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Immunotherapy with immune checkpoint inhibitors (ICIs) 
has been shown its benefit for patients with various types of 
cancers (1,2). Sahara et al. recently reported the utilization 
of immunotherapy in the United States among patients 
with hepatobiliary cancer in Hepatobiliary Surgery and 
Nutrition (3). In recent years, immunotherapy has become an 
increasingly popular choice for cancer patients. In practice, 
however, the choice is biased not only by the progression of 
the tumor stage, but also by patients' socioeconomic status. 
In other words, the choice of immunotherapy has not been 
sufficiently optimized.

There are two strategies crucial for the optimization 
of immunotherapy. The first strategy is biomarker-
based stratification of patients for optimal response to 
immunotherapy. Recent studies revealed that tumor 
microsatellite instability (MSI) status and tumor mutation 
burden (TMB) contribute significantly to the response 
to ICIs (1,4), which lead to the approval of the anti-
programmed cell death protein 1 (PD-1) monoclonal 
antibody (mAb) pembrolizumab for the treatment of 
advanced or recurrent MSI-high solid tumors that progress 
after conventional chemotherapies in 2017, and for the 
treatment of patients with unresectable or metastatic TMB-
high [≥10 mutations/mega base (Mut/Mb)] solid tumors in 
2020. However, the rate of MSI-high hepatobiliary cancer 
is remarkably low [0–2.9% in hepatocellular carcinoma 
(HCC) and 0–3% in biliary tract cancer] (4). In addition, 
recent studies reported that median TMB in HCC was  
2.6–5.48 Mut/Mb with 95% of cases having a TMB of  
<10 Mut/Mb, which indicates the limited value of TMB 

as a predictor of response to immunotherapy (5-7). 
Regarding the expression of programmed death ligand 1 
(PD-L1), unlike other solid tumors, a definite correlation 
between PD-L1 expression in tumor cells and responses 
to ICIs has not been demonstrated in HCC; however, PD-
L1 expression on tumor-associated macrophages may be 
helpful as indicators of immunotherapy for HCC (8,9).

The second strategy is to convert “immune-cold” 
tumors, which do not respond well to immunotherapy, into 
“immune-hot” tumors. Recently, Pfister et al. reported the 
possibility of limited efficacy of immunotherapy for non-
alcoholic steatohepatitis (NASH)-associated HCC (10). 
In mouse models mimicking NASH-induced HCC, anti-
PD-1 therapy expanded activated CD8+PD1+ T cells 
within tumors but did not achieve anti-tumor effects, 
which indicates that tumor immune surveillance was 
impaired in patients with NASH. In addition, a meta-
analysis of three randomized phase III clinical trials of anti-
PD-1 or anti-PD-L1 mAb for advanced HCC revealed 
that immunotherapy did not improve overall survival 
(OS) in patients with non-viral HCC {hazard ratio (HR) 
[95% confidence interval (CI)] =0.77 (0.63–0.94) in viral 
HCC vs. 0.92 (0.77–1.11) in non-viral HCC} (10). When 
the results of each clinical trial are examined in detail, in 
CheckMate-459 trial evaluating anti-PD-1 mAb nivolumab 
versus sorafenib as a first-line treatment in patients with 
unresectable HCC, median OS in non-viral HCC patients 
was 16.0 months in nivolumab vs. 17.4 months in sorafenib 
[HR (95% CI) =0.91 (0.72–1.16)], while those in hepatitis C 
virus (HCV)-HCC and hepatitis B virus (HBV)-HCC were 
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17.5 months in nivolumab vs. 12.7 months in sorafenib [HR 
(95% CI) =0.72 (0.51–1.02)] and 16.1 months in nivolumab 
vs. 10.4 months in sorafenib [HR (95% CI) =0.79 (0.59–
1.07)], respectively, suggesting that non-viral HCC may 
be less likely to respond to immunotherapy than viral 
HCC. In KEYNOTE-240 trial evaluating anti-PD-1 mAb  
pembrolizumab versus placebo, HBV-HCC patients 
in pembrolizumab arm showed significantly longer OS 
than those in placebo arm [HR (95% CI) =0.78 (0.61–
1.00)], while there was no cleat significant difference in 
OS between the two arms in non-viral HCC patients 
[HR (95% CI) =0.88 (0.64–1.20)]. On the other hand, 
in CheckMate-040 trial evaluating nivolumab plus 
anti-cytotoxic T lymphocyte antigen 4 (CTLA-4) 
mAb ipilimumab, there was no difference in median 
OS among the three groups of HBV-HCC, HCV-
HCC, and non-viral HCC [14.8 (9.1–20.2) months, 
18.8 (11.2–30.8) months, and 15.1 (11.7–18.9) months,  
respectively]. In IMbrave 150 study evaluating anti-PD-L1 
mAb atezolizumab + anti-vascular endothelial growth 
factor (VEGF) mAb bevacizumab versus sorafenib, the 
advantage of atezolizumab + bevacizumab in OS was not 
clear in non-viral HCC patients [median OS: 17.0 vs.  
18.1 months; HR (95% CI) =1.05 (0.68–1.63)], unlike HBV-
HCC patients [19.0 vs. 12.4 months; HR (95% CI) =0.58 
(0.40–0.83)] and HCV-HCC patients [24.6 vs. 12.6 months;  
HR (95% CI) =0.43 (0.25–0.73)]. However, in arm F of 
G030140 study evaluating atezolizumab + bevacizumab 
versus atezolizumab monotherapy, median progression-free 
survival in atezolizumab monotherapy group (n=59) was 3.4 
months, whereas that in atezolizumab + bevacizumab group 
(n=60) was 6.3 months [HR (80% CI) =0.49 (0.26–0.92)], 
which may suggest that anti-VEGF mAb may have an 
add-on effect to ICI monotherapy. In fact, recent studies 
have revealed the synergistic effects of anti-VEGF mAb 
and ICI (11). Anti-VEGF therapy increases intra-tumoral 
infiltration and survival of cytotoxic T cells through 
normalizing vascularization and modulating the immune 
microenvironment, thus acting synergistically with ICIs. 
Furthermore, recent studies have shown that thymocyte 
selection-associated high mobility group box protein (TOX) 
plays a pivotal role in developing and maintaining exhausted 
T cells. TOX reduces PD-1 degradation and promotes 
PD-1 translocation to the cell surface, thus maintaining 
high PD-1 expression at the cell surface of T cells (11). A 
recent report revealed that VEGF drives TOX-dependent 
T cell exhaustion; therefore, the combined blockade of 
PD-1/PD-L1 and VEGF pathways could synergistically 

restore the anti-tumor function of T cells.
Taken together, although it should be noted that the 

non-viral HCC group in these clinical trials described so far 
included not only NASH-HCC but also other populations 
such as alcohol-related HCC, NASH-HCC may be an 
“immune-cold” cancer that does not respond well to ICI 
monotherapy, but the combination of anti-VEGF mAb with 
ICI could turn it into an "immune-hot" cancer. In order to 
identify factors that predict response to immunotherapy, and 
to clarify whether immunotherapy is less effective in pure 
NASH-HCC than in viral-HCC, and whether anti-VEGF 
mAb or anti-CTLA-4 mAb in combination with anti-PD-1/
PD-L1 mAb can rescue it, it is necessary to accumulate and 
analyze real-world clinical data in the future.
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