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Background/Aim: Immune checkpoint proteins regulating T-cell mediated anti-tumor
immunity have been reported to affect clinical outcomes in multiple malignancies. This study
aimed to investigate the prognostic effect of histological expression of immune checkpoint
proteins in patients with resected hepatocellular carcinoma (HCC).

Methods: A total of 221 patients with HCC who underwent curative resection were included.
Expression of programmed-cell death ligand-1 (PD-L1) in tumor cells (tPD-L1) and tumor
infiltrating mononuclear cells (TIMCs) (iPD-L1), programmed-cell death-1 in TIMCs (iPD-1), and
cytotoxic T lymphocyte antigen-4 in TIMCs (iCTLA-4) were measured immunohistochemically.

Results: Histo-positivity for iCTLA-4, iPD-1, iPD-L1, and tPD-L1 was 32.1%, 42.5%, 35.3%, and
14.9%, respectively. Multivariate logistic analyses revealed that male sex and tumor >5 cm were
variables related to iCTLA-4 positivity (odds ratio [OR], 0.46 and 1.94, respectively; P<0.05). Poor
differentiation was related to PD-L1 expression in both tumor cells and TIMCs (OR, 2.88 and 3.46,
respectively; P<0.05). Microvascular invasion was significantly associated only with iPD-L1 (OR,
2.24; P<0.05). In time-dependent outcome analyses, expression of immune checkpoint proteins
in TIMCs (i.e., iCTLA-4, iPD-1, and iPD-L1) was significantly related to longer overall survival and
non-cancer-related survival (all P<0.05), but not to time-to-recurrence or cancer-specific deaths.
Concurrent activation of the PD-1:PD-L1 and CTLA-4 pathways predicted improved outcomes
in terms of overall survival and non-cancer related survival (P=0.06 and P=0.03, respectively).

Conclusions: Immune checkpoint proteins upregulated in TIMCs in HCC tissues have individual
and additive effects in prolonging the survival of patients, specifically in terms of survival not
related to cancer recurrence. (J Liver Cancer 2022;22:40-50)
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INTRODUCTION

The immune system plays a dual role in cancer."” First, it
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iting their growth. Second, it promotes tumor progression by
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suppresses tumor growth by destroying cancer cells or inhib-

selecting tumor cells that are more likely to survive in an im-

munocompetent host or by establishing conditions within
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the tumor microenvironment that may facilitate tumor
growth.” Effective antitumor immunity depends on interac-
tions between various T-cell regulatory receptors and ligands
including the cytotoxic T lymphocyte antigen-4 (CTLA-4)/
B7 and programmed-cell death-1 (PD-1)/programmed-cell
death ligand-1 (PD-L1) signaling pathways.**

These immune checkpoints are known to regulate different
stages and signaling processes of the immune response.™* At
the initial stage of “priming” of naive T-cell activation after
antigen encounter, CTLA-4:B7 binding blocks stimulatory
signals, and stops the development of potentially autoreactive
T cells.™
PD-1 and its ligand, PD-L1, is to regulate previously activated

In contrast, a major role of the pathway involving

T cells at the later “effector” stage of immune response.”” In
the tumor microenvironment, antigen-specific T cells induce
PD-1 expression on reactive T lymphocytes and upregulate
PD-L1 in tumor cells.” The subsequent PD-1:PD-L1 interac-
tion results in T-cell exhaustion and immune evasion by tu-
mor cells.”” On the other hand, this interaction can limit col-
lateral tissue damage, as observed for example in response to
chronic infection by microorganisms such as hepatitis vi-
s,

Previous studies have shown that the immune checkpoint
proteins CTLA4, PD-1, and PD-L1 can be used as reliable
biomarkers for predicting the clinical behavior of many types

13-19
of tumor.

These immune molecules are highly expressed
in hepatocellular carcinomas (HCCs) that are recognized
histologically as immunogenic tumors.””” Generally, it has
been noted that the chronically inflamed background and
dysregulated immune microenvironment in the liver result
in the upregulation of checkpoint proteins in HCCs.” This
may make HCC tumors to be plausible candidates for im-
mune checkpoint inhibitor treatment. In addition, hepatitis
B and hepatitis C virus infections, two major causes of HCC,
have been shown to interfere with antiviral immunity via the

9,10,12,24

immune checkpoint pathways.” ™~ The relationships be-

tween the biology of HCC and immunomodulatory proteins
is unclear and inconsistent across publications.” %

Since immunotherapy for HCC has become to be one of
standard systemic options, we aimed to identify different in-

dividual or interactive roles of immune checkpoint proteins
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as oncomarkers during the long clinical course after surgical
resection. We therefore examined the clinical and pathologi-
cal factors associated with histological expression of immune
checkpoint proteins in a series of patients with operable
HCC.

Table 1. Clinical and pathological features of the 221 patients with
hepatocellular carcinoma

Variable Value (n=221)

Clinical parameter

Age (years) 56 (49-63)
Male gender 165 (74.7)
Etiology of chronic liver disease

HBV 160 (72.4)

HCV 21(9.5)

Others 40 (18.1)
Child-Pugh class A 219 (99.1)
Liver cirrhosis 104 (47.1)
BCLC stage

BCLC stage 0 6(27)

BCLC stage A 199 (90.1)

BCLC stage B 16 (7.2)
Serum AFP (ng/mL) 1(4.8-578.0)
Serum AFP =200 ng/mL 81(36.7)

Pathological parameter

Maximal tumor diameter (cm) 4.0 (3.0-5.0)
Solitary tumor 198 (89.6)
Microvascular invasion 59 (26.7)
Edmondson-Steiner grade

lorll 78 (35.3)

l'or IV 143 (64.7)

Immuno-histochemical parameter

CTLA-4 expression on TIMCs (iCTLA-4) 71(32.0)
PD-1 expression on TIMCs (iPD-1) 94 (42.5)
PD-L1 expression on TIMCs (iPD-L1) 78 (35.3)
PD-L1 expression on tumor cells (tPD-L1) 33(149)

Values are presented as number (%) or median (interquartile range).
HBV, hepatitis B virus; HCV, hepatitis C virus; BCLC, Barcelona Clinic
Liver Cancer; AFP, alpha-fetoprotein; CTLA-4, cytotoxic T lymphocyte
antigen-4; TIMCs, tumor-infiltrating mononuclear cells; PD-1
programmed cell death-1; PD-L1, programmed cell-death ligand-1.
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METHODS

1. Study patients

This clincopathologic study was based on tissue microar-
rays of paraffin-embedded samples from a cohort of 221 pa-
tients undergoing hepatic resection for HCC with curative
intent in our center between 2004 and 2011. All included pa-
tients with histology-proven HCC had Child-Pugh A or B
liver function without extrahepatic metastasis, gross vascular
invasion or concomitant cancers. None received neoadjuvant
or adjuvant treatment in the perioperative period. The study
protocol was approved by the Institutional Review Board of
Asan Medical Center (IRB No. 2011-0931).

Of the 221 patients, 165 (74.7%) were male, and the medi-
an age was 56 years. The most common cause of chronic liver
disease was hepatitis B virus (HBV) infection (n=160,
72.4%). The majority of patients had solitary tumors (n=198,
89.6%), which ranged from 0.6 to 18.0 cm in maximum di-
ameter. Microvascular invasion and poor differentiation on
resected specimens were observed in 26.7% (n=59) and

64.7% (n=143) of the patients, respectively. Disease stage

, g
Figure 1. Presence of immune checkpoint proteins in formalin-fixed paraffin-embedded samples. Positive staining of each molecule is shown as
follows (x400): (A) cytotoxic T lymphocyte antigen-4 in tumor-infiltrating mononuclear cells (TIMCs), (B) programmed-cell death-1 in TIMCs, (C)
programmed-cell death ligand-1 (PD-L1) in TIMCs, and (D) PD-L1 in tumor cells.
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was classified as 0 (n=6, 2.7%), A (n=199, 90.1%), or B
(n=16, 7.2%) according to the Barcelona Clinic Liver Cancer
staging system. High preoperative alpha-fetoprotein (AFP)
levels (2200 ng/mL) were detected in 36.7% (n=81) of the
patients. The clinical and biological features of the series are
summarized in Table 1. The Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) reporting
guidelines were followed (Supplementary Table 1).

2. Immunohistochemical staining and evaluation
Serial 4-um thick sections of formalin-fixed paraffin-em-
bedded samples of HCCs and adjacent tissue were used for
immunohistochemical staining. All the slides were processed
on an automated immunostaining device (Ventana Medical
System, Tucson, AZ, USA), with an OptiView DAB IHC De-
tection Kit (Ventana Medical System) according to the man-
ufacturer’s instructions. The following primary antibodies
were used: anti-PD-L1 (rabbit monoclonal E1L3N, 1/100;
Cell Signaling, Danvers, MA, USA), anti-PD-1 (mouse
monoclonal ab52587, 1/100; Abcam, Cambridge, UK), and
anti-CTLA-4 (mouse monoclonal ab134090, 1/500; Abcam).

(Y 8ikia
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All immunostaining was independently reviewed by two pa-
thologists (EY, HJK) specialized in liver diseases, who was
blinded to clinical outcomes.

PD-L1 expression was assessed in both tumor cells (tPD-
L1) and intratumoral inflammatory cells, identified as T cells,
macrophages and dendritic cells that infiltrated tumor cell
nests (PD-L1 in tumor infiltrating mononuclear cells, iPD-
L1). The percentages of cells with surface PD-L1 were scored,
and cases with >1% tumor cell expression were considered

st 13,15,26
positive. "

PD-1 expression was only observed in intratu-
moral lymphocytes, and >1% positive cells were regarded as
positive.””” Samples with any expression of CTLA-4 in tu-
mor infiltrating mononuclear cells (TIMCs) and tumor cells
were classified as positive.”*” Representative images of posi-

tive staining of each molecule were shown in Fig. 1.
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3. Statistical analysis

Continuous variables and proportions were compared us-
ing the Mann-Whitney, chi-square, and Fisher’s exact tests,
as appropriate. Probabilities of overall survival, cancer-spe-
cific survival, non-cancer related survival, and time-to-tumor
recurrence were estimated using the Kaplan-Meier method
and compared using Cox proportional hazards regression
models according to the expression of individual and combi-
nations of immune checkpoints. Death due to HCC progres-
sion was considered cancer-specific survival. Hazard ratios
were adjusted for age, gender, etiology of liver disease, pres-
ence of liver cirrhosis, Child-Pugh class, serum AFP, tumor
stage at diagnosis, tumor number, tumor size, presence of
vascular invasion, and histologic differentiation. A backward
elimination approach involving candidate variables with P-
values <0.10 in the univariate analysis was used in the multi-

variable analysis. The associations between clinical and path-
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Figure 2. Associations between presence of immune checkpoint proteins and overall survival. Enhanced expression of immune checkpoint mol-
ecules in tumor-infiltrating mononuclear cells (A: iCTLA-4, B: iPD-1, and C: iPD-L1) was significantly associated with longer survival of hepatocellu-
lar carcinoma patients, whereas tumoral PD-L1 (D: tPD-L1) had no prognostic significance. iCTLA-4, cytotoxic T lymphocyte antigen-4 in tumor-in-
filtrating mononuclear cells; iPD-1, programmed-cell death-1 in tumor-infiltrating mononuclear cells; iPD-L1, programmed-cell death ligand-1 in
tumor-infiltrating mononuclear cells; tPD-L1, programmed-cell death ligand-1 in tumor cells.
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ological variables and immune checkpoint expression were
analyzed by the logistic regression method. Correlations be-
tween pairs of immune checkpoints were evaluated by Pear-
son’s coefficient method. Two-tailed values of P<0.05 were
considered statistically significant. Statistical analyses were
performed with SPSS 22.0 (SPSS Inc., Chicago, 1L, USA).

RESULTS

1. Expression profiles and inter—relationships of
immune checkpoint proteins

The immunohistochemical features of the specimens are
summarized in Table 1. PD-1 in TIMCs (iPD-1), iPD-L1,
and cytotoxic T lymphocyte antigen-4 in TIMCs (iCTLA-4)
were expressed in 42.5% (n=94), 35.3% (n=78), and 32.1%
(n=71) of the TIMC:s, respectively, in the entire 221 samples;
and tPD-LI was positive in 14.9% (n=33) of the tumor cells.
No CTLA-4-positive neoplastic cells were detected in any
sample.

Univariate and subsequent multivariate logistic regressions
showed that poorly differentiated histology was the only vari-
able independently associated with the expression of both
iPD-L1 and tPD-L1 (adjusted odds ratio [OR], 2.88; 95%
confidence interval [CI], 1.31-6.32; P=0.008 and adjusted
OR, 3.46; 95% CI, 1.11-10.84; P=0.033, respectively; Table
2). Microvascular invasion was only significantly related to
iPD-L1 expression (adjusted OR, 2.24; 95% CI, 1.03-4.86;
P=0.041). iCTLA-4 was associated with male sex (adjusted
OR, 0.46; 95% ClI, 0.24-0.87; P=0.017), and iPD-1 positivity
was not significantly related to clinical or other pathological
parameters (Table 2).

In terms of the relationships between different immune
checkpoints, Pearson’s correlation analyses revealed that the
expression of all three molecules in TIMCs and tumor cells
was significantly correlated, with coefficients ranging from
0.282 to 0.437 (all P<0.001, Supplementary Table 2).

2. Survival and recurrence analyses as a func—
tion of expression of immune checkpoint pro—
teins

During a median 7.09 years of follow-up (interquartile

44

Table 2. Independent clinico-pathological features related to expression of immune checkpoint proteins

tPD-L1

iPD-L1

iPD-1

95% ClI

iCTLA-4

Variable

OR 95% Cl P-value OR 95% Cl P-value

P-value

95% CI P-value OR
0.017

0.24-0.87

OR

046

Male sex

0.051 1.61 0.72-3.64 0.249 1.67 0.55-5.05 0.362
145 0.68-3.08 245

1.00-4.84

2.20

HBV infection

0.034

1.07-5.62

0.337

0.767
0.045

0.50-1.68

1.

091
1.94

AFP =200 ng/mL

01-3.69

Tumor size >5 cm

1.03-4.86 0.041 143 0.56-3.61 0456
346

31-6.32

224
2.88

Vascular invasion

0.033

1.11-10.84

0.008

1.

0.899

51-2.16

0.

1.05
Variables including age, presence of liver cirrhosis, Child-Pugh class, and number of tumors were not significantly related to expression of any immune checkpoint molecules in the univariate

Poor differentiation
analysis (all P>0.10).

iCTLA-4, cytotoxic T lymphocyte antigen-4 in tumor-infiltrating mononuclear cells; iPD-1, programmed cell death-1 in tumor-infiltrating mononuclear cells; iPD-L1, programmed cell-death
ligand-1in tumor-infiltrating mononuclear cells; tPD-L1, programmed cell-death ligand-1 in tumor cells; OR, odds ratio; Cl, confidence interval; HBV, hepatitis B virus; AFP, alpha-fetoprotein.
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range [IQR], 5.52-8.93 years), 71 patients (32.1%) died, and
49.3% of the deaths (n=35) were related to HCC progres-
sion. In Kaplan-Meier models, 5-year overall survival rates in
patients with and without iCTLA-4, iPD-1, iPD-L1, and
tPD-L1 expression were 85.9% and 75.3% (P=0.076); 85.1%
and 74.1% (P=0.010); 84.6% and 75.5% (P=0.022); and
75.8% and 79.3% (P=0.511) (Fig. 2). After adjustment of
confounding covariates with P-values of <0.10 in the univar-
iate analysis, the individual prognostic values of iCTLA-4,
iPD-1, and iPD-L1 positivity for overall survival remained
significant (adjusted hazard ratio [HR], 0.49; 95% CI, 0.28-
0.87; P=0.014; adjusted HR, 0.53; 95% CI, 0.32-0.88;

P=0.015; and adjusted HR, 0.52; 95% CI, 0.29-0.91;
P=0.023; respectively, Table 3). The adjusted confounding
covariates were age, sex, HBV infection, liver cirrhosis,
Child-Pugh class, serum AFP, size and number of tumors,
microvascular invasion, and poor differentiation. In subse-
quent survival analyses by specific cause of death, histologic
upregulation of any of the three proteins did not influence
cancer-related survival (all 7>0.05; Table 3, Supplementary
Fig. 1). However, positive expression of iCTLA-4, iPD-1, or
iPD-L1 was independently associated with reduced mortality
from causes other than HCC (HR, 0.39; 95% CI, 0.17-0.90;
P=0.028; HR, 0.35; 95% CI, 0.15-0.83; P=0.016; and HR,

Table 3. Associations between expression of immune checkpoint proteins and time-dependent outcomes in 221 patients with hepatocellular

carcinoma
Univariate analysis Multivariate analysis*
Variable
HR 95% Cl P-value HR 95% Cl P-value
Overall survival
iCTLA-4 0.62 0.36-1.06 0.078 049 0.28-0.87 0.014
iPD-1 0.52 0.31-0.86 0.011 0.53 0.32-0.88 0.015
iPD-L1 0.53 0.30-092 0.024 0.52 0.29-091 0.023
tPD-L1 0.78 0.37-1.63 0.512 - - -
Cancer-specific survival
iCTLA-4 0.80 0.39-1.62 0.530 - - -
iPD-1 0.78 0.40-1.52 0.460 - - -
iPD-L1 0.70 0.34-146 0.340 - - -
tPD-L1 0.78 0.28-2.20 0.636 - - =
Non-cancer-related survival
iCTLA-4 046 0.20-1.05 0.065 0.39 0.17-0.90 0.028
iPD-1 0.31 0.14-0.71 0.006 0.35 0.15-0.83 0.016
iPD-L1 037 0.15-0.90 0.028 0.35 0.14-0.87 0.024
tPD-L1 0.79 0.28-2.23 0.650 - - -
Time-to-recurrence
iCTLA-4 0.71 0.46-1.08 0.115 - - -
iPD-1 0.72 049-1.08 0.115 - - -
iPD-L1 0.74 0.48-1.12 0.156 - = -
tPD-L1 0.70 0.38-1.27 0.237 = = =

HR, hazard ratio; Cl, confidence interval; iCTLA-4, cytotoxic T lymphocyte antigen-4 in tumor-infiltrating mononuclear cells; iPD-1, programmed
cell death-1 in tumor-infiltrating mononuclear cells; iPD-L1, programmed cell-death ligand-1 in tumor-infiltrating mononuclear cells; tPD-L1,

programmed cell-death ligand-1 in tumor cells.

*Hazard ratios and confidence intervals were obtained using Cox proportional hazard models adjusted for age, sex, hepatitis B virus infection,
presence of liver cirrhosis, Child-Pugh class, serum alpha-fetoprotein, tumor size, tumor number, presence of vascular invasion, and poor

differentiation.
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Figure 3. Expression of immune checkpoint proteins and time-to-recurrence. None of the immune checkpoint proteins was significantly associ-
ated with time-to-recurrence in the HCC patients (all £>0.05). (A) iCTLA4, (B) iPD-1, (C) iPD-L1, and (D) tPD-L1. HCC, hepatocellular carcinoma; iCT-
LA-4, cytotoxic T lymphocyte antigen-4 in tumor-infiltrating mononuclear cells; iPD-1, programmed-cell death-1 in tumor-infiltrating mononucle-
ar cells; iPD-L1, programmed-cell death ligand-1 in tumor-infiltrating mononuclear cells; tPD-L1, programmed-cell death ligand-1 in tumor cells.

0.35; 95% CI, 0.14-0.87; P=0.024, respectively; Table 3, Sup-
plementary Fig. 2).

After resection, HCC reoccurred in 45.7% of the total pa-
tients (n=101). Median time-to-recurrence was 4.6 years
(IQR, 1.1-6.7 years). Microscopic vessel invasion and multi-
ple tumor number were significantly associated with shorter
time-to-recurrence after resection (adjusted HR, 0.53; 95%
CI, 0.32-0.88 and adjusted HR, 0.52; 95% CI, 0.29-0.91, re-
spectively; both £<0.05). There were no correlations between
expression of immune checkpoints and time-to-recurrence
(all P>0.05; Table 3, Fig. 3).

3. Prognostic effect of combined expression of
the PD—1/PD-L1 and CTLA-4 pathways
We further examined whether the PD-1/PD-L1 and
CTLA-4 axes had a combined effect on survival. The patients
were divided into three groups based on the expression of

immune checkpoints: the first group was positive for both

46

iPD-1 and/or iPD-L1, and iCTLA-4 (n=58, 26.2%), the sec-
ond was positive for only one of the two pathways (n=71,
32.1%), and the third group was negative for both pathways
(n=92, 41.6%). Kaplan-Meier estimates showed that the dif-
ference between the overall survival curves of the three
groups was marginally significant (P=0.060; Fig. 4). When
further analyzed, a significant difference was observed for
non-cancer-related survival (P=0.025), but not for cancer-
specific survival (P=0.807; Fig. 4).

DISCUSSION

Most HCCs arise on a background of chronic inflammato-
ry liver, and thus are considered pathophysiologically typical
. : 30-32 . .
immunogenic cancers.” ~ Based on the immunological
mechanisms thought to be acting during hepatocarcinogene-
sis, the effects of diverse immunomodulatory regimens such

as therapeutic vaccination, immune checkpoint inhibitors,

http://e-jlc.org
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and transfer of adoptive cellular immunity, have been inves-
tigated.”™ The efficacy of immune checkpoint blockers in
patients with chronic liver disease and related HCC has been
proved in randomized controlled trials, and approved for

. 36,37
standard use in current care of advanced HCC.

However,
the efficacy of targeted immune checkpoints in patients with
chronic liver disease and related HCC is unclear.

Previous studies have suggested that abnormal regulation
of immune checkpoint proteins in tumors is linked to better
or to worse prognosis depending on the type of cancer.”"*"*"
Quantitative meta-analyses of data on solid tumors has sug-
gested that overexpression of PD-L1 in tumor cells, or PD-1
in tumor infiltrating immune cells, is associated with poor
prognosis in patients with malignant neoplasms of epithelial
origin such as esophageal, gastric, colorectal, breast and
ovarian cancers.” This could be due to the ability of the

PD-1/PD-L1 pathway to inhibit T cell-mediated antitumor

http://e-jlc.org
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Figure 4. (A) Effect of combined expression of the PD-1/PD-L1 and
CTLA-4 pathways on overall survival. The patients were divided into
the following three groups based on the expression of immune check-
point proteins: activation of both pathways (PD-1:PD-L1 & CTLA-4;
group 1), activation of only one of the two pathways (group 2), and ac-
tivation of neither pathway (group 3). The difference between the
overall survival of the three groups was marginally significant (P=0.06).
When further analyzed, a significant difference was observed for non-
cancer-related survival (C), but not for cancer-specific survival (B). PD-
1, programmed-cell death-1; PD-L1, programmed-cell death ligand-1;
CTLA-4, cytotoxic T lymphocyte antigen-4.

immunity and to act as an anti-apoptotic receptor on cancer
cells. On the other hand, tumoral expression of PD-L1, rath-
er than PD-1, has been shown to have beneficial effects in
patients with non-small cell lung cancer, metastatic urotheli-
al carcinoma, colorectal cancer of the proficient mismatch

14,19,38

repair type, and laryngeal cancers. It appears that CD8-
positive T cells recruited from the tumor microenvironment
induce a partial tumoricidal immune response, and promote
upregulation of PD-L1 by secreting interferon-y.”*' This an-
titumor potential of the PD-1/PD-L1 axis was also observed
in our HCC series. However French and Chinese studies of
immune checkpoints in HCC have yielded inconsistent re-
sults.”"***

The role of CTLA-4 signaling, another immune check-
point pathway, in the clinical setting of malignancy has been
little investigated, and there are conflicting results about its

impact on outcomes in patients with different forms of can-
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17,28,29,42 . . 29
. Unlike a previous study on esophageal cancer,

cer
our findings indicate that positive CTLA-4 expression in
lymphocytes is associated with a better prognosis in HCC, as
it is in breast cancer:* it seems that a high density of CTLA-
4-positve lymphocytes is a secondary product of an increase
of effector T cells that promotes immune invasion fighting
against cancer.”*** Curiously, CTLA-4 was not detected
within tumor cells in our and others’ studies of HCC. In ad-
dition, in animal experiments, at least one third of the tu-
mor-infiltrating lymphocytes expressed CTLA-4 along with
PD-1, which might lead to synergistic immune modulation.*
Interestingly, co-expression of the two signaling pathways
and their additive effect on survival was also noted in our
study.

It is well known that while the CD8" T cell-mediated im-
mune response during infections by hepatitis B and C viruses
contributes to viral clearance, it also has a cytotoxic effect on
the host liver.”" Moreover, T cells also affect the progression
of liver disease by inducing inhibitory immune checkpoint
proteins.'”"" This immune dampening during the chronic
phases of liver disease may have a protective effect by limit-
ing excessive necroinflammatory and fibrogenic responses in
the liver, so reducing the chance of cancer development.”
Such a process may account for our observation that im-
mune checkpoint expression consistently reduced deaths un-
related to HCC rather than cancer-related deaths due to re-
currence.

In our series, tumors expressing immune checkpoint pro-
teins were more aggressive, with higher levels of AFP and
greater immature and invasive pathology, which is in line
with data from a prior French report.” The invasive effect of
tumor immune checkpoints has also been observed in other
solid neoplasms such as melanoma, renal cell carcinoma and

15,45,46
breast cancer.

Despite the positive impact of the attenu-
ation of hepatic inflammation by immune checkpoints, their
injurious effect in interfering with antitumor immunity may
justify blocking them as a therapeutic option in incurable
HCC patients.

Our study has some limitations. The tissue microarray
method used may not reflect the potential heterogeneity of

immune checkpoint expression, although it can evaluate
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multiple samples rapidly. This weakness discouraged us from
evaluating numbers of tumor infiltrating lymphocytes.”” An-
other consideration is that the roles played by immune check-
point pathways in more advanced tumors could not be clari-
fied in our surgical cohort. In addition, immune checkpoint
signaling has been found to be upregulated under hypoxic
conditions, and such conditions were often induced during
treatment of the HCCs by chemoembolization or with
sorafenib.*** Lastly, because most patients included in this
study were infected by HBV, the prognostic role of immune
checkpoint markers according to the etiology of HCC should
be evaluated in future studies.

In conclusion, our investigation reveals the individual and
additive effects of immune checkpoint molecules upregulat-
ed in the tumor-infiltrating mononuclear cells of HCC tis-
sues in prolonging the survival time of patients, specifically
survival not related to cancer recurrence. Because of the ben-
eficial effects of immune checkpoints on survival, careful se-
lection of therapeutic interventions might be required to
avoid any harmful effects in HCC patients with indications

for immunotherapy.
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Supplementary Table 1. STROBE statement—checklist of items that should be included in reports of cohort studies

Item No

Recommendation

Title and abstract

Introduction

Background/rationale

Objectives

Methods
Study design

Setting

Participants

Variables

Data sources/measurement

Bias

Study size

Quantitative variables

Statistical methods

1

8*

(@) Indicate the study’s design with a commonly used term in the title or the abstract
(Section & paragraph No.: Title & Abstract)

(b) Provide in the abstract an informative and balanced summary of what was done and what
was found
(Section & paragraph No.: Title & Abstract)

Explain the scientific background and rationale for the investigation being reported
(Section & paragraph No.: Introduction 1-3)

State specific objectives, including any prespecified hypotheses
(Section & paragraph No.: Introduction 4)

Present key elements of study design early in the paper
(Section & paragraph No.: Methods 1)

Describe the setting, locations, and relevant dates, including periods of recruitment, exposure,
follow-up, and data collection
(Section & paragraph No.: Methods 1)

(@) Give the eligibility criteria, and the sources and methods of selection of participants.
Describe methods of follow-up
(Section & paragraph No.: Methods 1)

(b) For matched studies, give matching criteria and number of exposed and unexposed
(Section & paragraph No.: NA)

Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers.
Give diagnostic criteria, if applicable
(Section & paragraph No.: Methods 1-4)

For each variable of interest, give sources of data and details of methods of assessment
(measurement). Describe comparability of assessment methods if there is more than one
group

(Section & paragraph No.: Methods 1-5)
Describe any efforts to address potential sources of bias
(Section & paragraph No.: Methods 1-5)

Explain how the study size was arrived at
(Section & paragraph No.: Methods 1)

Explain how quantitative variables were handled in the analyses. If applicable, describe which
groupings were chosen and why
Section & paragraph No.: Methods 1-5)

a) Describe all statistical methods, including those used to control for confounding
Section & paragraph No.: Methods 5)

b) Describe any methods used to examine subgroups and interactions
Section & paragraph No.: NA)

ection & paragraph No.: NA)

S
d) If applicable, explain how loss to follow-up was addressed
Section & paragraph No.: Methods 5)

e) Describe any sensitivity analyses

(
(
(
(
(
(c) Explain how missing data were addressed
(
(
(
(
(Section & paragraph No.: Methods 5)
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Supplementary Table 1. Continued

Item No Recommendation
Results

Participants 13*  (a) Report numbers of individuals at each stage of study—e.g., numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed

(Section & paragraph No.: Methods 1)

(b) Give reasons for non-participation at each stage
(Section & paragraph No.: NA)

(c) Consider use of a flow diagram

(Section & paragraph No.: NA)

Descriptive data 14*  (a) Give characteristics of study participants (e.g., demographic, clinical, social) and information

on exposures and potential confounders
(Section & paragraph No.: Methods 2, Table 1)
(b) Indicate number of participants with missing data for each variable of interest
(Section & paragraph No.: NA)
(c) Summarise follow-up time (e.g., average and total amount)
(Section & paragraph No.: Results 4)
Outcome data 15%  Report numbers of outcome events or summary measures over time
(Section & paragraph No.: Results 4)

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (e.g., 95% confidence interval). Make clear which confounders were adjusted for
and why they were included

(Section & paragraph No.: Results 2, 4)

(b) Report category boundaries when continuous variables were categorized

(Section & paragraph No.: Table 1-2)

() If relevant, consider translating estimates of relative risk into absolute risk for a meaningful
time period

(Section & paragraph No.: NA)

Other analyses 17 Report other analyses done—e.g., analyses of subgroups and interactions, and sensitivity

analyses
(Section & paragraph No.: Results 5)
Discussion
Key results 18 Summarise key results with reference to study objectives
(Section & paragraph No.: Discussion 1)

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision.

Discuss both direction and magnitude of any potential bias
(Section & paragraph No.: Discussion 6)
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity
of analyses, results from similar studies, and other relevant evidence
(Section & paragraph No.: Discussion 1-6)
Generalisability 21 Discuss the generalisability (external validity) of the study results
(Section & paragraph No.: Discussion 5)
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable,

for the original study on which the present article is based
(Section & paragraph No.: funding source was added.)

STROBE, The Strengthening the Reporting of Observational studies in Epidemiology; NA, not applicable.
*Give information separately for exposed and unexposed groups.
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Supplementary Table 2. Interrelationships of the individual immune checkpoint proteins in the different cell types

iCTLA-4 iPD-1 iPD-L1 tPD-L1
Variable
r P-value r P-value r P-value r P-value
iCTLA-4 - - 0.427 <0.001 0.303 <0.001 0.283 <0.001
iPD-1 0.427 <0.001 - - 0437 <0.001 0.282 <0.001
iPD-L1 0.303 <0.001 0437 <0.001 - - 0.567 <0.001
tPD-L1 0.283 <0.001 0.282 <0.001 0.567 <0.001 - -

iCTLA-4, cytotoxic T lymphocyte antigen-4 in tumor-infiltrating mononuclear cells; iPD-1, programmed cell death-1 in tumor-infiltrating
mononuclear cells; iPD-L1, programmed cell-death ligand-1 in tumor-infiltrating mononuclear cells; tPD-L1, programmed cell-death ligand-1 in

tumor cells.
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Supplementary Figure 1. Expression of immune checkpoint proteins and cancer-specific survival. None of the immune checkpoint proteins
was significantly associated with cancer-specific survival (all P>0.05). (A) iCTLA4, (B) iPD-1, (C) iPD-L1, and (D) tPD-L1. HCC, hepatocellular carcino-
ma; iCTLA-4, cytotoxic T lymphocyte antigen-4 in tumor-infiltrating mononuclear cells; iPD-1, programmed-cell death-1 in tumor-infiltrating
mononuclear cells; iPD-L1, programmed-cell death ligand-1 in tumor-infiltrating mononuclear cells; tPD-L1, programmed-cell death ligand-1 in

tumor cells.
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Supplementary Figure 2. Expression of immune checkpoint proteins and non-cancer-related survival. Enhanced expression of Inmune check-
point molecules in tumor-infiltrating mononuclear cells was associated with a better outcome in terms of non-cancer-related survival (A: iCTLA4,
B:iPD-1, and C:iPD-L1; all P<0.05), whereas tumoral PD-1 (D: tPD-L1) did not have any impact on non-cancer-related mortality. iCTLA-4, cytotoxic T
lymphocyte antigen-4 in tumor-infiltrating mononuclear cells; iPD-1, programmed-cell death-1 in tumor-infiltrating mononuclear cells; iPD-L1,
programmed-cell death ligand-1 in tumor-infiltrating mononuclear cells; tPD-L1, programmed-cell death ligand-1 in tumor cells.
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