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Hepatocellular carcinoma (HCC) is the most common primary liver cancer worldwide. The
onset of the disease is occult and develops rapidly. As a result, the disease is often detected
when it is already in advanced stages, resulting in patients losing the best opportunity for
liver transplantation and surgical treatment. Therefore, effective treatment of HCC is par-
ticularly important in clinical practice. During the past decades, there have been consider-
able advances in the treatment of HCC, and immunotherapy is increasingly recognized as a
promising approach in clinical trials. In this review, an overview of immune checkpoint (ICP)
inhibitors (ICIs) and their role in the treatment of liver cancers, particularly advanced HCC,
is presented and the recent therapeutic progress with treatment with different ICIs alone or
in combination with other methods/therapeutic agents is summarized. In addition, the iden-
tification of biomarkers to predict treatment response and the limitations of current ICIs are
analyzed, and future directions for ICI treatment are discussed.

Background
Liver cancer is the sixth most common type of malignant tumor and the third leading cause of
cancer-associated deaths [1,2]. Hepatocellular carcinoma (HCC) accounts for approximately 75–85% of
primary liver cancers and is currently one of the most common malignant tumors, which seriously threat-
ens people’s lives and health. The vast majority of HCC cases occur in the setting of chronic liver disease,
with cirrhosis being the primary risk factor for HCC. Currently, surgical treatment is still the main ap-
proach to obtain a radical cure for HCC, including early hepatectomy and liver transplantation, with
a 5-year survival rate of up to 70% [3]. For patients with advanced HCC, various non-surgical treat-
ments such as transcatheter arterial chemoembolization (TACE), local ablation therapy, radiotherapy, and
molecular targeted drug therapy with sorafenib can be selected [4–8]. However, the treatment of advanced
HCC is still insufficient and the tumor is prone to invasion, metastasis, and recurrence, resulting in a low
overall survival (OS) rate, high mortality, and a poor prognosis.

In recent years, with the rapid development of molecular immunology, tumor immunotherapy has
come into being, providing a new option for the treatment of HCC. Tumor immunotherapy refers to the
use of the immune defense mechanism of the body to enhance the antitumor immune response and over-
come the immune escape of the tumor through various methods, thereby controlling and killing tumor
cells. The current progress of tumor immunotherapy manifests itself primarily in the immune checkpoint
(ICP) inhibitor (ICI), and is mainly represented by tumor vaccine therapy (dendritic cell [DC] vaccine
and oncolytic virus vaccine), and adoptive cell therapy (ACT); among them, ICI therapy is of particular
concern and has achieved positive results [9,10]. In September 2017, the U.S. Food and Drug Adminis-
tration (FDA) approved nivolumab for patients with HCC previously treated with sorafenib, marking the
official arrival of the era of immunotherapy for liver cancer.
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The mechanisms of tumor immune escape have been intensively explored [11–13]. Tumors can induce and estab-
lish a tumor microenvironment (TME) conducive to immunosuppression, including immunosuppressive cells and
molecules, resulting in the loss of antitumor function of T cells and triggering immune escape. Regulatory T cells
(Tregs) and myeloid-derived suppressor cells (MDSCs) are the most important components of immunosuppressive
cells. Furthermore, immunosuppressive molecules include ICPs, such as the programmed cell death 1 (PD-1) receptor
and its ligands programmed death ligand 1 (PD-L1) and PD-L2, as well as the cytotoxic T lymphocyte-associated anti-
gen 4 (CTLA-4) [14]. ICIs, including anti-PD-1, anti-PD-L1, and anti-CTLA-4 antibodies, can enhance the activities
of effective T cells and inhibit immunosuppression in the TME [15,16]. Furthermore, lymphocyte activation gene-3
(LAG-3), as an ICP control protein, has its main function in negatively regulating T-cell immunity. It is expected to
become the primary target, second only to PD-1 in the development of cancer treatment [17]. T-cell immunoglobu-
lin mucin-3 (TIM-3) was first identified as an immunosuppressive molecule on the surface of T helper 1 (Th1) cells
[18], and animal studies involving gene knockout and tumor-bearing mouse models have shown that compared with
treatment with anti-CTLA-4 and anti-PD-1 antibodies, the anti-TIM-3 antibody (Ab) does not cause obvious autoim-
mune side effects, suggesting that it has good prospects for clinical application [19]. The T-cell immunoglobulin and
ITIM domain protein (TIGIT) is also a type I transmembrane protein that is expressed mainly in activated T cells,
Tregs, memory T cells, and NK cells. TIGIT is usually co-expressed with LAG-3, TIM-3, and PD-1. They jointly par-
ticipate in the immune recognition of the body and are closely related to patient survival [20]. In summary, ICP offers
new hope to patients with advanced HCC [21]. Here, we review the latest research on the mechanism and clinical
application of ICIs in the occurrence and development of HCC. New biomarkers for predicting treatment response
are described, and the future direction of ICP therapy has been prospected.

Immune escape mechanisms for immunotherapy in HCC
The blood supply to the liver comes from portal veins and hepatic arteries. The blood in the portal veins and hepatic
arteries contains autoantigens and endogenous antigens, respectively. When a variety of autoantigens and endogenous
antigens flow through the liver, autoimmune tolerance is established that prevents the liver from being damaged by
the autoimmune reaction [22]. Due to this immune tolerance mechanism, tumor cells in the liver can more easily
escape the immunity of the body, avoiding being recognized and killed under the surveillance of the immune system.
Furthermore, in the TME, various immunosuppressive cells or molecules form a complex regulatory network to pro-
mote tumor cell immune tolerance and escape the body’s immune surveillance (Figure 1). Immunosuppressive cells,
such as the increase in Tregs in peripheral blood and tumor-infiltrating lymphocytes (TILs) in patients with liver
cancer, can promote transforming growth factor-β (TGF-β) or increase the inhibitory regulatory molecules CTLA4
and PD-L1, further inhibiting the immune response [23,24]. In cancer, myeloid cell differentiation often changes,
producing a group of MDSCs to promote angiogenesis and immunosuppression in the TME [25]. Some clinical stud-
ies indicate that targeting MDSCs can significantly improve the antitumor effects of sorafenib and ICIs [26]. ICPs, as
an important class of immunosuppressive molecules, are expressed on the membrane of different types of immune
cells, such as natural killer cells, DCs, tumor-associated macrophages, monocytes, and B and T cells [27]. These ICP
proteins function as physiological inhibitors to prevent the activation of these cells, avoiding possible off-target tissue
damage. Studies have found that the high expression of ICPs in HCC is related to tumor invasion, progression, and a
poorer prognosis. After suppressing ICP expression in HCC models, the in vivo growth of HCC is largely inhibited
[28,29], and the high expression of ICPs appears to be the key point for HCC to produce immune tolerance. The ICP
CTLA-4 has a high degree of homology to CD28, so it can compete with CD28 for the binding site of the B7 molecule
on the antigen-presenting cell (APC) surface, thus exerting the function of inhibiting T cells. In addition, CTLA-4 is
also expressed on the Treg cell membrane. It inhibits T-cell activation by enhancing Treg activity and differentiation.
Treg s derived from liver cancer can interfere with DC function and down-regulate CD80/CD8 expression on DCs
in a cell contact-dependent manner in vitro [30]. Programmed death receptor-1 (PD-1) is a type I transmembrane
glycoprotein located on the surface of T cells. It is also expressed on activated B cells and myeloid cells. PD-L1/PD-L2
are PD-1 ligands expressed on a variety of cells. When PD-L1/PD-L2 binds to its receptor, its downstream tyrosine
residues are phosphorylated, thus recruiting protein tyrosine phosphates (PTPs), such as SHP2, to dephosphorylate
key kinases in downstream pathways, such as ZAP70, P13K-AKT, and RAS-ERK. Currently, several ICI clinical trials
conducted in the field of advanced HCC have shown that the objective response rate (ORR) of PD-1/PD-L1 inhibitor
monotherapy can reach 10–20%, and is safe and reliable [31]. It was recommended in the treatment guidelines as a
second-line treatment for advanced HCC.
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Figure 1. Schematic diagram of immunosuppressive cells (Treg and MDSCs), ICP ligands (PD-L1, CD80/CD86, B7, and

galectin-3) interacting with their cognate receptors (PD-1, CTLA-4, TIM-3, LAG-3) to inhibit T-cell activation

PD-1/PD-L1 inhibitors
HCC usually occurs in the context of liver inflammation, in which PD-1 is highly expressed in intrahepatic lym-
phocytes, while its ligands, PD-L1 and PD-L2, are highly expressed in Kupffer cells, sinusoidal endothelial cells, and
leukocytes once cells are exposed to pro-inflammatory cytokines [32]. PD-1 inhibitors interfere with the binding of
PD-1 to PD-L1 and PD-L2 and promote the recognition and killing of tumor cells by the immune system. PD-1 in-
hibitors have been demonstrated to be effective therapeutics in melanoma, non-small-cell lung cancer (NSCLC), renal
cell cancer, bladder cancer, and head and neck squamous cell carcinoma [33]. Nivolumab is the first fully humanized
IgG4 monoclonal antibody against PD-1. In 2017, the U.S. FDA approved it for use in patients with advanced HCC
who relapsed or became intolerant after sorafenib treatment. In the phase I/II CheckMate040 dose escalation and
expansion trial, nivolumab was investigated in 262 patients with unresectable liver cancer (Table 1). The patients in-
cluded those who were initially treated with sorafenib. The results indicated that the ORR in the dose-expansion group
was 20% and the median progression-free survival (PFS) was 4.0 (2.9–5.4) months. In the dose-escalation group, the
median OS was 15.6 (13.2–18.9) months. Treatment-related adverse events (AEs) of grade 3–4, including fatigue
and diarrhea, occurred in 18 and 23% of the patients in these two groups, respectively, suggesting that the safety of
nivolumab is manageable and no new symptoms were observed in patients with advanced HCC [34]. Pembrolizumab
is another PD-1 monoclonal antibody. In the KEYNOTE-224 study, 104 patients with advanced HCC who were in-
tolerant to sorafenib or had imaging progression after treatment received pembrolizumab, with an ORR of 17% and
a disease control rate (DCR) of 62%, and an mPFS and mOS of 4.9 and 12.9 months, respectively. At the data cut-off
date, 17 patients (16%) were still receiving pembrolizumab treatment. Common grade 3 treatment-related events in-
clude elevated transaminases and fatigue. Immune hepatitis occurred in 3% of the patients, but there was no viral
outbreak [35]. These results indicate that pembrolizumab is effective and tolerable in patients with advanced HCC
who had previously been treated with sorafenib. Although pembrolizumab did not reach the established statistical
difference, the prolonged trend in OS and PFS suggests that patients can benefit from treatment [36]. Atezolizumab
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Table 1 Outcomes of clinical trials of ICIs in HCC

Drug Trial name Phase n
OS,

months
PFS,

months ORR, % DCR, % irAER, % References

Anti-PD-1

Nivolumab CheckMate040 I/II 214 15.1 4 20 64 25 [34]

Nivolumab /sorafenib CheckMate459 III 371/372 16.4/14.7 3.7/3.8 15/7 55/58 22/49 [38]

Nivolumab plus Ipilimumab CheckMate 040 I/II 148 22.8 12.5/22.8 27/32 [43]

Pembrolizumab Keynote224 II 104 12.9 4.9 17 62 15 [35]

Pembrolizumab NCT02658019 II 29 13 4.5 32 46 [44]

Pembrolizumab/placebo Keynote240 III 278/135 13.9/10.6 3.0/2.8 16.9/4.4 62.2/53.3 18.6/7.5 [36]

Camrelizumab NCT02989922 II 217 13.8 2.1 14.7 44.2 22 [39]

Anti-PD-L1

Durvalumab NCT01693562 I/II- 39 13.2 2.7 10.3 33 20 [40]

Durvalumab NCT02519348 I/II 104 13.6 2.07 10.6 20.8 [45]

Atezolizumab plus
bevacizumab

NCT03434379
(IMbrave150)

III 336 67.2 6.8 56.5 [37]

Atezolizumab plus
Bevacizumab

NCT02715531 Ib 104 17.1 12.4 [46]

Avelumab NCT02395172 III 396 11.4 10 [41]

Anti-CTLA-4

Tremelimumab NCT01008358 II 20 8.2 6.5 17.6 76.4 45 [42]

Abbreviations: irAER, incidence of grade 3 immune-related adverse event; ORR, objective response rate.

is a new monoclonal antibody that targets the PD-L1 protein. Atezolizumab binds to PD-L1 expressed on tumor cells
and tumor-infiltrating immune cells, blocking its interaction with PD-1 and B7.1 receptors. By inhibiting PD-L1,
T cells can be activated to destroy tumor cells. In the IMbrave150 experiment, atezolizumab-bevacizumab achieved
good results in patients with advanced liver cancer [37]. In addition, camrelizumab, durvalumab, avelumab, and other
ICIs have been reported in various experiments, and more first-line treatment options may be developed in the future
(Table 1) [34–46].

CTLA-4 inhibitors
CTLA-4, the first clinically targeted ICP receptor, is a T lymphocyte surface protein that regulates the amplitude of
T-cell activation at the initial stage [47]. CTLA-4 inhibitors (such as ipilimumab and tremelimumab) improve the
activity of APC and T lymphocytes to recognize and eliminate tumor cells. An NCT study indicated that after treat-
ment of 20 patients with advanced HCC with tremelimumab, the ORR was 17.6% and the DCR 17.6%, with a median
PFS of 6.48 months. A significant drop in viral load was observed when new emerging variants of hypervariable re-
gion 1 of hepatitis C virus (HCV) replaced the predominant variants present before therapy. It was assumed that this
antiviral effect is associated with an enhanced specific anti-HCV immune response [42]. A multicenter randomized
phase III study (NCT04039607) investigating nivolumab in combination with ipilimumab as the first-line treatment
was scheduled to be completed in September 2023. The FDA has approved nivolumab plus ipilimumab for the treat-
ment of advanced HCC in patients who were previously treated with sorafenib in 2020 [48]. However, this class of
immunotherapy has not been approved as a single-agent therapy in HCC.

Combination therapy of ICIs
PD-1/PD-L1 and CTLA-4 inhibitors can be used alone or in combination with other ICIs to treat malignant tumors.
For certain types of solid tumors, combination therapy has a favorable therapeutic effect. For example, when dur-
valumab (anti-PD-L1 antibody) plus tremelimumab (anti-CTLA-4 antibody) was used to treat primary HCC, ORR
increased by 47% compared with durvalumab alone [49]. Since these two antibodies act at different checkpoints,
they may have therapeutic synergies. In the CheckMate040 subcohort study, 148 patients who received sorafenib
were treated with nivolumab plus ipilimumab. The results suggested that ORR was 31% with increased OS compared
with sorafenib alone. Furthermore, the combination of nivolumab plus ipilimumab was determined to have man-
ageable safety, a promising ORR, and a durable response [43]. PD-1 inhibitors alone may not be able to activate a
sufficient number of T lymphocytes, and combined use with CTLA-4 inhibitors may further increase the number of
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activated T lymphocytes, leading to more T lymphocytes in the TME and increased antitumor activity. Therefore,
various combination therapies should be further explored to improve therapeutic efficacy.

ICIs combined with molecularly targeted drugs
In recent years, the combination of a variety of molecularly targeted drugs with different mechanisms of action to
control the progression of advanced tumors has become a hot topic for researchers. In 2007, sorafenib, a tyrosine ki-
nase inhibitor (TKI), was demonstrated to improve OS in the Sorafenib HCC Assessment Randomized Protocol and
Asia-Pacific trials, opening the door for its use in HCC treatment [4]. It has dual antitumor effects. It not only directly
inhibits tumor cell proliferation by blocking the RAF/MEK/ERK-mediated signal transduction pathway but also in-
directly inhibits tumor cell growth by blocking VEGFR and platelet-derived growth factor (PDGF) receptors, thereby
cutting off tumor blood vessel formation. Clinical trials of anti-PD-1 antibodies combined with TKI, including so-
rafenib (NCT03211416, NCT03439891, NCT02988440), regorafenib (NCT03347292), cabozantinib (NCT03299946
and NCT01658878), and axitinib (NCT03289533), have shown that, compared with monotherapy with TKI, combi-
nation therapy could provide more survival benefits in patients with advanced HCC. Bevacizumab is a monoclonal
antibody that targets vascular endothelial growth factor (VEGF) and inhibits angiogenesis and tumor growth. The lat-
est data from the phase III clinical study IMbrave150 [37] were announced at the 2019 ESMO-ASIA. OS at 12 months
was 67.2% with atezolizumab-bevacizumab and 54.6% with sorafenib. The median PFS was 6.8 and 4.3 months in
the respective groups. Grade 3 or 4 AEs occurred in 56.5% of 329 HCC patients who received at least one dose of
atezolizumab-bevacizumab and in 55.1% of 156 patients who received at least one dose of sorafenib.

ICIs combined with local regional therapy
Local regional therapy (LRT) of HCC is an important method for the systemic treatment of advanced liver cancer,
including TACE, radiotherapy, and radiofrequency ablation (RFA). Generally, tumors with low mutation loads are less
immunogenic and insensitive to ICI treatment. LRT creates conditions for the release of tumor-associated antigens
by directly destroying tumor tissues, thus activating tumor antigen phagocytosis mediated by APCs, activating T
lymphocytes, and improving sensitivity to ICIs [27].

ICIs combined with radiotherapy
Radiotherapy is an important treatment for advanced HCC. It promotes immunogenic cell death and releases antigens
from irradiated tumor cells, subsequently activating the immune system. At the same time, radiation changes the TME
to some extent and alters the immune resistance of tumor cells. Chiang et al. [50] reported that stereotactic body
radiotherapy combined with nivolumab for the treatment of unresectable HCC achieved an ORR of 100%. Among
the five treated patients, two achieved a complete response and the remaining three achieved a partial response. The
median rate for the reduced diameter was 38.7% (30.5–84.5%), the median PFS was 14.9 months, and the 1-year OS
and the 1-year local control rate were 100%. A patient had grade 3 toxicities (pneumonitis and skin reaction). There
was no classical radiation-induced liver disease. Yu et al. [51] applied radiotherapy during nivolumab treatment in 76
patients and found that patients receiving combined therapy had significantly higher PFS and OS than those receiving
nivolumab alone. The results indicated that the combination of chemotherapy with ICIs and radiation therapy is
effective for advanced HCC and should be further investigated.

ICIs plus TACE
The liver has a dual blood supply from the portal vein and the hepatic artery, and liver cancer is frequently hyper-
vascular. Approximately 90% of the blood supply of the tumor is supplied by the hepatic artery, a blood supply that
is much greater in livers with cancer than in normal livers. Based on this characteristic, TACE, a technique that
combines intraarterial chemotherapy and selective ischemia, has been used as first-line treatment for patients with
intermediate-stage HCC, including those with large or multinodular HCC [5]. TACE is also used to treat patients with
unresectable HCC, although long-term survival remains low [52]. Current ongoing trials include the evaluation of
the combination of pembrolizumab with TACE for the treatment of advanced HCC (NCT03397654) and nivolumab
combined with drug-eluting beads (DEBs)-TACE (NCT03143270) [53], and the results are expected to be announced
in the near future.

ICI combined with RFA therapy
RFA therapy is currently one of the main interventional treatments for liver cancer. Previous studies have shown
that radiofrequency thermal ablation stimulates NK cells, giving them more differentiated and activated phenotypic
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Table 2 Outcomes of real-world studies of ICIs in HCC

Drug n OS, months PFS, months ORR, % DCR, % References

Anti-PD-1 agent 55 15 10 22 89 [56]

Nivolumab/pembrolizumab 34/31 11.0 4.6 12/49 [57]

Lenvatinib + PD-1 inhibitors 65 14 8.0 41.5 72.3 [58]

Nivolumab 33 6.2 [59]

HAIC + anti-PD-1 antibodies + TKIs 27 10.6 63.0 92.6 [60]

Sintilimab + TKI 60 12.8 36.7 81.7 [61]

Abbreviations: DCR, disease control rate; HAIC, hepatic artery infusion chemotherapy; ORR, objective response rate.

characteristics, and generally increases their functional activity, improving the antitumor immune response [54].
Duffy et al. [55] reported that tremelimumab in combination with tumor ablation in patients with advanced HCC
is feasible and leads to the accumulation of intratumoral CD8+ T cells. Patients were enrolled in this pilot study of
tremelimumab at two dose levels (3.5 and 10 mg/kg) and were treated every 4 weeks for a total of six doses, followed
by 3 months of infusions until the off-treatment criteria were met. Trimelimumab combined with RFA resulted in
partial remission in 26% of HCC patients, resulting in probabilities of PFS at 6 and 12 months of 57.1 and 33.1%,
respectively, with a median time to tumor progression (TTP) of 7.4 months (95% CI: 4.7–19.4 months). The median
OS was 12.3 months (95% CI: 9.3–15.4 months).

Real-world studies of ICIs
While randomized controlled trials (RCTs) are commonly used to evaluate the safety and efficacy of new drugs, the
inclusion and exclusion criteria of RCTs are often too restrictive and the results may not fully conform to the real
clinical environment. Real-world research, which aims to generate reliable data on patient responses to drugs in real
diagnostic and therapeutic settings, maybe a more appropriate source of data on the safety and efficacy of new drugs.
For ICIs, many real-world studies have been performed where large cohorts were analyzed (Table 2) [56–61]. Scheiner
et al. [57] conducted an international multicenter real-world cohort study with 65 patients of Child-Pugh class A/B/C
(34 nivolumab and 31 pembrolizumab). The results indicated that both inhibitors have promising efficacy and safety
in patients with advanced HCC, including subjects with Child-Pugh stage B and patients with intensive pretreatment.
Chen et al. [58] found that patients treated with lenvatinib plus ICI had a significantly higher ORR (41.5 vs 20.0%,
P=0.023) and DCR (72.3 vs 46.7%, P=0.009) than those treated with lenvatinib. A real-world study by Sung et al.
[59] showed that nivolumab treatment seems clinically effective in treating unresectable HCC in an endemic area of
HBV infection. Twenty-nine patients (88%) in this cohort were HBsAg positive. These patients were evaluated for
efficacy and showed an ORR of 21.4%. The median OS was 26.4 weeks. Liu. et al. [60] also found that the combination
of anti-PD-1 immunotherapy plus TKIs proved to be a safe and effective treatment for advanced HCC. Xie et al. [61]
included 60 patients treated with sintilimab plus TKI between February 2019 and December 2019, showing an ORR
of 36.7% (95% CI: 24.9–48.5%) and a DCR of 81.7% (95% CI: 71.9–91.5%). A total of 46 patients (76.7%) reported
AEs, and 8 patients (13.3%) discontinued combination therapy due to grade 3/4 serious AEs.

Biomarkers to predict ICP response
Studies have indicated that the ORR of ICIs is ∼20% in HCC, which means that a considerable proportion of patients
do not respond to this type of treatment. Therefore, appropriate patients should be selected for ICI treatment to
achieve a higher ORR. If the population likely to benefit can be screened using predictive biomarkers, the advantages
of ICI treatment can be better exploited. The tumor mutation burden (TMB) is an index of the total number of
mutations in each coding region of the tumor genome. Theoretically, tumors with higher TMB levels can express
more neoantigens, thus eliciting a stronger antitumor immune response and may be targeted for immunotherapy.
A high TMB and neoantigen load can predict the response of tumors such as melanoma and NSCLC to anti-PD-1
treatment [62]. Unfortunately, this is not the case in HCC. TMB testing on 755 patients with HCC, of which 74%
of patients had TMB of <4 mutations/Mb, and 95% of patients had TMB <10 mutations/Mb, suggested that TMB
in HCC was at a low level [63]. Microsatellite instability (MSI) is a hypermutation phenotype caused by mismatch
repair defects (dMMRs). In 2017, the FDA approved pembrolizumab for use in patients with advanced or metastatic
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Table 3 Biomarkers for ICI response reported in HCC

Biomarker Association with clinical outcome References

TMB Positive or negative [33,46,63,77,78]

MSI Positive or unknown [64]

PD-L1 expression in tumor Irrelevant or positive [33–35,66,79]

Soluble PD-L1 Negative [80]

CD8+ T cells Positive [67]

Treg cells Negative [68]

WNT/β-catenin pathway activation Negative [71]

Transcriptomic diversity Negative [72]

NLR, PLR Negative [73]

Lactobacillus Positive [74]

Male sex Positive [76]

Age (>60 or >65 years) Positive [76,81]

solid tumors with MSI-H or dMMR. However, MSI in HCC seems to be a rare event [64]. Therefore, the search for
markers that predict the response of HCC to immunotherapy still needs further exploration.

PD-L1 expression is the first predictive biomarker in cancer immunotherapy [65]. Sangro et al. observed complete
or partial tumor responses in both PD-L1-positive and PD-L1-negative patients treated with nivolumab monotherapy.
The median OS of patients with high and low expression of PD-L1 was 28.1 (95% CI: 18.2–N.A) vs. 16.6 months (95%
CI: 14.2–20.2), respectively [66]. However, the expression of PD-L1 is controversial in predicting the response to
immunotherapy in HCC. Shrestha et al. [33] reported that only 65 of 751 HCC patients expressed PD-L1. Therefore,
whether PD-L1 expression can be used to predict the efficacy of ICI in patients with HCC still needs further research.

TILs, including B cells, natural killer cells, and T cells, are an important part of body antitumor immunity. Studies
have shown that TILs (especially CD8+ T cells) can be used as a predictor of primary resected liver tumors and as an
independent indicator of survival and recurrence of metastatic liver tumors [67]. Katz et al. [68] demonstrated that for
metastatic liver tumors, high levels of Treg infiltration had a suppressive effect on immunity.β-catenin is a multifunc-
tional protein encoded by the CTNNB1 gene, and mutations in β-catenin induced activation of WNT signaling and
were associated with poor immune cell infiltration [69]. It has been suggested that there are two modes of lymphocyte
infiltration in HCC. One type is noninfiltrating, characterized by tumors with mutations in TP53 and CTNNB1 genes,
which are insensitive to immunotherapy, and are known as ‘cold tumors’. In contrast, lymphocyte-infiltrating tumors
that do not have TP53 or CTNNB1 mutations and are also known as ‘hot tumors’ [70]. Harding et al. [71] analyzed
the correlation between therapeutic response and the genome mutation spectrum of 27 HCC patients treated with
ICIs and found that activating mutations in the WNT/β-catenin pathway were associated with lower DCR, shorter
PFS, and shorter OS. Cellular diversity in tumors is a key factor in therapeutic failures and lethal outcomes of solid
malignancies. Sangro et al. [66] found that the four inflammatory gene signature was associated with an improved
ORR. Ma et al. [72] found that tumors with higher transcriptomic diversity were associated with worse OS.

Host-related markers and liquid biopsy biomarkers are also recent research hotspots. ESMO demonstrated the
predictive value of the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) in the treatment
of liver cancer with nivolumab [73]. Zheng et al. reported that fecal samples from patients who responded to ICI (n=3)
during anti-PD-1 immunotherapy for HCC showed a higher Lactobacillus content in their intestinal microbiota
than those who did not (n=5). The intestinal microbiota was suggested for the first time to influence the efficacy
of PD-1/PD-L1 in the treatment of HCC [74]. Imaging methods have also been used to evaluate the response of
advanced HCC to immunotherapy. For example, Qayyum et al. [75] used magnetic resonance elastography (MRE) to
evaluate the therapeutic effect of immunotherapy in advanced HCC. In this prospective study, they found that early
changes in tumor stiffness in MRE may be an important factor in evaluating the efficacy of treatment for advanced
HCC. Age was also a predictor of the ICI response. Studies have shown that the ORR of patients under 65 years of
age for anti-PD-1 treatment is low [76]. The reason may be that elderly patients have a less active immune system
and anti-PD-1/PD-L1 antibodies can restore lost antitumor immunity, so elderly patients may benefit more. With the
deepening of research, an increasing number of prognostic biomarkers related to ICIs have been proposed (Table 3)
[33–35,46,63,64,66–68,77–81].
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Table 4 Biomarkers for HPD after ICI therapy

Biomarker Prognostic significance References

Hemoglobin
Child-Pugh score
PVTT

Hemoglobin level, portal vein tumor thrombus (PVVT), and Child-Pugh score were significantly related to
HPD

[86]

NLR The high NLR was significantly associated with HPD, as the NLR value increased, the risk of HPD
increased gradually in HCC

[87,88]

MDM2
BIRC5

MDM2 cooperated with BIRC5 to promote the HPD phenomenon in patients with advanced HCC [89,100]

ctDNA A high concentration of ctDNA was associated with a higher risk of HPD and poor PFS in NSCLC [90]

Chemoattractant protein 1 Low serum monocyte chemoattractant protein was associated with HPD [91]

EGFR Overexpression of EGFR lowered the response rates to ICI therapy [92]

BRCA2 Enriched mutations in the DNA repair gene BRCA2 improved anti-PD-1 response in cancer [93]

MMR Deficiency of MMR predicted better prognosis in cancer [94,95]

Treg Activation of Treg promoted hyperprogression of cancer [96]

T cells Increased TPEX cell frequencies were associated with increased patient survival [97]

MDSCs Low frequency of MDSCs suggested that patients were more likely to respond to ipilimumab treatment [98]

IFN-γ IFN-γ-mediated inhibition of lung cancer by up-regulating the expression of PD-L1, leading to a favorable
prognosis

[99]

Abbreviation: CRP, C-reactive protein.

Immunotherapy and hyperprogressive disease
Cancer progression has been reported to be accelerated by an unexpected increase in the progression rate and tumor
volume during immunotherapy, often leading to a significant reduction in survival time. This condition is therefore
termed hyperprogressive disease (HPD). A more comprehensive definition is as follows: in immunotherapy, the time
for tumor progression is less than 2 months, the tumor burden increases by more than 50% compared with the baseline
period, and the tumor growth rate (TGR) after immunotherapy increases more than two-fold. The tumor flare caused
by treatment is a paradoxical phenomenon and is a significant challenge for the management of immunotherapy in
clinics. The reported incidence of HPD is between 4 and 29%, which may depend on the enrolled population and
the type of tumor [82–84]. Although HPD frequently occurs in the context of ICB treatment, the mechanism of its
occurrence has not been reasonably explained [85]. It is necessary to improve the understanding of the nature of
this phenomenon in the clinic to accurately identify suitable patients for immunotherapy. Many studies have been
conducted to identify clinical or molecular factors that can be used to predict HPD, such as hemoglobin, Child-Pugh
Score, portal vein tumor thrombus (PVTT), NLR, MDM2, BIRC5, circulating tumor DNA (ctDNA), MMR etc. (Table
4) [86–99], although these factors require further validation in HCC and other cancers.

Conclusions and perspectives
Current studies have demonstrated that ICIs represented by anti-PD-1/PD-L1 and anti-CTLA-4 antibodies have
shown good results in the clinical treatment of advanced HCC. ICI combination therapy with LRT or molecularly
targeted drugs, such as TKIs, can further improve anticancer efficiency. How to effectively utilize the synergistic ef-
fects of different antitumor mechanisms will be the focus of future research and is expected to change the status of
HCC treatment. In general, ICIs are safe and cause fewer AEs, such as skin reactions, immune diarrhea, liver and
kidney toxicity, immune-related pneumonia, and gastrointestinal disorders. At the same time, the treatment process
should be closely monitored, timely detection and treatment of adverse reactions should be performed, and unnec-
essary treatment interruptions should be reduced. Although ICIs have broad prospects for the treatment of HCC,
their ORR is still relatively low. The discovery and application of biomarkers for the effect of ICB therapy will help
clinicians effectively screen patients who would benefit from ICI treatment and make individualized treatment more
precise. However, at present, biomarkers for ICI beneficiaries of liver cancer are still in the exploratory stage or lack
strong evidence, and the combination of multiple biomarkers may be a new development trend. In the future, there is
a need to develop more immunosuppressive agents, explore new therapies, and discover new prognostic biomarkers
to achieve better treatment results. More RCTs with larger sample sizes are required to further validate the therapeutic
results of ICIs for advanced HCC.
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