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Abstract
Systemic therapies using programmed death-1 (PD-1) and programmed death ligand 1 (PD-L1) inhibitors have 
demonstrated commendable efficacy in some patients with advanced hepatocellular carcinoma (HCC); however, 
other individuals do not respond favorably. Hence, identifying the biomarkers, the prognostic factors, and their 
underlying mechanisms is crucial. In this review, we summarized the latest advancements in this field. Within the 
tumor microenvironment, PD-L1 expression is commonly utilized to predict response. Moreover, the characteristics 
of tumor-infiltrating lymphocytes are associated with the effectiveness of immunotherapy. Preclinical studies have 
identified stimulatory dendritic cells, conventional dendritic cells, and macrophages as potential biomarkers. The 
emergence of single-cell sequencing and spatial transcriptomics has provided invaluable insights into tumor 
heterogeneity through the lens of single-cell profiling and spatial distribution. With the widespread adoption of 
next-generation sequencing, certain genomic characteristics, including tumor mutational burden, copy number 
alterations, specific genes (TP53, CTNNB1, and GZMB), and signaling pathways (WNT/β-catenin) have been found 
to correlate with prognosis. Furthermore, clinical features such as tumor size, number, and metastasis status have 
demonstrated prognostic value. Notably, common indicators such as the Child-Pugh score and Eastern Cooperative 
Oncology Group score, which are used in patients with liver diseases, have shown potential. Similarly, commonly 
employed laboratory parameters such as baseline transforming growth factor beta, lactate dehydrogenase, 
dynamic changes in alpha-fetoprotein (AFP) and abnormal prothrombin, CRAFITY score (composed of C-reactive 
protein and AFP), and immune adverse events have been identified as predictive biomarkers. Novel imaging 
techniques such as EOB-MRI and PET/CT employing innovative tracers also have potential. Moreover, liquid biopsy 
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Background
Cancer-related deaths due to hepatocellular carcinoma 
(HCC) rank fourth worldwide, presenting an abysmal 
outlook. Due to its insidious onset and asymptomatic 
nature, most patients are not diagnosed until later stages 
[1–3].

Immunotherapy is supported by the immune tolerance 
of the liver and the predominantly immunosuppressed 
microenvironment of HCC [4]. Since 2017, programmed 
death-1 (PD-1) inhibitors have been approved as second-
line therapies for advanced hepatocellular carcinoma 
(aHCC). Although an encouraging response rate has 
been observed [5, 6], they have been unsuccessful due to 
insufficient statistical significance in subsequent phase 
III randomized clinical trials (RCTs) [7, 8]. Combination 
therapy is developing rapidly. Basic research has shown 
that the PD-1 inhibitor combined with tyrosine kinase 
inhibitors (TKIs) or anti-vascular endothelial growth fac-
tor (VEGF) antibody can enhance antitumor efficacy by 
increasing lymphocyte infiltration, weakening the immu-
nosuppressive state, and promoting the normalization of 
blood vessels [9–11]. In clinical studies, the combination 
of atezolizumab, a programmed death ligand 1 (PD-L1) 
inhibitor, and bevacizumab, an anti-VEGF inhibitor, sig-
nificantly prolonged progression-free survival (PFS) and 
overall survival (OS) compared with the classic treat-
ment; thus, this combined treatment represents a new 
systemic treatment for HCC [12].

Good efficacy has been demonstrated in PD-1/PD-L1 
inhibitor-based systemic therapy for aHCC; how-
ever, only a fraction of patients (15–40%) have ben-
efited. Moreover, a significant percentage of patients 
who undergo treatment encounter disease progres-
sion (approximately 20–30%). Identifying biomarkers 
and prognostic factors for immunotherapy efficacy and 
their underlying mechanisms is crucial for patient selec-
tion, stratified management, and future related clini-
cal research. Therefore, this review focuses mainly on 
research progress on biomarkers and prognostic factors 
of aHCC.

Biomarkers of hepatocellular carcinoma 
immunotherapy
Tumor microenvironment
PD-L1 expression
Even though PD-L1 expression remains a topic of debate 
in immunotherapy [13], most studies still support it as 
a predictor of response and prognosis (details are sum-
marized in Table  1). According to CheckMate 040, 
PD-L1 expression is an effective biomarker. With expres-
sion ≥ 1% as the cut-off value for defining PD-L1 positive 
expression, positive individuals had a more promising 
objective response rate (ORR) than negative individuals 
[5]. Comparable results were obtained in the subgroup 
analysis of CheckMate 459, where individuals treated 
with nivolumab who obtained PD-L1 ≥ 1% were prone 
to experience longer median OS than those who did not 
[14]. In the KEYNOTE-224 study, the combined positive 
score (CPS) ≥ 1 was found to be a better predictor of high 
ORR and PFS compared to the tumor proportion score 
(TPS ≥ 1%) [6]. The phase 1b study (GO30140) [15] and 
phase II study (NCT02989922, camrelizumab) [16] also 
determined that PD-L1 expression was positively related 
to higher ORR.

However, another sub-cohort of the CheckMate  040 
study showed contradictory outcomes [17]. Patients who 
underwent avelumab treatment exhibited similar unsatis-
factory outcomes [18]. In the recent HIMALAYA trial, no 
matter the expression status, the combination of tremeli-
mumab and durvalumab was beneficial for all subgroups 
in comparison to sorafenib alone [19].

There are several limitations with PD-L1 expression. 
The observed between-run heterogeneity level in HCC 
samples is notable, and HCC is distinguished by the 
presence of an immune cell-rich cirrhosis microenviron-
ment. Consequently, there is strong spatial and cellular 
heterogeneity for its expression, which could potentially 
impact its predictive capability. Furthermore, it is note-
worthy that PD-L1 status is subject to change over time, 
and utilizing a static specimen to determine PD-L1 status 
may not provide an accurate representation of the sta-
tus during treatment [20]. Addressing these issues, such 
as minimizing heterogeneity and dynamically detect-
ing PD-L1 expression, will be a critical area of focus for 
future research.

has gained widespread use in biomarker studies owing to its non-invasive, convenient, and highly reproducible 
nature, as well as its dynamic monitoring capabilities. Research on the gut microbiome, including its composition, 
dynamic changes, and metabolomic analysis, has gained considerable attention. Efficient biomarker discovery relies 
on continuous updating of treatment strategies. Next, we summarized recent advancements in clinical research on 
HCC immunotherapy and provided an overview of ongoing clinical trials for contributing to the understanding and 
improvement of HCC immunotherapy.

Keywords Hepatocellular carcinoma, Programmed death-1, Programmed death ligand 1, Immune checkpoint 
inhibitors, Biomarker
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Tumor-infiltrating lymphocytes (TILs)
Immune checkpoint inhibitors (ICIs), specifically PD-1/
PD-L1 inhibitors, are believed to be effective in HCC by 
activating existing immune responses within the tumor 
[21]. As a result, the potential possibility of TILs as a bio-
marker was noticed.

It has been shown that the density of TILs and treat-
ment response are correlated. The subgroup analysis of 
the Checkmate 040 study indicated that individuals who 

achieved complete response (CR) or partial response 
(PR) exhibited a higher CD3 + TILs frequency than those 
with stable disease (SD). Furthermore, an increase in 
CD3 and CD8 TILs represented a trend toward enhanced 
OS, albeit not statistically significant [22]. Among 
those treated with tremelimumab, responders had a 
higher mean infiltration of CD3 + and CD8 + TILs after 
two doses of treatment compared to non-responders 

Table 1 The PD-L1 expression as the biomarker in the advanced hepatocellular carcinoma clinical trials of immunotherapy
Clinical Trial
(Author, year)
Reference

Regimen Study design; 
number; line

PD-L1 positive vs. 
negative number

PD-L1 positive 
criteria

Outcomes (positive vs. negative)

CheckMate 040
(El-Khoueiry et 
al., 2017) [5]

Nivolumab Interventional; 
N = 218; 1st and 
more (Sorafenib 
progressor 
or Sorafenib 
untreated or 
intolerant)

Escalation phase: 
11 vs. 33; Expansion 
phase: 34 vs. 140

(Dako 28 − 8) TC ≥ 1% Escalation phase: ORR (27% vs. 12%)
Expansion phase: ORR (26% vs. 
19%)

CheckMate 040
(Yau et al., 2020) [17]

Nivolumab plus 
ipilimumab

Interventional; 
N = 145†; 2nd

Arm A: 10 vs. 39; 
Arm B:10 vs. 38; Arm 
C: 8 vs. 40

(Dako 28 − 8) TC ≥ 1% ORR (Arm A:30% vs. 31%; Arm 
B:30% vs. 32%; Arm C:50% vs. 28%)

Check Mate 459
(Yau et al., 2022) [14]

Nivolumab Interventional; 
N = 366; 1st

71 vs. 295 (Dako 28 − 8) TC ≥ 1%; ORR (28% vs. 12%)
Median PFS (3.8 vs. 3.6 months)
Median OS (16.1 vs. 16.7 months)

Keynote-224
(Zhu et al., 2018) [6]

Pembrolizumab Interventional; 
N = 52; 2nd

CPS: 22 vs. 30 (Dako 22C3) CPS ≥ 1 ORR (32% vs. 20%)
TPS: 7 vs. 45 (Dako 22C3) TPS ≥ 1% ORR (43% vs. 22%)

GO30140
(Lee et al., 2020) [15]

Atezolizumab plus 
bevacizumab

Interventional; 
N = 86; 1st

1% cutoff: 61 vs. 25;
5% cutoff: 37 vs. 49;
10% cutoff: 30 vs. 56

(Ventana SP263) TC or 
IC ≥ 1%

ORR (41% vs. 28%)

(Ventana SP263) TC or 
IC ≥ 5%

ORR (41% vs. 31%)

(Ventana SP263) TC or 
IC ≥ 10%

ORR (50% vs. 30%)

NCT02989922
(Qin et al., 2020) [16]

Camrelizumab Interventional; 
N = 30; 2nd

11 vs. 19 (Ventana SP142) 
TPS ≥ 1%

ORR (36% vs. 11%)

NCT03389126
(Lee et al., 2020) [18]

Avelumab Interventional; 
N = 27; 2nd

22C3:6 vs. 21; 
SP263:8 vs. 19; 
SP142: 14 vs. 13; 
E1L3N: 10 vs. 17; 
PD-1 positive: 11 
vs. 16

(Dako 22C3) TPS ≥ 1% ORR (0.0% vs. 14.3%, P = 1.00); DCR 
(50.0% vs. 85.7%, P = 0.10)

(Ventana SP263) 
TPS ≥ 1%

ORR (12.5% vs. 10.5%), P = 1.00); 
DCR (75.0% vs. 78.9%, P = 1.00)

(Ventana SP142) 
IC ≥ 1%

ORR (21.4% vs. 0.0%, P = 0.22); DCR 
(71.4% vs. 84.6%, P = 0.65)

(Cell Signalling E1L3N) 
score ≥ 1

ORR (20.0% vs. 5.9%, P = 0.54); DCR 
(60.0% vs. 88.2%, P = 0.15)

PD-1 positive ORR (18.2% vs. 6.2%, P = 0.55); DCR 
(81.8% vs. 75%, P = 1.00)

Imbrave150
(Cheng et al., 2022)
 [107]

Atezolizum-
ab + Bevacizumab 
vs. Sorafenib

Interventional; 
N = 135; 1st

86 vs. 49 (Ventana SP263) TC or 
IC ≥ 1%

Median OS (22.8 (17.0-NE) vs.19.9 
(13.9-NE)); Median PFS (7.0 (5.6–9.9) 
vs. 6.7 (5.4–10.0)); ORR (36% vs. 27%)

HIMALAYA
(Abou-Alfa et al., 2022)
 [19]

STRIDE vs. Sorafenib
Durvalumab vs. 
Sorafenib

Interventional; 
N = 681; 1st

STRIDE group:148 
vs. 189; Durvalumab 
group:154 vs. 190

(Ventana SP263) 
TAP ≥ 1%

9-month OS rate: 68.2% vs. 67.7% 
(STRIDE group)
9-month OS rate: 69.5% vs. 74.2% 
(Durvalumab group)

† Arm A: Nivolumab 1 mg/kg plus ipilimumab 3 mg/kg Q3W (4 doses) followed by nivolumab 240 mg intravenously Q2W; Arm B: Nivolumab 3 mg/kg plus ipilimumab 
1 mg/kg Q3W (4 doses) followed by nivolumab 240 mg intravenously Q2W; Arm C: Nivolumab 3 mg/kg Q2W plus ipilimumab 1 mg/kg Q6W.

Abbreviations: CPS, combined positive score; DCR, disease control rate; HCC, hepatocellular carcinoma; IC, immune cell; ORR, objective 
response rate; OS, overall survival; PD-1, programmed death-1; PD-L1, programmed death ligand 1; PFS, progression-free survival; 
STRIDE, Single Tremelimumab Regular Interval Durvalumab; TAP, tumor area positivity; TC, tumor cell; TPS, tumor cell proportion score 
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[23]. CD38 + TILs have also been linked to a favorable 
response [24].

As determined by recent research, the spatial distribu-
tion of TILs within the TME can impact a patient’s prog-
nosis. A higher ratio of lymphocytes to total cell count 
(RLTCC) in non-tumoral regions was found to be linked 
with prolonged OS (median OS of 45.7 vs. 18.6 months; 
P = 0.006) in segmented histopathology images [25]. 
Effector T cells exert their antitumor effects only when 
specific clones of T cells are activated and expanded. Evi-
dence suggests that the clonal structure of T cells within 
the tumor or in the surrounding area could potentially 
predict the response to ICI treatment. A previous study 
using T-cell receptor sequencing revealed that patients 
with higher clonality and T-cell fractions in their tumors 
tend to respond better to ICI therapy [23, 26].

To assess the activity of TILs, a measure called the 
Cytolytic Activity Score (CYT) has been developed. It 
evaluates the level of anticancer immunity through gene 
expression rather than simply relying on the density of 
TILs, as indicated by immunohistochemistry assays [27, 
28]. One of the key benefits of CYT is its widespread 
accessibility and capacity for consistent replication at a 
minimal expense. In The Cancer Genome Atlas Program 
Liver Hepatocellular Carcinoma (TCGA-LIHC) cohort 
study [29], it was discovered that CYT was not influenced 
by tumor mutational burden (TMB). Furthermore, the 
high CYT score group exhibited an increased level of 
TCR richness, BCR richness, and TCR diversity, along 
with the presence of immune cell infiltration. Conse-
quently, high CYT scores were associated with improved 
immunity and longer survival for HCC patients [29].

Other immune microenvironment markers
The immune microenvironment of HCC tumors is an 
intricate network comprising malignant cells, various 
immune cell populations, cytokines, and the extracellu-
lar matrix. Critical roles are played by these components 
during tumor progression. Intratumoral stimulatory 
dendritic cells (SDCs) can stimulate T cells by cross-pre-
senting tumor antigens. In mouse models, this activity 
is essential to induce anti-PD-1 responses [30]. More-
over, numerous conventional DC 1s (cDC1s) have been 
associated with positive prognosis in anti-PD-1 therapy 
because upon taking cancer antigens, they migrate to 
lymph nodes where prime CD8 + T cells concentrate [31]. 
A recent study has demonstrated a significant positive 
correlation between intratumoral CD38 + CD68 + mac-
rophage density and ICI response. This effect is likely 
attributed to the rising secretion of interferon γ (IFN-γ) 
and associated cytokines by CD38hi macrophages [24]. 
In the GO30140 phase 1b trial, individuals who obtained 
an elevated degree of VEGF receptor 2, Treg, myeloid 
inflammation, and triggering receptors expressed on 

myeloid cells 1/MDSC signatures exhibited improved 
PFS when administered with atezolizumab and bevaci-
zumab (Atezo/Bev) in comparison to those who received 
with atezolizumab alone [32]. Cui et al. used machine 
learning methods to create an immune index composed 
of 10 genes to better represent the tumor microenviron-
ment (TME) and anticipate the effectiveness of immuno-
therapy [33].

Due to the diverse and highly heterogeneous immune 
cells involved in tumor development, studies at the single-
cell level are necessary to fully understand the TME. Such 
studies would provide a systematic and detailed tumor 
immune atlas, which would be beneficial for immuno-
therapy and discovering effective biomarkers [34]. The 
application of single-cell sequencing has revealed a cor-
relation between increased levels of tumor cell diversity 
and unfavorable response when employing ICIs [34]. 
Ma et al. presented a single-cell atlas of liver tumors that 
were administered immunotherapy. The results showed 
that it is possible to predict the status of tumor cells uti-
lizing functional clonality and immune response by mea-
suring SPP1 expression [35]. With advances in spatial 
transcriptome technology and the integration of single-
cell sequencing, it is possible to analyze the gene expres-
sion profiles and complete spatial information of tissues 
[36]. Recently, a study combining spatial transcriptomics 
and single-cell sequencing showed that in post-treat-
ment samples of individuals who did not benefit from 
immunotherapy, the mutual interaction between SPP1-
positive macrophages and cancer-associated fibroblasts 
(CAFs) formed the tumor immune barrier (TIB). More 
specifically, SPP1-positive macrophages may contribute 
to immune suppression, while CAFs may be involved in 
producing extracellular matrix components. Together, 
they limit the immune cells’ ability to kill tumor cells. 
Additionally, targeting SPP1 was validated in animal 
models to disrupt TIB structure, leading to enhanced 
effectiveness of immunotherapy [37]. Furthermore, an 
analysis of tissue samples from a group of 15 individu-
als who underwent neoadjuvant therapy with cabozan-
tinib and nivolumab revealed that patients who were 
resistant to immunotherapy lacked CAF-enriched pro-
inflammatory signaling, B cells with high activity, and 
HCC–CAF interactions [38]. Currently, the comparison 
of differences between HCC before and after immuno-
therapy has not been fully researched, which may provide 
a better understanding of micro changes in patients dur-
ing treatment. In addition, regional therapies combined 
with immunotherapy plus molecular targeted therapies 
have gradually been studied in practical applications with 
promising efficacy [39], and a series of clinical trials, such 
as LEAP-012 and DEMAND, are also being conducted 
[40, 41]. Single-cell sequencing and spatial transcriptome 
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sequencing have the potential to comprehend minute 
changes under such treatments.

Genomic characteristics as predictive factors
The adaptive immune system primarily targets tumor-
associated antigens that are expressed on cancer cells. 
Nonsense single nucleotide mutations (nsSNVs), also 
known as TMB, may impact the expression of these anti-
gens and thus affect ICI-based immunotherapy effective-
ness. Research on the relationship between TMB and 
HCC prognosis is limited. Studies have shown that the 
cut-off value varies between cancer types, with one study 
suggesting seven Muts/Mb as the cut-off value for HCC 
[42]. However, verification in a larger cohort is required 
due to limitations in sample size. Additionally, the num-
ber of genes that should be included to define TMB sta-
tus (genome-wide, targeted group, or expression-only 
mutations) and potentially high mutational burden in 
key driver genes to act as predictive biomarkers remain 
undetermined. Further research is necessary to establish 
uniform diagnostic criteria.

As a hallmark of cancer, chromosomal instability 
causes widespread and focal copy number alterations 
(CNAs). Distinct molecular, immunological, and clini-
cal characteristics are the outcome of CNAs. Research 
has found that the burden of CNAs is significantly corre-
lated with the molecular typing and immunophenotyping 
of HCC [43]. According to Bassaganyas and colleagues, 
high broad CNAs are linked to immune exclusion and 
proliferation, and the CNA broad score could predict ICI 
therapy response in HCC [44].

The TP53 gene has been linked to the immune envi-
ronment in HCC. As compared to individuals with wild-
type TP53, those possessing TP53 mutations exhibited a 
shorter OS and recurrence-free survival [45]. CTNNB1 is 
another gene of interest, and basic research determined 
its role in immune escape and anti-PD-1 resistance [46]. 
It may function as a biomarker of immune rejection in 
individuals with aHCC. A small cohort enrolled HCC 
patients treated with ICIs showed that poor prognosis 
was related to altered WNT/β-catenin signaling, show-
ing decreased disease control rate (0% vs. 53%), shorter 
median PFS (2.0 vs. 7.4 months), and shorter median 
OS (9.1 vs. 15.2 months) [47]. Additional investigations 
are suggested to comprehend its underlying mechanism 
on immunotherapy resistance [47, 48]. The GO30140 
study showed that high expression of immune genes 
(CD274) and effector T signaling genes (GZMB, PRF1, 
and CXCL9) was linked with highly satisfying outcomes, 
including ORR and PFS. On the contrary, high expression 
of Notch pathway activation genes was a negative pre-
dictor [49]. The Checkmate  040 study subgroup results 
revealed that better ORR and OS were linked with high 

expression of inflammatory gene signals (CD274, CD8A, 
LAG3, and STAT1) [22].

Clinical features of tumors
Tumor burden
The macroscopic features of a tumor, such as its size and 
location, are more easily noticeable to a clinician than its 
microscopic features.

The size of a tumor is a crucial prognostic factor. A 
study of 33 nivolumab-treated patients found that those 
with tumors smaller than 5 cm (P = 0.034) and albumin-
bilirubin (ALBI) scores of 1 (P = 0.040) had a better 
prognosis [50]. The results remained significant in a mul-
tivariate analysis for tumors smaller than 5 cm and ALBI 
scores of 1. Another study of 261 patients with HCC in 
Korea showed that those with small tumors (< 10  cm) 
had a high likelihood of responding to therapy (11.4% 
vs. 5.5%) and better PFS and OS (P < 0.05) [51]. More-
over, Huang et al. found that in cases of multifocal HCC, 
small lesions had strong immune infiltration and were 
responsive to PD-1 inhibitors [52]. By incorporating both 
the size and number of malignant lesions in the liver, the 
tumor burden score (TBS) was significantly related to the 
treatment response in an immunotherapy cohort enroll-
ing 378 patients with aHCC, and a TBS less than eight 
was correlated with longer OS [53].

Involved organs
Organ-specific responses in HCC immunotherapy vary, 
and lung metastases are often a positive indicator for 
immunotherapy. Taiwanese researchers conducted a 
study on 75 patients with aHCC and discovered that the 
response of HCC located in different organs was sig-
nificantly different, and the patients with lung metasta-
ses achieved the best ORR. Extrahepatic lesions were 
more easily controlled in patients with both intrahe-
patic and extrahepatic lesions [54]. Other studies have 
also reported a similar trend, with lung and lymph node 
metastases often indicating a good response to immuno-
therapy [50, 51, 55]. However, the reason for the organ-
specific heterogeneous response remains unknown and 
may be related to factors such as small metastasis size 
and strong immune infiltration. Unlike targeted therapy, 
extrahepatic metastasis does not negatively impact the 
prognosis of immunotherapy, making it a favorable factor 
in HCC treatment.

Host clinical features
The clinical characteristics of the patient (liver function, 
physical condition, changes in alpha-fetoprotein (AFP), 
etc.) remain very important in immunotherapy and rep-
resent stable prognostic factors.
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Pretreatment factors
Among patients suffering from liver disease, Child-Pugh 
and ALBI scores are commonly applied to evaluate liver 
function. Its impact on the prognosis of immunotherapy 
has been demonstrated to be significant. Child-Pugh 
B scores were associated with shorter median OS (2.8 
months) than Child-Pugh A scores (10.7 months) in a 
Korean study of 203 individuals (P < 0.01) [56]. Pinato et 
al. discovered that the ALBI score was an independent 
predictor, with a median OS of 22.5 months for an ALBI 
score of 1, 9.6 months for an ALBI score of 2, and 4.6 
months for an ALBI score of 3 (P < 0.001) [57]. However, 
the impact on short-term response remains controversial.

Physical fitness, as measured by the Eastern Coopera-
tive Oncology Group (ECOG) score, has also been found 
to be a potential factor in the prognosis of immuno-
therapy. A Taiwanese study found that in terms of PFS 
and OS, patients with an ECOG score of 0 significantly 
outperformed those with a score of 1 or greater [55]. On 
the contrary, for a group of 233 patients who received 
nivolumab, univariate analysis indicated that the ECOG 
score was a borderline predictor of survival (P = 0.05) but 
not in multivariate analysis [58]. Furthermore, research 
conducted in Taiwan, involving 45 individuals diag-
nosed with aHCC and undergoing nivolumab treatment, 
discovered that the patient-generated subjective global 
assessment (PG-SGA) score was also an independent 
predictor of treatment efficacy, with a PG-SGA score < 4, 
indicating a greater susceptibility to disease control [59].

A patient’s underlying medical condition also impacts 
immunotherapy. A meta-analysis that enrolled high-
evidence RCTs determined that individuals with nonvi-
ral HCC cannot benefit from immunotherapy. However, 
individuals diagnosed with viral-related HCC may bene-
fit from immunotherapy, as evidenced by a pooled hazard 
ratio of 0.64 (95% CI 0.5–0.83) for OS [60].

The CRAFITY score, which utilizes both serum AFP 
and C-reactive protein (CRP) levels, shows its potency as 
a prognostic tool in aHCC immunotherapy. In a multi-
variate analysis, baseline serum AFP levels ≥ 100 ng/mL 
and CRP levels ≥ 1  mg/dL were recognized as autono-
mous indicators [61]. Yang et al. recently applied the 
CRAFITY score to individuals treated with PD-1 inhibi-
tors plus TKIs in China, with promising outcomes [62].

Studies have also shown that high baseline plasma lev-
els of Transforming Growth Factor beta (≥ 200 pg/mL) 
[63] and elevated lactate dehydrogenase (LDH) [51] are 
significant risk factors for poor prognosis of HCC immu-
notherapy. The LIPI score, which consists of the pretreat-
ment-derived neutrophil-lymphocyte ratio (dNLR) and 
LDH, has also been shown to predict PFS and OS [64]. 
An elevated baseline level of interleukin-6 (IL-6) has 
been recognized as a negative indicator for non-response 
to treatment with Atezo/Bev [65].

In the clinical diagnosis of HCC, imaging examina-
tions are of utmost importance. Several studies suggest 
that imaging may be an effective non-invasive biomarker 
for immunotherapy in HCC. Research has revealed that 
gadolinium ethoxybenzyl diethylenetriamine penta-
acetic acid (Gd-EOB-DTPA)-enhanced magnetic reso-
nance imaging (EOB-MRI) can be applied as a valuable 
approach to identify β-catenin mutations [66]. By apply-
ing EOB-MRI, a small study of 18 patients receiving ICI 
monotherapy found that higher intensity of the nod-
ule during the hepatobiliary phase was correlated with 
shorter PFS (2.7 months vs. 5.8 months, P = 0.007) [67]. 
An additional study of 35 Atezo/Bev-treated patients 
revealed that signal intensity in the hepatobiliary phase 
could somehow forecast treatment response [68]. The 
complex TME leads to increased liver stiffness, and 
immunotherapy response results in a decrease in viable 
tumor cells but an increase in immune content, which 
can impact the function of immune cells, causing alter-
ations in stromal and fibrosis composition. Based on 
these findings, a small prospective cohort under the 
anti-PD-1 regimen showed the potential of magnetic 
resonance elastography (MRE) to predict the prognosis 
[69]. A subsequent study involving 25 patients with the 
same regimen demonstrated that an absence of capsular 
enhancement in MRI enhancement and increased stiff-
ness measured by MRE are both associated with unsat-
isfactory outcomes (P < 0.001) [70]. Thus far, research on 
imaging biomarkers is mainly restricted to monotherapy, 
and their efficacy in dual regimens (anti-PD-1 plus TKIs 
or anti-PD-1 plus anti-cytotoxic T lymphocyte-associ-
ated antigen 4 [CTLA-4]) remains unclear. Due to the 
heterogeneity of imaging evaluations in different centers, 
future multicenter analyses are necessary.

Positron emission tomography-computed tomogra-
phy (PET/CT) has been widely applied to clarify malig-
nant lesions and assess the extent of metastasis. Some 
scientists have examined the potential of PET/CT to 
investigate biological indicators. Evidence suggests that 
18 F-fluorodeoxyglucose (18 F-FDG) PET/CT can predict 
the prognosis of individuals who received immunother-
apy combined with molecular targeted drugs. Wang et 
al. found that total lesion glycolysis was associated with 
the outcomes of immunotherapy [71], while another 
study found that Metabolic Tumor Volume was a more 
promising parameter to forecast immunotherapy effec-
tiveness [72]. A predictive model constructed by combin-
ing clinical parameters (ECOG score, Child-Pugh score, 
and bone metastasis situation) was able to effectively 
distinguish patients based on their treatment benefit 
[72]. Additionally, dual-tracer development has attracted 
attention, with 11 C-acetate and 18 F-FDG PET/CT exhib-
iting the potential to differentiate those who are prone 
to benefit from TKIs or immunotherapy [73]. Another 
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tracer, the 68Ga-labeled FAP inhibitor (68Ga-FAPI), was 
also utilized as a predictive tool. Wu et al. reported that 
the 68Ga-FAPI–avid tumor volume in baseline PET/CT 
was associated with unsatisfactory clinical benefits in the 
regimen of PD-1 inhibitors plus lenvatinib [74]. These 
findings suggest the potential of PET/CT as a valuable 
tool in immunotherapy.

Post-treatment factors
According to research conducted in Taiwan, prognoses 
were better when AFP levels declined within the first 
four weeks (early AFP changes) following systemic ther-
apy. After considering other parameters, it remained an 
independent predictor of a better outcome [75]. Dynamic 
variation of prothrombin induced by vitamin K absence-
II (PIVKA-II) was also associated with prognosis, with 
a > 50% reduction six weeks after the initial anti-PD-1 
therapy indicating longer PFS and OS [76].

Hematological examinations play a key role as they 
are non-invasive and can offer dynamic monitoring. For 
individuals with Child-Pugh A, Dharmapuri et al. found 
those who experienced a lower neutrophil-lymphocyte 
ratio (NLR < 5) and platelet-to-lymphocyte ratio (PLR) 
after three doses of nivolumab were more likely to be 
the responders. In the multivariate analysis, survival was 
strongly linked to the NLR and PLR after treatment, and 
an integrated model that included both showed greater 
significance [77]. Another study conducted in Korea with 
189 patients receiving nivolumab revealed that the devel-
opment of hyperprogressive disease (HPD) on immu-
notherapy was found to be associated with an increased 
NLR ratio (> 4.125) (AUC = 0.844) as well as worse PFS 
and OS [78].

Immune-related adverse events (irAEs) are the conse-
quence of elevated immune system activity stimulated by 
ICIs. It is hypothesized that irAEs and improved clinical 
outcomes may be associated due to their similar underly-
ing immunological processes. An analysis of 168 patients 
with aHCC showed that multisystem involvement and 
severe irAEs could predict better treatment outcomes, 
with significantly improved median PFS and median 
OS [79]. Additionally, studies have shown specific site 
irAEs related to patient prognosis [80]. The site varies 
between different types of cancer [81], potentially owing 
to molecular mimicry that may exist between malignant 
and normal cells. Currently, there is no site-specific irAE 
linked with the prognosis of patients with HCC, although 
a trend was observed in dermatological and endocrine 
irAEs [79]. The use of irAEs as a biomarker for immuno-
therapy remains controversial [82]; further investigation 
is necessary to ascertain their efficacy.

Liquid biopsy
Liquid biopsy of tumors mainly involves the analysis 
of circulating tumor DNA (ctDNA), circulating tumor 
cells (CTCs), and cell-free DNA (cfDNA). This method 
of biopsy is minimally invasive, convenient, and easily 
repeatable; thus, it has gained increasing recognition for 
its usefulness in the dynamic guidance of immunother-
apy, detection of drug resistance, and assessment of prog-
nosis [83].

PD-L1 + CTCs are considered an attractive target. For 
those treated with nivolumab or pembrolizumab, favor-
able outcomes were observed when PD-L1 + CTCs were 
present [84]. Additional investigation is required to vali-
date its accuracy in the context of HCC. Another poten-
tial biomarker is ctDNA, which has been recognized as 
a possible indicator. ctDNA content fraction (CCF) was 
significantly correlated with clinical outcomes in a pan-
cancer cohort [85]. A study that enrolled 48 patients with 
aHCC indicated higher baseline ctDNA was correlated 
with higher TMB, while decreases in ctDNA levels after 
treatment were linked with longer PFS [86]. Franses et 
al. also revealed a significant correlation between tissue 
TMB and blood TMB estimated by ctDNA [87]. In addi-
tion, a risk-scoring model based on cfDNA copy number 
variation (CNV) has been developed to forecast the clini-
cal outcomes of hepatobiliary tumor patients receiving 
ICI therapy. The model has been tested in two separate 
ICI treatment groups, and it was found that individuals 
with lower CNV risk scores had better PFS and OS [88].

Commensal microorganisms
Commensal microorganisms, collectively known as the 
microbiota, have been shown to impact human immune 
responses in both healthy and diseased conditions [89, 
90]. For gut microbiota, studies have demonstrated that 
the diversity and makeup could influence immunother-
apy response in both mice and humans [91]. In a study 
involving aHCC patients treated with immunotherapy, 
fecal samples demonstrating increased diversity in terms 
of taxa and high gene counts were associated with posi-
tive treatment response. Dynamic sampling also showed 
that the gut microbiome dynamic variation 3–6 weeks 
after initial therapy exhibited the potential capability to 
predict the durable clinical benefit from immunotherapy, 
which is valuable for early prediction [92]. Another study 
enrolled 65 hepatobiliary tumor patients who received 
anti-PD-1-based therapy and found those with a higher 
abundance of Lachnospiraceae bacterium-GAM79 and 
Alistipes sp. Marseille-P5997 achieved better survival 
benefits. Unfavorable results were linked to the greater 
prevalence of Veillonellaceae [93]. Another study also 
indicated the potential of its composition as a biomarker. 
Patients with abundant Prevotella 9 had significantly 
shorter OS, and those with abundant Lachnoclostridium 
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presented significantly longer OS. Moreover, individuals 
with abundant Lachnoclostridium and reduced Prevotella 
9 in feces had the best OS. Notably, bile acids regulated 
by gut microbiota were also partially associated with 
ORR [94]. However, current research on gut microbiota 
has certain limitations. Moreover, dynamic studies of gut 
microbiota or metabolites are currently inadequate. With 
the development of metabolomics, the combined study 
of microbiome and metabolome can be used as a bridge 
connecting microbiomes and phenotypes. Independent 
microbiome and phenotype data can be effectively com-
bined to achieve a comprehensive analysis of the micro-
bial-metabolism-host interaction mechanisms. It will 
provide vital information for determining the predictive 
role of gut microbiota.

In addition to the aforementioned biomarkers, tech-
nological advancements and the continuous evolution of 
therapeutic approaches have paved the way for ongoing 
prospective clinical studies aiming to elucidate biological 
markers for HCC treatment from various perspectives. 
Table 2 shows the current clinical trials investigating the 
biomarkers for HCC immunotherapy.

Relevant clinical studies of hepatocellular 
carcinoma immunotherapy
Targeted therapy
Prior to the advent of immunotherapy, targeted thera-
pies were crucial in the treatment of aHCC. The revo-
lutionary SHARP trial in 2008 marked the beginning of 
the application of targeted therapies for the treatment of 
aHCC. Over the next decade, sorafenib has consistently 
remained the standard regimen, extending the median 
OS by 10.7 months [95]. However, in 2018, lenvatinib was 
shown to be comparable to sorafenib in the REFLECT 
trial. It demonstrated favorable safety and tolerability and 
was the second TKI approved for the first-line treatment 
of aHCC [96]. Subsequently, a study in a Chinese popu-
lation showed that donafenib exhibited superior survival 
benefits than sorafenib [97]. Furthermore, several other 
TKIs have received approval as subsequent-line systemic 
therapies for aHCC. Regorafenib demonstrated promis-
ing efficacy in sorafenib-resistant patients, significantly 
improving median OS and ORR when compared with 
the placebo [98]. Similarly, cabozantinib was shown to 
improve median OS for sorafenib-resistant patients, 
although it did not extend the median PFS or ORR [99]. 
In the Chinese population, apatinib has exhibited bene-
fits as a later-line therapy, significantly improving median 
PFS and median OS. Notably, this study included patients 
who had developed resistance to oxaliplatin-based che-
motherapy [100]. In second-line treatment, ramuci-
rumab, a VEGF receptor 2 inhibitor, has been proven to 
significantly improve survival in the population with AFP 
levels greater than 400 ng/mL [101].

PD-1 inhibitor monotherapy
The CheckMate 040 study found that nivolumab can 
achieve a 20% ORR in aHCC [5]. Subsequently, a 
phase III RCT for first-line therapy, CheckMate 459, 
revealed that in contrast with sorafenib, nivolumab pro-
longed OS; moreover, the ORR (15% vs. 7%) and safety 
were more promising in the nivolumab group [102]. 
The KEYNOTE-224 study found that pembrolizumab 
could achieve an ORR of 17% as a second-line treat-
ment of aHCC. After a 2.5-year follow-up, the ORR in 
the updated KEYNOTE-224 study reached 18.3%. The 
median PFS and median OS were 4.9 and 13.2 months, 
respectively [6, 103]. Soon afterward, in the phase III 
KEYNOTE-240 study, pembrolizumab extended OS by 
three months compared with the placebo [8, 104]. In 
KEYNOTE-394, which enrolled Asian patients, pembro-
lizumab significantly improved OS, PFS, and ORR [105]. 
Recently, RATIONALE-301 also showed that tisleli-
zumab was non-inferior to sorafenib in OS for treatment-
naïve individuals, showing a trend of prolonged OS and 
clinical survival benefit [106]. Based on the above RCTs, 
PD-1 antibodies are valuable in treating aHCC, but they 
cannot yet challenge conventional therapy.

PD-1/PD-L1 inhibitors combined with anti-VEGF Drugs
The IMbrave150 study, the first successful phase III RCT, 
showed that Atezo/Bev markedly improved OS and PFS 
in treatment-naïve aHCC compared with sorafenib. 
Moreover, the safety of the treatment was established 
[12, 107]. This positive result has led to new treatment 
guidelines for aHCC, suggesting that immunotargeted 
therapy has strong efficacy and controllable safety. 
Recently, tiragolumab (a T cell immunoglobulin and 
ITIM domain [TIGIT] monoclonal antibody) plus Atezo/
Bev has shown promise. In the phase Ib/II clinical trial, 
MORPHEUS-liver, this regimen showed higher ORR and 
longer PFS compared to the Atezo/Bev group (confirmed 
ORR: 42.5% vs. 11.1%, median PFS: 11.1 months vs. 4.2 
months) [108]. Although including limited subjects, the 
study holds significant research implications and may 
represent a direction for future drug development and 
cancer treatment. Specifically, it highlights the impor-
tance of reshaping the TME and enhancing immune rec-
ognition to improve the effectiveness of immunotherapy.

The ORIENT-32 trial of sintilimab in combination with 
bevacizumab biosimilar (Sin/Bev) achieved an ORR of 
25% in an early phase II study [109]. A subsequent phase 
III confirmatory study made clear that Sin/Bev greatly 
improved median OS and PFS in comparison to sorafenib 
[110].

PD-1/PD-L1 inhibitors combined with TKIs
Several large phase III RCTs of PD-1/PD-L1 inhibi-
tors bonded with TKIs have been conducted, but the 



Page 9 of 22Zhang et al. Biomarker Research           (2024) 12:26 

NCT number
(Estimated 
Completion 
Date)

Regimen Study design
(Estimated 
number); 
country

Target population Biomarker sample Analysis 
methods

Focus

Mainly based on IHC
NCT03753659
(June 2024)

Pembrolizumab + Local ablation 
(RFA, MWA, brachytherapy)

Interven-
tional (N = 30); 
Germany

Histologically con-
firmed; Early-Stage 
HCC; ECOG PS of 
0 or 1; Child-Pugh 
score of A.

Tumor tissue, blood IHC, molecular 
analyses

Molecular bio-
markers, immune 
cells, chemokines,
invasion markers

NCT04443309
(August 2024)

Lenvatinib + Camrelizumab Interventional 
(N = 53); China

Histologically, cyto-
logically, or clinically 
confirmed; BCLC 
Stage B/C; ECOG PS 
of 0 or 1; Child-Pugh 
score of A.

Tumour samples, 
blood

IHC, 
RNA-sequencing

PD-L1 expression, 
CD8 + T cell

NCT04803994
(April 1, 2025)

Atezolizumab + Bevacizum-
ab + TACE

Interventional 
(N = 434); Aus-
tria, Germany, 
Spain

Radiographic or 
pathologic diagno-
sis; intermediate-
stage; Child-Pugh 
class A or B7; ECOG 
PS of 0 or 1.

Tumor, blood, stool 
samples

IHC, multi-omics 
analysis

Predictive bio-
markers (tissue 
and circulat-
ing) for study 
endpoints, PD-L1 
expression

Mainly based on NGS
NCT04701060
(February 4, 
2024)

Camrelizumab + Apatinib Interventional 
(N = 30); China

Clinical diagnosis 
resectable HCC; 
Child-Pugh class A; 
ECOG PS of 0 or 1.

Tumour samples, 
blood

NGS, IHC Genomic bio-
markers (TMB, 
TNB, ITH, HLA 
subtype, HLA-
LOH, etc.), TILs, 
PD-L1 expression

NCT04170556
(August 2024)

Regorafenib + Nivolumab Interventional 
(N = 78); Spain

Histologically or 
clinically confirmed; 
Child-Pugh class A; 
ECOG PS of 0 or 1.

Serum and tissue Not applicable Serum and 
tissue marker 
characterization

NCT04134559
(January 1, 
2025)

Pembrolizumab Interven-
tional (N = 18); 
United States

Histologically con-
firmed; relapsed/
refractory pediatric 
HCC

Tumor samples, 
blood

IHC, DNA 
sequencing,
liquid biopsy

Dynamic changes 
in infiltrating 
immune cells, 
cytokines, and 
ctDNA; genomic 
biomarkers

NCT04224636
(March 1, 
2025)

Atezolizumab + Bevacizum-
ab + TACE

Interventional 
(N = 106); 
Germany

Histologically con-
firmed; Child-Pugh 
class A or B7; ECOG 
PS of 0 or 1.

Tumor samples, 
blood, stool samples

Multi-omics 
analysis

Serum marker, 
cytokines, ctDNA, 
gut microbiome

NCT04145141
(December 
31, 2025)

Immunotherapy Observational 
(N = 500); 
United States

Histologically/
ultrasound/imaging 
confirmed

Blood, urine, and 
stool samples or 
rectal swabs

Multi-omics 
analysis

Genomic, genetic, 
and epigenetic 
analysis

NCT05286320
(September 
30, 2026)

Pembrolizumab + Lenva-
tinib + SBRT

Interventional 
(N = 27); Chi-
nese Taiwan

Histologically or 
clinically confirmed; 
patients with PVTT 
(VP3, VP4); ECOG 
PS of 0.

Pre-treatment tumor 
samples, blood

Not applicable Biomarkers for 
the response of 
portal vein tumor 
thrombosis, PFS, 
and OS

NCT04246177
(December 
31, 2029)

Lenvatinib + Pembrolizum-
ab + TACE

Interventional 
(N = 450); 
Global

Radiology, histol-
ogy, or cytology 
confirmed; HCC 
localized to the liver 
and not amenable 
to curative treat-
ment; ECOG PS of 
0 or 1.

Tumor samples, 
blood

Multi-omics 
analysis

Genomic, 
metabolic, 
and proteomic 
biomarker

Mainly based on single-cell sequencing

Table 2 The ongoing biomarkers exploration clinical trials in the immunotherapy of hepatocellular carcinoma
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NCT number
(Estimated 
Completion 
Date)

Regimen Study design
(Estimated 
number); 
country

Target population Biomarker sample Analysis 
methods

Focus

NCT05173298 
(December 
31, 2024)

Atezolizumab + Bevacizumab Observational 
(N = 100); 
South Korea

Histologically, 
cytologically, or 
clinically confirmed; 
treatment-naïve

Tumour samples,
blood

Tumor samples: 
H&E staining and 
IF staining.
Blood samples: 
flow cytometry, 
ELISA, single-cell 
sequencing

Protein biomarker, 
gene-based 
biomarker

NCT03419481
(December 
30, 2024)

Pembrolizumab Interventional 
(N = 30); Hong 
Kong

Confirmed diagno-
sis of HCC; ECOG PS 
of 0 or 1

Baseline and 
post-treatment 
tumor samples 
(after two cycles of 
Pembrolizumab)

Single-cell se-
quencing, IHC

The serial change 
in cytokine 
profile, PD-L1 ex-
pression, TILs, the 
serial change in 
RNA expression of 
immune-related 
gene panel

Others
NCT03864211
(May 30, 2023)

Thermal ablation + Toripalimab Interventional 
(N = 145); 
China

Clinically confirmed; 
Child-Pugh class 
A/B; ECOG PS of 0 
or 1.

Blood samples Liquid biopsy Dynamic changes 
in inflammatory 
biomarkers.

NCT05278195
(December 1, 
2023)

Anti-PD-1/PD-L1 + VEGF/
TKI + TACE

Observational 
(N = 300); 
China

Histologically, 
cytologically, or 
clinically confirmed; 
treatment-naïve

Imaging information Radiomics artifi-
cial intelligence 
model

Imaging 
biomarkers

NCT05044676
(September 
30, 2024)

Atezolizumab + Bevacizumab Prospectively 
observational 
(N = 120); 
France

Advanced HCC with 
an indication of 
systemic therapy by 
Atezo/Bev; ECOG PS 
of 0 or 1.

Blood, tumor 
samples (tumoral 
and non-tumoral 
liver) with dynamic 
monitoring

Flow cytometry Immune cells 
biomarker (the 
frequency and 
phenotype ex-
pression of CD226 
on CD8 + T lym-
phocytes and NK 
cells); A predictive 
prognostic score 
from histological 
characteristics

NCT04368078
(April 2025)

Lenvatinib + Toripalimab Interventional 
(N = 76); China

Histologically, cyto-
logically, or clinically 
confirmed; BCLC 
Stage B/C; ECOG PS 
of 0 or 1; Child-Pugh 
score of A.

Tumor samples,
blood, stool samples

Multi-omics 
analysis

Potential bio-
markers of treat-
ment response

Table 2 (continued) 
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efficacy of this regimen compared with TKI monother-
apy is controversial. For the portfolio of camrelizumab 
plus apatinib, a phase II RCT showed that the ORR in 
the first-line cohort was 34.3% and 22.5% in the second-
line cohort, showing good therapeutic effects [111]. The 
subsequent phase III CARES-310 trial showed that com-
pared with sorafenib, camrelizumab plus rivoceranib 
(also referred to as apatinib) therapy led to a 48% reduc-
tion in the risk of disease progression (median PFS: 5.6 
vs. 3.7 months) and a 38% reduction in the risk of death 
(median OS: 22.1 vs. 15.2 months) [112]. In the LEAP-002 
trial, lenvatinib combined with pembrolizumab showed 
an improvement in PFS over lenvatinib monotherapy, 
although the results did not satisfy the validity threshold 
[113]. Similarly, cabozantinib plus atezolizumab offered 
improved PFS compared with sorafenib alone but with-
out improving OS [114]. According to a phase II RCT 
conducted recently in naive-treatment patients, tisleli-
zumab combined with lenvatinib achieved a 38.7% ORR 
and a 9.7-month median PFS [115]. Additional clinical 
trials are being conducted to assess the effectiveness of 
this regimen.

PD-1/PD-L1 inhibitor combined with CTLA-4 inhibitor
In another CheckMate 040 sub-cohort, different doses 
of nivolumab combined with ipilimumab were used to 
treat sorafenib-resistant aHCC. Approximately 30% of 
the cases responded to this regimen with a median OS 

of 22.8 months [17]. The latest HIMALAYA trial showed 
excellent efficacy of the Single Tremelimumab Regular 
Interval Durvalumab (STRIDE) regimen. STRIDE sig-
nificantly outperformed sorafenib in OS (median OS: 
16.4 vs. 13.8 months). However, tumor responses were 
substantially better with sorafenib, which presented 
a 22-month median duration of response [19]. Addi-
tional details on these critical trials are summarized in 
Table 3.

The recently developed bispecific antibody (BsAb) 
drug (i.e., AK104) has shown potential in solid tumors 
[116]. Consequently, research on such agents is being 
conducted in aHCC. Additionally, novel combinations 
of immunotherapeutic agents are being explored for the 
treatment of aHCC, with a focus on newly developed 
ICIs such as TIGIT and LAG3 inhibitors. The umbrella 
study (NCT04524871) serves as a representative example 
of these endeavors. Furthermore, several prospective 
clinical studies focus on the combinations of local thera-
pies (e.g., transarterial chemoembolization) with immu-
notherapy in intermediate HCC. Noteworthy studies 
in this area include LEAP-012, ABC-HCC, and EMER-
ALD. The effectiveness of this regimen has already been 
demonstrated in the retrospective study [39]. Moreover, 
prospective research on the combination of stereotac-
tic radiation therapy with immunotherapy is currently 
unfolding. The key ongoing clinical trials studying immu-
notherapies for unresectable HCC are listed in Table 4.

NCT number
(Estimated 
Completion 
Date)

Regimen Study design
(Estimated 
number); 
country

Target population Biomarker sample Analysis 
methods

Focus

NCT04522544
(September 
30, 2025)

Durvalumab + Tremelimum-
ab + Y-90 SIRT/ TACE

Interven-
tional (N = 84); 
Germany

Histologically con-
firmed; Child-Pugh 
class A; ECOG PS of 
0 or 1.

Tumor tissue and 
blood samples

IHC, ELISA, liquid 
biopsy

PD-L1 expres-
sion, infiltrating 
immune cells, 
chemokines, 
invasion mark-
ers, circulating 
nucleic acids, and 
tumor-specific 
transcripts

NCT03475953
(December 
31, 2025)

Regorafenib + Avelumab Interventional 
(N = 747); 
France

Histologically con-
firmed; ECOG PS of 
0 or 1; Child-Pugh A.

Tumor tissue and 
blood samples

Liquid 
biopsy, IHC, 
liquid chroma-
tography-mass 
spectrometry

Predictive blood 
biomarkers analy-
sis (cytokines lev-
els, lymphocytes);
Predictive tumor 
growth factor bio-
markers; Predic-
tive metabolomic 
analysis

Abbreviations: Azteo/Bev, atezolizumab and bevacizumab; BCLC, Barcelona clinic liver cancer; ctDNA, circulating tumor DNA; ECOG PS, ECOG Performance Status; 
ELISA, enzyme-linked immunosorbent assay; HCC, hepatocellular carcinoma; HLA, human leukocyte antigen; LOH, loss of heterozygosity; H&E, Hematoxylin & eosin; 
ITH, intra-tumor heterogeneity; IHC, immunohistochemical; IF, immunofluorescence; MWA, microwave ablation; NGS, Next-generation sequencing; OS, overall 
survival; PD-1, programmed death-1; PD-L1, programmed death ligand 1; PFS, progression-free survival; PVTT, portal vein tumor thrombosis; RFA, radiofrequency 
ablation; SBRT, stereotactic body radiation therapy; SIRT, selective internal radiation therapy; TILs, Tumor-infiltrating lymphocytes; TKI, tyrosine kinase inhibitor; 
TACE, transarterial chemoembolization; TMB, tumor mutational burden; TNB, tumor neoantigen burden; VEGF, vascular endothelial growth factor

Table 2 (continued) 
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Clinical trial
(Author, 
year)
NCT number

Phase
Line

Patient number
(Treatment vs.
comparator)

Target population Treatment vs.
Comparator

Key outcomes (RECIST v1.1 
criteria)

≥ 3 grade AEs

Targeted therapy
SHARP
(Llovet et al., 
2008)
 [95]
NCT00105443

Phase 3
1st

N = 602
(299 vs. 303)

No previous systemic 
therapy; BCLC Stage 
B/C; Child-Pugh class 
A; ECOG PS of 0–2.

Sorafenib vs. Placebo mOS: 10.7 vs. 7.9 months, 
HR = 0.69, 95% CI 0.55–0.87, 
p < 0.001; time to radio-
logic progression: 5.5 vs. 2.8 
months, HR = 0.58; 95% CI 
0.45–0.74; p < 0.001; DCR: 
43% vs. 32%, p = 0.002

Grade 3 teAEs: 
39% vs. 24%; 
Grade 4 teAEs: 6% 
vs. 8%

REFLECT
(Kudo et al., 
2018) [96]
NCT01761266

Phase 3
1st

N = 954
(478 vs. 476)

BCLC Stage B/C; 
Child-Pugh class A; 
ECOG PS of 0 or 1.

Lenvatinib vs. Sorafenib mOS: 13.6 vs. 12.3 months, 
HR = 0.92, 95% CI 0.79–1.06; 
mPFS: 7.3 vs. 3.6 months, 
HR = 0.65, 95% CI 0.56–0.77, 
p < 0·0001; ORR: 18.8% vs. 
6.5%

Grade ≥ 3 trAEs: 
57% vs. 49%;
Serious trAEs: 18% 
vs. 10%

ZGDH3
(Qin et al., 
2021) [97]
NCT02645981

Phase 2/3
1st

N = 665
(333 vs. 332)

BCLC Stage B/C; 
Child-Pugh score of 
B7 or less; ECOG PS of 
0 or 1.

Donafenib vs. Sorafenib mOS: 12.1 vs. 10.3 months, 
HR = 0.831, 95% CI, 0.699–
0.988, p = 0.0245; mPFS: 3.7 
vs. 3.6 months, p = 0.0570; 
ORR: 4.6% vs. 2.7%

Grade ≥ 3 drug-
related AEs: 38% 
vs. 50%;
Serious drug-
related AEs: 7% 
vs. 7%

RESORCE
(Bruix et al., 
2017) [98]
NCT01774344

Phase 3
2nd

N = 573
(379 vs. 194)

Disease progressed 
after sorafenib treat-
ment; BCLC Stage 
B/C; Child-Pugh class 
A; ECOG PS of 0 or 1.

Regorafenib vs. Placebo mOS: 10.6 vs. 7.8 months, 
HR = 0.63, 95% CI 0.50–0.79, 
one-sided p < 0·0001; mPFS: 
3.4 vs. 1.5 months, HR = 0.43, 
95% CI 0.35–0.52, p < 0·0001; 
ORR: 7% vs. 3%, one-sided 
p = 0·0200

Grade 3 teAEs: 
56% vs. 32%; 
Grade 4 teAEs: 
11% vs. 7%

CELESTIAL
(Abou-Alfa et 
al., 2018) [99]
NCT01908426

Phase 3
2nd and 
3rd

N = 707
(470 vs. 237)

BCLC Stage B/C; 
Child-Pugh class A; 
ECOG PS of 0 or 1.

Cabozantinib vs. Placebo mOS: 10.2 vs. 8.0 months, 
HR = 0.76, 95% CI 0.63–0.92, 
p = 0.005; mPFS: 5.2 vs. 1.9 
months, HR = 0.44, 95% CI 
0.36–0.52, p < 0·001; ORR: 4% 
vs.<1%

Grade 3 any AEs: 
58% vs. 34%;
Grade 4 any AEs: 
10% vs. 3%

REACH-2
(Zhu et 
al.,2019) [101]
NCT02435433

Phase 3
2nd

N = 292
(197 vs. 95)

BCLC Stage B/C; 
Child-Pugh class A; 
ECOG PS of 0 or 1; 
AFP ≥ 400ng/mL

Ramucirumab vs. Placebo mOS: 8.5 vs. 7.3 months, 
HR = 0.710, 95% CI 0.531–
0.949, p = 0.0199; mPFS: 2.8 
vs. 1.6 months, HR = 0.452, 
95% CI 0.339–0.603, 
p < 0·0001

Any grade serious 
trAE: 11% vs. 5%

AHELP
(Qin et al., 
2021) [100]
NCT02329860

Phase 3
2nd and 
more

N = 393
(261 vs. 132)

BCLC Stage B/C; 
Child-Pugh class A; 
ECOG PS of 0 or 1.

Apatinib vs. Placebo mOS: 8.7 vs. 6.8 months, 
HR = 0.785, 95% CI 0.617–
0.998, p = 0.048; mPFS: 4.5 vs. 
1.9 months, HR = 0.471, 95% 
CI 0.369–0.601, p < 0·0001; 
ORR: 11% vs. 2%

Grade 3–4 
trAEs:77% vs. 19%

PD-1 inhibitor monotherapy
CheckMate 
459 (Yau et al., 
2019) [102]
NCT02576509

Phase 3
1st

N = 743
(371 vs. 372)

No previous systemic 
therapy; Child-Pugh 
class A; ECOG PS of 
0 or 1.

Nivolumab vs. Sorafenib mOS: 16.4 vs.14.7 months, 
HR = 0.85, 95% CI 0.72–1.02, 
p = 0.075

Grade 3 trAEs: 
18% vs. 47%; 
Grade 4 trAEs: 4% 
vs. 2%;
Grade 3 serious 
trAEs: 7% vs. 7%; 
Grade 4 serious 
trAEs: 2% vs. <1%

Table 3 The critical trials of unresectable hepatocellular carcinoma immunotherapy
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Clinical trial
(Author, 
year)
NCT number

Phase
Line

Patient number
(Treatment vs.
comparator)

Target population Treatment vs.
Comparator

Key outcomes (RECIST v1.1 
criteria)

≥ 3 grade AEs

KEYNOTE-240
(Finn et al., 
2019) [8, 104]
NCT02702401

Phase 3
2nd

N = 413
(278 vs. 135)

BCLC Stage B/C; 
Child-Pugh class A; 
ECOG PS of 0 or 1.

Pembrolizumab vs. Placebo mOS: 13.9 vs. 10.6 months, 
HR = 0.771; 95% CI 
0.617–0.964; mPFS: 3.0 vs. 
2.8 months, HR = 0.718; 95% 
CI 0.571–0.903; ORR: 18.3% 
vs. 4.4%

Grade 3–4 
trAEs:19.4% vs. 
7.5%

KEYNOTE-394 
(Qin et al., 
2022) [105]
NCT03062358

Phase 3
2nd

N = 453
(300 vs. 153)

Asian patients with 
confirmed aHCC 
and progression 
on or intolerance 
to Sorafenib or 
oxaliplatin-based 
chemotherapy.

Pembrolizumab vs. Placebo mOS:14.6 vs. 13.0 months, 
HR = 0.79; 95% CI 0.63–0.99, 
p value = 0.0180; mPFS: 2.6 
vs. 2.3 months, HR 0.74, 95% 
CI 0.60–0.92, p = 0.0032; ORR: 
13.7% vs. 1.3%

Grade 3–5 trAEs: 
14.4% vs. 5.9%

RATIO-
NALE-301
(Qin et al., 
2023) [106]
NCT03412773

Phase 3
1st

N = 674
(342 vs. 332)

BCLC Stage B/C; 
Child-Pugh class A; 
ECOG PS of 0 or 1.

Tislelizumab vs. Sorafenib mOS:15.9 vs. 14.1 months, 
one-sided p = 0.04; ORR: 
14.3% vs. 5.4%

Grade ≥ 3 AEs: 
48.2% vs. 65.4%

KEYNOTE-224 
(Zhu et al., 
2018) [6, 103]
NCT02702414

Phase 2
2nd

N = 104 previously treated 
with Sorafenib; 
Child-Pugh class 
A; ECOG PS of 0 
or 1.

Pembrolizumab ORR: 18.3%; mPFS: 4.9 
months; mOS: 13.2 months.

Grade 3 trAEs: 
24%; Grade 4 
trAEs: 1%;

CheckMate 
040
(El-Khoueiry et 
al., 2017) [5]
NCT01658878

Phase 1/2
1st and 
more

N = 262 aHCC with or 
without HCV or 
HBV infection.
Previous sorafenib 
treatment was 
allowed.

Nivolumab ORR: 20% (All patients); 23% 
(uninfected untreated/intol-
erant), 21% (uninfected pro-
gressor), 20% (HCV infected), 
14% (HBV infected)

Dose-escalation 
phase: Grade 
3–4 serious 
trAEs:17%(0.1 mg/
kg), 11%(0.3 mg/
kg), 0(1 mg/
kg), 0(3 mg/kg), 
0(10 mg/kg), 4% 
(all patients);
Dose-expansion: 
Grade 3–4 
trAE:19%, serious 
trAEs: 4%

PD-1/PD-L1 inhibitor plus anti-VEGF
IMbrave150
(Finn et al., 
2020; Cheng 
et al., 2022) 
[12, 107]
NCT03434379

Phase 3
1st

N = 501
(336 vs. 165)

BCLC Stage A-C; 
ECOG PS of 0 or 1; 
Child-Pugh score 
of A.

Atezolizumab plus bevaci-
zumab vs. Sorafenib

mOS: 19.2 vs. 13.4 months, 
HR = 0.66 95% CI 0.52–0.85, 
descriptive p < 0.001;
mPFS: 6.9 vs. 4.3 months, 
HR = 0.65 95% CI 0.53–0.81, 
descriptive p < 0.001; ORR: 
30% vs. 11%

Grade 3–4 trAE: 
43% vs. 46%; 
serious trAE: 23% 
vs. 16%

ORIENT-32 
(Ren et al., 
2021) [110]
NCT03794440

Phase 2-3
1st

N = 595
(Phase 2: 24; 
Phase 3: 380 vs. 
191)

BCLC Stage B/C; 
ECOG PS of 0 or 1; 
Child-Pugh score 
of B7 or less.

Sintilimab plus IBI305 vs. 
Sorafenib

Phase 3 part: mPFS: 4.6 
months vs. 2.8 months 
HR = 0.56; 95% CI 0.46–0.70; 
p < 0.001.
mOS: not reached vs. 10.4 
months, HR = 0.57; 95% CI 
0.43–0.75; p < 0.001.
ORR: 21% vs. 4%.

Phase 2 part: 
grade 3–4 
trAEs:29%; serious 
trAEs: 25%
Phase 3 part: 
grade 3 trAEs:34% 
vs. 36%;
Serious trAEs:17% 
vs. 10%.

Table 3 (continued) 
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Clinical trial
(Author, 
year)
NCT number

Phase
Line

Patient number
(Treatment vs.
comparator)

Target population Treatment vs.
Comparator

Key outcomes (RECIST v1.1 
criteria)

≥ 3 grade AEs

GO30140
(Lee et al., 
2020) [15]
NCT02715531

Phase 1b
1st

N = 223
(Group A: 104; 
Group F: 60 vs. 
59)

ECOG PS of 0 or 
1; BCLC A4, B, C; 
group A: Child-
Pugh score up to 
B7; group F: Child-
Pugh score of A.

Group A: Atezolizumab plus 
bevacizumab vs. Bevacizumab
Group F: Atezolizumab plus 
bevacizumab vs. Atezolizumab

Group A: ORR: 36%;
Group F: mPFS: 5.6 vs. 3.4 
months; HR = 0.55, 80% CI 
0.40–0.74, p = 0.011; ORR: 
20% vs. 17%

Group A: serious 
trAEs:24%; group F: 
serious trAEs: 25% 
vs. 10%

PD-1/PD-L1 inhibitor plus TKI
CARES-310 
(Qin et al., 
2023) [112]
NCT03764293

Phase 3
1st

N = 543
(272 vs. 271)

BCLC Stage B/C; 
ECOG PS of 0 or 1; 
Child-Pugh score 
of A.

Camrelizumab plus rivocera-
nib vs. Sorafenib

mPFS: 5.6 months vs. 3.7 
months; mOS: 22.1 months 
vs. 15.2 months; ORR: 25% 
months vs. 6%

Grade ≥ 3 trAEs: 
80.9% vs. 52.4%

LEAP-002 
(Finn et al., 
2022) [113]
NCT03713593

Phase 3
1st

N = 794
(395 vs. 399)

BCLC Stage B/C; 
ECOG PS of 0 or 1; 
Child-Pugh score 
of A.

Lenvatinib plus pembrolizum-
ab vs. Lenvatinib plus placebo

mOS: 21.2 vs. 19.0 months, 
HR = 0.840, 95% CI 
0.708–0.997, p = 0.0227
mPFS: 8.2 vs. 8.0 months, 
HR 0.867, 95% CI 0.734–
1.024, p = 0.0466
ORR: 26.1% vs. 17.5%

Grade 3–5 trAE: 
62.5% vs. 57.5%

COSMIC-312 
(Kelly et al., 
2022) [114]
NCT03755791

Phase 3
1st

N = 837
(432 vs. 217 vs. 
188)

BCLC Stage B/C; 
ECOG PS of 0 or 1; 
Child-Pugh score 
of A.

Cabozantinib plus atezoli-
zumab vs. Sorafenib vs. 
Cabozantinib

mPFS at final analysis: 6.8 
months (Cabozantinib + At-
ezolizumab), 4.2 months 
(Sorafenib), HR = 0.63; 99% 
CI 0.44–0.91, p = 0.0012
mOS at interim analysis: 
15.4 months (Cabozan-
tinib + Atezolizumab),15.5 
months (Sorafenib), 
HR = 0.90; 96% CI 0.69–1.18, 
p = 0.44
mPFS at interim analysis: 
5.8 months (Cabozantinib), 
4.3 months (Sorafenib), 
HR = 0.71, 99% CI 0.51–1.01, 
p = 0.011

Grade 3 trAE: 51% 
vs. 30% vs. 52%;
grade 4 trAE: 3% vs. 
2% vs. 3%;
serious trAE: 18% 
vs. 8% vs. 13%.

RESCUE (Xu 
et al., 2021) 
[111]
NCT03463876

Phase 2
2nd

N = 120
(First line: 70; 
second line: 120)

BCLC Stage B/C; 
ECOG PS of 0 or 1; 
Child-Pugh score 
of A.

Camrelizumab plus apatinib ORR: 34.3% (first line), 
22.5% (second line); mPFS: 
5.7 months (first line), 5.5 
months (second line).

Grade 3–5 trAE: 
78.6% (first line), 
76.7% (second 
line), 77.4%(total);
Serious trAE: 32.9% 
(first line), 26.7% 
(second line), 
28.9% (total)

TIS plus LEN 
(Xu et al., 
2022) [115]
NCT04401800

Phase 2
1st

N = 64 BCLC Stage B/C; 
ECOG PS of 0 or 1; 
Child-Pugh score 
of A.

Tislelizumab plus lenvatinib ORR: 38.7%; mPFS: 9.6 
months

Grade ≥ 3 trAEs: 
28.1%, serious trAE: 
9.4%

KEYNOTE-524 
(Zhu et al., 
2020)
NCT03006926

Phase 1b
1st

N = 100 BCLC Stage B/C; 
ECOG PS of 0 or 1; 
Child-Pugh score 
of A.

Lenvatinib plus 
pembrolizumab

ORR: 36%; mPFS:8.6 
months; mOS: 22.0 months

Grade ≥ 3 trAEs: 
67%, serious trAE: 
36%

Table 3 (continued) 



Page 15 of 22Zhang et al. Biomarker Research           (2024) 12:26 

Conclusions and perspectives
Systemic therapy using PD-1/PD-L1 inhibitors has been 
shown to be effective in treating HCC; however, this 
treatment is only beneficial to a subset of patients. There-
fore, biomarker analysis is crucial for identifying indi-
viduals who will most likely respond to this treatment. A 
summary of the aforementioned biomarkers is shown in 
Fig. 1 and Supplementary Table 1.

Despite the importance of biomarkers in HCC, their 
use faces several challenges. First, the methods used for 
immunotherapy lack uniformity. As more studies com-
bine PD-1/PD-L1 inhibitors with TKI/VEGF therapy, 
the underlying mechanisms and effectiveness may vary. 
Second, although some cases of HCC can be diagnosed 
through imaging, pathological tissue may not be avail-
able in all cases, thus increasing the difficulty of analyzing 

the immune microenvironment. Limited biomarkers are 
available for dynamic monitoring, and data are scarce for 
adjusting treatment after drug resistance.

With continued advances in research on HCC immu-
notherapy, mainly through extensive sample studies and 
subsequent subgroup analyses, biomarkers will hope-
fully become more widespread, which will allow for ear-
lier identification of the target population. In the future, 
cutting-edge non-invasive monitoring methods (such 
as ctDNA), imaging parameters (such as PET/CT), and 
multi-dimensional information from artificial intelli-
gence radiomics and single-cell sequencing sources may 
help us to comprehensively understand the mechanisms 
behind HCC immunotherapy response and the causes of 
drug resistance. These findings will ultimately result in 
more tailored treatment options.

Clinical trial
(Author, 
year)
NCT number

Phase
Line

Patient number
(Treatment vs.
comparator)

Target population Treatment vs.
Comparator

Key outcomes (RECIST v1.1 
criteria)

≥ 3 grade AEs

PD-1/PD-L1 inhibitor plus CTLA-4 inhibitor
HIMALAYA 
(Abou-Alfa et 
al., 2022) [19]
NCT03298451

Phase 3
1st

N = 1171
(393 vs. 389 
vs.389)

BCLC Stage B/C; 
ECOG PS of 0 or 1; 
Child-Pugh score 
of A.

Single Tremelimumab Regular 
Interval Durvalumab (STRIDE) 
vs. Durvalumab vs. Sorafenib

mOS: 16.43 vs. 16.56 vs. 
13.77 months (STRIDE vs. 
Sorafenib: HR = 0.78, 96.02% 
CI, 0.65–0.93; Durvalumab 
vs. Sorafenib: HR = 0.86, 
95.67% CI, 0.73–1.03)
mPFS: 3.78 vs. 3.65 vs. 
4.07 months (STRIDE vs. 
Sorafenib: HR = 0.78, 95% CI, 
0.65–0.93; Durvalumab vs. 
Sorafenib: HR = 0.86, 95% 
CI, 0.73–1.03);
ORR: 20.1% vs. 17.0% vs. 
5.1%

Grade 3–4 trAEs: 
25.8% vs. 12.9% vs. 
36.9%;
Serious trAEs: 
17.5% vs. 8.2% vs. 
9.4%

CheckMate 
040 (Yau et al., 
2020) [17]
NCT01658878

Phase 1/2
2nd

N = 148
(Arm A: 50; Arm 
B: 49; Arm C: 49)

BCLC Stage A/B/C; 
ECOG PS of 0 or 1; 
Child-Pugh score 
of A.

Arm A: Nivolumab 1 mg/kg 
plus ipilimumab 3 mg/kg Q3W 
(4 doses) followed by nivolum-
ab 240 mg intravenously Q2W; 
Arm B: Nivolumab 3 mg/kg 
plus ipilimumab 1 mg/kg Q3W 
(4 doses) followed by nivolum-
ab 240 mg intravenously Q2W; 
Arm C: Nivolumab 3 mg/kg 
Q2W plus ipilimumab 1 mg/
kg Q6W.

ORR: 32% (Arm A), 27% 
(Arm B), 29% (Arm C); 
mOS: 22.8 months (Arm A), 
12.5 months (Arm B), 12.7 
months (Arm C)

Grade 3–4 trAE: 
53% (Arm A), 29% 
(Arm B), 31% (Arm 
C)

PD-L1 inhibitor plus anti-VEGF and anti-TIGIT
MORPHEUS-
liver (Finn et 
al., 2023) [108]
NCT04524871

Phase 
1b/2
1st

N = 58
(40 vs. 18)

BCLC Stage B/C; 
ECOG PS of 0 or 1; 
Child-Pugh score 
of A.

Tiragolumab + Atezoli-
zumab + Bevacizumab vs. 
Atezolizumab + Bevacizumab

ORR: 42.5% vs. 11.1%; mPFS: 
11.1 vs. 4.2 months

Grade 3–4 trAEs: 
27.5% vs. 33.3%

Abbreviations: AFP, alpha-fetoprotein; AE, adverse event; aHCC, advanced hepatocellular carcinoma; BCLC, Barcelona clinic liver cancer; CI, confidence interval; 
CTLA-4, cytotoxic T lymphocyte–associated antigen 4; DCR, disease control rate; ECOG PS, ECOG Performance Status; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, 
hazard ratio; mOS, median overall survival; mPFS, median progression-free survival; ORR, objective response rate; PD-1, programmed death-1; PD-L1, programmed 
death-1; STRIDE, Single Tremelimumab Regular Interval Durvalumab; TIGIT, T cell immunoglobulin and ITIM domain; TKI, tyrosine kinase inhibitor; teAE, treatment-
emergent adverse event; trAE, treatment-related adverse event; VEGF, vascular endothelial growth factor

Table 3 (continued) 
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List of Abbreviations
18F-FDG  18F-fluorodeoxyglucose
68Ga-FAPI  68Ga-labeled FAP inhibitor
AFP  Alpha-fetoprotein
aHCC  Advanced hepatocellular carcinoma
ALBI  Albumin-bilirubin
Atezo/Bev  Atezolizumab and bevacizumab
BsAb  Bispecific antibody
CCF  ctDNA content fraction
cDC1  conventional DC 1
cfDNA  cell-free DNA
CNA  Copy number alteration
CNV  Copy number variation
CPS  Combined positive score
CR  Complete response
CRP  C-reactive protein
CTCs  Circulating tumor cells
ctDNA  circulating tumor DNA
CTLA-4  Cytotoxic T lymphocyte–associated antigen 4
CYT  Cytolytic Activity Score
CAFs  Cancer-associated fibroblasts
dNLR  derived neutrophil-lymphocyte ratio
ECOG  Eastern Cooperative Oncology Group
Gd-EOB-DTPA  Gadolinium ethoxybenzyl diethylenetriamine pentaacetic 

acid
EOB-MRI  Gd-EOB-DTPA-enhanced magnetic resonance imaging
HCC  Hepatocellular carcinoma
HPD  Hyperprogressive disease
ICI  Immune checkpoint inhibitor
IFN-γ  Interferon γ
IL-6  Interleukin-6
irAEs  immune-related adverse events
LDH  Lactate dehydrogenase
MRE  Magnetic resonance elastography
nsSNVs  nonsense single nucleotide mutations
ORR  Objective response rate
OS  Overall survival
PD-1  Programmed death-1

PD-L1  Programmed death ligand 1
PET/CT  Positron emission tomography-computed tomography
PFS  Progression-free survival
PG-SGA  Patient-generated subjective global assessment
PIVKA-II  Prothrombin induced by vitamin K absence-II
PLR  Platelet-to-lymphocyte ratio
PR  Partial response
RCTs  Randomized clinical trials
RLTCC  Ratio of lymphocyte to total cell count
SD  Stable disease
SDC  Stimulatory dendritic cell
STRIDE  Single Tremelimumab Regular Interval Durvalumab
TBS  Tumor burden score
TCGA-LIHC  The Cancer Genome Atlas Program Liver Hepatocellular 

Carcinoma 
TILs  Tumor-infiltrating lymphocytes
TIB  Tumor immune barrier
TIGIT  T cell immunoglobulin and ITIM domain
TKIs  Tyrosine kinase inhibitors
TMB  Tumor mutational burden
TME  Tumor microenvironment
Treg  Regulatory T cell
TPS  Tumor proportion score
VEGF  Vascular endothelial growth factor
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Fig. 1 The summary of the biomarkers in PD-1/PD-L1 inhibitor-based therapy in aHCC. Current studies on biomarkers are focused on the tumor microen-
vironment, tumor genomics, tumor clinical features, host clinical features, liquid biopsy, and gut microbiota. Abbreviations: AFP, alpha-fetoprotein; aHCC, 
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