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Abstract

Background and Aim: Although the clinicopathological significance of the expres-

sion of programmed death ligand 1(PD-L1) in various cancer tissues has been

reported, serum PD-L1 level has not been evaluated in patients with surgically trea-

ted gastric cancer. Therefore, we evaluated the clinicopathological characteristics

and prognostic significance of preoperative serum PD-L1 levels in patients with gas-

tric cancer.

Patients and Methods: Serum samples were obtained before surgery from 152

patients with gastric cancer, including 75 patients with stage I, 31 with stage II, 23

with stage III, and 23 with stage IV gastric cancer. The samples were analyzed using

enzyme-linked immunosorbent assay to detect soluble PD-L1. Using the median

serum PD-L1 level of 50 pg/mL, patients were divided into two groups, namely high

serum and low serum PD-L1 level groups. Clinicopathological characteristics and

prognosis were compared between these two groups using univariate and multivari-

ate analysis.

Results: Serum PD-L1 level was significantly associated with older age, positive can-

cer antigen 19-9 (CA19-9), C-reactive protein levels, and albumin levels but not with

tumor stage. Patients in the high serum PD-L1 group showed significantly worse

overall survival and recurrence-free survival than those in the low serum PD-L1

group (P < .05). Multivariate analysis showed that high serum PD-L1 level was an

independent risk factor for poor overall survival (P = .02).

Conclusion: High serum PD-L1 level was a prognostic factor for reduced overall

survival in patients with surgically treated gastric cancer.
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1 | INTRODUCTION

Binding of programmed death-1 (PD-1) and its ligands—programmed

death ligand 1 (PD-L1) and programmed death ligand 2 (PD-L2)—on

tumor or immune cells can inhibit cytotoxic T-cell responses, allow-

ing tumor cells to evade immune detection.1 Clinical trials of anti-

PD-1/PD-L1 antibodies have reported a high response rate and sig-

nificantly improved overall survival in several malignancies.2–4

PD-L1 is constitutively expressed in several tumor tissues, includ-

ing gastric cancer.5–7 Overexpression of PD-L1 in tumor tissue has

been reported to be associated with poor overall survival and good

response to anti-PD-L1 antibody treatment.8,9 Serum PD-L1 level

was significantly higher in patients with malignancies than in healthy

individuals.10–12 Zheng et al10 reported the association of serum PD-

L1 level with prognosis in patients with advanced gastric cancer.

However, their series included a small number of patients, and they

did not carry out multivariate analysis to evaluate the prognostic

impact of serum PD-L1 level. Takahashi et al12 also reported the

correlation of high serum PD-L1 with shorter overall survival in

patients with unresectable or recurrent advanced gastric cancer.

However, they did not analyze patients with surgically treated gas-

tric cancer.

Therefore, the present study evaluated the clinicopathological

and prognostic significance of serum PD-L1 level in patients with

surgically treated gastric cancer. The main focus was to evaluate the

prognostic significance of preoperative serum PD-L1 level.

2 | MATERIALS AND METHODS

2.1 | Patients

A total of 152 patients (103 males and 49 females; mean age, 69.9

[range, 35-93] years) with gastric cancer who underwent surgical

resection at the Toho University Omori Hospital (Tokyo, Japan) from

2010 to 2014 without neoadjuvant chemotherapy were included.

Seventy-five patients had stage I gastric cancer, 31 had stage II, 23

had stage III, and 23 had stage IV. All patients underwent either total

or subtotal gastrectomy with standard lymphadenectomy and had

histologically confirmed adenocarcinoma of the stomach. Patients

with stage IV disease included distant lymph node metastasis (n = 2),

organ metastasis (n = 5), cancer cells on peritoneal cytology (n = 7),

and peritoneal metastasis (n = 9). Three cases with liver metastases

and one case with lung metastasis were treated with gastrectomy

because of passage disturbance. The other 19 cases were diagnosed

as stage IV at the time of laparotomy. Staging was based on the

guidelines of the 14th edition (3rd English edition) of the Japanese

classification of gastric carcinoma by the Japanese Gastric Cancer

Association.13 All patients were regularly followed up until Septem-

ber 2017 or death. Thus far, none of the patients have received

anti-PD-L1 antibody treatment. Informed consent was obtained from

all patients and the study was approved by the Ethics Committee of

Toho University School of Medicine (nos. 22-112 and 22-047).

2.2 | Sample collection and enzyme-linked
immunosorbent assay

Blood samples were collected before surgery. Each sample was

centrifuged at 3000 g for 5 minutes, aliquoted, and frozen at

�80°C until analysis. Repeated freezing and thawing of samples

was avoided. Serum PD-L1 levels were measured using a commer-

cially available enzyme-linked immunosorbent assay (ELISA) for PD-

L1 (R&D Systems, Inc., Minneapolis, MN, USA). This assay uses the

quantitative sandwich enzyme immunoassay technique using a

monoclonal antibody specific for human B7-H1 precoated onto a

microplate. The assay procedure was as follows: (i) A 96-well plate,

all reagents, working standards, and samples were prepared accord-

ing to the manufacturer’s instructions. (ii) 100 lL of the standard

and samples were added to each well and incubated for 2 hours at

room temperature on a horizontal orbital microplate shaker. (iii)

After aspirating and washing four times, 100 lL of the horseradish

peroxidase conjugate was added and incubated for 2 hours at room

temperature on the shaker. (iv) The aspiration and wash were

repeated 4 times. (v) The substrate solution was added to each well

and incubated for 30 minutes at room temperature on the bench-

top and protected from light. (vi) Stop solution was added to each

well, which changed the colors in the wells from blue to yellow.

(vii) Using a microplate reader set to 450 nm, optical density of

each well was determined, and wavelength correction was set to

540 nm.

2.3 | Serum biomarker analysis

The inflammatory marker, C-reactive protein (CRP), albumin, and

hemoglobin were also analyzed before surgery to evaluate their

association with serum PD-L1 level. White blood cell, neutrophil,

lymphocyte, and eosinophil counts were also examined. Cutoff val-

ues were determined in accordance with the institutional standards

for white blood cell count (9000 cells/mm3) and CRP levels

(0.3 mg/mL).

2.4 | Statistical analysis

Continuous data from patients were expressed as mean � SD. Com-

parisons between unpaired groups for these variables were con-

ducted using the Mann-Whitney U test. Differences in the

distribution of two variables were evaluated using Fisher’s exact test

or v2 test. Clinicopathological data were analyzed using logistic

regression analysis to evaluate the association with serum PD-L1

level. Survival curves were calculated using the Kaplan-Meier

method and compared using log-rank test. Significant predictors

identified using univariate analysis were assessed using multivariate

analysis with the Cox proportional hazards model. All statistical anal-

yses were carried out using EZR statistical software.14 Statistical sig-

nificance was defined as P < .05.
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3 | RESULTS

3.1 | Correlation of clinical characteristics,
biomarkers, TNM stage, and pathological
characteristics with serum PD-L1 level

In terms of clinical variables, serum PD-L1 level was positively corre-

lated with age (P = .01) and lymph node metastases (P = .04) but was

not associated with depth of tumor, tumor size, and histological dif-

ferentiation (Table 1). Such a tendency was very similar among stage

I/II/III patients (Table S1). There were no significant differences

between serum PD-L1 levels in relation to tumor stage (Figure 1).

3.2 | Association of serum PD-L1 level with other
serum biomarkers

Serum PD-L1 level positively correlated with high CRP (P < .01), low

albumin (P < .01) levels and CA19-9 levels (P < .01; Table 2). Such a

tendency was very similar among stage I/II/III patients (Table S2).

Median value of serum PD-L1 level in patients with gastric cancer

TABLE 1 Comparison of serum programmed death ligand 1 (PD-
L1) levels according to clinicopathological characteristics of patients

Variable
No.
patients

Serum PD-L1 (pg/mL),
median (min-max) P-valuea

Gender

Male 103 50.3 (24.4-163.6) .73

Female 49 50.4 (28.3-109.2)

Age (y)

<65 48 47.3 (28.3-107.0) .01

≥65 104 54.0 (24.4-163.6)

Macroscopic type

0, I, II 100 50.7 (28.3-151.0) .31

III, IV 52 47.8 (24.4-163.6)

Tumor depth

T1 61 48.8 (28.3-151.0) .50

T2-T4 91 51.6 (24.4-163.6)

Lymph node metastasis

N0 82 50.3 (28.3-163.6) .94

N1 70 50.9 (24.4-121.6)

Distant metastasis

M0 130 50.4 (24.4-163.6) .53

M1 22 49.2 (30.4-118.0)

Size (mm)b

<50 93 50.3 (24.4-151.0) .89

≥50 58 52.3 (28.3-163.6)

Differentiation

Differentiated 79 51.6 (28.3-163.6) .33a

Poorly differentiated 73 48.4 (24.4-121.6)

aMann-Whitney U test.
bLoss value.
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F IGURE 1 Comparison of serum programmed death ligand 1
(PD-L1) level between each TNM stage. TNM, tumor, node, and
metastases

TABLE 2 Comparison of serum programmed death ligand 1 (PD-
L1) levels according to various laboratory data

Variable No. patients Median (min-max) P-valuea

WBC (/lL)

<8000 135 50.2 (24.4-163.6) .79

≥8000 17 54.1 (33.9-98.9)

Neutrophils (%)

<70 113 50.2 (24.4-163.6) .64

≥70 39 52.3 (33.5-151.0)

Lymphocytes (%)

35 123 50.6 (28.3-163.6) .30

≥35 29 48.3 (24.4-107.0)

Eosinophils (%)

<5 136 49.5 (24.4-163.6) .09

≥5 16 59.2 (33.2-118.0)

CRP (mg/dL)

<0.3 109 48.2 (24.4-121.6) <.01

≥0.3 43 59.6 (31.5-163.6)

Albumin (g/dL)

<3.5 20 63.7 (38.4-151.0) <.01

≥3.5 132 48.6 (24.4-163.6)

CEAb

Negative 126 49.5 (24.4-151.0) .13

Positive 25 56.5 (30.4-163.6)

CA19-9b

Negative 133 48.4 (24.4-163.6) .01

Positive 16 57.2 (38.4-107.0)

s-p53-Absb

Negative 84 47.5 (28.3-163.6) .18

Positive 25 51.8 (28.3-121.6)

aMann-Whitney U test.
bLoss value.

CEA, carcinoembryonic protein; CRP, C-reactive protein; WBC, white

blood cell count.
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was 50.4 � 22.5 pg/mL; therefore, we fixed the cutoff value for

serum PD-L1 level at 50 pg/mL for further analyses.

3.3 | Multivariate analysis of the association of high
serum PD-L1 level with age and CA19-9, CRP, and
albumin levels

Based on the univariate analyses shown in Tables 1 and 2, contribution

of the three serum biomarkers (CRP, CA19-9, and albumin) to high

serum PD-L1 level (>50 pg/mL) was evaluated. Multivariate analysis

showed that CA19-9 and CRP, or CA19-9 and albumin, were associated

with high serum PD-L1 level (P < .05, P = .05; Table 3). Such a ten-

dency was very similar among stage I/II/III patients (Table S3).

3.4 | Overall survival and progression-free survival
curves according to serum PD-L1 level

Patients in the high serum PD-L1 group showed significantly poorer

survival than those in the low serum PD-L1 group (P < .05, Fig-

ure 2). Although this tendency was not confirmed in patients with

stage I or II gastric cancer, a similar tendency was confirmed in

patients with stage III or IV gastric cancer (Figure 3). In the multivari-

ate analysis, gender, serum PD-L1 level, and tumor stage were inde-

pendent risk factors for poor overall survival (Table 4). In the

multivariate analysis, such a tendency was very similar focusing on

stage I/II/III patients only (Table S4).

A variety of recurrent tumors was observed among 129 patients

with stage I/II/III cancer. The recurrent patterns included seven for

liver metastases, three for lung metastases, six for peritoneal metas-

tases, three for lymph node metastases, and one for local recurrence.

Although serum PD-L1 levels of the patients were higher in the

recurrent group than in the non-recurrent group, the difference was

not statistically significant (P = .09, Figure S1). Moreover, no signifi-

cant differences were observed among recurrent patterns.

4 | DISCUSSION

In the present study, preoperative serum PD-L1 level was signifi-

cantly associated with age and CA19-9, CRP, and albumin levels but

not with tumor stage. With a cutoff value of 50 pg/mL, preoperative

high serum PD-L1 level was an independent risk factor for the poor

overall survival of patients with gastric cancer.

Among the serum biomarkers, CRP, albumin, and CA19-9 were

independent risk factors for increased serum PD-L1 level. Some

inflammatory cytokines, such as interleukin-6, may affect such asso-

ciation of CRP level with serum PD-L1 level. Although Xu et al have

reported that high interleukin-6 (IL-6) level in patients with prostate

cancer was associated with the expression of PD-L1 in prostate can-

cer tissues,15 the mechanism of high serum PD-L1 levels is unclear.

Average serum PD-L1 level has been reported to be much higher

in healthy volunteers aged >70 years than in those aged

<70 years.16 Our present data confirmed this tendency. Because

human immunological potency decreases with age,16 serum PD-L1

level may be negatively correlated with immunological status. Based

on these findings, age and IL-6 and serum PD-L1 levels may be cor-

related with the poor overall survival of patients with cancer.

TABLE 3 Multivariate analysis of various parameters to increase
serum programmed death ligand 1 levels

Model A Model B

Odds
ratio

95%
CI P-valuea

Odds
ratio

95%
CI P-valuea

Age (y)

≥65/<65 2.15 1.03-4.51 <.05 1.83 0.87-3.85 <.05

CA19-9

Positive/

Negative

6.45 1.36-30.5 <.05 6.15 1.31-28.8 <.05

CRP (mg/dL)

≥0.3/<0.3 2.66 1.21-5.85 <.05

Albumin (g/dL)

<3.5/≥3.5 3.24 0.98-10.7 .05

aLogistic regression analysis.

CRP, C-reactive protein.

*P = .04

*Long-rank test.

*P = .047

Serum PD-L1 ≥50 pg/mL
(n = 80)

Serum PD-L1<50 pg/mL
(n = 72)
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F IGURE 2 (A) Overall survival and (B)
disease-free survival curves according to
the status of serum programmed death
ligand 1 (PDL1) level
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Clinicopathological and prognostic impact of serum PD-L1 level

could be affected by the population of patients with or without

stage IV tumors. We first evaluated patients with all stages including

stage IV. Then, we re-evaluated the patients without stage IV tumors

(Tables S1-S4). Interestingly, both clinicopathological and prognostic

impacts of serum PD-L1 level were consistent among the patients

with and without stage IV tumors. We speculated that soluble PD-

L1 may inhibit anti-tumoral immune response among the patients

with stage III or IV tumors. Residual cancer volume might also be

associated with high serum PD-L1 level. Therefore, serum PD-L1

level may be helpful for selecting high-risk patients among stage III

who need adjuvant chemotherapy.

One of the limitations of the present study was that we did not

compare the expression of PD-L1 in cancer tissue and serum PD-L1

level using immunohistochemical analysis. Yamagiwa et al17 reported

the association of serum PD-L1 level with the expression of PD-L1,

which was induced by inflammatory cytokines including interferon

gamma, on hepatocytes. Therefore, serum PD-L1 level in patients with

gastric cancer in the present study may also be associated with the

expression of PD-L1 on the gastric cancer cell surface. The other limita-

tion was that there were no age-matched healthy controls to compare

their serum PD-L1 level with those of patients with gastric cancer.

Using the same ELISA kit as that used in the present study, Chen et al18

reported that the median serum PD-L1 level in healthy controls was

48.15 pg/mL, which is very similar to the median serum PD-L1 level

reported in our series of patients with gastric cancer. Therefore, we sus-

pect that there is no statistically significant difference in serum PD-L1

level between healthy controls and patients with gastric cancer.

Another limitation was that there were no paired serum samples of

these patients after surgery. Therefore, we could not compare serum

PD-L1 level between before and after surgery. Further comparison

study may assess the cause of high serum PD-L1 levels.

Thus far, association of the expression of PD-L1 in the treatment

response of anti-PD-L1 antibody in cancer tissues has not been evi-

dent in previous clinical trials. One possible explanation for such

confusing results is that circulating PD-L1, rather than tissue PD-L1

*Long-rank test.
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F IGURE 3 Comparison of overall
survival between patients in the high
serum programmed death ligand 1 (PD-L1)
group and those in the low PD-L1 group at
each TNM stage. TNM, tumor, node, and
metastases

TABLE 4 Univariate and multivariate analysis of risk factor of
survival

Univariate
Multivariate P-valuec

P-valuea Hazard ratio 95% CIb P-value

Gender

Male/Female .04 2.63 1.20-5.88 .02

Age (y)

≥65/<65 .28

PD-L1 (pg/mL)

≥50/<50 .04 2.12 1.12-3.99 .02

CEA

Positive/Negative .56

CA19-9

Positive/Negative .25

s-p53-Abs

Positive/Negative .94

CRP (mg/dL)

≥0.3/<0.3 .31

Albumin (g/dL)

<3.5/≥3.5 .02 1.28 0.63-2.63 .50

Stage

II III IV/I <.01 4.05 1.89-8.71 <.01

Size (mm)

≥50/<50 <.01 1.58 0.83-3.01 .16

Differentiation

poorly diff./diff. .94

aLog-rank test.
bAdjusted 95% confidence interval.
cCox proportional hazard model.

CEA, carcinoembryonic antigen; CRP, C-reactive protein; diff., differenti-

ated; PD-L1, programmed death ligand 1.
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protein, may have some interaction with the anti-PD-L1 antibody.

Further prospective observation study is required to monitor fluctua-

tions in serum PD-L1 level during anti-PD-L1 antibody treatment,

which will further clarify the clinical significance of serum PD-L1

level in patients with gastric cancer.

In conclusion, high serum PD-L1 level was found to be an inde-

pendent prognostic factor in patients with surgically treated gastric

cancer. Because serum PD-L1 may reflect the systemic immune

checkpoint pathway status, serum PD-L1 level seems to be a conve-

nient prognostic serum biomarker.
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