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Impaired Response to Immunotherapy in Non-
Alcoholic Steatohepatitis-Related Hepatocellular 
Carcinoma

An article entitled “NASH Limits Antitumour Surveil-
lance in Immunotherapy-Treated HCC” was recently 
published in Nature [1]. This article presented shocking 
evidence that immune checkpoint inhibitors are ineffec-

tive in non-alcoholic steatohepatitis (NASH)-related he-
patocellular carcinoma (HCC) [1]. When antitumor im-
munity functions normally, CD8+ T cells are activated 
and become cytotoxic T lymphocytes (CTLs) upon rec-
ognition of antigens presented by major histocompatibil-
ity complex (MHC) class I molecules. Those CTLs recog-
nize cancer antigens on the surface of cancer cells through 
T cell receptors and attack the cancer (Fig. 1). The study 
in Nature showed that mice fed a choline-deficient high-
fat diet or Western-style diet with trans-fat to induce 
NASH (NASH mice) accumulated a higher number of 
CD8+ T cells (particularly activated CD8+ T cells) over 
time than control mice fed a normal diet. In addition, al-
though treatment with anti-PD-1 antibody caused a 
greater increase in these CD8+ T cells, particularly acti-
vated CD8+ T cells (CD8+PD-1+ T cells), than in untreat-
ed controls, the treatment did not reduce the number or 
size of tumors in NASH-related HCC [1].

Activated CD8+ T Cells Lack Immune Surveillance 
and Immune Responses to Cancer in NASH

This study of NASH mice also showed that prophylac-
tic treatment with anti-PD-1/PD-L1 antibody increases 
the number of activated CD8+ T cells as well as the rate of 
hepatocarcinogenesis, and that anti-PD-1/PD-L1 anti-
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body treatment does not reduce tumor size on MRI in 
mice that had already developed HCC. Anti-PD-1 anti-
body extends survival in non-NASH models of HCC car-
cinogenesis, suggesting that this weakened effect of anti-
PD-1/PD-L1 antibody is a phenomenon specific to 
NASH-related HCC. The study also showed that deple-
tion of CD8+ T cells by anti-CD8 antibody reduces the 
incidence of HCC and attenuates the increase in the inci-
dence of HCC caused by anti-PD-1 antibody. These find-
ings support that activation of CD8+ T cells in NASH pro-
motes carcinogenesis in NASH-related HCC. The same 
increase in activated CD8+ T cells occurs through a sin-
gle-cell RNA sequencing in human HCC, and is positive-
ly correlated with activation markers such as TOX and 
Pdcd1 (PD-1) in mice and humans. Expression of genes 
that serve as activation markers (exhausted markers) has 
also been observed in humans, indicating that a similar 
phenomenon may occur in human HCCs.

One explanation for the increased incidence of HCC 
in NASH could be that in the absence of NASH the im-
mune surveillance mechanism triggered by CD8+ T cells 
allows CD8+ T cells, which are constantly being presented 
with antigens in the immune elimination phase, to func-
tion in the elimination of cancer cells [2], whereas this 
function is missing in activated CD8+ T cells in NASH 
(Fig. 2, 3). Authors clearly showed intratumoral activated 
T cells are CXCR6+CD8+ T cells by in situ hybridization 
(extended data Fig. 2m, n in Pfister et al. [1]). Therefore, 
even in the immune escape phase, the number of activat-
ed T cells that do not recognize antigens increases, which 
presumably would render treatment with anti-PD-1 an-
tibody ineffective (Fig. 2, 3). The authors also showed that 

depletion of CD8+ T cells reduces hepatocyte damage and 
fibrosis induced by treating mice with anti-PD-1 anti-
body (Fig. 2). They showed that the hepatocyte damage, 
fibrosis, and reduced antitumor immunity that occur in 
NASH are attributable to the special resident-like acti-
vated CD8+ cells expressed in NASH [1].

Inada et al. [3] showed that patients with NASH-relat-
ed HCC have poor immune responses to 16 tumor anti-
genic peptides. They detected immune responses to these 
peptides in 68.8% of 32 patients with hepatitis B virus 
(HBV)-HCC, 76.2% of 42 patients with hepatitis C virus 
(HCV)-HCC, and 33.3% of 18 patients with NASH-HCC, 
demonstrating that the immune response to tumor anti-
gens is reduced in NASH-HCC [3]. These data support 
the findings on the same topic in the Nature article.

Meta-Analysis of Three Phase III Clinical Trials

Clinical evidence supports the authors’ findings. In 
several large phase III trials, namely the CheckMate 459 
trial [4], KEYNOTE-240 trial [5], and IMbrave150 trial 
[6], the overall survival (OS) hazard ratio (HR) in immu-
notherapy-treated patients was worse for HCC of non-
viral etiology than for that of viral etiology (e.g., HBV or 
HCV; non-viral OS HR = 0.92, HCV-HCC OS HR = 0.68, 
HBV OS HR = 0.64). A meta-analysis limited to the two 
first-line trials that used sorafenib as the comparator 
(CheckMate 459 trial and IMbrave150 trial) showed the 
same trend (non-viral OS HR = 0.94, HBV OS HR = 0.65, 
HCV OS HR = 0.60). 
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Fig. 1. Immune response in cancer. CD8+ T 
cells are activated and become CTLs upon 
recognition of cancer antigens presented 
by MHC class I on dendritic cells. CTLs 
recognize cancer antigens on the surface of 
cancer cells through T cell receptors and at-
tack the cancer. TCR, T cell receptor; MHC, 
major histocompatibility complex; TAA, 
tumor-associated antigen; DC, dendritic 
cell. Modified from Abbas et al. [20].
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Fig. 2. Immune surveillance and antitumor response are impaired/
lacking in CD8+ T cells (CXCR6+CD8+ T cell) in mouse models of 
NAFLD/NASH and NAFLD/NASH-related HCC. NAFLD, non-

alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; 
HCC, hepatocellular carcinoma.

Fig. 3. Cancer immunosurveillance (cancer immunoediting) is im-
paired in NAFLD/NASH-HCC. In NASH-HCC, CD8+PD-1+ T 
cells are not activated in a classical manner, i.e., activation via an-
tigen presentation by MHC class I. Therefore, in the immune elim-
ination phase, the CD8+PD-1+ T cell (CXCR6+CD8+ T cell) cannot 
eliminate the cancer cell since this CD8+ T cell cannot recognize 
the cancer antigen. Similarly, in the escape phase, since immune 

escape is not related to the PD-1/PD-L1 binding mechanism, the 
anti-PD-1 antibody is theoretically not effective for restoring anti-
cancer T cell activity. TAA, tumor-associated antigen; MHC, ma-
jor histocompatibility complex; MDSC, myeloid-derived suppres-
sor cell; Treg, regulatory T cells; MSC, mesenchymal stem cell; 
TAM, tumor-associated macrophage; CAF, cancer-associated fi-
broblast.
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Unlike the above analysis, two validation cohorts of real-
world patients restricted to non-alcoholic fatty liver disease 
(NAFLD)/NASH-HCC confirmed the results obtained in 
the NASH-HCC mouse model. In the 130 patients in the 
first validation cohort, the median OS was 5.4 months for 
NAFLD-related HCC versus 11.0 months for HCC of non-
NAFLD etiology; in the 118 patients in the other validation 
cohort, these figures were 8.8 months versus 17.7 months. 
These findings indicate that treatment outcomes for anti-
PD-1/PD-L1 antibody are poor in NAFLD-related HCC 
(Table 1). Multivariate analysis also identified NAFLD-re-
lated etiology as a significant prognostic factor based on its 
HR of 2.6 (95% CI 1.2–5.6, p = 0.017) [1]. The facts uncov-
ered in this Nature article pose a serious problem for clinical 
practice in light of projections that the prevalence of NAFLD 
will rapidly increase worldwide [7].

CD8+ T Cells in NASH Promote Hepatocyte Cell Death

Regarding the mechanism of liver injury in NASH, 
Wolf et al. [8] reported that NKT cells accumulating in 
NASH primarily cause steatosis via secreted LIGHT, 
while NKT cells and CD8+ T cells cooperatively contrib-
ute liver damage and hepatocarcinogenesis in a NASH 
mouse model, demonstrating that a distinct molecular 
mechanism determines NASH and HCC development.

The same group published another more detailed 
study of the mechanism by which CD8+ T cells are acti-
vated in a mouse model of NASH in the same issue of 
Nature [9]. They concluded that the CD8+ T cells that in-
crease unconventionally in NASH mice are resident-like 

CXCR6+CD8+ T cells. The underlying mechanism starts 
when CXCR6+CD8+ T cells are activated via the suppres-
sion of FOXO1 expression by IL-15. These activated 
CD8+ T cells differ from conventional CD8+ T cells, which 
are activated by recognition of antigens presented by 
MHC class I (Fig. 1). These CXCR6+CD8+ T cells react 
with acetate released by hepatocytes with steatosis and 
secrete tumor necrosis factor (TNF), and this TNF injures 
hepatocytes. TNF also induces ICAM-1 expression in he-
patocytes and injures hepatocytes by causing the adhe-
sion of activated CD8+ T cells to hepatocytes. In addition, 
induced CXCR6+CD8+ T cells cause hepatocyte cell death 
through Fas ligand (FasL)-dependent apoptosis [9] 
(Fig. 4). Flow cytometry experiments performed by these 
authors showed that of all the interleukins tested, only 
stimulation by IL-15 causes CXCR6+CD8+ T cell prolif-
eration, and IL-15 reduces FOXO1 expression. They also 
found that the level of FOXO1 expression is inversely cor-
related with the number of CXCR6+CD8+ T cells. In es-
sence, they confirmed through various experiments that 
decreased FOXO1 expression activates CXCR6+CD8+ T 
cells. They also confirmed that TNF injures hepatocytes 
by showing that interaction of acetate derived from fatty 
acids in NAFLD with CXCR6+CD8+ T cells injures hepa-
tocytes; that auto-aggression increases in the presence of 
acetate and CXCR6+CD8+ T cells; and that the NAFLD 
activity score and alanine aminotransferase decrease 
when TNF is blocked by anti-TNF antibody.

The authors also showed that CXCR6+CD8+ T cells 
induce hepatocyte cell death through FasL-dependent 
apoptosis. This was supported by evidence showing that 
treatment with anti-FasL antibody decreases 

Table 1. OS results for two validation cohorts: NAFLD-HCC versus non-NAFLD-HCC

Cohort 1 (n = 130) p value Cohort 2 (n=118) p value

NAFLD-HCC 
(n = 13)

Non-NAFLD-HCC 
(n = 117)

NAFLD-HCC 
(n = 11)

Non-NAFLD-HCC 
(n = 107)

OS, months (95% CI) 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 Australia, Germany, Italy, Switzerland USA, Europe, Taiwan, Japan

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

EHS, extrahepatic spread; MVI, macrovascular invasion; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic 
steatohepatitis; OS, overall survival. Modified from Pfister et al. [1].
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CXCR6+CD8+ T cell-induced hepatocyte death and cas-
pase activity, thereby demonstrating that apoptosis is the 
main cause of hepatocyte injury in NASH. Consequently, 
they clarified that activated CD8+ T cells expressed in 
NASH are unlike antigen-specific T cells. In addition, 
they showed that CXCR6+FOXO1low-activated CD8+ T 
cells induced during NAFLD/NASH progression trigger 
auto-aggression in NASH, and that the process is initi-
ated by increased IL-15 in the liver due to NAFLD (Fig. 4). 

In summary, treatment of NASH mice with anti-PD-1 
antibody increases the number of PD-1+CD8+ T cells, al-
though this does not produce an antitumor effect. The 
CD8+ T cells that increase in the livers of NASH mice af-
ter treatment with anti-PD-1 antibody are resident-like 
CD8+PD-1+ T cells (CXCR6+ T cells). Induction of hepa-
tocyte cell death by these CXCR6+CD8+ T cells is acti-
vated by a completely different mechanism from the 
MHC class I-dependent mechanism of antigen-specific T 
cells, which involves activation by IL-15 and acetate, ulti-
mately inducing apoptosis in the liver parenchyma and 
killing hepatocytes (Fig. 4).

Mechanism of NAFLD-Related HCC Development

The weakening of immune response and immune sur-
veillance functions discussed in the Nature article is an-
other important factor involved in the development of 

NAFLD-related HCC, in addition to various causative 
factors of NASH-HCC that have been proposed to date, 
including genetic and epigenetic mechanisms, the mi-
crobiome, metabolic pathways, molecular signaling 
pathways, endocrine pathways, and immunological 
pathways [8, 10–13]. In patients with NAFLD, HCC de-
velops not only from cirrhosis [14], but also from even 
mild fibrosis at a rate of 25–50% [15–19], which does not 
occur in viral HCC. This could explain why sorafenib 
yielded a better prognosis in non-viral HCC (OS 18.1 
months) than in viral HCC (OS in HBV- and HCV-HCC 
12.4 and 12.6 months) in the IMbrave150 trial. In other 
words, sorafenib and subsequent therapy might have 
been effective to prolong OS in non-viral HCC, especial-
ly in NAFLD-HCC, where liver function is well pre-
served.

Unsolved Questions to Be Addressed in 
Immunotherapy for NASH-HCC

The Nature study does not clarify why NASH mice are 
more likely to develop HCC when treated with anti-PD-1 
antibody, nor the mechanism by which activated 
CXCR6+CD8+ T cells promote carcinogenesis. These 
questions should be addressed in future research.

In addition, the study leaves a somewhat misleading 
impression that immunotherapy is not effective for all 
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CXCR6+ PD-1high CD8+ T cell ↑
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cell death

TNF ↑

Acetate

IL-15

Fig. 4. Activation process of CD8+ T cells 
(CXCR6+PD-1highFOXO1lowCD8+ T cell) 
and the mechanism of hepatocyte cell 
death in NAFLD/NASH patients.
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non-viral HCC etiologies by comparing OS HRs for non-
viral HCC with those for HBV-HCC and HCV-HCC. 
The HRs in the IMbrave150 trial were 0.58 for HBV-
HCC and 0.43 for HCV-HCC versus 1.05 for non-viral 
HCC, which at first glance suggests that atezolizumab 
plus bevacizumab is less effective against non-viral HCC 
than viral HCC. However, the actual OS data reflect a dif-
ferent reality. OS after atezolizumab plus bevacizumab 
therapy was comparable between non-viral HCC and 
HBV-HCC (17.0 vs. 19.0 months, respectively). Thus, it 
is appropriate to conclude that atezolizumab plus beva-
cizumab is reasonably effective against non-viral HCC as 
a whole. However, sorafenib yielded markedly better OS 
for non-viral HCC than for HBV-HCC or HCV-HCC 
(18.1 vs. 12.4 and 12.6 months). This explains why the OS 
HR was better for sorafenib. Factors that could explain 
the good prognosis of patients with non-viral HCC treat-
ed with molecular targeted agents (and subsequent ther-
apies) are that HCC often develops at the stage of NAFLD 
when fibrosis is minimal [15–19], as discussed earlier in 
this editorial, and that many patients with non-viral 
HCC, especially NAFLD-HCC, have favorable charac-
teristics. In addition, the category of non-viral HCC in-
cludes non-NAFLD etiologies such as alcoholic cirrho-
sis, AIH, PBC, and cryptogenic cirrhosis. It is incorrect 
to conclude that immunotherapy is ineffective for all 
forms of non-viral HCC just because this Nature study 
showed that ICI monotherapy is ineffective in a NAFLD-
HCC model. Furthermore, at present it is unclear wheth-
er impaired immune surveillance in the NASH liver is 
reversible after the resolution of NASH. In the case of 
burnout NASH, it is presumed that intrahepatic resi-
dent-like CXCR6+CD8+ T cells still exist. However, to 
answer these questions, real-world data need to be col-
lected before drawing conclusions about the effective-
ness of atezolizumab plus bevacizumab or other such 
combination immunotherapies for NASH-HCC, be-
cause most patients in the validation cohorts in the Na-
ture article received anti-PD-1/PD-L1 antibody mono-
therapy.

Current Evidence of Immunotherapy in NASH-HCC

The reasonable interpretation of the current evidence 
supporting the effectiveness of immunotherapy in 
NASH-HCC is as follows. (1) Immune checkpoint in-
hibitors may not be effective against pure NASH-HCC. 
This can be attributed to the weakened immune response 
from CD8+ T cells against tumor antigens and to defi-

cient immune surveillance mechanisms. (2) Although 
the Nature study discussed here explored this topic from 
various angles, it did not examine the effectiveness of 
combination immunotherapy. The authors performed a 
meta-analysis using IMbrave 150 and CheckMate 459 
data, however, the analysis included HCC of all non-viral 
etiology, therefore, the outcome of “pure NASH-HCC” 
with immunotherapy is unclear. This question should be 
investigated in future research. (3) It is not feasible to de-
finitively diagnose NASH-HCC in clinical practice with-
out histological examination; thus, it is possible that not 
all cases of clinically diagnosed NASH-HCC are pure 
NASH-HCC. (4) Not treating NASH-HCC diagnosed 
from clinical findings alone with atezolizumab plus bev-
acizumab may put patients at a disadvantage. Therefore, 
it is important to start treatment with atezolizumab plus 
bevacizumab and then promptly switch to second-line 
therapy if the first-line therapy is ineffective. In other 
words, when starting combination immunotherapy, it is 
extremely important to keep in mind the HCC etiology 
and the possibility that combination immunotherapy 
may not be effective for NAFLD-related HCC, as well as 
a quick switch to second-line therapy when progressive 
disease is observed early in NAFLD-related HCC.
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