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Introduction

Liver cancer causes over 750 000 deaths annually worldwide, and
its incidence rate is still on the rise."” Hepatocellular carcinoma
(HCC) accounts for most liver cancers, and it is frequently caused

Abstract

Background and Aim: Programmed cell death-ligand 1 (PD-L1) immunohistochemistry
score has been approved as the predictive biomarker for anti-PD1/PD-L1 therapy in several
advanced malignancies. Although its predictive role remained inconclusive in hepatocellu-
lar carcinoma, ongoing study of anti-PD1/PD-L1 therapy showed promising results. How-
ever, less is known about the PD-L1 immunohistochemistry score and factors correlated
with it in hepatocellular carcinoma. We investigated PD-L1 immunohistochemistry scores
in a large cohort of hepatocellular carcinoma, as well as its correlation with various clinical
and genomic factors.

Methods: Immunohistochemistry was performed to detect the expression of PD-L1 protein
in 315 hepatocellular carcinoma tissues. All slides were independently reviewed by three
senior pathologists. Next-generation YS panel (450 genes) sequencing was performed on
309 patients.

Results: Higher PD-L1 expression as measured by combined positive score (CPS) was as-
sociated with increased Edmondson—Steiner grade (grade III vs II, P = 0.041) and 7P53
mutations (P = 0.021). PD-L1 CPS had no correlation with tumor mutational burden
(Spearman’s correlation coefficient 0.067). PD-L1 CPS was not significantly associated
with hepatitis B virus infection.

Conclusions: Our data indicated that patients with higher Edmondson—Steiner grade
(grade III) had significantly higher PD-L1 CPS than patients with lower Edmondson—
Steiner grade (grade II). Patients with 7P53 mutations had significantly higher PD-L1
expression.

Informed consent: All selected cases were informed, and a written informed consent of the patient was
received according to the protocols and procedures approved by the institutional review board.

Financial support: Not available.
'These authors contributed equally to this work.

by chronic infections of hepatitis B (HBV) or hepatitis C viruses
that led to inflammation and cirrhosis of liver. Most HCC patients
are diagnosed at an advanced stage, for which not many systemic
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therapies are available. A few multi-targeted tyrosine kinase
inhibitors®~” and a monoclonal antibody against VEGFR2® were
approved by the US Food and Drug Administration in recent years
in the first-line or second-line settings for advanced HCC. How-
ever, the benefit in median overall survival was usually only a
few months.

In recent years, immunotherapy has emerged as a promising
cancer treatment due to the success of immune checkpoint
inhibitors in many types of cancer. Two anti-programmed cell
death-1 (PD-1) receptor checkpoint inhibitors, nivolumab and
pembrolizumab, have demonstrated durable antitumor activity
and long-term overall survival benefit in melanoma, non-
small-cell lung cancer, and other malignancies.”'® In advanced
HCC, both drugs were approved by the US Food and Drug Ad-
ministration as second-line therapies based on promising
single-arm phase II trial results achieving about 20% objective
response rates.”'' Yet recently, the phase Il trial of
pembrolizumab as second-line therapy for advanced HCC (KEY-
NOTE-240) failed to show statistically significant improvement
in progression-free survival and overall survival'?; the phase
I trial of nivolumab as first-line treatment for unresectable
HCC evaluated against sorafenib (CheckMate-459) also failed
to meet overall survival endpoint."> These results cast doubts
on the clinical benefits that anti-PD-1 agents can bring to ad-
vanced HCC treatment and highlight the importance of identify-
ing effective biomarkers predictive of response for patient
selection.

Programmed cell death-ligand 1 (PD-L1) expression and tumor
mutational burden (TMB) are the best studied biomarkers for
checkpoint inhibitor response. Many studies have confirmed the
association of elevated PD-L1 expression and higher TMB with
clinical benefit to checkpoint inhibitors across different cancer
types, and several immunohistochemistry (IHC) staining assays
for PD-L1 have been developed as companion diagnostics.'*'>
HCC studies based on small cohorts have reported controversial
results on the association between PD-L1 expression and response
to anti-PD-1 therapy.'"'® This is further complicated by the fact
that there is considerable inter-assay variation of IHC results due
to the use of different antibodies for detection, in particular for
HCC."” Studies of large cohorts in the West have reported that less
than 20% of HCC tumors were PD-L1 positive, and few HCC
tumors had high TMB."®!” However, the etiology of HCC had
considerable difference between the West’*?' and Asian (the
majority of HCC patients in China was HBV infected), and few
studies have investigated the landscape of PD-L1 positivity and
TMB in HCC patients.

In this study, we report the distribution of PD-L1 IHC scores
assayed by Abcam 28-8, in a retrospective cohort of 315 HCC pa-
tients. We also explore the relationship between PD-L1 positivity
with TMB and other clinical, pathological, and molecular vari-
ables in this cohort.

Materials and methods

Patients. Our cohort was a hospital-based retrospective cohort;
315 formalin-fixed, paraffin-embedded (FFPE) tumor tissue and
matched normal blood were collected from patients with a diagno-
sis of primary HCC from different hospitals in China (detailed
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description in Table S1), all selected patients were informed, and
a written informed consent of the patient was received. Immuno-
histochemistry analysis of PD-L1 protein expression was per-
formed in all cases. DNA from 309 HCC patients was extracted,
and next-generation sequencing (NGS) was performed.

Programmed cell death-ligand 1 immunohisto-
chemistry staining. We performed THC staining of FFPE
tissue sections for PD-L1 protein using anti-PD-L1 antibodies
clone 28-8 (Cat#ab205921, Abcam, Cambridge, UK) on the Dako
Autostainer Link 48. Briefly, all slides were baked at 60 °C,
deparaffinized in xylene, and rehydrated with graded ethanols to
distilled water. Then antigen retrieval was performed using Dako’s
universal heat-induced epitope retrieval antigen reagent for 4 min
at 99 °C in a pressure cooker. Nonspecific binding was blocked
with the Dako EnVision FLEX peroxidase-blocking reagent for
10 min at room temperature. Dilutions 1:300 of the primary anti-
bodies for 28-8 were used for antigen detection. All other staining
was performed primarily with Dako series reagents (Cat#K8002;
Dako, Carpinteria, CA, United States). According to the key
guideline of PD-L1 testing, tonsil tissue had been selected for pos-
itive control tissue in each staining run. The PD-L1 expression in
tonsil tissue should show strong staining in portions of the crypt
epithelium and weak to moderate staining of the follicular macro-
phages in the germinal centers. PD-L1 expression of the endothe-
lium, fibroblasts, and surface epithelium should be negative. In
addition, tonsil stained with negative reagent shows no staining
in the crypt epithelium and the follicular macrophages in the ger-
minal centers, which makes sure of the specificity of staining.
Meanwhile, the specimen of HCC samples stained with negative
reagent shows the absence of cell membrane staining of viable
tumor cells, lymphocyte, and macrophage, which excludes the
nonspecific background staining of the sample.

Evaluation of programmed cell death-ligand 1
immunohistochemistry staining and histopatho-
logical grade. The THC-stained tissue sections were indepen-
dently reviewed and scored by three pathologists from different
institutions using tumor proportion score (TPS) and combined
positive score (CPS).?* All the tissue sections were stained by
hematoxylin and eosin, followed by histopathological grading
according to Edmondson—Steiner (E-S) grade.”> E-S grade was
extracted from clinical notes (n = 315).

Panel sequencing. Genomic profiling was performed in a
College of American Pathologists and Clinical Laboratory
Improvement Amendments-certified laboratory in OrigiMed
(Shanghai, China). At least 50 ng of malignant tissue DNA was ex-
tracted from tumor sample using a DNA Extraction Kit (QIAamp
DNA FFPE Tissue Kit) according to the manufacturer’s protocols,
and DNA from paired blood samples was also extracted using
QIAsymphony DSP DNA Kit. NGS was performed on
hybridization-captured libraries of 450 clinically relevant cancer
genes (cancer sequencing YS panel, CSYS®*) in a College of
American Pathologists-certified laboratory, to detect all classes of
somatic genomic alterations including substitutions, short and long
indels, copy number alterations, and gene rearrangements. TMB
was calculated from the sequencing results for each patient
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1.24

according to Cao et al.”” Patients with more than 10 muts/Mb are

definite as high TMB.

Data analysis. All statistical analyses were performed by R
version 3.5.1 (R Foundation for Statistical Computing, Vienna,
Austria). For each sample, the median TPS or CPS from three pa-
thologists was used as the consensus score. PD-L1 scores were
binarized using cutoffs according to Shi ef al.,>> and consistency
among pathologists was measured by Fleiss’ kappa statistic (for
binarized data) and intraclass correlation coefficient (for numerical
values).

Kruskal-Wallis test was used to test the difference of PD-L1
CPS among all E-S grades, and Wilcoxon rank-sum test was then
performed to test the difference of PD-L1 CPS between pairs of
E-S grades. Spearman’s correlation coefficient was used to evalu-
ate the correlation between PD-L1 expression, and age of first di-
agnosis and a-fetoprotein. The function “spearman.test” in the R
library “pspearman” was used to perform Spearman’s rank correla-
tion analysis, and P < 0.05 was considered statistically significant.
Wilcoxon rank-sum test was used to test the difference of PD-L1
expression between male/female, primary/metastatic/relapse, and
cirrhosis status. Kruskal—Wallis test was used to test the difference
of PD-L1 CPS among stages. Wilcoxon rank-sum test was used to
test the association of mutations with PD-L1 expression, and
Benjamini—Hochberg adjusted P < 0.05 was considered as statis-
tically significant.

Results

Demographics of our hepatocellular carcinoma
cohort. Our cohort included 315 HCC patients with demo-
graphic and clinical information (Table 1). The median age of first
diagnosis was 55 years (range, 16—83), and 87.6% (276/315) of
the patients were male. Clinical information was available for most
patients, and the proportions in the succeeding text were estimated
based on available information only. Among 315 patients, 304 pa-
tients had virus infection test result record. Review of the clinical
information revealed that 82.5% (260/315) of the patients were in-
fected by HBV; 28.3% (89/315) had liver cirrhosis; and 73.3%
(231/315) were of E-S grade II or IIlI, including 41.9% (132/
315) grade II patients and 31.4% (99/315) grade III patients. Ac-
cording to the eighth edition of the TNM staging system, 34.0%
(107/315) of the patients were of stage III. Stage I, stage II, and
stage IV each accounted for approximately one-fifth of the pa-
tients. From 315 of patients, 334 tissues were obtained; 89.2%
(298 334) were samples from the primary site. Metastatic or
relapse samples accounted for 5.7% (19/334) and 4.5% (15/334),
respectively; 80.8% (270/334) of the samples were resected, and
the remaining 19.2% (64/334) were from biopsy.

Distribution of programmed cell death-ligand 1
combined positive score and tumor proportion
score. Three senior pathologists reviewed 334 slides from 315
patients (six patients had three slides from different tumor sections
assayed, and seven patients had two slides from different tumor
sections assayed; the slide with the highest score was chosen for
subsequent analyses). Overall, the three pathologists had modest
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Table 1 Demographics of patients in the HCC cohort

Categories

Number

Number of patients

Median age of first diagnosis (years)

Method
PD-L1 staining
Next-generation sequencing
PD-L1 staining
TPS < 1%
TPS > 1%
Uncertain (TPS)
CPS <1
CPS>1
Gender
Male
Female
Histological subtype
Hepatocellular carcinoma
Viral infection (hospital reported)
HBV
Not infected
Unknown
Liver cirrhosis
Yes
No
Unknown
Edmonson-Steiner grade

-1V
Unknown

Primary site or not (334 tissues from 315 patients)

Primary site
Metastatic site
Relapse site
Unknown

Resection or biopsy (334 tissues from 315

patients)
Resection
Biopsy

315
55 (range, 16-83)

315
309

215 (68.3%, 215/31b)
37 (11.7%, 37/315)
63 (20%, 63/315)
256 (81.3%, 256/315)
59 (18.7%, 59/315)

276 (87.6%, 276/315)
39 (12.4%, 39/315)

315 (100%)

260 (82.5%, 260/315)
44 (14.0%, 44/315)
11 (3.5%, 11/315)

89 (28.3%, 89/315)
218 (69.2%, 218/31b)
8(2.5%, 8/315)

15 (4.8%, 15/315)
132 (41.9%, 132/315)
99 (31.4%, 99/315)
4 (1.3%, 4/315)
9(2.9%, 9/315)
56 (17.8%, 56/315)

51 (16.2%, 51/315)
56 (17.8%, 56/315)
107 (34.0%, 107/315)
47 (14.9%, 47/315)
4 (1.3%, 4/315)
50 (15.9%, 50/315)

298 (89.2%, 298/334)
19 (5.7%, 19/334)
15 (4.5%, 15/334)

2 (0.6%, 2/334)

270 (80.8%, 270/334)
64 (19.2%, 64/334)

CPS, combined positive score; HBV, hepatitis B virus; HCC, hepatocellu-
lar carcinoma; PD-L1, programmed cell death-ligand 1; TPS, tumor

proportion score.

agreement on TPS and CPS (Fleiss’ kappa coefficient for binarized
TPS/CPS between 0.63 and 0.93; Table 2). For each slide, the
median of the three pathologists’ scores was calculated and used
as the consensus score. Distribution of PD-L1 TPS and CPS in this
cohort was shown in Figure 1. Nearly 20% of HCC patients were
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Table 2 Concordance among the three pathologists measured by
Fleiss' kappa (for binarized data) or ICC (for specific numbers such as
0,05,1,23,4,56,7,89 10, 11,12, 15, 20, 25, 30, 40, 50, 60, 70,
80, and 90)

Cutoffs Kappa/ICC (95% Cl)
CPS (binarized at 1) 0.75 (0.69, 0.81)
CPS (binarized at 10) 0.86 (0.77, 0.94)
CPS (binarized at 20) 0.80 (0.65, 0.91)
TPS (binarized at 1%) 0.63 (0.53, 0.74)
TPS (binarized at 10%) 0.67 (0.45, 0.82)
TPS (binarized at 25%) 0.80 (0.45, 1.0)
TPS (binarized at 50%) 0.80 (0.50, 1.0)

(
CPS (specific numbers) 0.93 (0.92, 0.94)
TPS (specific numbers) 0.86 (0.83, 0.88)

Cl, confidence interval, CPS, combined positive score; ICC, intraclass
correlation coefficient; TPS, tumor proportion score.

PD-L1 CPS positive (CPS > 1), and more than 10% of HCC pa-
tients were PD-L1 TPS positive (TPS > 1%).

Programmed cell death-ligand 1 combined positive
score was not significantly associated with hepati-
tis B virus infection status. In 315 patients, HBV infec-
tion status of 260 patients was positive, while that of 44 patients
was negative, according to clinical notes. The remaining 11 pa-
tients were unknown. No significant difference in PD-L1 CPS
was observed between the HBV-infected group and the group
without HBV infection (P = 0.15, Wilcoxon rank-sum test;
supplementary plot in the Supporting Information).

Patients with Edmondson-Steiner grade Il had sig-
nificantly higher programmed cell death-ligand 1
combined positive score than Edmondson-Steiner
grade Il patients. Three hundred fifteen patients performed
PD-L1 IHC examination, while E-S grade I-II (n =9), E-S grade

PD-L1 CPS vs. TPS
81.3%

Proportion of patients

TPS 1-9%
CPS1-9

TPS10-19%
CPS10-19

Negative

4

TPS =20%
CPS=20

H Mou et al.

I-1II (n = 56), and E-S grade IV (n = 4) patients were not in-
cluded to explore the correlation of PD-L1 expression as measured
by CPS and E-S grades. Hence, in the following investigation,
246 patients with specific E-S grades were included. E-S grade
III patients had significantly higher PD-L1 CPS than E-S grade
II patients (Benjamini—Hochberg corrected P = 0.041, Wilcoxon
rank-sum test), and E-S grade III patients also had significantly
higher PD-L1 CPS than E-S grade I patients (Benjamini—
Hochberg corrected P = 0.11, Wilcoxon rank-sum test) (Fig. 2).

Association of programmed cell death-ligand 1
combined positive score with tumor mutational
burden and gene mutations. Numerous studies have
shown that TMB and PD-L1 expression are associated with re-
sponse to immune checkpoint blockade in lung cancer and that
these two biomarkers are independent predictors that only corre-
late weakly.”?” We explored the correlation between TMB and
the PD-L1 expression in this cohort to determine if the same trend
can be observed in HCC. In 315 patients, 309 had both PD-L1 ex-
pression examination and NGS data. TMB was calculated based
on NGS result. Therefore, 309 patients were included in the fol-
lowing analysis. Across all individuals in this cohort, TMB and
PD-L1 CPS had no correlation (Fig. 3, n =309, Spearman’s corre-
lation coefficient 0.067, P = 0.23). Notably, a few samples with
low TMB had strongly positive PD-L1 expression with high
PD-L1 CPS scores. These results confirmed previous reports that
PD-L1I expression and TMB are independent biomarkers.'?

We then set out to explore the associations between PD-L1 pos-
itivity and individual gene mutations for the genes tested in our
panel. As shown in Figure 4, commonly mutated genes (mutated
in more than 10% patients) in our cohort included 7P53 (58.6%,
181/309), TERT (46.0%, 142/309), CTNNB1 (20.3%, 63/309),
SPTAI (15.2%, 47/309), AXIN1 (14.6%, 45/309), and LRPIB
(13.9%, 43/309). In 309 patients with NGS, 142 patients harbored
TERT mutation, while 112 (78.9%, 112/142) of them were TERT
promoter point mutations, the majority of which were c.-
124C>T (90.2%; 101/112). Among these six commonly mutated

B crs
[ s

Figure 1 Distribution of programmed cell
death-ligand 1 (PD-L1) tumor proportion score
(TPS) and combined positive score (CPS)
(n = 315). Blue bar represents CPS, and orange
bar represents TPS. [Color figure can be viewed
at wileyonlinelibrary.com]
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Kruskal-Wallis, P = 0.063
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Figure 2 Distribution of programmed cell
death-ligand 1 (PD-L1) combined positive score 0

(CPS) by Edmondson-Steiner (E-S) grade.
PD-L1 CPS was significantly different across E-
S grades (P = 0.063, Kruskal-Wallis test). E-S ° o
grade Il patients had significantly higher PD-L1

CPS than E-S grade Il patients (P = 0.041, ° ot
Benjamini-Hochberg corrected Wilcoxon ° e ¢ °
L[] o o oo L]

rank-sum test). There were 246 of 315 patients -

with samples assayed by PD-L1 antibody and . o 'i o "I ‘. f° e
with E-S grade information. E-S grade Il 01 —eeef2 0o
(n =9), E-S grade II-Ill (n = 56), and E-S grade
IV patients (n = 4) were excluded. [Color figure

can be viewed at wileyonlinelibrary.com] E-S grade
Kruskal-Wallis,P = 0.53
1201
0.97
[ 1
0.39
[ 1
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Figure 3 Distribution of tumor mutational burden (TMB) by programmed cell death-ligand 1 combined positive score (CPS). Spearman’s correlation
was 0.067, and the Pvalue was 0.23; 309 patients with programmed cell death-ligand 1 expression examination and next-generation sequencing data
were included in this analysis. [Color figure can be viewed at wileyonlinelibrary.com]
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genes, TP53 mutation was significantly associated with higher
PD-L1 expression (Benjamini—Hochberg adjusted P = 0.021,
Wilcoxon rank-sum test).

The mutation frequencies of homologous recombination
deficiency genes were investigated. Major genes of DNA homolo-
gous recombination repair were BRCA2, BRCAI, PALB2, CDK12,
RADS51, CHEK?2, and ATM. Most of them were mutated at low
frequency (< 5%) in our cohort but ATM (5.8%), and none
of these genes were significantly correlated with PD-L1
expression.

The mutation frequencies of genes of SWI/SNF complex were
investigated. ARID1A4 was mutated in 12.9% of patients, ARID2
was mutated in 7.4% of patients, ARIDIB was mutated in 3.5%
of patients, and SMARCA4 was mutated in 3.9% of patients. None
of these genes were significantly correlated with PD-L1
expression.

Association of programmed cell death-ligand 1
combined positive score with other variables. The
correlation of PD-L1 CPS with other variables, such as the age
of first diagnosis, gender, cirrhosis status, stage, o-fetoprotein
levels, or the site of origin (primary/metastatic/relapsed) of the
samples, were observed. Only cirrhosis status was significantly

H Mou et al.

associated with PD-L1 CPS (Benjamini—Hochberg corrected
P =0.013, Wilcoxon rank-sum test).

Discussion

TP53 mutation and higher E-S grade were both significantly asso-
ciated with higher PD-L1 expression. We observed that both 7P53
mutation and higher E-S grade (grade IIT) were significantly asso-
ciated with higher PD-L1 expression. Thus, 7P53 mutation status
and E—S grade might be of interest in future studies.

One PD-L1 positive case in our cohort was treated with anti-
PD-1 therapy and experienced clinical benefit. The case was a
38-year-old man who had chronic HBV infection for more than
10 years. The PD-L1 CPS was 25. Then the patient was treated
with sorafenib and 200-mg pembrolizumab. As shown in Figure 5,
computed tomography scan 1 month after the start of the treatment
revealed reduced number of nodules in the lung and reduced size
of the tumor in both the lung and the liver, suggesting that the
treatment was effective. The case had a TMB of 4.8 muts/Mb.
The case also harbored a 7P53 mutation. We note that this is just
an anecdotal case, and larger-scale prospective studies are needed
to further understand if anti-PD-1 treatment can result in clinical
benefit in PD-L1-positive HCC patients.
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Figure 4 Somatic mutation profiles of programmed cell death-ligand 1 (PD-L1) assayed samples (n = 309). Samples with combined positive score > 1
were marked as PD-L1 positive, and samples with combined positive score < 1 were marked as PD-L1 negative. Genes (rows) were ordered by mu-
tation frequency (from high to low). Patients (columns) were first ordered by PD-L1 positivity and then by TP53 mutation status; 309 patients with
PD-L1 expression examination and next-generation sequencing data were included in this analysis. Alternations: [ll, fusion/rearrangement; [, substi-

tution/indel; [, gene amplification; [, gene homozygous deletion;
wileyonlinelibrary.com]

6

, truncation. PD-L1: [ll, negative; [ll, positive. [Color figure can be viewed at
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Before treatment

After treatment

PD-L1 expression in hepatocellular carcinoma

Figure 5 Computed tomography (CT) scan before and after treatment: (a) chest CT before treatment, (b) abdomen CT before treatment, (c) chest CT

after treatment, and (d) abdomen CT after treatment.

TP53 mutations and E-S grade were significantly associated. A
contingency table of 7P53 mutation status by E—S grade UII
against [II/IV was constructed (Table S2). 7P53 mutations were
significantly associated with E-S grade III/IV (P = 0.0006,
Fisher’s exact test). This observation supported the proposal of
Calderaro ef al. that 7P53 mutation was the molecular signature
of poorly differentiated HCC.*®

CTNNBI-mutated patients had lower E—S grade, supporting the
hypothesis that CTNNBI was one of the molecular signatures of
well-differentiated HCC. Calderaro et al. proposed that CTNNB1
was one of the molecular signatures of well-differentiated
HCC.?® We then explored the association between CTNNBI muta-
tions with E-S grade. A contingency table of CTNNBI mutation
status by E-S grade I/Il against III/IV was constructed
(Table S3). CTNNBI mutations were significantly associated with
E—S grade VII (P = 4.804e — 06, Fisher’s exact test).

Wnt/CTNNBI-mutated patients had lower PD-L1 expression.
CTNNBI-mutated HCC patients had lower PD-L1 expression
compared with CTNNBI wild-type patients (Benjamini—Hochberg
adjusted P = 0.019). AXINI-mutated HCC patients also had lower
PD-L1 expression compared with AXINI wild-type patients, al-
though the difference was not significant (Benjamini—Hochberg
adjusted P = 0.46). These observations were expected, as recently
it was reported that Wnt/CTNNBI-mutated HCC was correlated
with resistance to immunotherapies.29 And it was generally ex-
pected that resistance to immunotherapies may be associated with
lower PD-L1 expression.

Hepatitis B virus infection may not be associated with PD-L1
expression. It was reported that active HBV carriers had increased
PD-LI expression in myeloid dendritic cells.** However, in our
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cohort, PD-L1 expression was not significantly different between
the HBV-positive and HBV-negative groups (P = 0.15, Wilcoxon
rank-sum test; HBV status reported by hospital). Further investiga-
tion may be needed because of the low PD-L1-positive proportion
in this cohort.

Preliminary results showed that no significant difference was
observed between PD-L1 28-8 Abcam assay and PD-L1 22C3
Dako assay. The PD-L1 antibody used in our study was
PD-L1 28-8 Abcam antibody. To compare its performance with
the more commonly used PD-L1 22C3 Dako antibody, we per-
formed PD-L1 22C3 Dako assay on 50 slides, the consecutive
sections of which had already been stained by the PD-L1 28-8
assay (Figure S1). The difference between these two
assays was not significant (P = 0.14 for TPS and P = 0.068
for CPS, Wilcoxon signed-rank test). Experimental details of
the PD-L1 22C3 assay are available in the Supporting
Information.

One major limitation of this study is that the cohort studied is a
retrospective cohort consisting of patients from many hospitals in
China. As a result, the characteristics of the tumors studied in this
cohort are prone to selection bias. Moreover, a small number of the
patients in this cohort received more than one PD-L1 IHC tests,
and the use of the highest scores in subsequent analyses could in-
troduce additional bias. Larger-scale prospective study is needed
to further validate the conclusions from this work.

In conclusion, for HCC patients, higher E-S grade and 7P53
mutation significantly correlated with higher PD-L1 expression,
while TMB or HBV infection was not significantly correlated with
PD-L1 expression. These observations indicated interesting rela-
tionship between clinicopathological variables with PD-L1
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expression in HCC. It might be helpful to incorporate E-S grade,
TP53 mutation status, and TMB in combination with PD-L1 ex-
pression in future studies.

Data availability statement. The datasets used and/or an-
alyzed during the current study are available from the correspond-
ing author on reasonable request.
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Supporting information Table S1. Sample size per hospital.

.. L. . L Table S2. Conti table of 7P53 mutati tatu E-S
Additional supporting information may be found online in the grz d:s ontingency table o MUTAtion stafus across
Supporting Information section at the end of the article. Table S3. Contingency table of CTNNBI mutation status across

L . .. E-S grades.
Figure S1. Distribution of PD-L1 CPS between in HBV positive grades
group (n = 260) and HBV negative group(n = 44). Blue plot rep-
resents HBV positive group, and Orange plot represents HBV neg-
ative group.
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