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ABSTRACT
The effect of anti-programmed cell death 1 (PD-1) antibody in Epstein-Barr virus-associated gastric cancer 
(EBVaGC) was debatable, and no predictive biomarkers for efficacy have been reported. Public reports on 
anti-PD-1 antibody monotherapy-treated EBVaGC with available programmed death ligand-1 (PD-L1) 
expression status were summarized and analyzed. Relevance with clinicopathologic characteristics of PD- 
L1 expression by immunohistochemistry was analyzed in 159 patients diagnosed with EBVaGC. Relevance 
with genomic transcriptome and mutation profile of PD-L1 status in EBVaGC was assessed with three 
datasets, the cancer genome atlas (TCGA), Gene Expression Omnibus (GEO) GSE51575, and GSE62254. 
Based on the data from 8 reports, patients with positive PD-L1 expression (n = 30) had significantly 
superior objective response rate (ORR) than patients with negative PD-L1 expression (n = 9) (63.3% vs. 0%, 
P = .001) in EBVaGC receiving anti-PD-1 antibody monotherapy. PD-L1 positivity was associated with less 
aggressive clinicopathological characteristics and was an independent predictor for a longer disease-free 
survival (hazard ratio [HR] and 95% CI: 0.45 [0.22–0.92], P = .03) and overall survival (HR and 95% CI: 0.17 
[0.06–0.43], P < .001). Analysis of public EBVaGC transcriptome and mutation datasets revealed enhanced 
immune-related signal pathways in PD-L1high EBVaGC and distinct mutation patterns in PD-L1low EBVaGC. 
PD-L1 positivity indicates a subtype of EBVaGC with ‘hot’ immune microenvironment, lower aggressive
ness, better prognosis, and higher sensitivity to anti-PD-1 immunotherapy.
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Introduction

Gastric cancer (GC) is one of the most aggressive malignan
cies worldwide, ranking the third on the list of the common
est causes of cancer-related death.1 For decades, 
chemotherapy has served as the backbone of the treatment 
for advanced GC.2 In the era of targeted therapy, only a few 
drugs succeeded in the challenge to conventional treatment.3 

However, the choices remain limited and the median overall 
survival (OS) of advanced GC patients is only approximately 
1 year.3 Programmed cell death 1 (PD-1) inhibitors have 
been approved in refractory GC recently, which benefits 
only a small subset of patients.4–8 Identifying this subset of 
patients is one of the most focused issues in immunotherapy 
of GC.

The Cancer Genome Atlas (TCGA) molecular classifica
tion of GC indicated Epstein-Barr virus (EBV)-associated GC 

(EBVaGC) as a special subtype, which presents with abun
dant programmed death-ligand 1/programmed death-ligand 
2 (PD-L1/PD-L2) expression.9 Since then, EBVaGC has 
attracted attention and has been intensively investigated as 
a subset potentially benefiting from immunotherapy. EBV 
infection induces immune responses, recruits immune cells 
and modulates immune-related molecular components.10,11 

Compared with EBV-negative GC (EBVnGC), EBVaGC 
shows a high proportion of lymphoepithelioma-like GC,12 

and has better patient survival.13 EBVaGC harbors deregula
tion of immune response genes,14 strong evidence of 
immune infiltration and high-level activation of immune 
checkpoint pathways.15 Although theoretically EBVaGC is 
suitable for immunotherapy, relevant clinical trials of PD-1 
inhibitors in EBVaGC are limited and the efficacy was 
equivocal.5,16 S.T. kim et al. presented a 100% objective 
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response rate (ORR) in 6 EBVaGC patients in a phase II 
clinical trial.16 However, according to our phase II clinical 
trial reported previously, only 1 in 4 (25%) EBVaGC patients 
achieved PR.5 Notably, All six patients reported by S.T. kim 
et al. and the one patient with PR in our clinical trial had 
positive PD-L1 expression in tumor tissues, while the 
remaining 3 patients who didn’t achieve PR in our clinical 
trial had negative PD-L1 expression.5,16 This finding triggers 
an interest to investigate the potential impact of PD-L1 
expression on efficacy in EBVaGC patients receiving immu
notherapy, which has never been reported.

PD-L1 is a hallmark of inhibition of adaptive immune 
response.17 It has been widely proved to be a predictive bio
marker for immunotherapy in various malignancies.18 

Compared with EBVnGC, PD-L1 is highly expressed in 
EBVaGC.9,19 About 50% of EBVaGC were PD-L1 positive in 
tumor tissues by immunohistochemistry.19,20 However, its 
association with clinicolpathological characteristic and prog
nosis were inconsistency by limited previous studies with small 
sample numbers.20–22

Here, literature were reviewed to investigate the impact of 
PD-L1 expression on efficacy of immunotherapy in EBVaGC. 
Data of responses to immunotherapy according to PD-L1 
expression in EBVaGC was collected and summarized. 
Moreover, the clinicolpathological and prognostic association 
of PD-L1 expression in EBVaGC was analyzed in a large con
secutive EBVaGC cohort from Sun Yat-sen University Cancer 
Center. Furthermore, publicly available tumor sequencing data 
was used to compare molecular characteristics between PD- 
L1low and PD-L1high EBVaGC.

Materials and methods

Ethics statement

For patients involved in PD-L1 immunohistochemistry analy
sis in the present study, all of them provided written informed 
consent for their information and archived tumor tissues to be 
stored and used for scientific research in hospital database of 
Sun Yat-sen University Cancer Center. This study was 
approved by the independent ethics committee of the cancer 
center.

Literature search and data collection

We conducted a literature search for reports of the efficacy 
of PD-1/PD-L1 inhibitors monotherapy in patients with 
EBVaGC in the Pubmed database. Studies which contained 
original information of clinical results of PD-1/PD-L1 inhi
bitor treatment in EBVaGC were screened, including origi
nal researches and case reports. While those without 
enough information on PD-L1 expression by immunohis
tochemistry and tumor response data for analyses were 
excluded.

Patients

For PD-L1 immunohistochemistry analysis in the present 
study, a total of 4,436 consecutive cases diagnosed with GC 

from January 2015 to December 2019 were screened, only 
190 (4.3%) cases were EBV-encoded RNAs (EBERs) positive 
by routine fluorescence in situ hybridization (FISH) detec
tion. Excluding those without available archived tumor 
tissues in our cancer center or complete clinical and survi
val data, 159 EBVaGC cases were finally included for PD- 
L1 immunohistochemistry analysis.

PD-L1 immunohistochemistry and scoring

The protein levels of PD-L1 were assessed in formalin-fixed, 
paraffin-embedded primary GC tissues. 
Immunohistochemistry staining of tissue sections was per
formed as described previously.23 An antihuman PD-L1 mono
clonal antibody (E1L3N, Cell Signaling Technology) was used 
per the manufacturer’s instructions. PD-L1 expression was 
evaluated using the scoring method of the combined positive 
score (CPS), which is the number of positive cells (tumor cells, 
lymphocytes, and macrophages)/the total number of viable 
tumor cells, and multiplied by 100. Positive PD-L1 expression 
was defined as a CPS ≥ 1, and negative PD-L1 expression was 
defined as a CPS <1. The clinicopathological features was 
compared between patients with positive and negative PD-L1 
expression.

Public sequencing database

Datasets of TCGA mRNA expression matrix and mutation 
profiling were downloaded from the UCSC Xena browser 
(https://xenabrowser.net/datapages/). Datasets of GSE51575 
and GSE62254 mRNA expression profiling were downloaded 
from the Gene Expression Omnibus (GEO, www.ncbi.nlm.nih. 
gov/geo/, GSE51575, GSE62254) database. There were respec
tively 23 (TCGA), 12 (GSE51575), and 24 (GSE62254) 
EBVaGC specimens. Gene mutation and expression profiles 
were compared between PD-L1low and PD-L1high subgroup 
with cutoff values of PD-L1 mRNA expression level set at the 
median.

Statistics

Statistical analysis were performed using SPSS for Windows 
V.13.0 (SPSS Inc., Chicago, IL, USA) and R version 3.4.0. 
The associations of PD-L1 level by immunohistochemistry 
staining with clinicopathological characteristics were evalu
ated using the chi-square test. The prognostic relevance of 
PD-L1 level was assessed using univariate and multivariate 
COX regression analysis. Survival curves were plotted by 
Kaplan-Meier method and log-rank test. Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway and 
Gene Ontology (GO) biological process enrichment analysis 
was calculated by using the R package “clusterProfile” based 
on gene expression matrix. Mutation landscape and compar
ison between PD-L1high and PD-L1low tumors were per
formed using the package “maftools”. All statistical 
hypothesis performed in this paper were two-tailed, and 
a P value≤0.05 was considered significant.
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Results

Efficacy of PD-1/PD-L1 inhibitors in EBVaGC according to 
PD-L1 expression

Altogether, eight reports from 2018 to 2020 (3 prospective 
studies, 4 retrospective studies, and 1 case report) were quali
fied for use in investigating the impact of PD-L1 expression on 
the efficacy of PD-1 antibody immunotherapy in EBVaGC 
(Supplementary Table 1S). These studies contributed to 
a total of 39 EBVaGC patients treated with PD-1/PD-L1 inhi
bitors monotherapy and with available data on PD-L1 expres
sion status in tumor tissues and tumor response (Table 1). All 
of the 8 studies assessed PD-L1 expression combining staining 
on both tumor cells and immune cells by immunohistochem
istry. From the studies, nine patients were PD-L1 negative (PD- 
L1 < 1%), and none of them achieved PR (ORR 0%). Whereas 
the ORR was 63.3% in 30 patients with positive PD-L1 expres
sion (PD-L1≧1%), and the difference was significant 
(P = .001). In patients with PD-L1 ≧10% and PD-L1 ≧50%, 
the ORRs were, respectively, 83.3% and 100.0%. Furthermore, 
the ORRs increased with the rising level of PD-L1 expression 
(Table 1, Figure 1a). Among the 39 patients, there were 12 
patients with available survival information, including progres
sion-free survival (PFS) and OS (Supplementary Table 2S). 
Compared with patients with negative PD-L1 expression 
(n = 4, median and 95% confidence interval [CI]: 2.0 [1.2– 
2.8 m], mean: 2.4 m), those with positive PD-L1 expression 
(n = 8, median and 95% CI not reached, mean: 18.5 m) had 
significantly superior PFS (P = .005, Figure 1b). While OS data 
was not sufficiently mature due to several patients were early- 
censored.

Association of PD-L1 expression with clinicopathological 
characteristics in EBVaGC

Altogether, 159 consecutive patients with EBVaGC were 
included, who were diagnosed as positive in EBERs staining 
by FISH (supplementary Figure 1S). The baseline characteris
tics were shown in Supplementary Table 3. The median age was 
57 years. Most patients were males (n = 141, 88.7%), with 
tumors located in proximal stomach (n = 75, 47.2%), poorly 
differentiated (n = 90, 56.6%) and diagnosed at stage III 
(n = 78, 49.1%). Median size of primary tumor was 4.5 cm. 
Positive PD-L1 expression was detected in 87 (54.7%) patients. 
Representative slides of HE staining and PD-L1 immunohis
tochemistry staining are shown in Supplementary Figure 2S.

The proportion of positive PD-L1 expression was higher in 
female patients compared with male patients (77.8% vs. 51.8%, 
P = .04). Patients with positive PD-L1 expression had signifi
cantly smaller size of tumor (P = .05), less advanced N category 
(P = .001), less frequent distant metastasis (P = .01), less 
advanced TNM classification (P = .004), less frequent nervous 
invasion (P = .01), less frequent venous invasion (P = .02), and 
lower HER2 immunohistochemistry score (P = .01). The pro
portion of positive PD-L1 expression was higher in patients 
with stage T1+ T2 tumors than in those with stage T3+ T4 
tumors, although the difference was not significant (65.1% vs. 
51.9%, P = .14). While PD-L1 status was not associated with 

age, tumor location, tumor differentiation and Lauren classifi
cation (Table 2).

Interestingly, PD-L1 expression was significantly associated 
with lymphoepithelioma-like GC in patients with EBVaGC 
(Tables 2). In lymhoepithelioma-like GC, 69.2% of patients 
were PD-L1 positive, while only 32.1% of patients were PD- 
L1 positive in non-lymhoepithelioma-like GC. Thus that lym
hoepithelioma-like GC may be an important subtype of 
EBVaGC which deserves further research in the area of immu
notherapy. We further analyzed the clinicopathological and 
prognostic association of lymhoepithelioma-like GC in our 
159 patients diagnosed with EBVaGC. Lymhoepithelioma- 
like GC was significantly correlated with smaller tumor size 
(P < .001), less advanced T category (P = .003), less advanced 
N category (P < .001), less frequent distant metastasis 
(P < .001), less advanced TNM classification (P < .001), less 
frequent nervous invasion (P = .01), and less frequent venous 
invasion (P = .001) (Supplementary Table 4S). A significantly 
superior disease-free survival (DFS) and OS were also found in 
lymhoepithelioma-like GC subtype compared with non- 
lymhoepithelioma-like GC subtype in EBVaGC patients 
(Supplementary Figure 3S).

Prognostic relevance of PD-L1 expression in EBVaGC

During a median follow-up time of 23 months, 32 patients 
experienced disease recurrence and/or metastasis among the 
132 patients at stages I–III, and 36 patients died of GC 
among the total 159 patients. The univariate and multivari
ate analyses were conducted to assess the impact of PD-L1 
expression and other factors on DFS and OS in patients with 
EBVaGC.

Patients with positive PD-L1 expression had an estimated 
mean DFS (95% CI) of 48.9 (44.9–52.9) m (median DFS and 
95% CI: not reached), whereas patients with negative PD-L1 
expression had an estimated mean DFS (95% CI) of 38.3 (31.5– 
42.0) m (median DFS and 95% CI: not reached). The difference 
of DFS between PD-L1 negative and positive EBVaGC was 
significant (P = .004, Figure 2a). Other factors significantly 
associated with DFS included tumor size (P = .01), TMN 
classification (P = .001), nervous invasion (P = .02), and venous 
invasion (P < .001). After being adjusted by these confounding 
factors, positive PD-L1 expression remained to be indepen
dently associated with superior DFS (hazard ratio [HR] and 
95% CI: 0.45 [0.22–0.92)], P = .03, Table 3).

Similarly, patients with positive PD-L1 expression had an 
estimated mean OS (95% CI) of 62.5 (58.1–66.9) m (median OS 
and 95% CI: not reached), whereas patients with negative PD- 
L1 expression had an estimated mean OS (95% CI) of 35.7 
(29.9–41.5) m (median OS and 95% CI: 33.2 [18.0–48.3] m). 
The survival differences were significant (P < .001, Figure 2b). 
Other factors significantly associated with OS were the same 
with those for DFS, including tumor size (P < .001), TMN 
classification (P = .001), nervous invasion (P = .003), and 
venous invasion (P < .001). After adjusting for these confound
ing factors, PD-L1 expression remained as an independent 
prognostic factor for OS in EBVaGC (HR and 95% CI: 0.17 
[0.06–0.43], P < .001, Table 3).

ONCOIMMUNOLOGY e1938381-3



Ta
bl

e 
1.

 T
he

 e
ffe

ct
iv

e 
ra

te
 o

f P
D

-1
/P

D
-L

1 
in

hi
bi

to
rs

 s
tr

at
ifi

ed
 b

y 
PD

-L
1 

ex
pr

es
si

on
 in

 E
BV

aG
C.

So
ur

ce
PD

-L
1 

IH
C 

an
tib

od
y

PD
-L

1 
ev

al
ua

tio
n

PD
-1

/P
D

-L
1 

in
hi

bi
to

rs
To

ta
l n

um
be

r 
of

 
pa

tie
nt

s
O

RR
 

(%
)

To
ta

l n
um

be
r 

of
 

pa
tie

nt
s

N
um

be
r 

of
 p

at
ie

nt
s 

(n
um

be
r 

of
 r

es
po

nd
er

s)
 a

cc
or

di
ng

 t
o 

PD
-L

1 
ex

pr
es

si
on

<
 

1%
≧

1%
<

 1
0%

≧
10

%
<

 5
0%

≧
50

%
≧

1%
-1

0%
≧

10
%

-5
0%

To
ng

 e
t 

al
., 

20
20

N
A

TC
+

IC
PD

-1
/P

D
-L

1 
in

hi
bi

to
rs

7
42

.8
7

1 
(0

)
6 

(3
)

3 
(0

)
4 

(3
)

6 
(2

)
1 

(1
)

2 
(0

)
3 

(2
)

Sa
or

i e
t 

al
., 

20
19

SP
14

2/
SP

26
3

CP
S

N
iv

ol
um

ab
4

25
.0

4
0

4 
(1

)
4 

(1
)

0
0

0
4 

(1
)

0
Se

un
g 

et
 a

l.,
 2

01
8

22
C3

CP
S

Pe
m

br
ol

iz
um

ab
6

10
0.

0
6

0
6 

(6
)

2 
(2

)
4 

(4
)

4 
(4

)
2 

(2
)

2 
(2

)
2 

(2
)

An
sh

um
an

 e
t 

al
., 

20
18

SP
14

2
TC

+
IC

Av
el

um
ab

1
10

0.
0

1
0

1 
(1

)
0

1 
(1

)
0

1 
(1

)
0

0

Jin
ch

ul
 e

t 
al

., 
20

20
22

C3
CP

S
N

iv
ol

um
ab

/ 
Pe

m
br

ol
iz

um
ab

4
50

.0
4

1 
(0

)
3 

(2
)

N
A

N
A

N
A

N
A

N
A

N
A

F 
et

 a
l.,

 2
01

9
SP

14
2

TC
+

IC
To

rip
al

im
ab

4
25

.0
4

3 
(0

)
1 

(1
)

3 
(0

)
1 

(1
)

4 
(1

)
0

0
1 

(1
)

Yo
he

i e
t 

al
., 

20
20

SP
14

2/
SP

26
3

CP
S

PD
-1

 in
hi

bi
to

rs
6

33
.3

6
0

6 
(2

)
4 

(1
)

2 
(1

)
4 

(1
)

N
A

4 
(1

)
N

A
M

in
su

k 
et

 a
l.,

 2
02

0
22

C3
CP

S
N

iv
ol

um
ab

/ 
Pe

m
br

ol
iz

um
ab

7
42

.9
7

4 
(0

)
3 

(3
)

4 
(0

)
N

A
4 

(0
)

N
A

N
A

N
A

To
ta

l
39

48
.7

39
9 

(0
)

30
 

(1
9)

20
 (4

)
12

 (1
0)

22
 (8

)
4 

(4
)

12
 (4

)
6 

(5
)

O
RR

 (%
)

0.
0

63
.3

20
.0

83
.3

36
.4

10
0.

0
33

.3
83

.3

Ab
br

ev
ia

tio
ns

: P
D

-1
, p

ro
gr

am
m

ed
 c

el
l d

ea
th

 p
ro

te
in

 1
; P

D
-L

1,
 p

ro
gr

am
m

ed
 c

el
l d

ea
th

 p
ro

te
in

 li
ga

nd
 1

; E
BV

aG
C,

 E
ps

te
in

-B
ar

r 
vi

ru
s 

as
so

ci
at

ed
 g

as
tr

ic
 c

an
ce

r; 
IH

C,
 Im

m
un

oh
is

to
ch

em
is

tr
y;

 T
C,

 t
um

or
 c

el
l; 

IC
, i

m
m

un
e 

ce
ll;

 C
PS

, 
co

m
bi

ne
d 

po
si

tiv
e 

sc
or

e;
 O

RR
, o

bj
ec

tiv
e 

re
sp

on
se

 r
at

e;
 N

A,
 n

ot
 a

va
ila

bl
e;

e1938381-4 X.-L. WEI ET AL.



Association of PD-L1 high expression with enhanced 
activity of immune signal pathways in EBVaGC

The gene expression profile was compared between PD-L1high 

and PD-L1low tumors according to the mRNA expression level 
of PD-L1 in EBVaGC using TCGA, GSE51575, and GSE62254 
datasets. The cutoff value of PD-L1 mRNA expression was set 
at the median considering the around 50% PD-L1 positive rate 
by immunohistochemistry in EBVaGC by our present study 
and previous reports.19,20 Distinct profiles between PD-L1high 

and PD-L1low tumors were shown. Immune-related signal 
pathways were frequently up-regulated in PD-L1high tumors 
in all the three datasets (Figure 3), such as pathways related 
with cytokine interaction and production, and regulation of 
chemotaxis. Whereas pathways up-regulated in PD-L1low 

tumors were involved in other signal pathways, such as meta
bolism and epithelial cell proliferation (Supplementary 
Figure 4S).

Difference of genetic mutation profile in PD-L1high and 
PD-L1low EBVaGC

The gene mutation profile between PD-L1high and PD-L1low 

tumors in EBVaGC was compared using TCGA data. A dozen 
of genes were highly mutated in PD-L1low tumors (mutation 
rate 27%, mainly missense mutations) but not mutated in PD- 
L1high tumors (Figure 4). Those included some of genes which 
were reported to be associated with malignancies, such as 
USH2A, DENND5A, DNAH5, DYNC2H1, and MYH2. 
While NBEA gene mutation was frequently found in PD- 
L1high tumors (mutation rate: 33%).

Discussion

EBVaGC is an important subtype of GC, which is supposed to 
be potentially sensitive to PD-1/PD-L1 inhibitors due to the 
relatively ‘hot’ immune microenvironment.9,14 However, 
according to clinical reports,5,15,16,24–29 the efficacy of PD-1 
inhibitors in EBVaGC may not be universally satisfactory. 

The underlying biomarkers for immunotherapy in EBVaGC 
haven’t been reported. This study demonstrated PD-L1 expres
sion to be a crucial biomarker in EBVaGC. According to our 
study, positive PD-L1 expression was associated with less 
aggressive clinical and pathological features, predicted superior 
prognosis, and better efficacy of immunotherapy in EBVaGC.

EBVaGC constitutes only less than 10% of GC, and an 
even smaller proportion in stage Ⅳ GC.13,30 Thus, it’s rela
tively difficult to recruit enough EBVaGC patients in clinical 
trials. To date, all clinical reports on immunotherapy in 
EBVaGC are of small sample numbers, none of which 
exceeded 10 EBVaGC patients, and the efficacy has been 
debatable, with ORRs ranging from 25% to 100%.5,15,16,24–29 

Collectively, an ORR of 48.7% was concluded combining 
available clinical reports, as shown in our study. However, 
this result was evidently biased, as 30 out of 39 (76.9%) 
patients were PD-L1 positive, which was far beyond the 
rates of approximately 50% in unselected EBVaGC popula
tion by our immunohistochemistry staining result and litera
ture reports.19,20 Furthermore, stage Ⅳ patients would have 
a lower PD-L1 positive rate as suggested by our present study. 
Considering PD-L1 positivity was significantly associated 
with a higher ORR in EBVaGC receiving anti-PD-1 immu
notherapy found by our present study, the efficacy of anti-PD 
-1 immunotherapy in EBVaGC have been generally overesti
mated in literature reports. As a conclusion, the authentic 
efficacy of PD-1/PD-L1 inhibitors in EBVaGC are still not 
clear. Clinical trials recruiting consecutive EBVaGC patients 
are needed to reveal the answer.

By collecting and analyzing public clinical data, our present 
study is the first to provide an important perspective on bio
markers for anti-PD-1 immunotherapy in EBVaGC. This is the 
first study to indicate the potential role of PD-L1 expression in 
predicting benefit from immunotherapy in EBVaGC. The ORR 
was 0% in PD-L1 negative EBVaGC, while 63.3% in PD-L1 
positive EBVaGC. The ORR was even higher in those with PD- 
L1 10–50% positive (ORR: 83.3%) and ≧50% positive (ORR: 
100%). A significantly prolonged PFS was also observed in PD- 
L1 positive EBVaGC compared with PD-L1 negative EBVaGC. 

Figure 1. The impact of PD-L1 expression in tumor tissues on efficacy and progression-free survival in EBVaGC receiving PD-1/PD-L1 inhibitors monotherapy.The ORRs 
according to the level of PD-L1 expression (a); Survival curves of progression-free survival stratified by PD-L1 expression (b).
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However, these results were based on retrospective analyses of 
various public clinical reports, the value of PD-L1 in immu
notherapy in EBVaGC need to be verified in prospective clin
ical trials.

PD-1 is strictly regulated and strongly induced when T cells 
are activated,31 when engaged with its ligand PD-L1, it med
iates immunosuppression in tumor microenvironment.32 

Thus, PD-L1 is considered a marker of the existence of adap
tive immune response. Its expression is positively associated 
with infiltration of immune cells in GC,33 as well as in 
EBVaGC.22 Consistently, we found PD-L1 positivity to be 
associated with benign tumor features, less advanced tumor 

stage, and better prognosis in EBVaGC. Our results are in line 
with reports by Min et al.21 and Raghav et al.22 It may be 
speculated that EBVaGC with higher PD-L1 expression is 
more likely to be immune-inflamed, thus is more sensitive to 
immunotherapy.

To further support our assumption, we conducted a gene 
expression profile analysis in EBVaGC to compare the differ
ences between PD-L1high and PD-L1low tumors. It was found 
that immune-related pathways were activated in PD-L1high 

EBVaGC in three different datasets, suggesting that EBVaGC 
with higher PD-L1 expression was inclined to be immune- 
inflamed.

EBVaGC is well-known to be a subtype of GC characterized 
by the activation of immune-related genes,9,14 it’s important to 
understand why PD-L1low EBVaGC break the routine and 
induce resistance to immunotherapy. By comparing the muta
tional profile between PD-L1high and PD-L1low EBVaGC, it was 
found that PD-L1low tumors possessed more frequent tumor 
mutations in several genes. Among them, PLCG2 mutation 
was related with marked humoral immunodeficiency,34 

VPS13D genetic variant was reported to increase the produc
tion of IL-6,35 an immunosuppressive cytokine.36 Although 
some of the other involved genes have been reported to be 
associated with malignancies, such as USH2A37 and DNAH5,38 

whether those genes have any role in modulating cancer 
immune microenvironment remains unclear. Our mutational 
profile analysis was based on a small TCGA patient sample of 
EBVaGC, intensive studies with large patient samples are war
ranted for better characterization of mutational profile between 
PD-L1high and PD-L1low EBVaGC. And such works may shed 
new light on overcoming resistance to immunotherapy in 
EBVaGC.

Lymhoepithelioma-like GC, also indicated as gastric car
cinoma with lymphoid stroma, is a unique subtype of GC, 
and over 80% of them is infected with EBV. This subtype of 
GC commonly harbors intense lymphocyte infiltration.39 

EBV associated lymphoepithelial-like GC was considered 
a typical hot tumor.40 Compared with conventional histolo
gical type, lymhoepithelioma-like GC was reported to have 
significantly prolonged DFS and OS in EBVaGC.41 Our 
findings are consistent with previous reports; here we 
reported that lymhoepithelioma-like GC to be associated 
with less aggressive tumor features and better prognosis. 
Additionally, our study was the first to report an association 
of lymhoepithelioma-like GC with higher PD-L1 positive 
rate in EBVaGC. Although the correlation of lymhoepithe
lioma-like GC with efficacy of anti-PD-1 immunotherapy in 
EBVaGC has not been investigated, lymhoepithelioma-like 
EBVaGC also has the potential to be a highly sensitive 
subtype. Future clinical trials on immunotherapy in 
EBVaGC should include both PD-L1 expression and lym
hoepithelioma-like subtype as stratification factors.

Several limitations need to be highlighted. First of all, the 
analyses for the impact of PD-L1 status on the efficacy of 
immunotherapy were based on public data, which might result 
in certain biases. However, due to the small proportion of 
EBVaGC among the general GC population, our analysis is 
a good supplementary to the scarce clinical trial data about 
immunotherapy in EBVaGC. Secondly, the number of samples 

Table 2. The clinicopathological relevance of PD-L1 expression in EBVaGC.

Characteristics
PD-L1 

expression* P value

Negative, No. 
(%)

Positive, No. 
(%)

Age (years, median 57) 0.94
≤ 57 36 (45.0) 44 (55.0)
> 57 36 (45.6) 43 (54.4)
Sex 0.04
Male 68 (48.2) 73 (51.8)
Female 4 (22.2) 14 (77.8)
Primary site 0.68
Proximal 35 (46.7) 40 (53.3)
Distal 26 (47.3) 29 (52.7)
Stump 9 (42.9) 12 (57.1)
Other 2 (25.0) 6 (75.0)
Tumor size (cm, median 4.5) 0.05
≤ 4.5 32 (38.1) 52 (61.9)
> 4.5 40 (53.3) 35 (46.7)
T category** 0.14
T1+ T2 15 (34.9) 28 (65.1)
T3+ T4 52 (48.1) 56 (51.9)
N category** 0.001
N0+ N1 16 (27.6) 42 (72.4)
N2+ N3 50 (54.9) 41 (45.1)
M category 0.01
M0 54 (40.9) 78 (59.1)
M1 18 (66.7) 9 (33.0)
TNM classification 0.004
I+II 16 (29.6) 38 (70.4)
III+IV 56 (53.3) 49 (46.7)
Tumor differentiation 0.81
Poorly differentiated 40 (44.4) 50 (55.6)
Moderately differentiated 32 (46.4) 37 (53.6)
Lauren classification** 0.81
Intestinal 22 (46.8) 25 (53.2)
Diffuse 11 (50.0) 11 (50.0)
Mixed 37 (43.0) 49 (57.0)
Lymphoepithelioma-like gastric 

cancer
<0.001

No 38 (67.8) 18 (32.1)
Yes 28 (30.8) 63 (69.2)
Nervous invasion** 0.01
Negative 15 (29.4) 36 (70.6)
Positive 51 (51.5) 48 (48.5)
Venous invasion** 0.02
Negative 25 (34.2) 48 (65.8)
Positive 41 (53.2) 36 (46.8)
HER2 IHC score 0.01
0–1 54 (40.9) 78 (59.1)
2–3 18 (69.2) 8 (30.8)

Abbreviations: PD-L1, programmed cell death protein ligand 1; EBVaGC, Epstein- 
Barr virus associated gastric cancer; T, tumor; N, node; M, metastasis. 

* PD-L1 positive expression is defined as CPS score ≥ 1. 
** Eight patients miss information for T classification; ten patients miss informa

tion for N classification; four patients miss information for Lauren classification; 
nine patients miss information for nervous invasion and venous invasion;
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for transcriptome and mutation analyses was relatively small, 
and further validation was warranted for solid conclusions to 
guide in-depth research. Nevertheless, combining public data 
and tumor samples in our center, our present study proved an 
important impact of PD-L1 expression on immunotherapy in 
EBVaGC with corresponding clinical and molecular basis.

In summary, our study revealed the association between 
PD-L1 expression and effect of the PD-1 antibody in 
EBVaGC. Positive PD-L1 expression indicated a subtype of 
EBVaGC with less aggressive clinicopathological features, and 
superior survival compared with negative PD-L1 expression. 
Genetically, a higher level of PD-L1 expression was associated 

Figure 2. The impact of PD-L1 expression in tumor tissues on disease-free survival and overall survival in EBVaGC. Survival curves of disease-free survival stratified by PD- 
L1 expression (a); Survival curves of overall survival stratified by PD-L1 expression (b).

Table 3. Univariate and multivariate Cox proportional hazards analysis for progression-free survival and overall survival in EBVaGC.

Characteristics PFS OS

Univariate 
analysis

Multivariate 
analysis

Univariate analysis Multivariate 
analysis

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Age (≤ 57/> 57) 0.64 (0.32–1.30) 0.22 1.16 (0.60–2.23) 0.66
Sex (Male/Female) 0.80 (0.28–2.28) 0.67 0.91 (0.32–2.58) 0.86
Tumor size (cm, ≤ 4.5/> 4.5) 2.70 (1.31–5.54) 0.01 3.88 (1.86–8.09) <0.001
TMN classification (I+ II/III+IV) 27.8 (3.79– 

203.50)
0.001 25.42 (3.46– 

186.83)
0.001 25.46 (3.48– 

186.07)
0.001 16.62 (2.25– 

122.71)
0.01

Tumor differentiation (poorly/ 
Moderately)

0.72 (0.36–1.46) 0.37 0.65 (0.33–1.29) 0.22

Lauren classification 0.97 0.26
Intestinal 1 Reference 1 Reference
Diffuse 1.15 (0.39–3.37) 0.80 2.33 (0.84–6.44) 0.10
Mixed 1.02 (0.47–2.23) 0.96 1.49 (0.62–3.56) 0.37
Nervous invasion (Negative/Positive) 2.97 (1.22–7.23) 0.02 8.71 (2.07–36.58) 0.003
Venous invasion (Negative/Positive) 4.46 (1.93–10.32) <0.001 5.62 (2.15–14.68) <0.001
HER2 IHC score (0–1/2-3) 1.06 (0.44–2.59) 0.89 1.83 (0.88–3.81) 0.11
PD-L1 expression (Negative/Positive) * 0.36 (0.18–0.73) 0.004 0.45 (0.22–0.92) 0.03 0.15 (0.07-.034) <0.001 0.17 (0.06–0.43) < 0.001

Abbreviations: EBVaGC, Epstein-Barr virus associated gastric cancer; HR, hazard ratio; TNM, tumor node metastasis; PD-L1, programmed cell death protein ligand 1; IHC, 
immunohistochemistry. 

* PD-L1 positive expression is defined as CPS score ≥ 1.

Figure 3. Pathway enrich analysis for pathways upregulated in PD-L1high EBVaGC in TCGA, GSE51575, and GSE62254 datasets.
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with enhanced immune-related signal pathways and different 
mutation pattern compared with a lower level of PD-L1 expres
sion. Our findings provide significant clues for future clinical 
and experimental researches on immunotherapy in EBVaGC.
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