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Background and Aim: Immune checkpoint inhibitors (ICls) have been widely used in
hepatocellular carcinoma (HCC), while only a subset of patients experience clinical benefit.
We aimed to investigate the effects of viral etiology on response to ICIs in HCC and depict
the tumor immune microenvironment (TIME) of virally infected and uninfected HCC.

Methods: A systematic search was conducted in PubMed, Web of Science, Embase,
and the Cochrane central register of controlled trials up to August 2021. Clinical trials
reporting the efficacy of ICls in HCC were eligible. Baseline characteristics including first
author, year of publication, National Clinical Trials (NCT) registry number, study region,
sample sizes, interventions, line of treatment, and viral status were extracted. Meta-
analysis was conducted to generate combined odds ratios (ORs) with 95% confidence
intervals (Cl) based on random or fixed effect model, depending on heterogeneity. Tumor
immune microenvironment was depicted using ESTIMATE and CIBERSORT algorithm.

Results: Eight studies involving 1,520 patients were included. Combined data suggested
that there was no significant difference of objective response rate (ORR) between virally
infected HCC and non-viral HCC patients [OR = 1.03 (95% Cl, 0.77-1.37; I° = 30.9%,
py = 0.152)]. Similarly, difference was not observed on ORR between HBV-HCC and
HCV-HCC patients [OR = 0.74 (95% Cl, 0.52—1.06; I = 7.4%, py = 0.374)]. The infiltration
of immune cells in the tumor microenvironment did not differ by etiology except for MO
macrophages, M2 macrophages, regulatory T cells, naive B cells, follicular helper T cells,
activated dendritic cells, activated mast cells, and plasma cells. Despite differences in
infiltration observed in specific cell types, the immune score and stromal score were
generally comparable among etiology groups.

Conclusion: Viral etiology may not be considered as the selection criteria for patients
receiving ICls in HCC, and viral status has little impact on TIME remodeling during
HCC tumorigenesis.

Keywords: viral status, immune checkpoint inhibitor, tumor microenvironment, hepatocellular carcinoma,
meta-analysis
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INTRODUCTION

Hepatocellular carcinoma (HCC) is ranked as the sixth most
frequent malignancy, and the third most common cause of
cancer-related mortality worldwide (1). Hepatic resection
remains the major treatment option for early-stage HCC
patients with well-preserved liver function. Sorafenib, a
multityrosine kinase inhibitor (mTKI) that targets serine-
threonine kinases Raf-1 and B-Raf, vascular endothelial growth
factor receptors (VEGFRs), and other kinases including platelet-
derived growth factor receptor B (PDGFR-B), has been
considered the mainstay of treatment for advanced
hepatocellular carcinoma (aHCC) in the past decade (2, 3).
The treatment landscape of aHCC has changed dramatically
over the past few years with the advent of immune checkpoint
inhibitors (ICIs). Combination of atezolizumab with
bevacizumab is now considered the standard of care for aHCC
patients as the first-line treatment (3). Currently, the
combination of different ICIs or ICI-based combination with
mTKIs or antiangiogenic monoclonal antibodies are under
exploration and may further revolutionize the first-line
treatment scenario (4, 5). On the other hand, even though dual
VEGEF/PD-L1 blockade nearly doubled the objective response
rate (ORR) of ICI monotherapy, still more than half of the
patients did not respond (6). Therefore, it is of utmost
importance to identify the subsets of HCC that are most likely
to benefit from immunotherapies.

Approximately 13% of new cancer cases worldwide are
associated with infections (7). It appears that viral-associated
carcinoma has distinct biological and clinical features compared
with viral-independent tumors. Previous studies revealed that
human papillomavirus (HPV)-positive head and neck squamous
cell carcinoma (HNSCC) presents a higher response rate and
more lymphocyte infiltration than HPV-negative HNSCC (8-
10). The etiology of HCC varies substantially by geographic
region. Globally, approximately 54% cases of HCC are attributed
to chronic hepatitis B virus (HBV) infection, especially in Asia
and sub-Saharan Africa (11), while chronic hepatitis C virus
(HCYV) infection is likely the predominant cause of HCC in Italy
and Japan (1). Hepatitis viral infection disrupts normal signaling
pathways; leads to sustained hepatic inflammation, fibrosis,
and aberrant hepatocyte regeneration; and exerts complex
biological effects on the tumor microenvironment (TME) (12).
It is still controversial whether there is a difference in clinical
response rate for ICIs between HBV- and HCV-associated HCC.
Some reported that responses occurred regardless of HCC
etiology, while some others demonstrated that clinical activity
was observed predominantly in uninfected or HCV-infected
cohorts (13, 14).

The efficacy of immunotherapies is attuned by multiple
immunosuppressive signals within the TME (15). Therefore,
there exists intense interest in uncovering the underlying
mechanisms leading to the immunosuppressive milieu. With
the widespread use of high-throughput omics data, it is now
possible to take an in-depth view of the global gene expression
pattern and its involvement in HCC tumorigenesis and

progression (16). Computational algorithms, including
CIBERSORT and ESTIMATE, have also been developed for
assessments on abundance of infiltrated immune cells based on
gene expression profiles (14, 15). Altogether, these techniques
provided reliable and economical methods to depict detailed
tumor immune microenvironment (TIME) landscape.

HCC remains an extremely lethal disease worldwide, with
poor prognosis and limited therapeutic options for patients in
advanced stage (17). The mechanisms by which chronic hepatitis
induces HCC may differ by etiology, and it remains unclear
whether HCC etiology may be considered as selection criteria for
immunotherapy. To our knowledge, this is the first study that
conducted a comprehensive analysis on the etiology of HCC and
the efficacy of ICIs. The current study first conducted a meta-
analysis to investigate effects of viral etiology on response to ICIs
in HCC. The TIME of virally infected and uninfected HCC was
further depicted using bioinformatic methods.

MATERIALS AND METHODS

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) statement guidelines to
design, analyze, and report our meta-analytic findings (18).

Data Source and Searching Strategy

Online databases including PubMed, Web of Science, Embase,
and the Cochrane central register of controlled trials were
systematically reviewed up to August 2020. Meeting abstracts
from European Society for Medical Oncology (ESMO),
American Society of Clinical Oncology (ASCO), and American
Association of Cancer Research (AACR) from 2015 onwards
were also reviewed. Related studies were identified using the
following terms, including hepatocellular carcinoma, immune
checkpoint inhibitors, nivolumab, pembrolizumab,
atezolizumab, avelumab, camrelizumab, SHR-1210, and
durvalumab. Detailed searching strategy is presented in
Supplementary Table S1. Additional papers were identified by
a manual search of the references from the eligible articles.

Criteria for Inclusion and Exclusion

The inclusion criteria were as follows: (i) clinical trials including
anti-programmed cell death-1 (anti-PD-1)/programmed death-
ligand 1 (PD-L1) monotherapy or in combination with other
monoclonal antibodies (e.g., anti-CTLA-4 antibodies, anti-
VEGER antibodies) or TKIs; (ii) articles in English and present
the data for any of the efficacy outcomes including ORR,
complete response (CR), partial response (PR), stable disease
(SD), progression of disease (PD), disease control rate (DCR),
progression-free survival (PFS), and overall survival (OS). We
did not apply any restrictions on phase of study, line of
treatment, treatment duration, or drug dosage. Studies were
excluded if they were (i) studies on conditions other than
HCC, (ii) studies including combination therapies other than
above mentioned, (iii) sharing the same participants completely
or partially, and (iv) preclinical studies or case reports.
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Data Extraction and Quality Assessment
Included trials were reviewed in detail, and data extraction were
independently performed by two investigators (ZD and LY).
Disagreements were resolved by discussion and consensus with a
third author (ZD). The following information including first
author, year of publication, National Clinical Trials (NCT)
registry number, study region, sample sizes, interventions, line
of treatment, and viral status were extracted. Quality of eligible
studies were assessed using a 20-criterion quality appraisal
checklist reported previously (19). Criteria regarding study
design, demographic characteristics, intervention, follow-up
and outcomes, competing interest, and sources of financial
support were incorporated in the checklist.

Bioinformatics Analysis

Gene expression data and corresponding clinicopathological
information of 729 HCC samples (GSE9843, GSE78737,
GSE107170, and GSE121248) were acquired from The Cancer
Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/
repository) and Gene Expression Omnibus (GEO) (https://
www.ncbi.nlm.nih.gov/geo) databases. Viral statuses in TCGA-
LIHC cohort were extracted from the supplemental material
from the TCGA-LIHC marker paper (20). The fragments per
kilobase million (FPKM) values of TCGA-LIHC datasets were
transformed into transcripts per kilobase million (TPM) as
previous described, which was believed to be identical to those
from microarrays (21). Single-sample gene-set enrichment
analysis (ssGSEA) is a unique GSEA method used to calculate
separate enrichment scores for each sample (22). The infiltration
level of different immune cell types in HCC samples was
quantified using ssGSEA based on 29 immune-associated gene
sets reported previously (23). The immune score, stromal score,
and ESTIMATE score of each single HCC sample were estimated
using the ESTIMATE algorithm to validate the effect of ssGSEA
immune clustering (24). CIBERSORT deconvolution algorithm
was then utilized to precisely measure the fractions of 22 human
immune cell subsets in HCC samples (25).

Statistical Analysis

The association between viral status and response to ICIs in HCC
was assessed by odd ratios (ORs) with an estimate of 95% Cls. A
synthesized OR >1 suggests a higher response rate to ICIs.
Heterogeneity was measured by the Cochran Q statistic and
the I? statistic [100% (Q — df)/Q]. The p-value for heterogeneity
was represented as py. Random-effects model will be utilized
once the I? >50% and reach statistical significance. Otherwise, the
fixed-effects model was used to generate the pooled meta-
analysis. In addition, Labbe’ plot and Galbraith plot were
generated to visually evaluate the heterogeneity among studies.
The influence of a single study on the overall meta-analysis
estimate was investigated by metainf Stata command.
Publication bias was assessed by inspecting the symmetry of
the funnel plot and tested with Egger’s test. All the statistical
analysis conducted in the current meta-analysis were performed
by STATA version 12.0 (Stata Corporation, College Station, TX).

RESULTS
Study Selection

A total of 1,485 articles were retrieved based on the search terms
given above, among which 181 duplicated records were removed.
After initial screening, 1,259 articles not relevant to our study were
removed. In total, 45 studies were eligible for a full-text assessment,
of which 37 were removed, as they were trail protocol (n = 16),
studies sharing the same participants (n = 5), or studies lack of
sufficient data (n = 16). Finally, 8 studies with 1,520 patients were
included for meta-analysis, among which 7 were early phase trails
and 1 was phase III randomized controlled trial (RCT) (Figure 1)
(6, 13, 14, 16, 26-29). These included studies were trails on anti-
PD-1/L1 monotherapy (nivolumab, pembrolizumab, and
durvalumab), anti-PD-1/L1 combined with anti-CTLA-4
(tremelimumab and ipilimumab), and anti-PD-1 in combination
with anti-VEGFR therapy (atezolizumab plus bevacizumab)
Table 1. In the study conducted by Kelly et al.,, patients were
treated with different immunotherapy agents, and we considered
each to be a single study arm and analyzed it accordingly (16).

Viral Status Has no Impact on Response

to Immunotherapy

We first investigated the impact of viral etiology on the efficacy of
immunotherapy; primary endpoint was ORR. It was demonstrated
that no significant difference of ORR was observed between virally
infected HCC and non-viral HCC patients [OR = 1.03 (95% CI,
0.77-1.37), Figure 2], without significant heterogeneity among
studies (I” = 30.9, pyy = 0.152). The funnel plot, sensitivity analysis,
LADbbe’ plot, and Galbraith plot were further conducted, and no
possible heterogeneity was observed (Supplementary Figures
S1A-D). Fixed-effects meta-analysis was subsequently utilized to
estimate the difference of ORR between HBV-HCC and HCV-
HCC. The overall OR was 0.74 (95% CI, 0.52-1.06; I* = 7.4%, pu=
0.374, Figure 3), suggesting no difference on response rate between
HBV-HCC and HCV-HCC patients. Although the funnel plot was
visually asymmetrical, no publication bias was observed (Egger’s
test, p = 0.988, Supplementary Figure S2A). According to
sensitivity analysis, LAbbe” plot, and Galbraith plot, there was
little heterogeneity among the studies (Supplementary Figures
S$2B-D).

Impact of Viral Status on HCC
Microenvironment

We analyzed the immune cell composition of the TME to further
depict the global immune infiltration landscape in HCC with
different etiology. Among the three subgroups, patients in the
HBV-HCC group were characterized by a significantly higher
percentage of MO macrophages, activated dendritic cells, and
activated mast cells. The HCV-HCC group was marked by
higher percentage of naive B cells, plasma cells, follicular helper
T cells, and regulatory T cells. The non-viral HCC group exhibited
a significant increase in the infiltration of M2 macrophages
(Figure 4). The ESTIMATE algorithm was utilized to
quantitatively evaluate the TIME in HCC subgroups. The
stromal score stands for tumor matrix components. The higher
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Records identified through
database searches
(n=1478)

Records identified through
manual check
(n=7)

I |

181 excluded
(duplicate records)

A4

A4

| 1304 records screened |

1259 excluded
(not relevant to our study)

A

| 45 Full-text articles reviewed for eligibility |

37 excluded for:
* Trail protocol (n=16)
»| « Studies sharing the same
participants (n=5)
« Lack of sufficient data (n=16)

A 4
8 included for meta-analysis:

* Early phase studies (n=7)

* RCT phase IIl studies (n=1)

FIGURE 1 | Flow diagram for study selection.

TABLE 1 | Basic characteristics of eligible studies.

Study Year Region No.of Study Registration Intervention Line of Treatment Phase of HCC Etiology
Pts No. Study
HBV HCV Uninfected
El-Khoueiry etal. 2017 Global 262 NCT01658878 Nivolumab Second line il 66 60 136
(26)
Kelley et al. (16) 2021 Global 332 NCT02519348 Durvalumab plus Second line il 123 95 114
Tremelimumab
Yau et al. (13)2 2020 Global 148 NCT01658878 Nivolumab plus Ipilimumab Second line il 75 33 33
Feun et al. (14) 2019 USA 29 NCT02658019 Pembrolizumab Second line 1 5 9 15
Lee et al. (27) 2020 Global 104 NCT02715531 Atezolizumab plus First line b 51 31 22
Bevacizumab
Zhu et al. (28) 2018 Global 104 NCT02702414 Pembrolizumab Second line Il 21 26 57
Finn et al. (6) 2020 Global 501 NCT03434379 Atezolizumab plus First line Nl 240 108 153
Bevacizumab
Wainberg et al. 2017 Global 40 NCT01693562 Duralumab Second line il 9 8 21
(29

ASeven patients overall were reported as having both HBY and HCV infection.
bOne HBV-positive patient was non-response evaluable.

the score, the more the matrix around the tumor, while theimmune
score is closely related to the degree of immune cell infiltration.
Although differences in infiltration level were observed in specific
cell types, the immune and stromal scores were generally
comparable among etiology groups, suggesting that viral
infection had minimal impact on tumor microenvironment
remodeling during HCC tumorigenesis (Figure 4).

Publication Bias and Sensitivity Analysis
Egger’s s linear regression test was conducted to examine potential
publication bias. No publication bias among included studies were
observed (Table 2). Besides, funnel plots were generated for
visually assessing publication bias (Supplementary Figures S1A
and S2A).

DISCUSSION

ICIs have been used in a wide range of previously untreatable
malignancies including viral-associated cancers such as HCC
and HNSCC (6, 30). Interestingly, it is observed that some
patients with specific viral etiology are more likely to benefit
from immunotherapies. A previous study reported that the OS
almost doubled in HPV-positive HNSCC compared with HPV-
negative patients (31). This is partly because of the synthesis of
E6 and E7 oncoproteins in HPV-positive patients that make
tumor cells extremely detectable to the immune system (32). A
recent pan-cancer analysis of over 10,000 samples from 23 cancer
types revealed a significantly higher infiltration of B cells, CD4,
and CD8 T cells in HPV-positive HNSCC than HPV-negative
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e

Study %
D OR (95% Cl) Weight
2 )
El-Khoueiry AB et al 2017 — 0.71(0.36,1.41)  21.83
Wainberg ZA et al 2017 ;-— 1.27 (0.16, 10.07) 1.76
Zhu AX et al 2018 _— 0.58 (0.19,1.77)  9.54
Feun LG et al 2019 _— 1.08 (0.20, 5.87) 2386
Lee MS et al 2020 | —— 3.03(0.94,9.76)  4.19
Yau T et al 2020 e 2.80(1.00,7.86) 568
Finn RS et al 2020 —— 069 (0.42,1.15)  39.16
Kelly RK et al 2021 T300+D — 0.85(0.28,253) 768
Kelly RK et al 2021 T R 147 (0.36,591)  3.85
Kelly RK et al 2021 D —_— 0.68 (0.11,4.40)  2.84
Kelly RK et al 2021 T75+D 10.56 (0.59, 189.77) 0.61
Overall (-squared = 30.9%, p = 0.152) 1.03 (0.77,1.37) 100.00
T T
.00527 1 190
FIGURE 2 | Pooled odds ratio of response rate between virally infected and uninfected HCC.
Study %
D OR (95% ClI) Weight
El-Khoueiry AB et al 2017 _ml 064 (0.22,1.83)  12.16
Wainberg ZA et al 2017 - 0.14 (0.01,334)  3.49
Feun LG et al 2019 10.00 (0.40, 250.42) 0.31
Lee MS et al 2020 Bu 0.47 (0.19,1.17) 1852
Yau T et al 2020 m_ N 0.68 (0.29,1.60)  17.47
Finn RS et al 2020 V —oj] 1.10 (0.58,2.08) 2555
Kelly RK et al 2021 T300+D -__._.— 057 (0.15,221) 768
Kelly RK et al 2021 T —:—— 0.67 (0.15,293) 591
Kelly RK et al 2021 D 5.86 (0.29, 120.11)  0.70
Kelly RK et al 2021 T75+D L 0.25(0.05,1.35) 822
Overall (l-squared = 7.4%, p = 0.374) 0.74 (0.52, 1.06) 100.00

00399

-

FIGURE 3 | Forest plot of response rate in virally infected HCC stratified by etiology.

250

HNSCC (10). Besides, bioinformatic analysis of TCGA datasets
indicated an increased cytolytic activity in EBV-positive stomach
cancer and HPV-positive HNSCC, urothelial cancer, and cervical
cancer (33). These observations suggest that proteins from
oncogenic viruses may act as immunogenic neoantigens and is
associated with an elevated immune response.

Unlike other human malignancies, the etiological factors of
HCC are well established and vary substantially by geographical
regions. HBV infection and aflatoxin exposure are likely the
predominant causes in Asia and Africa (34, 35), while HCV,
alcoholism, and non-alcoholic fatty liver disease (NAFLD)
represent major risk factors in other areas of the world, and the

latter has become an emerging risk factor for HCC over the past
decade (1, 36). Currently, 3.5% of the global population is
chronically infected with HBV, up to 40% of which will
eventually develop HCC (34). On the other hand, it is estimated
that at least 3.5 million people are currently infected with HCV in
the United States, and 20% of liver cancer mortality worldwide is
associated with HCV infection (37, 38). Chronic hepatitis, either
caused by HBV, HCV, or non-alcoholic steatohepatitis (NASH),
leads to an immunosuppressive intrahepatic microenvironment,
which is marked by an increased expression of inhibitory receptors
on the surface of cytotoxic T cells (39). Blockage of these inhibitory
receptors and their legends may, on the one hand, reinvigorate

Frontiers in Immunology | www.frontiersin.org

September 2021 | Volume 12 | Article 733530


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Ding et al.

Viral Status and Immunotherapy

75

5.0 0 . o

i

Scale of fraction

10.00 * ns * ns oNs ns ns ** * ns ns

ICl cluster E9 HBV E3 HCV E3 uninfected

FIGURE 4 | The fraction of tumor-infiltrating immune cells in HCC stratified by etiology. ns, not significant *p < 0.05; **p < 0.01; **p < 0.001.

TABLE 2 | Egger’s publication bias test.

Outcomes No. of study No. of patients p for bias 95% CI for bias
Virally infected HCC vs uninfected HCC 8 1,296 0.080 -0.204, 2.694
HBV-HCC vs HCV-HCC 7 771 0.988 —-1.739, 1.763

Cl, confidence interval; HCC, hepatocellular carcinoma; HBV, hepatitis B virus;, HCV, hepatitis C virus.

tumor-specific T-cell immunity; on the other hand, restore
antiviral intrahepatic T-cell responses.

The efficacy of systematic therapy might be affected by
different underlying HCC etiologies, with diverse intrahepatic
tumor microenvironments distinctly regulating HCC
tumorigenesis and immune response. It is still presently
controversial whether these etiological differences of oncogenic
mechanisms result in difference in response to HCC
immunotherapy (40). Different from other viral-associated
cancers, responses to ICI were observed irrespective of etiology
in HCC. Early phase trails demonstrated that responses to ICls
were generally consistent across HBV-HCC, HCV-HCC, and
nonviral-HCC patients, even though the results were not
powered for statistical comparisons due to small subgroups (14,
26-28). In line with a previous study with relatively smaller
samples, we observed no significant difference in response
between virally infected HCC and nonviral-HCC patients (41).
Our further analysis suggested that response rates were similar in
HBV- and HCV-infected patients. Distinct from other viral-
associated malignancies, we observed no etiological difference in
the efficacy of immunotherapy in HCC, which may partly result
from the unique biological features of hepatitis virus. HBV and
HCV are non-cytopathic compared with other tumor-associated
viruses (42, 43). With the unique ability to integrate into the host
cell genome, persistent viral replication leads to continuous
necroinflammation, fibrosis, and aberrant hepatocyte
regeneration. High levels of virus and viral antigens together
with the naturally immune suppressive environment of the liver
contribute to an immunosuppressive tumor microenvironment.

We hypothesized that viral-associated HCC is driven by the
necroinflammation and cirrhosis due to persistent viral
replication, rather than virus-specific immune responses.

Recently, a study provided some new insights into HCC
immunotherapy. In this study, based on results from preclinical
tests, the authors indicated that tumor immune surveillance was
impaired in NASH-induced HCC because CD8+ T cells helped to
induce NASH-HCC, rather than invigorating or executing
immune surveillance. The authors further conducted a meta-
analysis that showed that NASH-HCC was more refractory to
ICIs than viral-HCC (44). However, these findings were based on a
retrospective study that included a small population of NASH-
associated HCC and different lines of treatment. Therefore,
additional studies are warranted to confirm the benefit of ICIs in
virally infected HCC patients.

The TME is typically a complex and heterogeneous ecosystem
with multiple interacting components. Effector cells including CD8
T cells, NK cells, and suppressive immune cells, such as Tregs, M2
macrophages, and myeloid-derived suppressor cells (MDSCs), are
the major components of TME. Immune and immunosuppressive
cells are abundant in HCC mellitus, balancing the cancer
immunity and regulating immune response (45). Generally,
macrophages consist of two polarization states, namely, M1
macrophages and M2 macrophages, which exhibit opposing
roles in HCC tumorigenesis. M1 macrophages, also known as
classically activated macrophages, exert antitumorigenic roles by
releasing toxic intermediates including reactive oxygen species
(ROS) and stimulating naive T cells to make a Thl/cytotoxic
response (46). In contrast, M2 macrophages are polarized by Th2
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cytokines and associated with cancer proliferation, angiogenesis,
and ECM remodeling (25). Tregs cells are the subset of CD4+ T
cells and characterized by the CD25 marker, which are known to
exert immunosuppressive effects, and the presence of Tregs is often
correlated with poor prognosis in HCC (47, 48). We found that
more Tregs were infiltrated in HCV-HCC than in HBV-HCC,
consistent with a previous study that demonstrated that Tregs were
significantly higher in HCV related HCC, especially in the
recurrence subset (49).

Characterizing the heterogeneous populations of tumor-
infiltrating immune cells in TME may help to deepen our
understandings of immune response in HCC tumorigenesis,
thus boosting the development of effective immunotherapy
(50). Computational algorithms including CIBERSORT and
ESTIMATE have been widely utilized to accurately calculate
the abundance of 22 immune cell types in TME using gene
expression matrix (24, 51). It has previously been demonstrated
that HCC etiology was not associated with the expression of
genes within a Th1/IFN-y-related immune signature, which may
be predictive of immunotherapy response (41). Here, we
demonstrated that specific immune cell types demonstrated
different infiltration level, even though no significantly
difference was observed in response to ICIs among HCC
patients with difference etiology. The reason for this disparity
is unclear, as TME remodeling during cancer progression is a
complex process that involves a variety of sophisticated
regulatory mechanisms, which may not only be determined by
a specific cell type. On the other hand, the infiltration of immune
cells in TME is calculated based on gene expression matrix using
imputation algorithm, which may not fully reflect the real state of
TME. TME is considered a complex milieu of intervention with
multiple interacting components. The 22 immune cell
phenotypes are only a tip of the iceberg, and large portions of
immune cells that exert distinct functions are still unknown.

The landscape of novel therapeutic agents and combinations
towards aHCC are quickly evolving in the past decade. Inspired
by the landmark results of the IMbravel50 Phase III trial,
immune-based combinations including durvalumab plus
tremelimumab, cabozantinib plus atezolizumab, lenvatinib plus
pembrolizumab, and nivolumab plus ipilimumab are under
assessment, which may further modify the therapeutic scenario
in patients with aHCC in the next 5 years (17, 52). The recent
ORIENT-32 study also reported an unprecedented benefit for
sintilimab plus bevacizumab biosimilar versus sorafenib
monotherapy in the first-line setting for Chinese patients with
aHCC (53). We suggest that further efforts should be oriented
towards the identification of potential populations who may
benefit from immunotherapy and thus help in guiding
individualized treatment. In addition, the clinicopathological
features of HCC varies among different patient populations.
For instance, patients with HBV-associated HCC in China are
characterized by younger age, poor ECOG performance status,
and increased risk of distant metastasis compared with patients
in western countries (53). Thus, additional studies using the real-
world data combined with clinical data from different endemic
areas are warranted to evaluate the efficacy and safety of ICI-
based immunotherapies.

Several limitations should be acknowledged in the current
study. First, the current meta-analysis only encompassed a total
of eight studies. In fact, the number of studies reported response
to ICIs stratified by etiology was relatively small, which may
compromise the credibility of the results. Second, most studies
included were early phase studies, and more RCT's were needed
for higher level evidence. Third, only ORR was illustrated to
define the response to ICI. Unfortunately, few studies included in
our meta-analysis differentiate between viral and non-viral HCC
when they reported OS or PES; therefore, our ability to distill
responses into viral etiology was limited. ORR is the only reliable
endpoint to generate statistically powerful meta-data based on
the available data. Forth, we failed to differentiate between
alcoholic liver disease and NAFLD or NASH in non-virally
infected subgroup due to limited data available. Last, the
findings from bioinformatics analysis warrant further
experimental validation.

Although previous study had investigated the ORR for PD-1/
L1 inhibitors in virally infected and uninfected HCC, the number
of articles included was relatively small (41). Besides, it has not
been well clarified previously whether there is a difference in
response to ICIs between HBV-HCC and HCV-HCC patients.
The current study comprehensively investigated the etiology of
HCC and the efficacy of ICIs and suggested that viral etiology
may not be considered as the selection criteria for patients
receiving ICIs. We further took an in-depth view of the
immune infiltration pattern and suggested that HCC etiology
did not have an apparent effect on TME remodeling, which
provide new sight for HCC immunotherapy.
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