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ABSTRACT
Although immune checkpoint blockade have demonstrated promising results, their effects on gastric cancer
(GC) are under investigation. Understanding the clinical significance of PD1 and its ligands’ expression, together
with T cell infiltration might provide clues for biomarkers screening in GC immunotherapy.
Immunohistochemistry were performed on a tissue microarray including 1,014 GC specimens using PD1, PDL1
and PDL2 antibodies. T cell markers CD3 and CD8 were also stained and quantified by automated image
analysis. Correlation with clinical features and outcome were analyzed after controlling for potential
confounders including EBV infection, HER2, C-met and PCNA expression. 37.8% of the cases showed
membranous PD-L1 expression in tumor cells and 74.9% in infiltrating immune cells. PDL1 expression rate was
rather higher in patients without metastasis, in EBV positive group and those with C-met and PCNA expression.
GC patients with high level PDL1 expression exhibited better survival. GC Patients with higher T cell infiltration
also showed elevated PDL1, PDL2 and PD1 expression and predict favorable outcome, indicating an adaptive
immune resistance mechanism may exist. The group of patients infiltrated with lower density CD3C T cells also
without PDL1 expression in tumor cells predict the worst outcome in the subgroup of different PTNM stage,
which may suggest an inactive immune status. These results highlights the need to assess both PDL1
expression in all tumor context and the characterization of the GC immune microenvironment.
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Introduction

Although declining in the last few decades, Gastric cancer (GC)
still remains the third most common cancer worldwide.1 It was
postulated that GC, which harbored higher mutation fre-
quency, would be more immunogenic and likely to benefit
from immunotherapy, given its breakthrough effects on mela-
noma and lung cancer.2,3,4

Cancer cells may exhibit immune inhibition to promote
tumor progression and distant metastasis.5 One key mechanism
is the Programmed Cell Death 1 (PD1) / PD1 ligand 1 (PDL1)
pathway. PD1 is typically expressed by activated lymphocytes,
including CD8C T cells, CD4C T cells, natural killer (NK) T
cells, B cells, activated monocytes and dendritic cells.6 It is acti-
vated by its ligands PDL1 and PDL2 to suppress antigen-stimu-
lated lymphocyte proliferation, migration and cytokine
production, ultimately resulting in attenuating effector T cells
function and immunological tolerance.6 PDL1 is constitutively

expressed on T and B cells, macrophages and dendritic cells,
while PDL2 expression is much more typically restricted in
activated DC and macrophages.7 PDL1 have also been reported
to be expressed in variety tumor cells including lung, colorectal,
breast and melanoma.8–11 To date, PD1 and its ligands in GC
was only evaluated in small cohort of patients with controver-
sial conclusions.12–15 These results were probably confounded
by the ethnic differences, the small sample size, and/or hetero-
geneous patient population.

In addition to PD1/PDL1, tumor infiltrating lymphocytes
(TILs) reflects primary host immune response against solid
tumors.16,17 A strong histological lymphocytic reaction, high
density of CD3C and CD8C T cells have been reported with
better outcome in colorectal cancer and lung cancer, demon-
strating an important role of T cell mediated host immunity in
repressing tumor progression.12,18,19 Considering the close rela-
tionship between PD1/PDL1 pathway and T cell activation, we
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used a tissue microarray (TMA) including 1,014 well annotated
GC specimens to investigate the expression of PD1/PDL1,
quantified tumor infiltrating CD3C and CD8C T cells density
to determine their relationships with clinicopathological fea-
tures and patients’ prognosis.

Results

Patient characteristics

A total of 1014 surgically resected FFPE primary gastric can-
cer sampled in tissue microarrays could be assessed for the

markers, including 739 males and 275 females without any
preoperative therapy (Table 1). The median follow up is 39.0
months (range: 0.2–133.9 months) and the median age at
diagnosis is 61 y (range: 22–89 y). 239 cases were located at
the proximal part, including the gastro-esophageal junction,
259 cases in the corpus, 468 at the distal part including
antrum and 5 cases disseminated to the whole gastric struc-
tures. All the tissue samples were identified as adenocarci-
noma and 78% of samples were poorly or moderate
differentiated, including 8% signet ring cell type. As shown
in Table 1, 569 cases (56.1%) were intestinal subtype, while
242 (23.9%) were intestinal and 184 (18.1%) were mixed

Table 1. Clinicopathological and molecular features according to PDL1 expression.

PDL1 in tumor PDL1 in immune cells

n Pos(%) Neg(%) p-value Pos(%) Neg(%) p-value

Gender 1014 0.140 0.437
female 275 41.5 58.5 73.1 26.9
male 739 36.4 63.6 75.5 24.5

Age 1014 0.507 0.405
< D 60 506 36.8 63.2 73.7 26.3
>60 508 38.8 61.2 76.0 24.0

Localization 971 0.760 0.342
Upper 239 38.5 61.5 17.6 6.0
Middle 259 35.9 64.1 79.9 20.1
Lower 468 39.1 60.9 72.6 27.4
whole 5 40.0 60.0 60.0 40.0

Lauren type 995 0.013 0.247
Diffuse 242 32.2 67.8 72.3 27.7
Intestinal 569 38.0 62.0 74.9 25.1
Mixed 184 46.2 53.8 79.3 20.7

T stage 1014 0.068 0.027
T1 64 37.5 62.5 82.8 17.2
T2 124 49.2 50.8 83.1 16.9
T3 651 36.3 63.7 72.8 27.2
T4 175 35.4 64.6 73.7 26.3

N stage 1007 <0.001 0.016
N0 252 43.7 56.3 75.8 24.2
NC 755 38.4 61.57% 77.2 22.8

M stage 979 0.028 0.002
M0 913 38.4 61.6 75.9 24.1
M1 66 25.8 74.2 59.1 40.9

pTNM 979 <0.001 0.003
1 118 44.1 55.9 80.5 19.5
2 280 44.6 55.4 77.9 22.1
3 515 33.8 66.2 73.8 26.2
4 66 25.8 74.2 59.1 40.9

Vascular invasion 999 0.215 0.114
neg 456 39.9 60.1 77.6 22.4
pos 543 36.1 63.9 73.3 26.7

Diameter 978 0.973 <0.001
<5cm 520 37.9 62.1 80.2 19.8
> D 5cm 458 38.0 62.0 70.1 29.9

Differentiation 962 0.115 0.873
well 23 21.7 78.3 69.6 30.4
poorly 470 40.6 59.4 76.0 24.0
moderately 469 37.1 62.9 76.1 23.9

MMR 857 0.999 0.057
deficient 142 40.8 59.2 69.7 30.3
proficient 715 40.8 59.2 77.2 22.8

EBV status 967 <0.001 0.001
neg 933 36.5 63.5 74.2 25.8
pos 34 76.5 23.5 100.0 0.0

c-Met status 979 <0.001 <0.001
neg 655 33.0 67.0 71.1 28.9
pos 324 48.1 51.9 83.6 16.4

PCNA 892 <0.001 <0.001
1 28 10.7 89.3 57.1 42.9
2 104 31.7 68.3 61.5 38.5
3 760 40.5 59.5 78.4 21.6
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type. The vast majority of tumors were classified as clinical
TNM stage 2(34.7%) and stage 3(44.1%). The 1-, 3-, 5-year
overall survival is 0.846 § 0.011, 0.613 § 0.016, 0.521 §
0.017, respectively.

PDL1, PDL2 and PD1 expression

PDL1 expression was evaluated in tumor and immune cells,
respectively. Dichotomized by using an IRS of 2 as the cutoff
value, 383 patients out of 1014 cases (37.8%) showed a mem-
branous PDL1 expression in tumor cells. Also, the cytoplasmic
expression of PDL1 were observed in 494 of 1014 cases
(48.7%). Both cytoplasm and membrane expression were calcu-
lated while only membrane staining value was used in the fur-
ther analysis considering it functions as a membrane ligand
(Appendix table 1). PDL1 expression in tumor infiltrating
immune cells was found in 759 of 1014 (74.9%) cases (Fig. 1,
Table 1).

As shown in Fig. 1, PDL2 expression were mainly localized
at cytoplasm. 506 of 1014 cases (49.9%) were found PDL2
expression in tumor and 203 (20%) cases in immune cells. PD1
diffusely distributed immune cells were present in 321(31.7%)
GC cases. No distinct distribution pattern was found except
accumulation in intratumoral lymph follicles. PD1 expression
was also significantly associated with PDL1 and PDL2 expres-
sion in tumor cells and immune cells (Appendix table 2, online
only).

Correlation of PDL1, PDL2, PD1 with clinic-pathological
features

PDL1 membranous expression in tumor cells was negatively
correlated with lymph node involvement, distant metastasis
and pTNM stage (Table 1). Tumor PDL1 expression was more
common in diffuse type GC. In addition, PDL1 expression rate
was higher in the EBV positive group, C-met positive group
comparing with the corresponding negative/deficient groups.
In addition, higher intensity PCNA expression significantly
correlated with positive PDL1 expression on both tumor and
immune cells. Although PDL1 expression was more frequent in
immune cells than in tumor cells, it showed the similar associa-
tion with clinicopathological features (Table 1).

Similar to PDL1, PDL2 expression in tumor cells signifi-
cantly correlated with pTNM, C-met, and PCNA expression.
However, no significant association between PDL2 expressions
in the infiltrating immune cells and clinical characteristics were
observed after multiple testing. PD1 expression was positively
related with T stage, tumor size, pTNM stage, and high level
PCNA expression (Appendix table 3, online only).

Association of CD3 and CD8 with clinic-pathological
parameters

The median percentage of CD3C and CD8C T cells among the
total cells were 11.24 (range: 0.40–59.35) and 9.41 (range: 0.27–
51.98). We also observed the significant positive relationship

Figure 1. PDL1, PDL2, PD1, CD3 and CD8 expression in gastric carcinoma by immunohistochemistry (£ 200). PDL1 expression was evaluated based on staining in the
cytoplasm and membrane of tumor cells and immune cells. A: Intense expression of PDL1 in tumor cells; B: Immune cells expressing PDL1 in the disseminated lympho-
cytes and macrophages; C: representative cytoplasmic expression of PDL2 in tumor tissues. D: PD1 expressed in the disseminated immune cells infiltrating the tumor tis-
sues; E: The representative images of CD3C T cells; F: The representative images of CD8C T lymphocytes.
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between CD3C, CD8C cell density and PDL1, PDL2, PD1
expression, suggesting they may take interacting functions
(Appendix table 2). CD3C and CD8C T cell density were both
significantly higher in patients with younger age, smaller tumor
size and with poor differentiation. They were also significantly
increased in patients with lower potential to metastasis, such as
negative vascular invasion, without lymph node metastasis and
distant metastasis, or in the early pTNM stages. The density
was significantly increased in EBV infectious patients and those
with intense PCNA expression as well (Appendix table 4).

Prognostic significance

In the univariable survival analysis, differentiation, tumor size,
vascular invasion, Lauren type, tumor invasion, lymph node
status, distant metastasis and pathological TNM stage were sig-
nificantly associated with patients’ prognosis (Table 2). GC
patients with PDL1 expression in tumor cells or immune cells
were also showed better survival even in the subgroup of patho-
logical stage analysis. (5-year OS, 0.609 § 0.027 vs 0.475 §
0.021, P<0.001; 0.546 § 0.019 VS 0.447 § 0.033, P<0.001 in
tumor and immune cells respectively, Figs. 2, 3). PDL2 expres-
sion in immune cells also showed significant positive associa-
tion with survival (5-year OS, 0.588 § 0.037 vs 0.504 § 0.019,
P D 0.015, Table 2). While analyzing the impact of combined
expression of PDL1, PDL2 and PD1 on survival, we found that
patients expressing both PDL1 and PD1 showed higher survival
than either PDL1 or PD1 positive patients ((5-year OS, 0.626 §
0.041 vs 0.598 § 0.035 vs 0.500 § 0.042 vs 0.461 § 0.024 for
co-positive, PDL1 positive, PD1 positive, and co-negative
respectively, p < 0.001, Appendix Fig 1, online only). Also,
coexpression of PDL1 and PDL2 also showed the similar trends
(5-year OS, 0.634 § 0.035 vs 0.577 § 0.041 vs 0.521 § 0.031 vs
0.433 § 0.028 for co-positive, PDL1 positive, PDL2 positive,
and co-negative respectively, p < 0.001, Appendix Fig 1, online
only), suggesting their interactions on immune reaction and
further outcome (Supplementary Fig. 2). As regarding to the
tumor infiltrating immune cells, both higher CD3C and CD8C

T cell densities showed better survival in a density dependent
manner. (5-year OS, 0.614 § 0.033 vs 0.570 § 0.033 vs 0.508 §
0.033 vs 0.391 § 0.033 for lowest, second, third, highest CD3C

cell density respectively, p < 0.001, and 0.578 § 0.033 vs 0.588
§ 0.032 vs 0.520 § 0.033 vs 0.399 § 0.033 for lowest, second,
third, highest CD8C cell density, p < 0.001, Fig. 2).

A Cox regression analysis including age, pTNM stage, differ-
entiation, vascular invasion, tumor size, lauren type, PDL1
expression, PDL2 expression, CD3C and CD8C cell density
showed tumor cells PDL1 expression remains significantly
associated with better survival (HR D 0.786, 95%CI D 0.640–
0.965, P D 0.021; Table 2). While CD3C cell density also
remained as an independent significant favorable prognostic
factor (HR: 0.978, 95%CI:0.967–0.989, P<0.001; AUC:0.763,
95%CI:0.732–0.794, P < 0.001, Table 2).

Prognostic value of combination of CD3C cell density and
PDL1 expression

Considering the close relationship between CD3C cell density
and PDL1 expression with survival, we divided the patients
into 2 subgroup, one with lower CD3C infiltration together
with PDL1 negative expression in tumor, the other group either
have PDL1 expression or with higher CD3C infiltration,
Patients with low level of T cells infiltration and did not show
PDL1 expression have the worst survival (5-year OS, 0.391 §
0.028 vs 0.588 § 0.020, p < 0.001), demonstrating lack or inac-
tive immune reaction, and the other group indicating relatively
active immune reaction and better survival.

In the subgroup analysis in different pTNM stages, the prog-
nostic value of combination of CD3C T cells density and PDL1
expression remained significant in stage 2 and stage 3, and
showed the same tendency in stage 1and stage 4 (Fig. 3, panel
B). It suggests distinguishing the prognosis of GC patients
according to immune status within pTNM stages may be a
more precise and applicable method in future.

Subgroup survival analysis stratified by EBV infection

Interestingly, Survival curves stratified by PDL1 expression in
the subgroup of 34 cases of EBV infected patients were signifi-
cantly different. (5-year OS, 0.673 § 0.104 vs 0.188 § 0.158,
P<0.001, Fig. 4). That indicates although PDL1 showed the
same tendency no matter with EBV infection or not, EBV

Table 2. Survival analysis of 1014 gastric cancers.

Univariable Multivariable

p-value HR 95%CI p-value HR 95%CI

Age <0.001 1.022 1.013 1.030 <0.001 1.024 1.016 1.033
Vascular invasion

pos vs neg <0.001 2.130 1.760 2.578 0.012 0.760 0.614 0.942
Lauren
Mixed 0.017 0.005 0.853 0.762 0.954
Diffused 0.061 1.141 0.994 1.311
Intestinal 0.008 0.850 0.753 0.959

pTNM
1 <0.001 <0.001
2 <0.001 3.093 1.764 5.426 <0.001 3.507 1.819 6.763
3 <0.001 7.354 4.302 12.572 <0.001 7.151 3.752 13.628
4 <0.001 23.786 13.208 42.834 <0.001 26.786 13.417 53.478

PDL1 TU
pos vs neg <0.001 0.685 0.564 0.831 0.021 0.786 0.640 0.965

CD3 <0.001 0.974 0.963 0.985 <0.001 0.978 0.967 0.989
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infected GC patients with or without PDL1 expression may
exhibited greatly different outcome.

TCGA database analysis and pathway

PDL1 mRNA high expressing patients in the TCGA database
also have better outcome (HR: 0.824, 95%CI: 0.695–0.977,

P D 0.026) in cox model adjusting for age, gender, pathological
stage. PD1 also showed the same trend (HR: 0.780, 95%CI:
0.625–0.973, P D 0.028). A close relationship between PDL1,
PDL2, PD1 expression and CD3D, CD3E, CD3G, CD3Z,
CD8A, CD8B were also observed, consistent with our previous
results (Appendix Fig 2). When combining the T cells density
with PDL1 expression, Patients lack of PDL1 and CD3Z

Figure 3. Prognostic significance of PDL1 expression (A) in tumor cells as well as the intersection of PDL1 expression and CD3C T cell infiltration (B) in subgroups of differ-
ent pTNM stages. Using the median of CD3 density as the cutoff value and PDL1 membrane expression in tumor cells, the patients were divided into 2 groups, one with
CD3 density lower than median and PDL1 negative expression, and the other group consisted with the rest patients.

Figure 2. Kaplan-Meire curves stratified by PDL1, CD3, and CD8 expression. PDL1 expression in tumor cells predicted better survival in GC patients using cut-off value of
IRS for 2 and 5 as 3 groups (A, PDL1TU: PDL1 expression in tumor cells) or in the immune cells (B, PDL1IM: PDL1 expression in immune cells). CD3C (C) or CD8C (D) T cells
both associated with better outcome in a density dependent manner.
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expression have worse outcome in the overall population and
pTNM subgroup analysis (Appendix Fig 3).

A total of 679 differentially expressed genes were identified,
including 238 genes overexpressed and 441 genes downregu-
lated in the “PDL1-high” group (Appendix table 5). GO analy-
sis revealed a major involvement in the regulation of immune
response, notably the activation of T-cells. Many genes coded
for proteins related to lymphocytes proliferation, leucocytes
activation, response to virus, cytotoxic effector molecules, T
cell differentiation, and chemokines related to T-cells activation
and homing. In addition, several were MHC-related molecules,
involved in the processing of endogenous antigens and presen-
tation to cytotoxic and helper T-cells: mainly HLA-II mole-
cules. Interestingly, CTLA4, which code for markers of T-cells
exhaustion, were strongly overexpressed in the “PDL1- high”
group. IDO, which code for cytokines synthesized in exhausted
T-cells, were overexpressed in this group as well (Appendix
table 6).

Discussion

Currently, more than 400 clinical trials focus on PDL1/PD1
immune checkpoint signaling, including 65 studies for gastro-
intestinal cancers.20 Here we report PDL1 expression in a sub-
stantial amount of GCs either in tumor or immune cells,
highlighting its association with T cell infiltration and further
good outcome. Upon multivariable analysis, CD3C T cells and
PDL1 remained as the independent prognostic factor, suggest-
ing that immunity is remarkably important for the outcome of
GC patients. This is the largest and well-characterized cohort
of GC to date to address several important findings.

Previous studies have reported conflicting results as to
whether PDL1 expression is a favorable or adverse prognostic
factor in gastric cancer.13–15,21 Some small groups of study,
including Asian and Western populations, showed a negative
impact on patient survival. However, our results exhibiting a
positive correlation with PDL1 expression and better outcome,
are in keeping with a recent study in a Caucasian cohort of
GC.14 These divergences have often been related to the compo-
sition of study population, design and methods. Especially the

absence of standardization of IHC, from the antibodies, to the
cut-offs points. We here used the VENTANA SP142 as the pri-
mary antibody of PDL1 which have been validated and widely
used including some clinical trials.22–24 Furthermore, our analy-
sis on TCGA database indicated that the PDL1 mRNA high
expressing patients also associated with better outcome, which
is consistent with our results on protein level. In fact, recent
studies using validated IHC assays also showed favorable prog-
nostic values of PDL1 in other cancers, opposite to those with
non-validated antibodies.8,25 The Blueprint Working Group, a
cross-industry initiative, has been established to provide an
analytical comparison of several PDL1 IHC assays for different
antibody and evaluation criteria.5

Another interesting finding is that PDL1 expression were
significantly associated with EBV infection, together with T
cells density. In the TCGA study, 15% EBVC GCs were found
possessed genomic amplification of chromosomal region
9p24.1, the locus of genes encoding PD1, PDL1 and PDL2.26

Besides, Bass et.al reported that PDL1 expression was not
restricted to GCs with 9p24.1 Alification, suggesting that EBVC

cancer may possess alternative multiple mechanisms such as
IFN-r released by tumor infiltrating T cells.27 Previous studies
also found that EBV infection was also closely associated with
CD8C T cell infiltration.13,28,29 These results indicated that EBV
may mark a group of GCs with greater possibility to benefit
from anti-PD1/PDL1 therapy, molecular pathways that partici-
pate in this distinct type of cancer may provide novel clues for
the predictive marker screening.

Such improved prognostic value seems paradoxical given the
known immunosuppressive role of PDL1 suggestive of antitu-
mor escape mechanism.5,30 In general, there are at least 2
mechanisms of PDL1 regulation in tumor: intrinsic immune
resistance and adaptive resistance, the former one occurs when
PDL1 upregulation was responded to oncogenic signaling,
while the adaptive one happens secondary to the cytokine such
as IFN-r.31,32 Numerous studies have reported that TILs reflect-
ing host immunity have been shown to be associated with
favorable outcome.19,33–35 In particular, GC infiltration by
CD8C lymphocytes has been suggested to be endowed with
high prognostic value.36 There are also reports that claiming

Figure 4. PDL1 expression associated with better outcome in the subgroup of EBVC and EBV- GC patients (A). PDL1, PDL2, PD1, CD3 and CD8 expression in the identical
EBV infected gastric cancer tissue (£ 200, B). In situ hybridization of EBER (a) was shown in the identical patients together with PDL1 (b), PDL2 (c) and PD1 (d) expression
in GC tumor tissues and CD3 (e) and CD8 (f) in intratumoral lymphocytes.
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CD8C T cell density could be the best predictive marker of PD1
inhibitor therapy.37 We hypothesize that PDL1 expression is
rather a marker of adaptive immune resistance in response to
engaged CD3C and CD8C TILs, and represents a negative feed-
back mechanism rather than a constitutive biomarker. This is
supported by previous studies that suggested PDL1 expression
is reflective of an active immune environment.8,38–40 Indeed,
we observed a robust immune response in the “PDL1-up”
group in the TCGA database analysis. While associated with
PD1 and PDL2 mRNA expression, together with other immu-
nosuppressive molecules, such as IDO and CTLA4, “PDL1-up”
group was highly suggestive of an activated profile of differenti-
ated T-cells, suggesting cytokines secreted by TILs may partici-
pate in the PDL1 regulation. Actually, in our series PDL1
expression in immune cells was paradoxically higher in the
group of MMR proficient GCs which supposed to have lower
immunogenicity. Similar results were also previously reported
in gastric and colorectal cancer.8,9,14 That may support PDL1
upregulation may be the feedback of active immune reaction
rather than the results of neoantigen expression. However,
tumor-immune system interaction is high dynamic. We
observed that PDL1 expression together with its partner PDL2
and PD1 gradually decreased from the early stage to the
advanced stage, though a slight elevation in the very early stage
(N0 to N1). Similar phenomenon also found on TILs with
higher expression in younger patients and with smaller tumor
burden. That indicates the dynamic immunoregulation during
GC progression. Checkpoint inhibition may be more effective
in the circumstance that pre-existing immunity is suppressed
by PD1/PDL1. Actually, in anti-PD-L1 clinical trial samples
there are emerging data that PD-L1 expression plus a T cell
activation gene signature, may be associated with response.41,42

which explains that recent study including 33 GCs showed that
a tumor immune microenvironment dominated by IFN-r and
T cell receptor signaling take benefit from pembrolizumab.43

This study indicates PDL1 expression, and TILs in particu-
lar, are biologically important in GC. It remains to be seen
whether TILs or PDL1 are effective biomarkers of PD1 block-
ade therapy response in GC, but our data highlight the need to
assess PDL1 expression in all tumor compartments and also
TILs including the subtypes of lymphocyte, as well as evidence
for T-cell activation, to further understand the complexity of
immune-oncology.

Materials and methods

Study population

Patients underwent curative gastrectomy for adenocarcinoma
of the stomach or esophageo-gastric junction at Peking Univer-
sity Cancer Hospital between June 2003 and December 2012
were retrieved. The criteria for inclusion in this study were: (1)
FFPE tissues were available; (3) Histologic identification of the
adenocarcinoma. (3) Patients received no preoperative chemo-
therapy or radiotherapy. This study was approved by the insti-
tutional review boards, and appropriate written informed
consent was obtained from all patients. pTNM stage was deter-
mined according to the 7th edition of the UICC guidelines.44

Follow-up data were retrieved from hospital records. This study

was approved by the institutional review boards, and appropri-
ate written informed consent was obtained from all patients.

Immunohistochemistry

Immunostaining was performed using anti-PD-L1 antibody
(SP142, Roche), anti-PD-L2 antibody (NBP1–88964, Novus
Biologicals), anti-PD1 antibody(315M-96, Cell marque), anti-
CD3 antibody (NCL¡CD3–565, Leica), anti-CD8 antibody
(CRM311C, Biocare Medical), anti-MutL homolog 1 (MLH1)
antibody (IR079, DAKO), anti-mutS homolog 2 (MSH2) anti-
body (IR085, DAKO), anti-mutS homolog 6 (MSH6) antibody
(IR086, DAKO), anti-PCNA antibody(CBL407, Millipore),
anti-C-met antibody (clone SP44, Roche) and anti-HER2 anti-
body (clone 4B5, Roche) as primary antibodies. Normal IgG
were used as the negative control. Details of the protocols and
scoring schema for the HER2, PCNA, hMLH1, MSH2, MSH6,
PD1, PDL1, PDL2, CD3 and CD8 were presented in supple-
mentary documents.

EBER ISH

All the tissue slides were performed ISH using the BIO-HRP
REMBRANDT� EBER RISH kit (PanPath, Netherlands)
according to the instruction. A known EBV-positive Burkitt’s
lymphoma was used as a positive control, and hybridization
without a probe was performed as a negative control.

Evaluation of immunohistochemistry staining

HER2 immunoreactivity was scored following the HER2 scor-
ing scheme (scores 0, 1C, 2C and 3C) according to HER2 over-
expression assessment for gastric cancer.45 For the evaluation of
the PCNA expression in tumor cells, these averaged values were
stratified into 5 scoring groups:-, not detected; §, <10% posi-
tive cells; C, 10–20% weakly to moderately positive cells; CC,
10–20% intensely positive cells or 20–50% weakly positive cells;
and CCC, 20–50% positive cells with moderate to marked
reactivity or >50% positive cells. Immunoreactivity of hMLH1,
MSH2 and MSH6 was evaluated as follows: -, <10% of the
tumor or epithelial cells showed positive immunoreactivity; C,
� 10% of these cells showed positive immunoreactivity. GCs
were stratified according to DNA mismatch repair (MMR) sta-
tus as following. Briefly, MMR-proficient tumors were defined
as those simultaneously expressing MLH1, MSH2 and MSH6,
while MMR-deficient tumors were defined as those with loss of
MLH1 and loss of both MSH6 and MSH2 expression.

PDL1, PDL2 and PD1

Intensity and percentage of stained cells was evaluated sepa-
rately for tumor and immune cells by 3 pathologists. For the
evaluation of PD-L1 expression, both the membranous and
cytoplasmic staining was evaluated and the following immuno-
reactivity scoring system (IRS) was applied: Category A rated
the percentage of immunoreactive cells and was graded as 0
(negative, or <1 positive), 1 (1–10% positive), 2 (10–50%) and
3 (> 50%). Category B documented the intensity of immunos-
taining as 0 (no immunostaining), 1 (weak), 2 (moderate), or 3
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(strong). The addition of category A and B resulted in an IRS
ranging from 0 to 614. PDL2 evaluation was identical with
PDL1, only the localization is cytoplasm. The immunostaining
of PD-1 in immune cells was rated as present or absent. The
final interpretation was determined by consensus. There was a
high level of consistency among the 3 pathologists, and in the
few discrepant cases (< 5%) a consensus was reached after joint
review.

CD3 and CD8

Stained slides were scanned at x20 magnification using an
Aperio XT digital slide scanner and subjected to automated
image analysis to detect and quantify immunoreactivity. An in-
house developed software system, TMAi was used to discrimi-
nate brown (immunopositive) pixels, blue (immunonegative)
pixels and white (empty space) pixels. All cores were reviewed
after the image analysis process by a senior GI histopathologist
to confirm that (a) the detection of the brown DAB staining
had been performed accurately by the software and (b) to
exclude all cores which contained tumor cells. The percentage
immunoreactivity (Positive cells/ (positive cells Cnegative
cells)�100) from all available cores per case was averaged and
used as a surrogate for the extent of immune cell infiltration.

TCGA database analysis

Differentially expressed genes between PDL1-high and PDL1-
nohigh GCs were identified using TCGA mRNA sequencing
data of 415 cases of GCs (http://gdac.broadinstitute.org/).26

The lower quantiles was used as cutoff to define the PDL1-no
high group and the PDL1-high group. Gene expression analy-
ses were done using the R package “limma,” with adjustment
for false discovery rate. Top differentially expressed genes were
used for hierarchical clustering using heatmap.2 function avail-
able in the “gplots” R package (version 3.1.1). Gene Ontological
analysis of the resulting gene list was based on GO biologic pro-
cesses of the Database for Annotation, Vizualization and Inte-
grated Discovery (DAVID; http://david.abcc.ncifcrf.gov/).

Statistical analyses

Correlations analysis was assessed by Fisher’s exact or
Cochran-Mantel-Haensel x2 test. Overall Survival was calcu-
lated using the Kaplan-Meier method, with Log rank test to
determine significance of differences. Hazard ratios of variables
were calculated by univariale Cox regression model and those
having p-values up to 0.05 were included in a multivariable
Cox regression, combined with iterative backward LR method
to identify independent prognostic variables. All statistical tests
were 2-sided at the 5% level of significance. False discovery rate
was controlled by applying the explorative Simes (Benjamini-
Hochberg) procedure group-wise for each biomarker.46 We
wrote the article in accordance with the criteria specified in the
reporting recommendations for tumor marker prognostic stud-
ies (REMARK).47 Statistical analyses were performed with SPSS
21.0 (IBM Corporation).
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