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Programmed Death-1 Ligand-1 (PDL1) Expression Is Associated
with the Prognosis of Patients with Stage II/III Gastric Cancer
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Abstract. Background/Aim: The cell surface receptor
programmed death-1 (PD1) and its ligand (PDLI) have been
detected in various cancer types. It has been reported that
expression of PDLI and PD1 in a tumor is associated with poor
prognosis of the patient. In the present study, we retrospectively
examined tumor expression of PDLI and intratumoral PDI*
cell infiltration, and assessed their relationship with patient
prognosis according to the pathological stage of gastric cancer.
Materials and Methods: PDLI and PDI expression in primary
tumors from 431 patients was evaluated using immuno-
histochemistry. The association between the expression of
PDLI/PDI and clinicopathological features was assessed.
Results: High expression of PDLI was observed in 128 (29.6%)
patients. PDLI expression was correlated with tumor infiltration
of PDI™ cells. In multivariate analysis, PDLI expression was
associated with worse overall survival. In subset analysis, PDLI
expression was significantly associated with survival in patients
with stage I/l gastric cancer. In conclusion, PDLI was an
independent prognostic factor for patients with stage II/I1]
gastric cancer. Our results suggested that patients with stage
I/ gastric cancer might be appropriate for PDI1/PDLI-
targeted therapy.

Surgical resection with lymphadenectomy is the standard
treatment for patients with stage II/III gastric cancer. In
Japan, postoperative adjuvant chemotherapy is considered
effective for stage II/III gastric cancer. However, recurrent
disease after surgery is observed in 30% of patients with
stage III disease (1). Thus, more aggressive therapy after
surgery, including a combination of chemotherapeutic agents
or molecular-targeted therapy, is required (2).
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Cell-surface molecule programmed death 1 (PD1) inhibits
T-cell co-stimulation and is a key molecule in the regulation
of peripheral immunotolerance (3, 4). PDL1, which is one of
a number of PDI ligands, has a much broader tissue
distribution than PD1 and can deliver inhibitory signals to
PDI1* T-cells to suppress immune responses (4, 5). PDL1 is
widely expressed in cancer, where it contributes to immune
evasion and facilitates tumor growth (6). Recently, targeting
the inhibitory PDL1/PDI interaction using a monoclonal
antibody was shown to result in striking antitumor activity
in patients with melanoma in a phase I study (7, 8).

We previously showed that gastric cancer cells have the
potential to react with cytotoxic T-lymphocytes (9).
Furthermore, we showed that immunochemotherapy after
surgery might be effective for patients with gastric cancer
lymph node metastasis (10). Thus, gastric cancer cells may
be immunogenic and the clinical effect of an antibody to
PD1 antibody on the survival of patients with gastric cancer
may possibly be shown in the near future. The aim of the
present study was to investigate the impact of the expression
of PDL1 and PDI in tumors on the survival of patients with
gastric cancer in order to determine which patients might be
appropriate for immune checkpoint-targeted therapy.

Materials and Methods

Clinical samples. Tumor samples were obtained from 431 patients
(mean age=66 years) who underwent surgical resection for gastric
cancer without preoperative chemotherapy at the Department of
Surgical Oncology, Osaka City University Hospital, between 1997
and 2010. Tumors were diagnosed histologically based on the Third
Edition of the Japanese Classification of Gastric Carcinoma (11).
Informed consent was obtained from all patients.

Immunohistochemistry. Tumor specimens in paraffin-embedded
blocks were cut into 4-um-thick sections. For antigen retrieval, the
samples were autoclaved in 0.01 M citrate (pH 6.0) at 121°C for
15 min. The samples were then deparaffinized in xylene and
rehydrated using a graded series of ethanol. The slides were then
washed twice for 5 min per wash in phosphate-buffered saline
(PBS). Endogenous peroxidase activity was blocked with absolute
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methanol containing 3% hydrogen peroxide for 15 min. After
washing in PBS, the samples were microwaved for 10 min for the
purpose of antigen retrieval. Nonspecific binding was blocked using
a non-specific staining blocking reagent (Dako, Kyoto, Japan). The
samples were then reacted with rabbit polyclonal anti-PDLI
(#58810, 1:50 dilution; Abcam, Tokyo, Japan) or with mouse
monoclonal anti-PD1 (#52587, 1:50 dilution; Abcam) at 4°C
overnight, and were subsequently washed with PBS for 10 min. The
samples were then incubated with secondary antibodies for 10 min
at room temperature. The secondary antibody was a biotin-labeled
goat anti-rabbit IgG (1:500; Nichirei, Tokyo, Japan) for anti-PDL1
and a biotin-labeled rabbit anti-mouse IgG+IgM+IgA (1:500,
Nichirei, Tokyo, Japan) for anti-PD1. After washing in PBS, signals
were visualized by incubation with 3-3’-diaminobenzidine for 5
min, and the slides were counterstained with hematoxylin before
mounting. All reactions were performed using appropriate positive
and negative controls. The expression of PDL1 was evaluated
according to the percentage of the stained cell. We defined samples
with less than 10% of positive cells, 10-50% of positive cells, more
than 51% of positive cells as weak, moderate, strong expression
respectively. For analysis of the expression of PD1, the total number
of PD1+ cells was counted in three high-power fields (HPFs) within
tumor samples. Samples with a mean of more than five PD1+ cells
were classified into a high-infiltration (PD1 high) group. Two
experienced investigators, who were blinded to the clinical follow-
up data, independently analyzed the expression of these molecules.

Statistical analysis. The Mann—Whitney test was used to assess the
associations between the expression of PDL1 and PDI1 and
clinicopathological features. Correlation of tumor PDL1 expression
with infiltration of PDI+ cells was investigated by using the
Wilcoxon rank sum test.

The Kaplan—Meier method was used to construct the overall
survival curves and a log-rank test was used to assess the
significance of differences in survival. A Cox proportional
regression model was used for univariate and multivariate analyses
of prognostic factors. A p-value of less than 0.05 was considered
statistically significant. Each statistical analysis was performed
using JMP software (SAS Institute, Cary, NC, USA).

Results

Expression of PDLI and PD1 in gastric cancer. In total, 431
patients with gastric cancer who underwent surgical resection
were included in the study. The characteristics of the patients
are summarized in Table I. The median follow-up time was
34 months. Out of these patients, 165 were diagnosed with
stage II/III disease and 27% of these had received
postoperative adjuvant chemotherapy.
Immunohistochemical staining detected PDL1 in the
cytoplasm of tumor cells (Figure 1A-C ). Strong staining of
PDL1 was present in 128 (29.6%) and weak staining was
observed in 113 (27.3%) of the tumor samples. The remaining
samples showed moderate PDL1 staining. Strong staining of
PDL1 was significantly associated with depth of invasion (pT),
lymphatic invasion, venous invasion, lymph node metastasis,
and pathological stage (Table II). No significant association
was detected between PDL1 staining level and histology or
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Table 1. Summary of patient characteristics (N=431).

Clinicopathological features Frequency,
N (%)
Age (N=431), years Mean (range) 66.1 (17-89)
Gender (N=431) Male 305 (70.7)
Female 126 (29.3)
Histological subtype Well-differentiated 65 (15.1)
(N=431) Moderately differentiated 127 (29.4)
Papillary 5(1.2)
Poorly differentiated 195 (45.3)
Signet ring cell 29 (6.7)
Mucinous 10 (2.3)
Macroscopic classification Type4 28 (6.5)
(N=431) Other 403 (93.5)
pT stage (N=431) pT1 192 (44.5)
pT2 64 (14.8)
pT3 60 (13.9)
pT4 115 (26.7)
pN stage (N=430) pNO 256 (59.5)
pN1 54 (12.5)
pN2 52 (12.1)
pN3 68 (15.8)
Lymphatic invasion (N=431) Absent 190 (44.1)
Present 241 (55.9)
Venous invasion (N=431) Absent 360 (83.5)
Present 71 (16.5)
Stage (N=430) 1A 170 (39.5)
1B 53 (12.3)
A 30 (7.0)
1IB 48 (11.2)
1A 37 (8.6)
11IB 29 (6.7)
jii(e 21 (4.9)
v 42 (9.8)

macroscopic type. PD1 was detected in stromal lymphocytes
(Figure 1D and E). With regard to PD1 expression, a cut-off of
5, the median number of PD1-positive cells, was used to define
low' versus ‘'high' expression. PD1 expression was
significantly higher in tissues with lymph node metastasis,
serosal invasion and late pathological stage than in tissues
without lymph node metastasis or early stage cancer (Table II).
No significant difference was observed in PD1 expression level
by histological type. Strong staining of PDL1 was associated
with high infiltration of PD1* cells. Out of 128 tumors with
strong staining of PDL1, 96 (75%) had a high density of PD1*
cells. In contrast, in tumors that were weak for PDL1 staining,
the percentage of tumors with a high density of PD1% cells was
only 26.5%. A significant positive correlation was observed
between PDL1 expression and PD1* cell infiltration (Figure 2).

Impact of PDLI and PDI expression on the survival of
patients with gastric cancer. We evaluated the effect of PDL1
and PD1 expression in the primary tumor on patient
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Table II. Correlation of PD1 and PDLI expression with clinicopathological features of patients with gastric cancer.

Clinicopathological features N PD1 p-Value PDL1 p-Value
High Low Strong Moderate Weak

Gender

Male 305 146 159 90 137 78

Female 126 71 55 0.0646 38 53 35 0.8734
Age, years

=70 179 94 85 59 75 45

<70 252 123 129 0.511 69 115 68 0.3129
Histology

Differentiated (well, mod, pap) 197 99 98 59 90 48

Undifferentiated (por, sig, muc) 234 118 116 0.8943 69 100 65 0.5959
Macroscopic classification

Type 4 256 104 152 50 130 76

Other 175 113 62 0.7698 78 60 37 0.1486
pT stage

T1-2 256 104 152 50 130 76

T3-4 175 113 62 <0.0001 78 60 37 <0.0001
pNstage

NO 256 109 147 53 129 74

N1-3 174 108 66 <0.0001 75 60 39 <0.0001
Lymphatic invasion

Absent 190 73 117 25 103 62

Present 241 144 97 <0.0001 103 87 51 <0.0001
Venous invasion

Absent 360 174 186 89 172 99

Present 71 43 28 0.0598 39 18 14 <0.0001
Stage

I-1I 301 129 172 64 145 92

II-1V 129 88 41 <0.0001 64 44 21 <0.0001

PDI1: Programmed death-1, PDL1: Programmed death-1 ligand-1.

prognosis. In this analysis, we also defined strong staining
of PDL1 as positive and defined moderate and weak staining
of PDL1 as negative for PDL1 expression. With regard to
PD1, we defined high infiltration as positive and defined low
infiltration as negative. Univariate Cox regression analysis
showed that poor tumor differentiation, lymph node
metastasis (pN), depth of invasion, PDL1 expression and
PD1 infiltration were negative prognostic factors for patients
overall (Table III). In multivariate analysis, pT, pN,
lymphatic invasion and PDL1 expression were independent
prognostic factors (Table III).

Overall survival according to PD1 and PDL1 expression
is shown by Kaplan—Meier curves in Figure 3. Patients with
strong staining of PDL1 in tumor had significantly poorer
prognosis compared to patients with weak staining (Figure
3A). With regard to PD1, patients with a high level of PD1*
cell infiltration had a worse prognosis compared to those
with a low level of infiltration (Figure 3B). As shown in
Figure 3C, the overall survival of patients whose tumors
were positive for both PDL1 and PD1 was significantly
worse than that for patients whose tumors were negative for

both molecules, indicating that a positive relationship
between PDL1 and PD1 could reflect on prognosis. In sub-
group analysis based on pathological stage, PDL1 expression
was not associated with prognosis in stage I and IV; however,
it was significantly associated with overall survival in stage
II/III cancer (Figure 4). The survival rate at 1, 2, and 5 years
following gastrectomy was 91.9%, 67.0% and 33.2%,
respectively, for patients with strong tumor PDL1 staining
compared with 90.9%, 85.4% and 69.2%, respectively, for
patients with weak staining. In multivariate analysis, PDL1
expression was an independent prognostic factor for gastric
cancer patients with stage II/III cancer (Table IV).

Discussion

In the present study, we obtained the following findings. First,
weak tumor staining of PDL1 was associated with significantly
better overall survival than strong tumor staining of PDL1 in
patients with gastric cancer. Secondly, expression of PDL1 in
the primary tumor was correlated with tumor-infiltrating PD1*
cells. Thirdly, we showed that PDL1 expression was an
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Figure 1. Immunohistochemical staining for programmed death-1 ligand-1 (PDLI) and programmed death-1 (PD1) in gastric cancer tissue. A-C:
Representative immunohistochemical staining for PDLI expression in gastric cancer. Samples were divided into three groups according to the intensity
of PDLI expression: weak (A), moderate (B), and strong (C) staining of PDLI (at x400 magnification). D and E: Representative immunohistochemical
staining for PD1+ cells infiltrating gastric cancer tissue: low infiltration (D) and high infiltration (E) (original magnification x200).

independent prognostic factor for patients with stage II/III
cancer who underwent curative resection surgery. Our results
suggest that PDL1 expression might be a good prognostic
factor for consideration of immunotherapy using an immune
checkpoint antibody for patients with stage II/III gastric cancer.

It has been demonstrated that tumor cells are capable of
up-regulating their expression of PDL1, thereby providing
inhibitory signals to suppress the cytotoxic activity of
CD8™" T-cells (12). Although the precise mechanism by
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which intra-tumoral PDL1 worsens a patient's prognosis
remains to be determined, PDL1 has been reported to be
expressed in different cancer types including in breast,
ovarian, pancreastic, esophageal, colorectal and gastric
cancer (6, 13, 14-16). Furthermore, PDL1 expression by
tumor cells has been reported to strongly correlate with
poor prognosis (14).

We previously reported that immunosuppressive status
within a tumor was associated with progression of gastric
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Table III. Univariate and multivariate Cox regression analysis of clinicopathological and molecular features for overall survival in patients with

gastric cancer.

Factor Univariate analysis Multivariate analysis
HR (95.0% CI) p-Value HR (95.0% CI) p-Value

Histology

Undifferentiated vs. differentiated 1.624 (1.120-2.387) 0.0102 1.377 (0.945-2.033) 0.0959
Macroscopic classification

Type 4 vs. other 3.896 (2.268-6.325) <0.0001 - -
pT stage

3-4vs. 1-2 4.136 (2.824-6.167) <0.0001 1.974 (1.197-3.323) 0.0072
pN stage

1-3vs.0 3.745 (2.572-5.540) <0.0001 1.675 (1.043-2.757) 0.0323
Lymphatic invasion

Present vs. absent 4.295 (2.756-7.002) <0.0001 1.875 (1.021-3.478) 0.0425
Venous invasion

Present vs. absent 1.904 (1.230-2.859) 0.0046 0.869 (0.549-1.341) 0.5326
Stage

II-1V vs. I-1I 4.328 (3.001-6.278) <0.0001 - -
PDI expression

Positive vs. negative 1.832 (1.267-2.681) 0.0012 - -
PDLI expression

Positive vs. negative 2.344 (1.625-3.372) <0.0001 1.495 (1.018-2.191) 0.0399
Both expressed (PD1/PDL1)

Both positive vs. other 2.113 (1.433-3.073) 0.0002 - -

Table IV. Univariate and multivariate Cox regression analysis of clinicopathological and molecular features for overall survival of patients with stage

1111 gastric cancer.

Factor Univariate analysis Multivariate analysis
HR (95.0% CI) p-Value HR (95.0% CI) p-Value

Histology

Undifferentiated vs. differentiated 1.804 (1.035-3.279) 0.0371 1.960 (1.118-3.581) 0.0182
Macroscopic classification

Type 4 vs. other 1.915 (0.834-3.846) 0.1172 - -
pT stage

3-4 ys. 1-2 1.376 (0.687-3.151) 0.3868 - -
pN stage

1-3vs.0 1.225 (0.654-2.502) 0.5403 - -
Lymphatic invasion

Present vs. absent 1.912 (0.781-6.329) 0.1708 - -
Venous invasion

Present vs. absent 0.699 (0.342-1.311) 0.2766 - -
PD-1 expression

Positive vs. negative 1.214 (0.702-2.166) 04917 - -
PD-L1 expression

Positive vs. negative 1.754 (1.032-2.997) 0.0379 1.903 (1.114-3.266) 0.0185
Both expression (PD1/PDLI1)

Both positive vs. other 1.297 (0.741-2.219) 0.3538 - -

cancer (17, 18). In addition, we showed that immunotherapy ~ PDLI1 was significantly correlated with the density of PD1*
might be effective for gastric cancer (10). We, therefore,  cell infiltration. Saito et al. demonstrated very high up-
hypothesized that gastric cancer may be relatively regulation of PD1 expression on T-cells in gastric cancer
immunogenic. Our study showed that the expression level of  tissue and they suggested that the cancer cells themselves
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Figure 2. Correlation of tumor Programmed Death-1 Ligand-1 ( PDLI)
expression with infiltration of programmed death-1 (PD1)-positive cells.
The number of stained PDI1+ T-cells within tumors with high, moderate,
and weak staining of PDLI was plotted. Each box indicates the first and
upper quartiles, and the bar in each box indicates the median value.
The number of PDI% cells significantly increased according to the
intensity of PDLI staining. ***p<0.0001.

could affect PD1 and PDL1 expression in the local
environment (19). Our results suggest that PD1 on the
surface of intra-tumoral infiltrated T-cells might be induced
in response to an inflammatory environment that is created
by cancer cells.

Immune checkpoint blockade with monoclonal antibodies
directed at PD1 and PDL1 has emerged as a treatment for
patients with advanced melanoma (7). As the population of
patients who attain clinical benefit is relatively small,
identification of a biomarker for response to this
immunotherapy is critical. PDL1 expression has been
considered as a predictive marker for tumor response to PD1
antibody treatment. Indeed, PDL1 expression is one of the
eligibility criteria in the clinical study of PD1 antibody
immunotherapy for several types of cancer. Although the
safety and the efficacy of anti-PD1 treatment has been
demonstrated in patients with advanced non-small cell lung
cancer in a phase I study, the efficacy of such immunotherapy
for gastric cancer has not been elucidated (20). We found a
strong prognostic impact of PDL1 expression in pathological
stage II/III cancer. Over 30% of patients with pathological
stage II/III cancer often have recurrent disease after
gastrectomy due to remnant cancer cells (1). Our results
suggest that remnant tumor cells with low PDL1 expression
might be attacked by tumor-specific cytotoxic T-cells after
surgery, resulting in longer patient survival.

Our study has several limitations. One is the definition of
PDL1 positivity. Distinction between PDL1 staining patterns
(for example, membranous or cytosolic) and determination
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Figure 3. Survival curves for patients with gastric cancer with different
expression levels of programmed death-1 ligand-1 (PDLI) and
Programmed Death-1 (PD1). The overall survival of patients with the
indicated expression of PDLI (A), PD1 (B), or combinations of PDI
and PDLI expression (C), is indicated using Kaplan—Meier curves. The
p-value was determined using the log-rank test. Patients with strong
PDLI staining had a poorer prognosis than those with weak or
moderate PDLI staining (A). Patients with high PDI1%* cell infiltration
had a poorer prognosis than those with low PDI1% cell infiltration (B).
Patients that were negative for both PDI and PDLI had a better
prognosis than patients that were positive for both molecules (C).
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Figure 4. Survival curves according to programmed death-1 ligand-1 (PDLI) expression in different pathological stages of gastric cancer. The
overall survival of patients with weak or strong PDLI staining in pathological stage I (A), Il (B), III (C), IV (D) or II/IIl (E) gastric cancer is
indicated using Kaplan—Meier curves. The p-value was determined using the log-rank test. Patients with strong PDLI staining had a worse prognosis
compared to those with weak PDLI staining in pathological stage Il/1II cancer.

of cut-off values for the percentage of stained cells were
difficult. Nevertheless, we showed that there were significant
differences in overall survival among patients whose tumors
were positive for both PD1 and PDLI1 expression, were
positive for either molecule, or were negative for both
molecules, by examination of PD1 and PDL1 expression in
the same section. Another limitation is that there may be a
bias in the selection of patients since this was a retrospective
study. In order to minimize such a potential bias, we did
examine 431 consecutive samples.

In conclusion, PDL1 was found to be an independent
prognostic factor for patients with gastric cancer especially
for those with pathological stage II/IIT cancer. Our study
suggests that therapeutic targeting of PDL1 in gastric cancer
might provide an antitumor effect and reduce the metastatic
risk for patients with stage II/III gastric cancer.
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