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Abstract

A pharmacological class known as immune checkpoint inhibitors (ICls) has been developed as a potential treatment
option for various malignancies, including HCC. In HCC, ICls have demonstrated clinically significant advantages as
monotherapy or combination therapy. ICls that target programmed cell death protein 1 (PD-1) and programmed cell
death protein ligand 1 (PD-L1), as well as cytotoxic T lymphocyte antigen 4 (CTLA-4), have made significant advances
in cancer treatment. In hepatocellular carcinoma (HCC), several ICls are being tested in clinical trials, and the area

is quickly developing. As immunotherapy-related adverse events (irAEs) linked with ICl therapy expands and gain
worldwide access, up-to-date management guidelines become crucial to the safety profile of ICls. This review aims to
describe the evidence for ICls in treating HCC, emphasizing the use of combination ICls.
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Introduction

Hepatocellular carcinoma (HCC) is a malignant tumor
that affects the liver and has a lousy prognosis and a high
death rate [1]. Although developments have been accom-
plished in diagnosing and treating liver cancer in recent
years, the forecast remains poor. Within 5 years after
surgery, liver cancer’s recurrence and metastatic rate are
as high as 70% [2]. HCC, the most frequent subtype of
liver cancer, is the sixth most common malignancy and
the fourth major cause of cancer-related death globally
[3]. High malignancy and mortality and fast progres-
sion, recurrence, and metastasis are all characteristics
of HCC. Curative hepatectomy, ablation, embolization,
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chemotherapy, and liver transplantation are among the
therapeutic options for HCC. However, because many
patients are detected late, the prognosis remains dismal
in most cases [4].

In HCC, the tumor microenvironment (TME) is com-
plex and significantly impacts tumor development and
growth. Tumor cells and stromal cells engage in a variety
of complex interactions, and increased levels of immuno-
suppressive cytokines like interleukin-10 and transform-
ing growth factor (TGF-B) support the formation of an
immunosuppressive milieu defined by immune cell dys-
function and development of immunosuppressive cells,
including regulatory T (Treg) cells and cells expressing
checkpoint molecules, cytotoxic T-lymphocyte anti-
gen 4 (CTLA-4), programmed cell death 1 (PD-1), pro-
grammed death ligand-1 (PD-L1), programmed death
ligand-2 (PD-L2), T cell immunoglobulin mucin domain
molecule 3 (Tim-3), and lymphocyte activating gene
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three protein (LAG-3) [5]. In addition, long-term antigen
exposure can also induce T cells to overexpress immu-
nosuppressive checkpoint molecules, leading to cell
exhaustion, immunological escape of tumor cells, and the
development of HCC [6].

Immune checkpoint molecules modulate the immune
response, avoiding improper immune reaction and
allowing self-tolerance. Inhibitory checkpoint mole-
cules have become critical targets for anticancer therapy
because they provide a method for malignancies to avoid
immune monitoring [7]. A pharmacological class known
as immune checkpoint inhibitors (ICIs) has been intro-
duced as a potential therapeutic choice for various malig-
nancies, including HCC. ICIs activate T cells in multiple
ways, and they may assist in reversing the exhausted phe-
notype of tumor-infiltrating lymphocytes [8]. As a start-
ing point, this review will explore the fundamental ideas
of physiological hepatic immunogenic tolerance and the
pathological evasive procedure of anti-tumor immunity
in HCC, followed by clinical studies involving immune
checkpoint agent monotherapy and combination thera-
pies. Finally, both obstacles and future instructions in this
field will be discussed.

Immune checkpoints in HCC

The liver is an entire structure with a complex and
dynamic immune system that functions as an initial line
of host protection against antigens and microbial prod-
ucts from the intestines and systemic circulation with-
out inducing unwanted immune responses. According
to reports, the hepatic immune system is “immunologi-
cally tolerogenic,” which might be harmful in the case of
pathological situations. Patients with underlying inflam-
mation caused by hepatitis B and C viruses, fibrosis, and
cirrhosis are prone to developing and eventually causing
HCC. This physiologic environment can subvert inflam-
mation and tumor development [9]. Immunotherapy
is a new therapeutic approach that can be a successful
therapy for HCC because it is an inflammation-related
malignancy at the first level, which makes it more likely
to be efficacious. Second, since the liver is an immune-
privileged organ, immunotherapeutic agents are not
processed and have predictable pharmacokinetics in
individuals with cirrhosis [10]. Third, the liver is immu-
nologically tolerogenic to antigens, balanced by naive
T-cell stimulation and various immunosuppressive path-
ways, such as dysregulation of cytokine release, antigen
and immune checkpoint expression, and alterations in
the local immune microenvironment [11, 12].

Different immune cells are infiltrated in the HCC
TME, particularly myeloid cells, natural killer cells, and
T-cells. Since most HCC patients have chronic inflam-
mation and cirrhosis, the tumor environment becomes
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complex, impacting the tumor behavior and treatment
results. Immune cells and tumors interact in a complex
fashion, giving rise to the exhaustion of pro-inflamma-
tory cells and the over-dominance of regulatory leuko-
cytes that impedes anti-tumor immunity, mediated by
cytokines and signaling pathways [13, 14]. According to
Yu et al, increased immune infiltration enhanced over-
all survival. The study evaluated distinct immunological
clusters depending on their predictive value, revealing
that cell populations with high T-cells and low levels of
macrophages were associated with better outcomes. It
was observed that a subgroup of tumor-associated mac-
rophages (TAMs) (M1) is linked to improved results.
Poor prognosis is linked to the accumulation of mye-
loid-derived suppressor cells (MDSCs), TAMs, CD4+/
CD25+/FOXP3+ immune-suppressive T-cells (Treg),
exhausted Thl CD4+, CD8+ T-cells, dysfunctional
NK cells and the expansion of Th2 CD4+ T-cells [15].
Immune checkpoint molecules like PD-1, CD274 (PD-
L1), CTLA-4, and LAG-3 were detected in groups with
high levels of CD8+ T-cells. However, these gather-
ings were linked to a poor prognosis, leading research-
ers to suggest that these molecules are involved in HCC
immune exhaustion [16].

In contrast to traditional cytotoxic medicines, immune
checkpoint inhibitors help the host immune system
fight cancer. Immune checkpoints maintain a balance
between pro-inflammatory and anti-inflammatory sig-
nals under homeostatic settings. These immunological
checkpoints are a collection of inhibitory and stimulatory
mechanisms that influence immune cell function directly.
Malignant cells disturb this equilibrium by inducing an
immunosuppressive condition that promotes immune
evasion and tumor progression [17]. Cancer cells attract
Tregs, decrease tumor antigen expression, promote T
cell tolerance and/or death, and secrete immune sup-
pressive cytokines that activate inhibitory immunologi-
cal checkpoints. As a result, the TME becomes distinct
and immunosuppressive. Immune checkpoint inhibitors
work by blocking the effects of specific inhibitory path-
ways to overcome immunosuppressive circumstances
[18, 19]. The introduction of ICIs, a therapeutic class of
monoclonal antibodies that target immune checkpoints,
has recently changed the systemic therapy of HCC.
As a result, administering ICIs to these HCC patients
is expected to be advantageous [20]. ICIs have shown
promise in the fight against HCC. In 15-20% of patients,
they result in objective remissions that are long-lasting
and linked to prolonged survival [21]. Since ICIs have
been a cornerstone of treatment for various cancers,
multiple clinical trials have been undertaken. Others
are ongoing to evaluate their safety and effectiveness in
various solid and hematological malignancies [22]. The
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primary immune checkpoints are CTLA-4, PD-1, TIM-3,
VISTA, and LAG-3 (Fig. 1).

PD-1/PD-L1

Ishida et al. first characterized PD-1, a then-novel mem-
ber of the immunoglobulin gene group, on murine
immune cells in 1992 and demonstrated that PD-1
could produce a classical type of programmed cell
death. Researchers discovered that PD-1-knockout mice
experienced lupus-like autoimmune disorders in 1999,
indicating that PD-1 functions as an immunological
gatekeeper. Nivolumab, the first anti-PD-1 monoclonal
antibody, was approved by the Food and Drug Admin-
istration (FDA) in 2014 for second-line therapy of unre-
sectable or metastatic melanoma. Since then, the FDA
has approved numerous more anti-PD-1/L1 antibodies
for cancer treatment [23]. PD-1 ligand (PD-L1; CD279
and B7-H1) is a 33-kDa type 1 transmembrane glyco-
protein with 290 amino acids and Ig- and IgC domains
in its extracellular region that belongs to the B7 class of
immunological checkpoints [24]. The PD-1/PD-L1 path-
way regulates immunological tolerance induction and
maintenance inside the TME. In cancer, degeneration
of anti-tumor immune responses is caused by the acti-
vation, proliferation, and cytotoxic secretion of T cells
in response to the activity of PD-1 and its ligand PD-L1
or PD-L2. PD-L1 is linked to an immunological milieu
rich in CD8 T cells, the generation of Thl cytokines and
chemical factors, interferons, and particular gene expres-
sion [25]. This pathway serves a physiological function
in self-tolerance and suppressing immune responses
to immunological responses. Honjo’s group discovered
PD-L1 as a PD-1 ligand in 2000, as a receptor produced
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Fig. 1 Main co-stimulatory and inhibitory immune checkpoints.
Immune checkpoints are a set of various receptors and ligands
that play a critical role in immune system regulation, including
co-stimulatory and inhibitory molecules
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by antigen-presenting cells (APCs), mainly in the heart,
pulmonary, renal, and placenta systems [26]. PD-L1
expression is increased in activated hematopoietic cells,
particularly APCs like macrophages and dendritic cells.
More significantly, PD-L1 is expressed in many tumor
cells and virus-infected cells. When activated by PD-1, it
directly suppresses T-cell proliferation and T-cell effector
activities such as IFN-gamma production and cytotoxic
action against target cells [27]. The expression of PD-1 in
CD8+ T cells was enhanced in HCC patients. Generally,
PD-L1 is found on hepatocytes, hepatic stellate cells, liver
sinusoidal endothelial cells (LSEC), and Kupffer cells, but
PD-L2 is found only on dendritic cells [28]. T cell activ-
ity in the hepatic TME is inhibited by PD-L1 expression
in HCC cells. Unsurprisingly, elevated PD-L1 expression
in cancer cells predicted HCC recurrence [29]. M1 mac-
rophages have promoted PD-L1 expression in HCC cells,
suggesting M1 macrophages’ pro-tumor activity [30]. The
expression of PD-L1 in HCC cells hinders the role of T
cells in the hepatic TME. Assessments of HCC resec-
tion samples revealed more fabulous expression of PD-L1
and its correlation with tumor aggressiveness and poor
prognosis in individuals who were never treated with
immunotherapy [31]. Detailed phenotypic flow cytom-
etry investigations of fresh biopsies acquired from pro-
gressed HCC patients before anti-PD-1/PD-L1 therapy
revealed that responders to anti-PD-1/PD-L1 treatment
had a high baseline incidence of PD-1 high CD8+ T cells
in malignant cells [32]. This is consistent with a recent
study that looked at CD8+ T cells extracted from HCC
tissue and found that tumors with a high number of PD-1
high CD8+ T cells are more responsive to PD-1 blocking
[33]. Also, significant numbers of PD-1+ intra-tumoral
lymphocytes suggest cytokine-induced killer cell survival
advantage in HCC patients [34].

LAG-3

LAG-3 is a member of the immunoglobulin superfam-
ily and a CD4 ancestral homolog created due to gene
duplication. As with CD4, LAG3 binds to MHC class II
(MHCII), FGL-1, -synuclein fibrils (-syn), and the lectins
galectin-3 (Gal-3) and lymph node sinusoidal endothelial
cell C-type lectin (LSECtin). LAG3 suppresses host cell
activation as an immunological checkpoint and gener-
ally increases a more repressive immune response. LAG3,
for example, inhibits cytokine and granzyme produc-
tion and growth in T cells while boosting differentiation
into Tregs [35]. Gal-3, a 31-kDa galactose-binding lec-
tin, modulates T cell activation. Immunoprecipitation
has been illustrated as associated with LAG-3 and lim-
its interferon-secretion by limiting interferon-secretion
CD8+ T cells in vitro, demonstrating that Gal-3 is also
a LAG-3 ligand [36]. Gal-3 can be found on the surface
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of several malignancies, including lung cancer, prostate
cancer, colorectal cancer, and breast cancer. As a result,
it regulates CD8+ T cells through a variety of methods.
It has also been hypothesized that LSECtin is a LAG-3
ligand. LSECtin, a member of the DC-SIGN family of
molecules, binds to the four glycosylated sites on LAG-
3. LSECtin is expressed in the liver and melanoma tumor
cells, implying that LAG-3 modulates CD8+ T and natu-
ral killer (NK) cell activity [14]. Fibrinogen-like protein 1
(FGL1) was recognized as a novel LAG3 ligand. FGL1 is
a fibrinogen family member with an analogous structure
to fibrinogen beta and gamma; however, it has no admit-
ted involvement in platelets or clot formation. Hepato-
cytes generally release FGL1 in the liver, but tumor cells
can also express large amounts of FGL1, corresponding
to poor patient prognosis and immunotherapy resistance
[37]. Frequently co-expressed with PD-1 on exhausted T
cells, LAG-3 has become an exciting target for immune-
modulating agents either alone or in combination with
inhibitors of the PD-1/PD-L1 axis. Anti-LAG-3 agents
are under investigation in phase I-III trials in a wide
array of solid tumors, including lung, gastric, head and
neck, hepatocellular and renal cancer, and lymphoma and
melanoma [38, 39].

CTLA-4

CTLA-4 is a CD28-related cell surface receptor that
binds to CD80 and CD86 [40]. Two consecutive signals
are required for T-cell activation. First, antigens pre-
sented in setting with the major histocompatibility com-
plex (MHC) I or II on specialized APCs attach to T-cell
receptors [41]. The second phase is translating TCR stim-
ulation into T-cell activation. It needs a co-stimulatory
signal when B7 molecules on the APC surface interact
with CD28 receptors on T cells. The inhibitory mole-
cule CTLA-4 is then expressed on the surface of T cells.
CTLA-4 suppresses B7-CD28 binding by interacting with
the identical ligands, preventing the co-stimulatory sig-
nal and suppressing T-cell activation and proliferation
[42, 43]. CTLA-4 can potentially stop T cells from initi-
ating responses by raising the threshold of signals neces-
sary for complete activation and halting ongoing T-cell
reactions. This inhibitory signal affects downstream tar-
gets of CTLAA4, like cytokine generation by Th1l and Th2
cells and essential cell cycle components. As a result,
researchers hypothesized that inhibiting the CTLA4-B7
interaction would lead to increased and extended T-cell
activation, as evaluated by the higher release of IL-2,
IEN-y, IL-3, IL-4, IL-5, and IL-10, as well as more clini-
cally relevant anti-tumor immune responses [44—46].
Since CTLA-4 has a significant regulatory impact on
immune responses, antibodies against either mouse
or human CTLA-4 have been established to support
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immune responses against cancer [47]. In early 1996,
Leach et al. reported that administering anti-CTLA-4
antibodies to mice with pre-existing tumors considerably
decreased tumor development [48]. Ipilimumab, the first
anti-CTLA-4 monoclonal antibody to reach the clinic
[49], was approved in 2011 to treat melanoma patients
[50]. Tremelimumab was also the first anti-CTLA-4 anti-
body studied in HCC [51].

TIM-3

TIM-3, also recognized as HAVCR?2, is a member of the
TIM gene family. In humans, the TIM family consists
of TIM-1, TIM-3, and TIM-4 and is found on chromo-
some 5q33.2. This family, which contains TIM-1 through
TIM-8 in mice, is located on chromosome 11B1.1 [52].
Galectin-9 (Gal-9), carcinoembryonic antigen cell adhe-
sion molecule 1 (CEACAM-1), high-mobility group pro-
tein B1 (HMGBI1), and phosphatidylserine (PS) are all
TIM-3 ligands. This carbohydrate-binding protein rec-
ognizes the N-linked sugar chain structure in the TIM-3
immunoglobulin (IgV) domain. TIM-3/Gal-9 can sup-
press cancer immunity by suppressing T-cell immunity.
The interaction of the TIM-3 IgV domain with Gal-9
can result in the termination of T helper 1 (Thl) immu-
nological responses [53]. TIM3 has received the most
attention within the TIM family because of its role in
the modulation of immune responses in autoimmune
disorders and cancer. While it was initially discovered
as a molecule expressed by interferon-producing CD4+
and CD8+ T cells, TIM3 has been represented by vari-
ous other cell types, including Treg cells and myeloid
cells, NK cells, and mast cells [54]. Several studies indi-
cate that the addition of cytokines such as IL-4, TGF-,
and IL-6 in the TME induces the production of TIM-3
in HCC cells [55]. The expression of TIM-3 in HCC
cells promotes tumor development via IL-6 autosecre-
tion, which also boosts HCC cell metastatic capacity by
increasing epithelial-mesenchymal transition (EMT)
[56]. Wu et al. discover that TIM-3 expression on CD4+
and CD8+ T cells increases through chronic hepatitis,
resulting in lower IFN- and T-bet mRNA plasma levels in
these cells. Furthermore, the degree of TIM-3 expression
is linked with illness severity and is favorably connected
with alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), the international normalized ratio
(INR), and total bilirubin (TB) [57]. Furthermore, mount-
ing data suggests that TIM-3 may have a central role on
TILs, leading to immunosuppression in HCC TME. As
a result, Yan et al. discovered higher TIM-3 expression
levels on CD4+ and CD8+ T cells from HCC patients’
peripheral blood. Additionally, it has been shown that
the expression of TIM-3 is higher on CD4+ and CD8+
T lymphocytes entering tumor tissues than on cells
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infiltrating surrounding tissues [58]. The importance of
NF-«B in sustaining the M2 phenotype and protumoral
activity of TAMs in many malignancies, including HCC,
has recently been highlighted. It has been established
that TIM-3 mediates NF-B pathway activation in TGF-
or IL-4-stimulated macrophages [59]. Moreover, tumor-
infiltrated conventional NK (cNK) and liver resident
NK (LrNK) cells were shown to have increased TIM-3
expression in Patients with hcc, which decreases cytokine
release and cytotoxicity since TIM-3 impairs the down-
stream Akt/mTORC1 pathway in NK cells [60].

TIGIT

TIGIT was found as a new member of the Ig superfam-
ily in 2009 [61]. It is an inhibitory receptor found on
immune cells such as effector and memory T cells and
Treg cells, follicular T cells, and NK cells [53, 62, 63].
An immunoreceptor tyrosine-based inhibitory motif
(ITIM) and an immunoglobulin tail tyrosine (ITT)-like
motif are found in the cytoplasmic tail and are highly
conserved between mice and humans [64]. Numerous
possible mechanisms for TIGIT-dependant suppression
of effector T and NK cells have been suggested. TIGIT
can act either cell-extrinsically as a CD155 ligand or cell-
intrinsically by interfering with DNAM-1 co-stimulation
or directly providing repressive signals to the effector cell
[61, 64, 65]. It is unknown whether all these processes are
active in every TIGIT-expressing cell or if TIGIT action
varies between CD4+ T cells, CD8+ T cells, and NK
cells. TIGIT also increases Treg suppressive capabilities
when expressed on Tregs, potentially inhibiting various
immune cells [63, 66]. In mouse pre-clinical models and
cancer patients, TIGIT expression on tumor-infiltrating
CD8+ T cells often links with augmented expression of
other inhibitory receptors like PD-1, LAG-3, TIM-3, and
decreased expression of DNAM-1 [65, 67, 68]. So, TIGIT
marks dysfunctional CD8+ T cells with reduced cytokine
secretion and degranulation abilities [69, 70]. According
to a recent study, gastric cancer cells suppress CD8 T-cell
metabolism via CD155/TIGIT signaling, which blocks
CD8 T-cell effector activities, leading to hyporespon-
sive anti-tumor immune reaction [71]. Furthermore, the
expression of TIGIT and its ligand, CD155, was investi-
gated in the cancerous tissues of HCC patients. The find-
ings suggested that the TIGIT/CD155 signaling pathway
could be a promising target for diagnosing and treating
HCC [72].

VISTA

VISTA was introduced as an immune checkpoint recep-
tor in 2011 and is expressed on tumor-infiltrating lym-
phocytes (TILs) and a range of immune cells such as
macrophages and T cells. VISTA supports inhibiting T
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cell stimulation, proliferation, and cytokine release [73].
VISTA differs from PD-1 and CTLA4 in that it can oper-
ate as both a ligand expressed on APCs and a receptor
on T cells [74, 75]. Most research has documented VIS-
TA’'s immune-suppressive function and the potential
of VISTA deficiency or anti-VISTA therapy to elevate
immune reactions [76]. Regarding human malignan-
cies and murine models, VISTA is mainly expressed on
immune cells in the TME. Still, it has also been detected
on tumor cells in human lung, kidney, colorectal, endo-
metrial, and ovarian cancers, among others [77-80].
Although several studies have highlighted that VISTA
expression is associated with tumor progression, some
other investigations have indicated that VISTA expres-
sion by TILs is associated with better patient survival
[81, 82]. HCC is linked to chronic inflammation as well
as inhibitory immunological responses. VISTA is a novel
negative checkpoint regulator, but its expression is sub-
stantially related to CD8+ TILs; hence dual positive
VISTA+/CD8+ revealed a favorable TME, resulting in a
better OS than VISTA-negative expression in 183 HCC
tissue microarray [83, 84].

Immune checkpoint inhibitor monotherapy

for HCC

Monoclonal antibodies capable of blocking immune
checkpoint molecules have demonstrated anti-tumor
function against many human cancers (Fig. 2). Immu-
notherapy with checkpoint blockade agents, alone or in
combination, has encouraged preliminary outcomes in
patients with HCC (Table 1).

Tremelimumab is a monoclonal antibody that
inhibits CTLA-4, a co-receptor that inhibits T cell
activation and proliferation. A phase I study of tremeli-
mumab in patients with HCC was recently published
(NCT01008358). The occurrence of chronic hepatitis
C virus (HCV) infection in HCC patients presented an
exceptional opportunity to investigate tremelimumab’s
anti-tumor and antiviral effects at the same time. There
was a good safety profile, and no patient required steroids
due to significant immune-mediated side effects. The
disease control rate was 76.4%, with a partial response
rate of 17.6%. There was a considerable reduction in viral
load, and this antiviral impact was linked to an enhanced
specific anti-HCV immune response. The findings of the
first trial indicated that this CTLA-4-blocking drug could
have both antitumoral and antiviral effects against HCV
infection [51].

Nivolumab is a monoclonal antibody that recognizes
and inhibits the PD-1 immune checkpoint. It is made
entirely of human immunoglobulin G4, restoring the pre-
viously inhibited anticancer function of effector T cells.
The safety and efficacy of nivolumab as a monotherapy
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Fig. 2 Difference between inhibited and active immune checkpoint conditions. Using monoclonal antibodies against immune checkpoints such as
CTLA-4 and PD-1/PD-L1 could barricade the inhibited activity of T cells against tumor cells. These inhibitions could significantly increase cell death
and induction of apoptosis. In contrast, the interaction of immune checkpoints and their ligands suppress a proper anti-tumor immune response
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(CheckMate 040) were assessed in a multicenter, non-
comparative, open-label phase 1/2 study in patients
with HCC with or without chronic viral hepatitis (HCV
or HBV). Nivolumab was shown to have a manageable
safety profile, with no new signals seen in HCC patients.
Long-term objective responses demonstrate Nivolum-
ab’s ability to treat HCC. Based on the outcomes of this
research, the Food and Drug Administration (FDA) has-
tened the approval of nivolumab for treating patients
with HCC who had formerly been treated with Sorafenib
in the United States [85, 86]. A phase III randomized

investigation (NCT02576509, CheckMate-459) of
nivolumab monotherapy compared with Sorafenib in
the first-line setting is underway. Another phase III trial
(CheckMate 9DX, NCT03383458) examined whether
nivolumab can enhance recurrence-free survival in HCC
patients who have had complete resection or obtained
a complete response following local ablation and are at
high risk of recurrence when compared to placebo.

In numerous malignancies, including HCC, pembroli-
zumab, an anti-PD-1 monoclonal antibody, has shown
anti-tumor effectiveness and a controllable toxicity
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Table 1 Clinical trials conducted with ICls (monotherapy and combination therapy) in HCC
Target Drug epitope Intervention Phase Status Trial ID Refs.
Monotherapy
PD-1 Nivolumab PD-1N-loop - 1l Active, not recruiting  NCT03383458 [104]
PD-1 Pembrolizumab PD-1CD loop - Il Active, not recruiting  NCT02702414 [105]
PD-1 Pembrolizumab PD-1CD loop - M1l Completed NCT02702401 [106]
PD-1 Pembrolizumab PD-1 CD loop - 1l Active, not recruiting  NCT03062358 [107]
PD-1 Tislelizumab PD-1 CC'loop - \ Completed NCT02407990 [108]
PD-L1 Durvalumab PD-1CF G, CC'loopand - I Completed NCT01693562 [109]
N-terminal
PD-L1 Avelumab CC,FEGandCC'loop - I Completed NCT03389126 [110]
of PD-L1
Combination therapy
PD-L1 Atezolizumab PD-L1 CC'FG antiparallel  Bevacizumab Completed NCT02715531 [111]
B-sheet and the BC, CC/,
C'C”,and FG loops
PD-L1 Atezolizumab PD-L1 CC'FG antiparallel - Cabozantinib Al Recruiting NCT03170960 [112]
B-sheet and the BC, CC/,
C'C”, and FG loops
PD-1 Nivolumab PD-1N-loop Cyclophosphamide I Recruiting NCT03655002 [113]
IRX-2
PD-1 Nivolumab PD-1N-loop Fluorouracil Recombi- [ Recruiting NCT04380545 [114]
nant Interferon Alpha
2b-like Protein
PD-1 Sintilimab FG loop on PD-1 Lenvatinib Il Recruiting NCT04814043 [115]
TACE-HAIC
PD-1,PD-LT  Pembrolizumab PD-1CD loop N-803 Il Active, not recruiting  NCT03228667 [116]
Nivolumab Atezoli- PD-1N-loop, PD-1C, F, G,
zumab Avelumab CC'loop and N-terminal,
Durvalumab PD-L1 CC'FG antiparallel
-sheet and the BC, CC/,
C'C”, and FG loops
PD-1 Nivolumab PD-1N-loop Radiofrequency Ablation IV Completed NCT04707547 [117]
PD-1 Nivolumab PD-1N-loop Regorafenib Il Recruiting NCT04310709 [118]
PD-1, CTLA-4 Durvalumab Tremeli- PD-1C, F G,CC'loop and SBRT Il Recruiting NCT04988945 [119]
mumab N-terminal
CTLA-4 Tremelimumab CDR loops Sorafenib Il Active, not recruiting  NCT01008358 [85]
PD-1 Nivolumab PD-1N-loop Sorafenib Il Active, not recruiting  NCT01658878 [120]
PD-1 Nivolumab PD-1N-loop Sorafenib 1 Active, not recruiting  NCT02576509 [121]
PD-1 Tislelizumab PD-1 CC’loop Sorafenib Ml Active, not recruiting  NCT03412773 [122]
PD-1 Anti-PD-1 Not mentioned TACE-HAIC Il Recruiting NCT04814030 [123]

profile. A phase II trial assessed the efficacy and safety
of pembrolizumab as monotherapy in individuals with
HCC (KEYNOTE-224, NCT02702414). In HCC patients
who had previously been treated with Sorafenib, pem-
brolizumab medication resulted in long-lasting responses
and improved progression-free and overall survival
[87]. A phase III trial evaluating patients with either a
pembrolizumab or a placebo group (KEYNOTE-240,
NCT02702401) is currently underway and compares
pembrolizumab to best supportive care in HCC patients.
In addition, a trial of pembrolizumab or placebo in con-
junction with optimal supportive care in Asian patients

with previously treated HCC is now being conducted
continuously (NCT03062358).

The investigational IgG4 anti-PD-1 mAb tislelizumab
(BGB-A317) was engineered to attach slightly to FcR on
macrophages; its unique pharmacodynamic properties
allow the drug to avoid antibody-dependent phagocyto-
sis, which is a possible mechanism of anti-PD-1 therapy
resistance [62]. The HCC cohort of a phase I trial with
tislelizumab had a 12.2% overall response rate and a
51.0% disease control rate; the most prevalent treatment-
emergent side effects were reduced appetite, rash, weight
loss, and cough [63]. A phase III trial (RATIONALE 301,
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NCTO03412773) comparing tislelizumab versus Sorafenib
in the first-line treatment of HCC is being conducted due
to the preliminary safety profile of anti-tumor activity
shown in HCC patients.

Inflammatory response to PD-L1 is blocked by dur-
valumab, a human immunoglobulin G1 monoclonal
antibody. A phase I/II trial of durvalumab monotherapy
for solid tumors, including HCC, was completed, with
a 10% response rate and a median survival duration of
13.2 months for 40 HCC patients. In addition, Dur-
valumab exhibited promising anticancer efficacy and
overall survival in HCC patients [88]. Another human
IgG1 mADb, avelumab, is now being investigated in phase
I research in patients with advanced HCC who have pre-
viously received sorafenib treatment (NCT03389126).
Ultimately, atezolizumab is a humanized IgG mAb that
targets PD-L1. In patients with advanced HCC, the phase
Ib research GO30140 compared atezolizumab mono-
therapy to a combination of atezolizumab and the anti-
VEGEF bevacizumab. The monotherapy arm had a median
progression-free survival of 3.4 months, compared to
5.6 months in the combination arm [89].

Furthermore, HCC treatment may target TIM-3 and
LAG-3 immunological checkpoints. When macrophages
were depleted of TIM-3, they prevented tumor growth
in vitro and in vivo in HCC patients, as observed by Yan
et al. [59]. In addition, LAG-3 has been determined to
have an abnormal expression in a wide range of human
malignancies, including HCC [90]. As a result, target-
ing TIM-3 and LAG-3 in the therapy of HCC could be
beneficial.

These encouraging findings suggest that checkpoint
inhibitors could be used in combination. In addition, it
has been proposed that the anticancer response to ICIs
might be improved if these drugs were to be adminis-
tered in combination with other treatments. Therefore, in
the following section, we will present several combined
therapies effective against HCC.

Combination of ICl with other therapeutic
approaches

ICl and chemotherapy

When chemotherapy and ICIs are used simultaneously,
they have a synergistic effect: by destroying tumor cells,
chemotherapy causes the release of cancer antigens,
which improves cancer antigen presentation by APCs.
Furthermore, chemotherapy has an immunomodulatory
effect, boosting and suppressing the immune system.
While it increases the number of CD8+ T cells infiltrat-
ing the TME and enhances the maturation and activity of
APCs, it also increases the downregulation of myeloid-
derived suppressor cells (MDSCs) and Tregs production,
as well as TME infiltration [91]. A case report study on
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patients with gastrointestinal cancers, including HCC,
implies that preservation targeted therapy or chemo-
therapy may be more effective after immunotherapy.
Furthermore, earlier initiation of immunotherapy could
positively regulate responses to outcomes with other sys-
temic treatment options. Surprisingly, Initially unrespon-
sive to first-line targeted therapy for HCC, two patients in
this case series demonstrated a surprise response to sal-
vage targeted therapy after exposure to immunotherapy,
providing credibility to the idea of a potential alteration
in the TME following interim ICI exposure [92]. Accord-
ing to current clinical trials, not only will combinational
therapy or innovative molecular targeted therapy trans-
form systemic therapy for patients with advanced HCC,
but the coming medicines or techniques will significantly
alter the treatment of early-stage and intermediate-
stage HCC. A first generally accepted adjuvant therapy
for early-stage HCC could be an ICI or an anti-angio-
genic medication with minimal toxicity. TACE’s efficacy
for patients with intermediate-stage HCC will also be
enhanced by combining ICIs and an anti-angiogenic drug
[93].

ICl and radiotherapy (RT)

Radiation might affect the co-stimulatory and inhibitory
signals elicited by ICI. Based on this evidence, the com-
bination of RT with ICIs is considered synergistic, and
preliminary evidence suggests its use in treating HCC
[94]. It has been proven that RT induces PD-L1 expres-
sion in tumor cells and that anti-PD-L1 medicines have a
potential therapeutic impact against HCC. Furthermore,
compared to RT alone or the anti-PD-L1 agent alone, the
combination of an anti-PD-L1 drug plus RT dramatically
boosted cytotoxicity and CD8 T-cell proliferation [95].
Furthermore, RT increased TIM-3 expression in HCC
cell lines, and the combination of an anti-TIM-3 drug
and radiation increased cytotoxic effects and CD8 T-cell
proliferation.

Additionally, compared to radiation or an anti-TIM-3
drug alone, the combination of an anti-TIM-3 agent with
radiation substantially inhibited tumor development.
Furthermore, in line with the tumor growth statistics, the
combination group displayed a considerable increase in
survival [96]. Therefore, more emphasis should be paid to
combining different ICI and RT to improve the efficacy of
therapeutic methods in HCC therapy.

Resistance to ICl and overcoming

Both primary and acquired ICI resistance exist, with the
former describing those patients who respond to treat-
ment initially but then experience clinical or radiologic
progression afterward. The latter refers to those patients
who initially respond to treatment but then experience
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clinical or radiologic progression afterward. Much work
has been expended on combination methods, frequently
in conjunction with empiric orthogonal therapies, to
address the difficulty of primary resistance to extending
the receptive population [97]. They identified antigens
on major histocompatibility complexes (MHCs) of APCs.
MHC class I antigen presentation to tumors is mediated
by the synchronized expression of several genes. One
crucial gene, beta-2-microglobulin (B2M), is responsible
for the cell surface stability of MHC class 1 molecule and
the facilitation of peptide loading [98]. In recent years,
one of the few reoccurring results in acquired resist-
ance to ICIs has been truncating B2M mutations. In the
study of Zaretsky et al., which analyzed data from four
melanoma patients who had established immunother-
apy resistance, another patient exhibited a homozygous
acquired truncating B2M mutation [99]. Despite being
among the most prevalent recurrent findings in acquired
resistance, biallelic B2M mutations appear rare at base-
line. They are not a well-established mechanism of ICI
primary resistance.

Furthermore, IEN-y released by effector T cells initiates
a signaling cascade in tumor cells via the JAK-STAT path-
way, promoting MHC class I and PD-L1 production and
thus can promote tumor cell death in a variety of ways.
Stimulating receptor-associated kinases JAK1 and JAK2
by IFN-y binding to the heterodimeric IFNGR1/IFNGR2
is one of the vital early stages in this pathway. Recent
clinical studies have identified JAK1 or JAK2 inactivating
mutations, which may cause ICI development [97]. Neo-
antigen-specific T cells may play an essential part in the
functional response to ICIs. As a result, loss of somatic
mutations encoding potential tumor-specific neoantigens
via clonal expansion, epigenetic suppression, or copy
number reduction may result in immune escape and
clinical progression [100]. In pre-clinical models, dele-
tion of the tumor suppressor PTEN, which is essential in

Table 2 Side effects of immune checkpoint inhibitors
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regulating PI3K function, promotes immunosuppressive
cytokines and decreases T cell effector IFN-y, inhibit-
ing T-cell driven infiltration and immunity [101]. WNT/
Bcatenin activation, like PTEN loss, has been associated
with the generation of immunosuppressive cytokines,
changes in dendritic cell priming, activation of Tregs, and
a lack of substantial T cell infiltration in melanoma, sug-
gesting the role of B-catenin in ICI resistance [102]. Sev-
eral clinical trials utilizing immunotherapeutic medicines
in conjunction with targeted drugs, cytotoxic chemo-
therapy, and/or radiation are now underway to give long-
term disease management to more patients. Combination
treatments for overcoming innate resistance by attacking
putative immune evasion pathways inside the TME are in
different stages of research. They show promise to per-
sonalize cancer immunotherapy and perhaps improve
immunological memory [103]. Biomarkers for ICI resist-
ance and response are currently being investigated, as are
novel immune modulatory medications and innovative
combinations of immune modulators and ICI with other
cancer therapies in the early stages of clinical trials.

Future prospective and conclusion

In recent years, ICIs have been revealed to have a suc-
cessful therapeutic result on HCC patients, with a disease
control rate of around 20% [85, 87]. However, identifying
and treating irAEs in HCC patients may provide unique
challenges because of the liver’s distinct hepatic immu-
nobiology and chronic inflammatory illnesses, such as
cirrhosis and viral hepatitis, that affect the liver [124].
Given that immune checkpoint inhibition fails to help
many patients with HCC, and few predictive indicators
have been identified to select people with HCC who may
benefit, ICIs should be examined further in HCC treat-
ment. Regarding the adverse effect of ICI as a therapeu-
tic approach (Table 2), different methods are now being

Organ Immune-related adverse effects (irAEs)

Gastrointestinal tract
Kidney Acute interstitial nephritis
Endocrine

Hematologic complications
Joint

Skin Rash, pruritus, and vitiligo
Nervous system

Nausea, vomiting, dysphagia, epigastric pain, abdominal pain, hematochezia, and diarrhea
Hypophysitis, thyroid dysfunction, primary adrenal insufficiency, hypoparathyroidism, and type 1 diabetes mellitus
anemia, thrombocytopenia, leukopenia, and neutropenia

joint swelling, warmth, erythema, and joint pain

Inflammatory (encephalitis, myelitis, vasculitis, and meningitis) and peripheral neuromuscular autoimmune disorders

(myasthenia gravis and Guillain—Barre syndrome)

Ocular system Uveitis
Heart

Lung Pneumonitis

Myocarditis, arrhythmias, conduction disease, acute coronary syndrome, congestive heart failure, and pericardial disease
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investigated to enhance the efficacy of ICIs and improve
patient selection for treatment [125].

Given that numerous immunosuppressive pathways
support HCC-mediated immune tolerance in an intrin-
sically tolerogenic liver environment, it is reasonable to
suppose that dual or triple immunotherapeutic combina-
tions could be the most profitable therapeutic develop-
ment strategies for HCC [126].

Clinical trials analyzing mono- or combination thera-
pies, including IClIs, are ongoing in HCC. Also, investiga-
tions on the pathways involved in combination strategies
and the recognition of predictive biomarkers of response
and irAEs continue to enhance clinical advantage and
stop improper therapies, consequently diminishing prob-
ably enhanced toxicities, given the coexisting liver dys-
function in HCC patients [127]. The findings of these
studies will make it possible to treat patients with HCC
more safely and effectively by implementing more per-
sonalized immunotherapy. To conclude, immunotherapy
in HCC is both promising and challenging.
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