoint interactions in the tumour
microenvironment of primary liver cancers
Guoying Zhou 1, Patrick P. C. Boor1, Marco J. Bruno1, Dave Sprengers1 and Jaap Kwekkeboom1

Liver cancer is one of the most prevalent cancers, and the third most common cause of cancer-related mortality worldwide. The
therapeutic options for the main types of primary liver cancer—hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA)—
are very limited. HCC and CCA are immunogenic cancers, but effective immune-mediated tumour control is prevented by their
immunosuppressive tumour microenvironment. Despite the critical involvement of key co-inhibitory immune checkpoint
interactions in immunosuppression in liver cancer, only a minority of patients with HCC respond to monotherapy using approved
checkpoint inhibitor antibodies. To develop effective (combinatorial) therapeutic immune checkpoint strategies for liver cancer, in-
depth knowledge of the different mechanisms that contribute to intratumoral immunosuppression is needed. Here, we review the
co-inhibitory pathways that are known to suppress intratumoral T cells in HCC and CCA. We provide a detailed description of
insights from preclinical studies in cellular crosstalk within the tumour microenvironment that results in interactions between co-
inhibitory receptors on different T-cell subsets and their ligands on other cell types, including tumour cells. We suggest alternative
immune checkpoints as promising targets, and draw attention to the possibility of combined targeting of co-inhibitory and co-
stimulatory pathways to abrogate immunosuppression.
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BACKGROUND
Liver cancer is one of the most prevalent and aggressive cancers,
and represents the third most common cause of cancer-related
mortality worldwide.1 The most common primary liver cancer is
hepatocellular carcinoma (HCC), an aggressive malignancy derived
from hepatocytes. A second main type of primary liver cancer,
cholangiocarcinoma (CCA), currently accounts for 10% of primary
liver cancers, but its incidence is rising steadily.2,3 CCA is an
aggressive hepatobiliary malignancy originating from the biliary tract
epithelium with features of cholangiocyte differentiation.2,3 Poten-
tially curative treatment options for both types of liver cancer, such
as surgical resection and liver transplantation, are available for
patients with early-stage disease; unfortunately, however, at the time
of first presentation around 80% of patients are beyond this stage.4,5

Traditionally, multikinase inhibitors such as sorafenib and lenvatinib
have been the only effective drugs for the treatment of advanced
HCC.6 Sorafenib profoundly downregulates RAF/RAS/MAPK and
STAT3/Akt signaling pathways, which are both crucial for prolifera-
tion and survival of HCC cells.7 The potent activity of lenvatinib
against pro-angiogenic signalling pathways FGFRs 1-4 is a distinctive
feature of lenvatinib.8 Chemotherapy is the only systemic treatment
for advanced CCA. However, these treatments prolong patient
survival by only a few months.4,5 Therefore, more effective (most
likely combinatorial) approaches for the treatment of primary liver
cancer and for preventing cancer recurrence are urgently needed.
HCC and CCA have both been shown to be immunogenic,9,10 but

effective immune-mediated tumour control is prevented by their

immunosuppressive tumour microenvironment (TME). Monotherapy
with antibodies that inhibit interactions between co-inhibitory
receptors on T cells and their ligands on tumour cells and other
cells in the tumour microenvironment, such as those mediated by
cytotoxic T-lymphocyte-associated protein 4 (CTLA4), programmed
cell death-1 (PD-1) and programmed cell death ligand-1 (PD-L1), has
shown remarkable clinical efficacy in patients with different types of
malignancy, including melanoma,11,12 non-small cell lung cancer13,14

and renal cell carcinoma.15 However, despite the critical involvement
of key co-inhibitory immune checkpoint interactions in immunosup-
pression in liver cancer, checkpoint inhibitors have shown limited
clinical effects in patients with HCC or CCA. To develop more
effective therapeutic immune checkpoint strategies for the treatment
of liver cancers, further knowledge of the different immune inhibitory
checkpoint mechanisms that contribute to intratumoral T-cell
suppression in liver cancer is needed. In this review, we provide an
overview of insights from preclinical studies regarding the interac-
tions between co-inhibitory receptors expressed on different T-cell
subsets and their ligands expressed on other cell types within the
liver TME (Fig. 1). We briefly summarise the results of clinical studies
of agents designed to overcome the PD-1- or CTLA4-mediated
inhibition of T cells in liver cancer, and suggest alternative immune
checkpoints that could be targeted to abrogate intratumoral T-cell
co-inhibition. Furthermore, we highlight the current gaps in our
knowledge of T-cell co-inhibitory pathways in HCC and CCA.
Although some co-inhibitory pathways can also suppress natural
killer (NK) cells, we will focus on their effects on T-cell immunity.
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ANTI-TUMOUR T-CELL RESPONSES AND THEIR INHIBITION
HCC and CCA are both immunogenic—that is, they are both
capable of soliciting an immune response by virtue of their
expression of tumour-associated antigens (TAAs) and neoantigens
that can be recognised as ‘foreign’ entities.

Immunogenicity in liver cancers
Tumour-associated antigens. Tumour-antigen-specific CD4+

T cells and CD8+ T cells, which recognise classic tumour-
associated antigens (TAAs), have been detected in the circulation
of HCC patients,16,17 and are also present in tumour tissue.10,18

Higher numbers of intratumoral CD8+ T cells in liver cancer are
associated with better survival.19 Amongst the classic TAAs
present in HCC cells and recognised by T cells in HCC patients
are cancer-testis antigens, oncofetal antigens, and overexpressed
antigens.10,16,17,20 Whether tumour-specific T cells that recognise
classic TAAs exist in CCA patients, and whether those cells are
functionally competent is still unclear. However, Löffler 21 reported
that TAA-specific T cells could be induced in a patient with CAA by
TAA-peptide vaccination, and that this response resulted in strong
immune cell infiltration into the tumour lesions.

Neoantigens. Liver cancers also express neoantigens encoded by
non-synonymous somatic mutations in protein-encoding DNA
sequences that are only present in tumour cells.22–24 Their
absence during fetal development makes these neoantigens
highly specific targets for anti-tumour T-cell immunity,25,26 in
which the neoantigenic peptides are presented by MHC molecules
expressed on tumour cells and recognised by the patient’s T cells.
MHC-binding prediction tools have been used to predict that such
mutations in HCC give rise to potential neoantigenic peptides that
can be presented by MHC class I molecules to CD8+ T cells.27,28

Moreover, HLA-immunopeptidome data have proven that neoan-
tigenic epitopes are indeed presented by MHC class I in HCCs,
albeit at relatively low levels. The same study provided the first

experimental evidence for the presence of CD8+ T cells that
recognise neoantigenic peptides in HCC patients.29 CD4+ tumour-
infiltrating T cells (TILs) that recognise a mutated antigen have
been identified in the tumour of a patient with CCA, and these TILs
were effective in mediating tumour regression upon in vitro
expansion followed by adoptive transfer.24 Neoantigen-specific
CD8+ T cells have not yet been identified in CCA patients.

Loss of immune-mediated anti-tumour responses
Increasing evidence indicates that liver tumour cells can be
recognised by T cells, and that T cells that recognise classical TAAs
as well as those that recognise tumour-encoded neoantigens are
present in HCC patients and CCA patients. Nevertheless,
spontaneous T-cell immunity is apparently insufficient to clear
the tumour. Several mechanisms are responsible for the loss of
effective immune-mediated anti-tumour responses in the control
of many types of cancer, including HCC and CCA.

Loss of neoantigens and MHC. Many types of tumour down-
regulate MHC class I molecules or have defective peptide
processing or loading machinery; consequently, immunotherapy
aimed at stimulating CD8+ T-cell responses will not be successful
in such tumours.30 Notably, however, the expression of MHC class I
molecules is actually upregulated in most HCC cells,29,31 although,
in a minority of HCC patients, loss of heterozygosity of HLA alleles
can hamper the ability of tumour cells to present antigens to
CD8+ T cells.29 The possible mechanisms that regulate the
expression of MHC class I on HCC cells remain controversial.
MHC class I expression on HCC cells is related to underlying viral
infections and other inflammatory liver diseases, and cytokines
such as interferon (IFN)-γ released by T cells infiltrated in HCC
tissue might contribute to the increased expression.31 Interest-
ingly, loss of HLA heterozygosity was observed in HCCs in which
tumour-infiltrating T cells showed a limited T-cell receptor (TCR)
diversity, whereas tumours infiltrated by T cells with a high TCR
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Fig. 1 Co-inhibitory ligand–receptor interactions in liver cancer. a Potential interactions between co-inhibitory receptors on T cells and
their corresponding ligands on tumour cells or antigen-presenting cells (dendritic cells, macrophages/monocytes) in HCC or CCA. b Expression
of co-inhibitory ligands on diverse cell types and expression of co-inhibitory receptors on different T cells in HCC or CCA tumours, according
to the data currently available.
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diversity showed limited neoantigen expression.29 These data
suggest that most HCCs try to escape immune pressure through
the loss of neoantigens, but partial loss of HLA occurs in a
minority. However, MHC class I expression in CCA shows wider
differences between patients,32,33 ranging from complete nega-
tivity, to heterogeneous expression, to strong homogeneous
expression in tumours,;32,33 therefore tumour cells can probably
not be recognised by CD8+ T cells in a fraction of CCA patients.

T-cell dysfunction. The inability of T cells to eliminate tumours is
probably at least partially due to the number of functional
tumour-specific T cells being insufficient.16 Indeed, it has been
demonstrated in a mouse liver cancer model that T cells become
dysfunctional early during tumorigenesis at the premalignant
phase.34 T-cell dysfunction is a cell-intrinsic status that is initially
reversible but subsequently becomes irreversible owing to
epigenetic changes. The process of a T cell becoming dysfunc-
tional is largely due to an antigen-driven dynamic differentiation
program in response to continuous exposure to tumour antigen(s)
rather than microenvironmental factors,34 although the intratu-
moral expression of the immune co-inhibitory molecule B7-H4 by
infiltrating myeloid cells might exacerbate T-cell exhaustion in
HCC.35 This exhaustion program in mouse liver tumours is
driven by the transcription factor TOX.36 In microsatellite stable
colorectal cancer, vascular endothelial growth factor-A (VEGF-A)
induces TOX expression, which increases the levels of the co-
inhibitory immune checkpoint molecules PD-1, TIM3, LAG3 and
TIGIT (see below) in CD8+ T cells and thereby drives T-cell
exhaustion.37 Whether this occurs in liver cancer is as yet
unknown, but the overexpression of VEGF in HCC is associated
with disease progression.38

Inhibition of migration of immune effector cells into tumors.
Additionally, effector T cells might be unable to enter the
tumours. We have shown that both HCC and CCA tumors contain
lower numbers of cytotoxic immune cells such as NK cells and
CD8+ T cells compared to tumor-free liver tissues of the same
patients.9,18 This suggests that tumors may inhibit immigration of

cytotoxic immune cells, which is another way of immune evasion.
For several other cancer types it has been demonstrated that
collagen and endothelial barriers prevent infiltration of immune
cells.39,40 The TME creates multiple defense mechanisms limiting
T cells from migrating and reaching the tumor bed, the
dysregulated extracellular matrix and tumor-associated macro-
phages make tumors a hostile environment for T-cell ability to
contact and kill malignant cells.41,42 Chemoattractant molecules
are also essential for regulating T-cell motile behavior such as
T-cell trafficking into and within the tumors,41 chemokines and
their receptors directly or indirectly shape the TME and regulate
the biological behavior of tumor.43

Immunosuppressive mechanisms. A fourth important constraint
for effective anti-tumour immunity is the presence of immuno-
suppressive mechanisms within the TME, including the intratu-
moral accumulation of immunosuppressive cells such as
regulatory T (TREG) cells, anti-inflammatory macrophages and
other myeloid cells;44,45 the intratumoral expression of enzymes,
such as indoleamine 2,3-dioxygenase (IDO) and arginase, that
catalyse the generation of immunosuppressive metabolites, such
as kynurenine; and the intratumoral expression of immune
inhibitory checkpoint molecules.

CO-INHIBITORY IMMUNE CHECKPOINTS
Mechanisms of suppressive function
In this review we will focus on the contribution of co-inhibitory
immune checkpoint pathways to intratumoral T-cell inhibition in
liver cancers. Co-inhibitory receptor-ligand interactions can
mediate immune-suppressive functions at least by the following
mechanisms (Fig. 2). (i) Upon binding by their corresponding
ligand, co-inhibitory receptors can deliver suppressive signals
within the T cells on which they are expressed; these signals
suppress activatory receptor signalling (e.g. by the T-cell-receptor
or CD28). (ii) Co-inhibitory receptor binding can deliver suppres-
sive signals to the ligand-expressing cells. (iii) Co-inhibitory
receptors can compete with co-stimulatory receptors for the
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Fig. 2 Mechanisms by which co-inhibitory immune checkpoint interactions suppress T cells. Several mechanisms of immune-suppressive
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same ligand. (iv) Co-inhibitory receptors can block homodimeriza-
tion of co-stimulatory receptors, thereby preventing the co-
stimulatory signal from being generated.46–49

Below we outline current knowledge of the interactions
between co-inhibitory receptors expressed on different T-cell
subsets and their ligands expressed on other cell types within the
liver TME.

CTLA4 and CD80 (B7-1)/CD86 (B7-2)
CTLA4 is the target of the first therapeutic immune checkpoint
inhibitor that was approved (ipilimumab for the treatment of
melanoma).

Targeting CTLA4 in HCC. CTLA4 is highly expressed on tumour-
infiltrating CD4+Foxp3+ TREG cells in patients with HCC,18,50 and
anti-CTLA4 antibodies have been shown to partially alleviate the
suppressive capacity of these cells in HCC patients.51 CTLA4
expression is also induced on effector T cells upon activation, and
interaction with its ligands, CD80 or CD86, directly inhibits effector
T-cell functions. We have demonstrated that blocking CTLA4
increases the responses of TILs from HCC patients against TAAs
ex vivo, and that combined blockade of CTLA4 and PD-L1 further
enhances these responses.10

Although these preclinical data show that CTLA4 blockade can
reinvigorate the responses of T cells derived from HCCs, only one
clinical study using anti-CTLA4 antibody monotherapy in HCC
patients has been carried out (Table 1). A phase 2 clinical trial
showed that treatment with the anti-CTLA4 agent tremelimumab
resulted in a partial response in 17.6% of patients with advanced
HCC associated with hepatitis C virus.52 In another clinical trial,
26.3% of evaluable advanced HCC patients achieved a partial
response after treatment with tremelimumab in combination with
subtotal radiofrequency ablation or chemoablation (Table 2).53

Activation of tumor-specific T cells and a decrease in T-cell
clonality indicating broadening of the T-cell receptor repertoire,
was seen in the peripheral blood of HCC patients upon tumour
ablation combined with tremelimumab treatment, but it is unclear
whether these changes were caused by tumour ablation or

tremelimumab treatment.54 One potential reason for the limited
efficacy of tremelimumab might be that this antibody belongs to
the human IgG2 antibody subclass, which has limited capacity for
antibody-dependent T-cell-mediated cytotoxicity; the efficacy of
anti-CTLA4 therapy can be at least partly attributed to the
intratumoral depletion of TREG cells by antibody-dependent cell-
mediated cytotoxicity (ADCC).55–57 The anti-CTLA4 agent ipilimu-
mab belongs to the IgG1 subclass, which can better mediate
ADCC, and has shown robust anti-tumour effects in many cancer
types; however, its clinical efficacy in HCC has not yet been
investigated.

Targeting CTLA4 in CCA. Zhou et al.9 have shown that TILs from
CCA patients express increased levels of CTLA4 compared with
T cells from matched tumour-free liver tissue and blood, and that
ipilimumab increases the proliferation of CD4+ and CD8+ TILs
ex vivo, suggesting that anti-CTLA4 therapy might be able to
enhance intratumoral T-cell reactivity.9 In a clinical trial of patients
with biliary tract cancer, including CCA, 12.5% achieved a partial
response upon treatment with tremelimumab and microwave
ablation; however, the relative contribution of anti-CTLA4 treat-
ment to this result is unclear.58 Ongoing clinical trials are
investigating whether combination treatments of anti-CTLA4 with
anti-PD-L1 or anti-PD-1 demonstrate clinical efficacy in HCC and
CCA (Table 2).59 The results of the first few studies have been
published and are discussed below.

PD-1 and PD-L1 (B7-H1)/PD-L2 (B7-DC)
Blockade of the interaction between the co-inhibitory receptor
PD-1 and its ligand PD-L1 has shown enormous therapeutic
success and has been approved for the treatment of several types
of cancer over the past few years.60–62

PD-1 and PD-L1/PD-L2 expression in HCC. The PD-1–PD-L1 path-
way has been relatively well-studied in HCC. In HCC patients, PD-1
is overexpressed on intratumoral CD4+ and CD8+ T cells
compared with T cells in tumour-free liver tissue and blood; PD-
L1 is expressed on intratumoral monocytes/macrophages,

Table 1. Published clinical studies and ongoing Phase 3 trials of immune checkpoint inhibitor (anti-CTLA4 or anti-PD-1 or anti-PD-L1) monotherapy
in liver cancers.

Author (year) Trial phase Patient population Number of
patients

Intervention ClinicalTrials.gov
Identifier

Sangro et al. 201352 Phase 2 HCC 21 Tremelimumab NCT01008358

El-Khoueiry et al.
201779

Phase 1/2 HCC 262 Nivolumab NCT01658878

Yau et al. 201980 Phase 1/2 HCC 267 Nivolumab NCT01658878

Zhu et al. 201881 Phase 2 HCC 104 Pembrolizumab NCT02702414

Finn et al. 202082 Phase 3 HCC 413 Pembrolizumab NCT02702401

Qin et al. 202083 Phase 2 HCC 217 Camrelizumab NCT02989922

Lee et al. 202084 Phase 2 HCC 30 Avelumab NCT03389126

Phase 3 HCC Nivolumab vs Sorafenib NCT02576509

Phase 3 HCC Pembrolizumab NCT02702401

Phase 3 HCC Pembrolizumab NCT03062358

Phase 3 HCC Pembrolizumab NCT03867084

Phase 2/3 HCC Toripalimab NCT03859128

Le et al. 2017100 Phase 2 MMR-deficient cancers including CCA 86 Pembrolizumab NCT01876511

Marabelle et al. 2019101 Phase 2 High microsatellite instability cancers
including CCA

233 Pembrolizumab NCT02628067

Kim et al. 2020102 Phase 2 Biliary tract cancers including CCA 54 Nivolumab NCT02829918

Phase 3 Biliary tract cancers including CCA Durvalumab NCT03875235

CCA cholangiocarcinoma, HCC hepatocellular carcinoma, MMR mismatch repair.
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whereas the expression of PD-L1 on tumour cells is strongly
variable between patients.10,63,64 Much less is known about PD-
1–PD-L2 pathway in HCC. PD-L2 is expressed on the surface of
tumour cells in HCC tissue,65 but very limited evidence is available
for the involvement of the PD-1–PD-L2 co-inhibitory pathway in
HCC.66

HCC patients with aggressive tumours have a discrete subset of
CD8+ PD-1high T cells in their tumours that express multiple
markers of T-cell exhaustion, including the co-inhibitory receptors
TIM3 and LAG3,67 and high levels of TOX, which, as mentioned
previously, is involved in T-cell exhaustion.68 CD8+ tissue-resident
memory T cells and TREG cells from hepatitis B (HBV)-associated
HCCs express more PD-1 and are functionally more exhausted
and suppressive than their counterparts from non-virus-
associated HCC.69 As the surface expression levels of PD-1 and
exhaustion status of tumour-infiltrating CD8+ T cells from HCC
patients are promoted by TOX, downregulating TOX expression
exerts synergistic effects with anti-PD-1 therapy in improving the
anti-tumour function of HCC patient-derived tumour-infiltrating
CD8+ T cells in immunocompromised mice transplanted with
tumour material derived from HCC patients.68 Data obtained from
an orthotopic mouse liver cancer model indicate that hepatocyte
growth factor (HGF), which has been associated with tumor
initiation and progression through HGF/c-Met signaling path-
ways,70 might contribute to the enhanced expression of PD-1 on
tumour-infiltrating T cells in HCC.71

The expression of PD-L1 on tumour cells is induced by IFN-γ
produced by pre-existing, activated CD8+ T cells in the HCC
milieu, and might represent an adaptive immune resistance
mechanism in response to endogenous anti-tumour activity.72 PD-
L1 expression on cancer cells and stromal cells is also promoted by
hypoxia in HCC.73 Additionally, tumour-derived soluble factors
including hyaluronan fragments enhance the levels of glycolysis in
tumour-associated monocytes, which increases the expression of
PD-L1 on these cells and subsequently attenuates cytotoxic T-cell
responses in HCC.74 In orthotopic-grafted and induced murine
models of HCC, VEGFR-2 was selectively expressed in tumor
endothelial cells; and PD-L1 expression in murine HCC cells was
found to be induced in a paracrine manner upon antibody-
mediated VEGFR-2 blockade in endothelial cells and in part
through IFN-γ expression by endothelial cells, particularly in
hypoxic conditions which mimic the in vivo effects.75 Furthermore,
the expression of the transcription factor myocyte enhancer factor
2D (MEF2D) by both human and mouse HCC cells increases PD-L1
expression.76 Depletion of the tumour-intrinsic cell-cycle related
kinase (CCRK) oncogene upregulates PD-L1 expression and
consequently improves the efficacy of anti-PD-L1 blockade to
eradicate mouse HCC.77 By contrast, the epigenetic modifier EZH2,
a histone methyltransferase, suppresses the expression of PD-L1
on human hepatoma cell lines.78 PD-L1 expression in HCCs is
therefore regulated by different environmental factors, which
might explain the differences in the levels of PD-L1 observed in
tumours from individual patients.

Targeting the PD-1–PD-L1 interaction in HCC patients. In ex vivo
assays, blockade of PD-1/PD-L1 restores the functionality of TILs of
HCC patients,10,67 and PD-L1 blockade has also been shown to
restore ex vivo TAA-specific responses of tumour-infiltrating CD4+

and CD8+ T cells from HCC patients.10 Moreover, the immuno-
suppression exerted by tumour-derived PD-1+ TREG cells is
reversed with anti-PD-1 blockade.69 HCC tumour-infiltrating PD-
1+ memory CD8+ T cells are the predominant T-cell subset to
respond to anti-PD-1 treatment in in vitro studies.44

More data are available on the clinical efficacy of blockade of
PD-1/PD-L1 in HCC patients compared with CTLA4 blockade
(Table 1). In the first phase 1/2 clinical trial, the anti-PD-1
nivolumab resulted in an objective response rate of 20% in
patients with advanced HCC regardless of etiology.79 The

objective response rate of the intent-to-treat sorafenib-
experienced population was 14%.80 The anti-PD-1 antibody
pembrolizumab resulted in an objective response in 17% of
patients with advanced HCC previously treated with sorafenib in a
phase 2 trial.81 In a subsequent phase 3 trial, pembrolizumab
induced objective responses in 18% of patients, but did not
prolong patient survival.82 When studied in a phase 2 trial of
previously treated patients with advanced HCC, the novel anti-PD-
1 antibody camrelizumab achieved an objective response rate of
15%.83 The anti-PD-L1 antibody avelumab showed moderate
efficacy, with a partial response rate of 10% in patients with
advanced HCC.84 These studies show the potential of PD-1
blockade in HCC. However, similar to several other cancer types,
only a subpopulation of patients with HCC responds to anti-PD-1
monotherapy, and most of these patients showed incomplete
responses. Therefore, further research should aim to combine anti-
PD-1 treatment with other therapeutic options to improve its
efficacy.
Independent of its role in adaptive immunity, PD-1 can promote

the growth of HCC by binding and promoting the phosphoryla-
tion of eukaryotic initiation factor 4E and ribosomal protein S6,
which function downstream of the mammalian target of
rapamycin (mTOR). Combining anti-PD-1 antibody treatment with
mTOR inhibition using MLN0128/INK128 resulted in more durable
and synergistic tumour regression compared with either single
agent alone in mice with HCC.85 Similarly, the dual blockade of PD-
1 and VEGFR-2 overcame treatment resistance to either agent
alone, inhibited primary tumour growth and doubled survival in
HCC murine models.75 In a phase 3 trial involving patients with
unresectable HCC, the anti-PD-L1 antibody atezolizumab com-
bined with the anti-VEGF bevacizumab antibody indeed resulted
in better overall and progression-free survival than did sorafenib
treatment (Table 2).86 Nivolumab combined with ipilimumab
induced an objective response in 27–32% of patients with
advanced HCC,87 while the combination of nivolumab and the
TREG cell-depleting anti-CCR4 antibody mogamulizumab induced a
partial response rate of 27%.88 In patients with unresectable HCC
treated with pembrolizumab plus lenvatinib, an objective
response was achieved in 36% of patients.89 In summary,
combining anti-PD-1/PD-L1 antibodies with an additional target
for immunomodulation seems to be a promising way to proceed.

Targeting the PD-1–PD-L1 interaction in CCA patients. In patients
with CCA, the expression of PD-1 and PD-L1 is associated with
intratumoral immunosuppression, indicating that this inhibitory
checkpoint might be a potential therapeutic target for this type of
liver cancer as well.33,90–97 Whole-genome analysis and integrative
clustering showed that fluke-negative CCA tumours exhibited
high PD-1 and PD-L2 expression,98 while another integrative
genomic analysis revealed that CCA tumours in which adaptive
immune response genes were upregulated had overexpression of
PD-1 and PD-L1 and molecular features associated with a better
response to checkpoint inhibitors shown in other types of
cancer.99 Increased PD-1 expression has been demonstrated on
CD4+ and CD8+ TILs in CCA patients, and nivolumab was shown
to enhance the production of effector cytokines in TILs cultured
ex vivo.9

In a clinical trial investigating anti-PD-1 therapy in diverse types
of cancer deficient in mismatch repair (MMR) genes (thus
increasing their tumour mutational burden and rendering them
more immunogenic), pembrolizumab resulted in tumour regres-
sion in a few of the MMR-deficient CCA patients that were
included (Table 1).100 In another cohort of MMR-deficient cancers
treated with pembrolizumab, an objective response rate of 40.9%
was observed in those patients with CCA.101 In a separate
multicentre phase 2 study, nivolumab resulted in an objective
response in 24% of CCA patients and all responders had MMR-
proficient tumours.102 Nivolumab in combination with ipilimumab
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induced an objective response in 31% of MMR-proficient patients
with intrahepatic CCA but none in patients with extrahepatic
CCA.103 Clinical trials of anti-PD-1/PD-L1 antibodies in combination
with other treatments in CCA patients are currently ongoing
(Table 2).59,104

CD276 (B7-H3)
B7-H3 is an immune inhibitory protein expressed on tumour cells
and antigen-presenting cells, with an otherwise limited expression
in healthy tissue. Its receptor is yet unknown.105,106 B7-H3 has
been shown to suppress anti-tumour T-cell responses.107,108 HCCs
express strongly enhanced levels of B7-H3 compared with
healthy liver tissue,109 and this higher expression level on tumour
cells is associated with aggressive tumour features, poor
survival110–112 and increased recurrence after tumour resec-
tion.112,113 Moreover, B7-H3 expression on tumour cells correlates
inversely with TIL proliferation, as measured by Ki-67 expression,
suggesting that B7-H3 might inhibit intratumoral T-cell expansion
in HCC (Table 3).112

Targeting B7-H3. Several antibodies against B7-H3 are being
tested in clinical trials.114 However, because the receptor and
exact function of B7-H3 are as yet unknown, these antibodies have

been designed to induce ADCC against B7-H3-expressing tumours
rather than to block B7-H3. Patients with intrahepatic CCA that
were deficient in B7-H3 expression showed higher overall survival
and cancer-specific survival rates than those with B7-H3 expres-
sion.115 Together, the available preliminary data suggest that B7-
H3 might be a potential target for the induction of ADCC against
liver cancers. However, it is as yet unclear whether B7-H3 serves as
a T-cell co-inhibitory molecule in liver cancers.

VTCN1 (B7-H4)
V-set domain-containing T-cell activation inhibitor 1 (VTCN1/B7-
H4) is another co-inhibitory ligand that suppresses T cells,116 but
whose receptor is as yet unknown. Human single chain antibody
fragments against B7-H4 can restore anti-tumour T-cell responses
in vitro.117 The currently available antibodies against B7-H4 can
induce ADCC and block inhibition of T cells. B7-H4 is not
expressed in healthy liver, but 45% of HCC tumours express B7-
H4 and its expression positively correlates with aggressive tumour
features. The levels of B7-H4 expression are higher in HBV-positive
HCCs than in HBV-negative HCCs.118 Interestingly, in a mouse HCC
model, B7-H4 promoted T-cell exhaustion via upregulation of the
transcription factor Eomes, and its increased expression on
myeloid cells from human HCCs correlates with intratumoral

Table 3. Preclinical studies of intratumoral expression of immune checkpoint molecules other than CTLA4/CD80/CD86 and PD-1/PD-L1/PD-L2 in
liver cancers.

Cancer type Immune checkpoints Cellular expression Author (year)

Human HCC B7-H3 Tumour cells Seaman et al. 2017109

Human HCC B7-H3 Tumour cells Kang et al. 2015111

Human HCC B7-H3 Tumour cells Kang et al. 2015110

Human HCC B7-H3 Tumour cells Sun et al. 2012112

Human HCC B7-H3 Tumour cells Zheng et al. 2019113

Human HCC B7-H4 Tumour cells Hong et al. 2016118

Human HCC B7-H4 Myeloid cells Li et al. 201835

Human HCC VISTA Tumour cells and intratumoral immune cells Zhang et al. 2018127

Human HCC HHLA2 Tumour cells Janakiram et al. 2015130

Human HCC TIM3 Tumour-infiltrating CD4+ and CD8+ T cells Li et al. 2012136

Human HCC TIM3 Tumour-associated macrophages Yan et al. 2015138

Human HCC TIM3, LAG3, BTLA Tumour-infiltrating T cells Zhou et al. 201710

Human HCC Galectin-9 Intratumoral Kupffer cells Li et al. 2012136

Human HCC Galectin-9 Intratumoral dendritic cells, monocytes and B cells Zhou et al. 201710

Human HCC Galectin-9, HVEM Tumour cells Sideras et al. 201764

Human HCC LAG3 Tumour-infiltrating TREG and tissue-resident memory CD8+ T cells Chew et al. 201744

Human HCC LAG3 Tumour-infiltrating CD8+ T cells Yarchoan et al. 2017179

Human liver cancer FGL1 mRNA Wang et al. 2019147

Human HCC BTLA Tumour-infiltrating CD4+ T cells Zhao et al. 2016150

Human HCC HVEM Tumour cells Hokuto et al. 2015149

Human HCC CD48 Intratumoral monocytes/macrophages Wu et al. 2013151

Human HCC TIGIT Tumour-infiltrating TREG and CD4+ T cells Duan et al. 2019159

Human HCC TIGIT Tumour-infiltrating CD8+ T cells, TREG and CD4+ T cells Ge et al. 2021161

Human HCC CD155 Tumour cells Duan et al. 2019159

Human HCC CD155 Tumour cells Sun et al. 2019160

Human CCA B7-H3 Tumour cells Cheng et al. 2018115

Human CCA B7-H4 Tumour cells Zhao et al. 2016119

Human CCA HHLA2 Tumour cells Jing et al. 2019131

Human CCA CD155 Tumour cells Huang et al. 2017162

Human CCA LAG3, BTLA, CD160, CD244 Tumour-infiltrating T cells Zhou et al. 20199

CCA cholangiocarcinoma, HCC hepatocellular carcinoma.
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CD8+ T-cell dysfunction. B7-H4 blockade synergised with PD-1
blockade in eliciting anti-tumour responses in mouse models of
liver cancer (Table 3 and Table 4).35

In CCA patients, B7-H4 expression in tumour cells negatively
correlates with the density of CD8+ T cells in the tumour
stroma,119 suggesting that B7-H4 might inhibit T-cell infiltration
and/or survival in CCA tumours. Knockdown of B7-H4 in CCA cell
lines was able to restore cytotoxic T-cell function in co-culture
experiments.119 Similar to B7-H3, extensive research including
elucidation of the receptor of B7-H4 is required to clarify whether
B7-H4 serves as a co-inhibitory ligand in liver cancers.

VISTA (B7-H5)
B7-H5, also known as V-domain immunoglobulin suppressor of
T-cell activation (VISTA),120,121 is a co-inhibitory molecule that
shares homology with PD-L1.120–123 VISTA is highly expressed on
myeloid cells and TREG cells in the TME of murine cancer
models.124 Preclinical studies have demonstrated a potential role
for VISTA blockade in the anti-tumour T-cell response, leading to
impeded tumour growth and improved survival.125 Combined
treatment using monoclonal antibodies specific for VISTA and PD-
L1 achieved synergistic therapeutic efficacy in murine tumour
models.126 Similar to B7-H3 and B7-H4, the putative receptor for
VISTA is unknown. In HCC patients, VISTA is expressed on both
tumour cells and intratumoral immune cells; VISTA expression was
associated with a high density of CD8+ TIL, a high pathological
grading and absence of liver cirrhosis; and patients with dual
positive VISTA+ cells and CD8+ cells in the TME showed a better
overall survival (Table 3).127 Further preclinical investigation of the
potential role of VISTA in the suppression of TILs in liver cancers is
required.

HHLA2 (B7-H7)
B7-H7, also called HERV-H LTR-associating 2 (HHLA2), has both co-
inhibitory and co-stimulatory effects on T cells, depending on its
activation history. Its co-stimulatory receptor on T cells is CD28H
(TMIGD2), which is expressed on naïve CD4+ and CD8+ T cells.128

The existence of an unknown co-inhibitory receptor that is
expressed on activated memory T cells has been postulated to
explain its co-inhibitory function.129 HHLA2 protein is widely
expressed in human cancers, with preliminary data indicating that
it is expressed by tumour cells in a subgroup of HCC patients.130 In
CCA tumours, HHLA2 is more frequently expressed than PD-L1,
and has been identified as an independent prognostic indicator
for overall survival (Table 3).131 The expression and potential
function of HHLA2 in liver cancer immunity awaits further
research.

TIM3 and galectin-9
T-cell immunoglobulin and mucin domain-containing molecule 3
(TIM3) is a negative regulator of T-cell functions in viral infections
and cancer.132–135 In HCC patients, intratumoral CD4+ and CD8+

T cells express high levels of TIM3, whereas its ligand galectin-9 is
expressed on tumour cells in most patients, as well as on
intratumoral Kupffer cells, dendritic cells and B cells.10,64,136 The
long non-coding RNA Lnc-TIM3 promotes CD8+ T-cell exhaustion
in HCC patients via binding to TIM3.137 Blocking the
TIM3–galectin-9 interaction improved the ex vivo functionality of
CD4+ and CD8+ TILs from HCC patients,10,136 and the combined
blockade of TIM3 and PD-L1/PD-1 synergistically enhances ex vivo
CD4+ and CD8+ TIL functions.10,67

Interestingly, in HCC patients, TIM3 is not only expressed on
T cells but also on peripheral blood monocytes and tumour-
associated macrophages. Downregulation or blockade of TIM3 on
macrophages suppressed HCC cell growth in an experimental
mouse model (Table 3 and Table 4).138 Together, the data suggest
that TIM3 might be a promising target for blockade therapy in
HCC. Clinical trials on several different anti-TIM3 antibodies, either
alone or in combination with anti-PD-1, are ongoing for HCC
patients (NCT03680508, NCT03652077).59 The expression and
function of TIM3 and whether TIM3 is involved in suppression of
the anti-tumour response in CCA are unknown.

LAG3
Lymphocyte activating 3 (LAG3) is a co-inhibitory receptor
involved in the regulation of T-cell expansion and function.139,140

LAG3 expression on T cells and MHC class II molecules as LAG3
ligands. The interaction between LAG3 and its major ligand,
MHC class II, is implicated in the regulation of dendritic cell
function and in maintaining tolerance of CD8+ T cells.141,142 In
several murine non-liver cancer models, LAG3 and PD-1 are co-
expressed on tumour-infiltrating CD8+ and CD4+ T cells, and the
combined blockade of LAG3 and PD-1 synergised to improve anti-
tumour CD8+ T-cell responses.143 In humans, the co-expression of
LAG3 and PD-1 was reported to mark dysfunctional CD8+ T cells in
ovarian cancer, and the combined blockade of LAG3 and PD-1
improved the cytokine production and proliferation of TAA-
specific CD8+ T cells derived from ovarian cancer patients.144 In
patients with HCC, tumour-infiltrating TREG cells and tissue-
resident memory CD8+ T cells express multiple markers for
T-cell exhaustion, including LAG3 and PD-1.33,134 Our results
indicate that LAG3 expression is increased on TAA-specific CD8+
TILs in HCC patients, and that LAG3 blockade increased the
responses of CD4+ and CD8+ TILs ex vivo;8 the combined

Table 4. Preclinical studies on targeting immune checkpoint molecules other than CTLA4/CD80/CD86 and PD-1/PD-L1/PD-L2 in liver cancers.

Cancer type Immune checkpoints Therapy Author (year)

CCA cell lines B7-H4 Knockdown of B7-H4 Zhao et al. 2016119

Human HCC TIM3 Anti-TIM3 mAb Li et al. 2012136

Mouse HCC TIM3 Downregulation or antibody blockade of TIM3 Yan et al. 2015138

Human HCC TIM3 Long non-coding RNA Lnc-TIM3 Ji et al. 2018137

Human HCC TIM3 and LAG3 Anti-TIM3 mAb, anti-LAG3 mAb, combined blockade of PD-L1 and TIM3 or LAG3 Zhou et al. 201710

Human HCC TIM3 and LAG3 Combined blockade of PD-1 and TIM3 or LAG3 Kim et al. 201867

Mouse HCC LAG3 and FGL1 Anti-FGL1 mAb and anti-LAG3 mAb Wang et al. 2019147

Mouse HCC TIGIT Anti-TIGIT mAb and anti-PD-1 mAb Chiu et al. 2020158

Human HCC TIGIT Combined blockade of TIGIT and PD-1 Ge et al. 2021161

Mouse HCC B7-H4 Co-blockade of B7-H4 and PD-1 Li et al. 201835

CCA cholangiocarcinoma, HCC hepatocellular carcinoma.
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blockade of LAG3 and PD-L1 additively enhanced the effects.8,55

Many clinical trials studying LAG3 blockade as a monotherapy or
in combination with anti-PD-1 antibodies are currently ongoing in
patients with diverse types of cancer.59

LSECtin and FGL1 as additional LAG3 ligands. Experimental
evidence indicates that LSECtin, a type II transmembrane protein
of the C-type lectin receptor superfamily, can serve as an
alternative ligand to MHC class II molecules for LAG3 and that
the LAG3–LSECtin interaction inhibits anti-tumour T-cell responses
in melanoma.145 As LSECtin is highly expressed on liver sinusoidal
endothelial cells,146 this interaction might also be relevant for liver
cancer. Fibrinogen-like protein 1 (FGL1), a liver-secreted protein,
has also been demonstrated in mice to be a major ligand of LAG3,
independent of MHC II. Blocking the FGL1–LAG3 interaction using
monoclonal antibodies stimulated anti-tumour immunity and was
therapeutically effective against mouse colon tumours, and
preliminary data suggest that inhibiting this interaction also
reduced tumour growth by a HCC cell line inoculated subcuta-
neously into syngeneic mice. FGL1 mRNA was also found to be
expressed in liver cancer, although at lower levels compared to
normal liver tissue (Table 3 and Table 4).147 Together, the
preclinical data suggest that LAG3 might be a promising co-
inhibitory target for immunotherapy in HCC patients. Currently, a
clinical trial of LAG3 blockade that involves HCC patients
(NCT03538028) and a clinical trial with both HCC and CCA
patients combining LAG3, CTLA4 and PD-1 blockade
(NCT03849469) are ongoing.59 In contrast to HCC, LAG3 expres-
sion is not increased on TILs in CCA patients,9 and therefore the
suitability of LAG3 blockade as immunotherapy in CCA is
questionable.

BTLA, CD160, CD244; and HVEM and CD48
Other co-inhibitory receptors expressed on T cells include B and
T-lymphocyte attenuator (BTLA), CD160 and CD244 (2B4). Inter-
action with their ligands HVEM, HVEM and CD48, respectively,
might also suppress anti-tumour T-cell responses.140,148

HVEM is expressed on tumour cells in almost all HCC patients,64

and the proportion of HVEM+ tumour cells is inversely associated
with the number of tumour-infiltrating CD8+, CD4+ and CD45RO+

lymphocytes, as well as the expression of granzyme B, perforin
and IFN-γ in HCC tissue,149 suggesting that HVEM expression
might suppress TILs number and function. However, we found
that TILs from HCC and CCA patients express only low levels of
BTLA.,9,10 and our unpublished and published data show reduced
CD160 expression on TILs in HCC and CCA tumours compared
with paired tumour-free liver tissue. Nevertheless, a minor subset
of BTLA+ PD-1+ CD4+ TILs in HCC was shown to be highly
dysfunctional, indicating that BTLA signals might participate in
suppressing CD4+ TILs in HCC.150

CD48 is expressed on monocytes/macrophages in HCC
tissue,151 but our unpublished and published data demonstrate
that CD244 is expressed at similar levels on CD8+ T cells in
tumours and paired tumour-free liver tissue from HCC and CCA
patients (Table 3).9 Blockade of CD244 could therefore result in
liver immunotoxicity due to unwanted targeting of highly
expressed CD244 on CD8+ T cells in the tumour-free liver.
Together, these data suggest that CD160–HVEM and CD244–CD48
co-inhibitory pathways are probably not good targets for
checkpoint inhibitors in liver cancer, whereas the potential
involvement of the BTLA–HVEM interaction in the regulation of
tumour-specific immunity in liver cancers requires further
investigation.

TIGIT and CD155 (PVR)
T-cell immunoreceptor with Ig and ITIM domains (TIGIT) is a co-
inhibitory receptor that limits anti-tumour and other CD8+ T-cell-
dependent chronic immune responses.152,153 The high affinity

ligand of TIGIT, poliovirus receptor (PVR/CD155), is expressed on
dendritic cells and endothelial cells, and overexpressed on tumour
cells in many types of cancer.154 TIGIT shares CD155 with the co-
stimulatory receptor CD226 and reportedly counterbalances
CD226 signalling.155 TIGIT is highly expressed on TILs in several
types of solid cancer, and blockade of both TIGIT and PD-L1
specifically and synergistically enhanced CD8+ T-cell function in
models of both cancer and chronic viral infection, resulting in
tumour and viral clearance.156 In melanoma patients, TIGIT
expression is elevated on TAA-specific CD8+ T cells, which often
co-express PD-1.157 Accordingly, blocking TIGIT and PD-1
enhanced the functions of TAA-specific CD8+ T cells in the
presence of TIGIT-ligand-expressing cells ex vivo.157

TIGIT and CD155 expression in HCC. Murine HCC cells upregulate
the expression of poliovirus-receptor-related 1 (PVRL1), which
stabilises the cell-surface expression of CD155 and suppresses the
CD8+ T-cell response via TIGIT; accordingly, blocking either PVRL1
or TIGIT overcame tumour resistance to PD-1 blockade in mice.158

The expression levels of TIGIT and CD155 are higher in more
undifferentiated cancerous tissue than in highly differentiated
cancerous tissue from HCC patients, suggesting that the
TIGIT–CD155 pathway might be involved in the pathogenesis of
HCC.159 CD155 expression in HCCs is increased compared to
surrounding non-cancerous liver tissue, and higher CD155
expression levels in tumours are associated with poor survival
after tumour resection,160 supporting an immunosuppressive
function of CD155. Recently, in ex vivo experiments using TILs
from human HCC, we demonstrated that co-blockade of TIGIT and
PD-1 improves functionality of CD8+ TILs that do not respond to
single PD-1 blockade. Therefore co-blockade of TIGIT and PD-1
could be a promising immune therapeutic strategy for HCC
patients (Table 3 and Table 4).161

TIGIT and CD155 expression in CCA. Similar to HCC, the mRNA and
protein expression of CD155 is increased in tumour tissue from
CCA patients compared with corresponding para-cancerous tissue.
Increased levels of CD155 were associated with aggressive
clinicopathologic characteristics, angiogenesis and shorter survival
after surgical resection in CCA patients.162 No data on the
expression or function of TIGIT are yet available for CCA. Based on
the limited preclinical data that are available, blocking the
TIGIT–CD155 interaction might be an interesting strategy for
patients with liver cancer. Whereas clinical trials that involve co-
blocking TIGIT and PD-1/PD-L1 in multiple solid tumours are
ongoing, no drugs targeting TIGIT have yet been evaluated in liver
cancer patients, to our knowledge.

COMBINED TARGETING OF T-CELL CO-INHIBITORY AND CO-
STIMULATORY PATHWAYS
T-cell dysfunction in cancer patients can be overcome not only by
the use of antagonistic antibodies that block co-inhibitory
pathways, but also by using agonistic antibodies that bind to
co-stimulatory receptors to stimulate T cells. Most T-cell stimula-
tory antibodies so far developed for cancer immunotherapy are
directed against co-stimulatory molecules of the tumour necrosis
factor receptor superfamily (TNFRSF), such as CD134 (OX40),
CD137 (4-1BB) and the glucocorticoid-induced tumour necrosis
factor receptor (GITR).163,164 The expression of OX40 on T cells is
higher in tumours of HCC patients than in adjacent liver tissue.165

Treatment with an Fc-engineered anti-OX40 antibody (anti-
OX40_v12) with selectively enhanced FcγRIIB affinity stimulated
the expansion in vitro of TILs from HCC patients, as well as their
secretion of cytokines and chemokines.166 An adenovirus expres-
sing a human soluble fusion protein comprising the extracellular
domains of PD-1 and the CD137 ligand CD137L suppressed
tumour growth in a CD8+ T-cell-dependent way by activating the
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CD137 pathway and blocking the PD-L1–PD-1 pathway and
improved survival in a humanised mouse HCC model.167 CD137
expression was indicated to mark a distinct activation state among
highly exhausted PD-1high CD8+ TILs from HCC patients, and a
CD137 agonistic antibody enhanced the ex vivo functions of CD8+

TILs and showed additive effects on CD8+ TIL responses in
combination with anti-PD-1 therapy.168 Ex vivo agonistic GITR
engagement partially reduces the suppression exerted by tumour-
infiltrating TREG cells derived from HCC patients.18 Increased GITR
expression has been reported on tumour-infiltrating effector
T cells in both HCC and CCA patients, and the agonistic ligation
of GITR enhances the ex vivo functions of CD4+ and CD8+ TILs
from HCC patients as well as from CCA patients.9,169

A promising new development for cancer immunotherapy is
combined treatment with antibodies that target co-inhibitory
molecules and antibodies that target co-stimulatory molecules.
We demonstrated that a combination of low doses of CTLA4
blocking antibody and GITR agonistic ligand completely abro-
gated the ex vivo immunosuppression mediated by tumour-
infiltrating TREG cells from HCC patients.51 Moreover, PD-1
blockade in combination with GITR ligation further invigorated
TAA-specific responses of TILs from some patients with HCC.169 No
data on the combined targeting of co-inhibitory and co-
stimulatory molecules in CAA are available. The combination of
a GITR agonistic antibody and PD-1 and/or CTLA4 antagonistic
antibodies (NCT04021043, NCT03126110) is currently being tested
in clinical trials involving patients with liver cancer.59

CONCLUSIONS AND FUTURE PERSPECTIVES
The preclinical data summarised in this article support that, in
addition to the PD-1 and CTLA4 pathways, the TIM3, LAG3 and
TIGIT co-inhibitory pathways are also involved in suppression of
T cells in the TME of HCC. Therefore, these co-inhibitory receptors
and their ligands should be considered as promising targets for
immune checkpoint therapy in HCC. Clinical trials of antibody
blockade of TIM3 and LAG3, but not TIGIT blockade, are currently
ongoing in HCC patients. Whether these pathways contribute to
intratumoral immunosuppression in CCA is as yet unknown, and
requires further investigation. These novel co-inhibitory interac-
tions should not only be considered as targets for single
antibody blockade, but also for combined treatment in conjunc-
tion with anti-PD-1/PD-L1 antibodies. Combinatorial treatments of
anti-CTLA4 and anti-PD-L1/PD-1 have demonstrated additive
clinical efficacy in several types of cancer, and clinical studies
investigating these combinations, as well as combinations with
anti-TIM3 or anti-LAG3 antibodies, are ongoing in patients with
HCC and CCA.
There is an urgent need to expand our understanding of liver

cancer immunology in order to develop more effective immu-
notherapeutic treatments for patients with primary liver cancer.
Our knowledge of the immunological TME of CCA, in particular, is
very limited. We need to deepen our understanding of the
expression and function of alternative promising immune
inhibitory checkpoint molecules, such as PD-L2 and BTLA, in the
liver cancer microenvironment. In addition, we need to identify
the missing receptors of various immune checkpoint ligands, such
as B7-H3, B7-H4, VISTA and HHLA2, and to study their impact on
different immune cells in the TME of liver cancer. We also need to
understand the mechanistic basis that underlies the synergistic
effects observed by targeting different immune checkpoint
molecules. Moreover, as tumours can shield the influx of cytotoxic
immune cells—for example, through collagen or endothelial
barriers39,40,170—ways to break down such barriers should be
studied with a view to boosting the infiltration of immune cells
into liver tumours.
Evidence exists that the gut microbiome impacts the response

to checkpoint inhibitors in cancer treatment,171–174 which is a gap

of knowledge in HCC and CCA and is worth investigating.
Preliminary data suggest that systemic antibiotic treatment might
indeed be associated with a worse outcome of anti-PD-1 therapy
in patients with HCC.175 The safety and effectiveness of various
strategies that combine differential treatments need to be tested,
including immune checkpoint antibodies with adoptive cell
transfer, cytokines or vaccines, and immunotherapy with mole-
cular targeted therapy or gene therapy. Identifying and validating
biomarkers to facilitate patient stratification to be able to
individualise and tailor treatments is of imminent importance.
For example, in HCC, the intratumoral expression of PD-L1 does
not accurately predict the response to anti-PD-1 therapy.79,81

Interestingly, somatic mutations that lead to β-catenin activation
have been suggested to predict the resistance of HCC patients to
immune checkpoint inhibitor therapy.176,177 Comprehensive
molecular profiling of tissue from patients with primary liver
cancer treated with different types of immunotherapy might
therefore enable the identification of molecular biomarkers that
can assist patient selection for optimal personalised
immunotherapy.
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