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The article “NASH limits anti-tumour surveillance in
immunotherapy-treated HCC”, recently published in
Nature, reported that immune checkpoint inhibitors
(ICIs) are ineffective against non-alcoholic steatohepatitis
(NASH)-related hepatocellular carcinoma (HCC) in
NASH-HCC mouse model (1). Normally, CD8" T cells
are activated by the recognition of antigens presented on
major histocompatibility complex (MHC) class I molecules,
transforming into cytotoxic 1" cells, which attack cancer by
recognizing cancer antigens on the surface of cancer cells
via T cell receptors (2). The Nature article showed that
the number of ™ T cells, specifically, activated CD8" cells
(CD8PD-1" T cells), increased over time in the NASH
mouse model generated by a choline-deficient high fat diet
or western-style diet with trans- fat, compared with that in
mice fed with a normal diet (control group). Furthermore,
the anti-programmed cell death 1 (anti-PD-1) antibody was
shown to have no antitumor effect on HCC that appeared
in NASH, although it increased the number of CD8" T
cells, particularly CD8'PD-1" T cells, compared with the
control (1).

The investigation of the NASH mouse model showed
that the preventive administration of the PD-1 or
programmed death-ligand 1 (PD-L1) antibody increases
the number of activated CD8" T cells, thereby increasing
hepatocarcinogenesis. However, the PD-1/PD-L1 antibody
does not reduce the size and number of HCCs that have
already developed. Moreover, the anti-PD-1 antibody
has the survival-prolonging effect on HCC generated in
other hepatocarcinogenesis models, indicating that the
attenuation of the effect of the PD-1/PD-L1 antibody is a
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phenomenon specific to NASH-related HCC. Furthermore,
the depletion of CD8" T cells with anti-CD8 antibodies
has been shown to reduce the incidence rate of cancer due
to the anti-PD-1 antibody. Consequently, this indicates
that CD8" T cells were activated because NASH promotes
carcinogenesis in NASH-related HCC.

Similarly, single-cell RNA sequencing revealed that
activated CD8" T cells are increased in human HCC. The
activation markers, such as TOX and PD-1, are positively
correlated in mice and humans and showed that these
exhausted markers are also expressed in humans. Thus, a
similar phenomenon may occur in humans.

Due to the action of the immune surveillance mechanism
by CD8" T cells, cancer cells are usually eliminated by
CD8" T cells that have been presented with antigens in
the immune elimination phase (3), except for NASH.
However, the lack of this action in CD8" T cells activated
by NASH may increase carcinogenesis. In addition, the lack
of response to anti-PD-1 antibody administration may be
due to the increase in the number of activated T cells (that
do not recognize antigens) in the immune escape phase.
Furthermore, their findings showed that although the
administration of the anti-PD-1 antibody to mice induces
hepatocyte cell death and fibrosis, the fibrosis is improved
by the depletion of CD8" T cells. Therefore, hepatocyte
damage, hepatic fibrosis, and decreased antitumor immunity
occurred in NASH due to the expression of special resident-
like activated CDS8" cells (1) (Table 1).

Inada et al. previously reported a poor immune response
of NASH-related HCC to 16 tumor antigen peptides (4).
Their experiment against hepatitis B virus (HBV)-HCC in
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Table 1 Role of NASH-specific CD8" T cell
NASH mouse model

® CD8'PD-1*T cell is increased over time

e Hepatocyte damage/fibrosis is induced by TNF produced by CXCR6'FOXO1"" PD-1""CD8" T cell

e This resident like T cell is induced by IL-15

e Hepatocyte death is mainly induced by Fas ligand dependent apoptosis
NASH HCC mouse model

e CD8'PD-1*T cell is increased

e No tumor response to anti-PD-1 Ab

e HCC is induced by activated CD8" T cell (CXCR6'FOXO1"°" PD-1"""CD8" T cell)

e PD-1 antibody promotes HCC incidence through increased CD8"PD-1" T cell
NASH, non-alcoholic steatohepatitis; PD-1, programmed cell death 1; HCC, hepatocellular carcinoma.
Table 2 Overall survival in NAFLD-HCC vs. non NAFLD-HCC: results of 2 validation cohorts

Cohort 1 (n=130) Cohort 2 (n=118)
OS/patient background P value
NAFLD-HCC (n=13) Non NAFLD-HCC (n=117) NAFLD-HCC (n=11) Non NAFLD-HCC (n=107)
OS, months (95% Cl) 5.4 (1.8-9.0) 11.0 (7.5-14.5) 0.023 8.8 (3.6-12.4) 17.7 (8.8-26.5) 0.034
Country/region Australia, Germany, United States, Europe,
Italy, Switzerland Taiwan, Japan

Age 72.5+8.5 67.4+8.6 0.046 67.3+7.5 61.9+10.1 0.046
Child-Pugh Class A 6 (46%) 76 (65%) 0.229 11 (100%) 107 (100%)
Child-Pugh Class B 7 (54%) 41 (35%) 0 (0%) 0 (0%)
MVI 3 (23%) 57 (49%) 0.079 4 (36%) 30 (28%) 0.441
EHS 10 (77%) 78 (67%) 0.547 6 (54%) 43 (40%) 0.233

NAFLD, non-alcoholic fatty liver disease; HCC, hepatocellular carcinoma; NASH, non-alcoholic steatohepatitis; MVI, macrovascular inva-

sion; EHS, extrahepatic spread.

32 patients, hepatitis C virus (HCV)-HCC in 42 patients,
and NASH-HCC in 18 patients showed an immune
response of 68.8%, 76.2%, and 33.3%, respectively (4).
These results were in agreement with the findings of Pfister
et al. (published in Nature). Moreover, their data support the
findings of the present study.

In the clinical investigation, two validation cohorts were
analyzed. The first validation cohort with 130 cases reported a
median overall survival (OS) of 5.4 months for non-alcoholic
fatty liver disease (NAFLD)-related HCC and 11.0 months
for etiologies other than NAFLD. The other validation
cohort with 118 cases showed a median OS of 8.8 months for
NAFLD-related HCC and 17.7 months for etiologies other
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than NAFLD. These indicated poor response to the anti-
PD-1/PD-L1 antibody treatment for NAFLD-related HCC
(1able 2). Furthermore, multivariate analysis showed that
NAFLD-related HCC was an independent and significant
prognostic factor, with a hazard ratio of 2.6 (95% confidence
interval, 1.2-5.6; P=0.017) (1). Since NAFLD patients are
expected to increase rapidly worldwide, these findings raise
critical issues in clinical practice.

Moreover, Dudek er a/l. [same group of ref. (1)]
investigated the activation mechanism of the CD8" cells
in the NASH mouse model (5). They revealed that the
unconventionally increased CD8" T cells in the NASH
mouse model are resident-like CXCR6'CD8" T cells. The
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resulting phenomenon is that the suppression of FOXO1
expression by interleukin 15 first activates CXCR6"'CD8" T
cells, which are completely different from the conventional
CD8" T cells activated by recognizing antigens presented
on MHC class I molecules. In response to acetate released
from steatotic hepatocytes, the CXCR6™ CD8" T cells
produce tumor necrosis factor, which causes hepatocyte
damage by expressing intercellular adhesion molecule-1
in hepatocytes and adhering activated CD8" T cells to
hepatocytes. Furthermore, induced CXCR6"CD8" T cells
have been shown to cause hepatocyte death via Fas ligand-
dependent apoptosis (5).

Based on these, the decline in immune response or
surveillance function reported in the present study is likely
an important factor in NAFLD carcinogenesis. This is
in addition to the various factors currently considered to
be carcinogenic mechanisms of NASH-HCC, including
genetic and epigenetic mechanisms, microbiomes, metabolic
pathways, molecular signaling pathways, endocrine
pathways, and immunological pathways (6-8). Moreover,
NAFLD is known to exhibit not only carcinogenesis from
liver cirrhosis (9) but also carcinogenesis at a mild stage of
fibrosis in approximately 25-50% of cases (10-12).

However, this article did not clarify the mechanism
for increased carcinogenesis due to the administration of
the anti-PD-1 antibody in the NASH mouse model and
mechanism by which activated CXCR6'CD8" T cells
promote carcinogenesis, which I hope will be further
examined in the future.

The IMbravel50 trial (13) reported hazard ratios of
0.58, 0.43, and 1.05 for HBV-HCC, HCV-HCC, and non-
viral HCC, respectively. Thus, the effect of atezolizumab
plus bevacizumab appears to be worse for non-viral HCC
than for viral-HCC. However, the actual OS is 17.0 and
19.0 months for non-viral HCC in the atezolizumab plus
bevacizumab group and HBV-HCC, respectively. Hence,
atezolizumab plus bevacizumab is considered to be fully
effective for non-viral HCC as a whole. In contrast, the
sorafenib group showed OS of 18.1, 12.4, and 12.6 months
for non-viral HCC, HBV-HCC, HCV-HCC, respectively.
A markedly good OS was observed for the non-viral HCC
group; hence, this is possibly the reason for a better OS
hazard ratio in the sorafenib group.

As mentioned above, carcinogenesis at a mild fibrosis
stage is common in NAFLD (10-12) unlike in viral etiology.
Many cases with fairly good conditions are found in the
non-viral group, which may be attributed to the good
prognosis with molecular target agents (and subsequent
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treatment). Additionally, it should be noted that non-viral
HCC includes many etiologies other than NAFLD, such
as alcoholic-related liver disease, autoimmune hepatitis,
primary biliary cholangitis, and cryptogenic cirrhosis.
Immunotherapy was reported to be ineffective in the
NAFLD model; therefore, it is not accurate to conclude
that immunotherapy is ineffective in non-viral HCC as
a whole. Furthermore, most of patients of the validation
cohorts in this study were treated with the PD-1/PD-L1
antibody monotherapy (14). Therefore, conclusions on the
effects of combination immunotherapy on NASH-HCC,
including atezolizumab plus bevacizumab, (15) must be
drawn with sufficient data collected in clinical practice.

The current points of view on the effect of
immunotherapy on NASH-HCC are: (I) ICIs may have no
effect on pure NASH-HCC, likely because of the decrease
in the immune response of CD8" T cells to tumor antigens
and absence of immune surveillance mechanism. (IT)
Although Pfister et 4/. (article published in Nature) examined
this point from various angles, it did not clarify the presence
or absence of the effect of combination immunotherapy,
which needs further examination. (IIT) NASH-HCC based
solely on clinical diagnosis may not be pure NASH-HCC
because a definite diagnosis of NASH-HCC is challenging
without pathological diagnosis. (IV) Clinical diagnosis of
NASH-HCC alone and not administering atezolizumab
plus bevacizumab may be disadvantageous to the patients.
Therefore, it is important to initiate treatment with
atezolizumab plus bevacizumab and switch to second-line
treatment immediately after it is found ineffective. In this
regard, it is essential to keep in mind that NAFLD-related
HCC may have a lack of response to immunotherapy at the
start of treatment.
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