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ABSTRACT

Background: Inhibitors of programmed death-ligand 1 (PD-L1) have potential therapeutic value in gastric
cancer. We investigated PD-L1 expression patterns in paired biopsy and resection specimens.

Patients and Methods: Thirty-nine formalin-fixed, paraffin-embedded paired samples were assessed using
PD-L1 22C3 pharmDx immunohistochemistry technique. Combined positive score (CPS) was calculated as
the ratio of PD-L1 stained cells (tumor cells, lymphocytes, and macrophages) to the total number of viable
tumor cells, multiplied by 100. The CPS >1 indicated PD-L1 positivity.

Results: PD-L1 positivity was evident for 33 (84.6%) of 39 resection cases; all displayed low positivity
(1=CPS<50). Only 10 (30.3%) of 33 positive cases in the resection specimens had simultaneous PD-L1
positivity in the paired biopsy specimens; two cases displayed high positivity (CPS 50 and 70) and eight
displayed low positivity (1SCPS<50). Among the 29 negative cases with biopsy specimens, 23 (79.3%)
displayed PD-L1 low positivity in the paired resection specimens and only six had concordant negativity in
both specimens with poor agreement (concordance rate 41.0%, k value = 0.118, correlation coefficient
0.234; p=0.152). All the high microsatellite instability cases had concordant PD-L1 positivity in resection
and biopsy specimens.

Conclusions: There was relatively poor agreement of PD-L1 expression between biopsy and resected tumor
specimens. The biopsy specimens underestimated the PD-L1 status observed for the total resected samples.
This indicates the necessity of obtaining multiple biopsies from different areas of the tumor to enhance the
validity and reliability of PD-L1 analysis.

© 2020 Soo Hee Kim, Hyo Song Kim. Hosting by Science Repository.

Introduction

Gastric cancer is the fifth most malignant disease worldwide and the
third most common cause of cancer-associated death [1]. The prognosis
of advanced gastric cancer is still not favourable, despite of the

pronounced progress in treatment options, including targeted therapy
against human epidermal growth factor receptor 2 (HER2) [2].
Therefore, more efficient therapies for advanced stages of gastric cancers
are needed. Programmed death-ligand 1 (PD-L1) is expressed in many
malignant tumors and has a noticeable potential to be a target for
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immunotherapy. PD-L1 is a 40 kDa transmembrane protein and is a
member of the B7 protein family. It is involved in the immunoregulatory
system, acts as a programmed cell death-1 (PD-1_ ligand and is often
overexpressed in many malignant tumors [3]. Activation of the PD-
1/PD-L1 signaling pathway leads to a tolerable mechanism for malignant
tumors [4, 5]. Inhibition of the PD-1/PD-L1 checkpoint is a strategy in
cancer immunotherapy when antitumor immunity is ineffective against
PD-L1-producing tumors [6-8]. An immune checkpoint inhibitor,
targeting the PD-1 pathway, has proven to be efficacious in several
cancers, including lung cancer and melanoma [9-11].

Recently, two anti-PD-1 immunotherapy molecules, pembrolizumab and
nivolumab, were approved as standard treatment for advanced gastric
cancer and the corresponding clinical trials are currently ongoing [12,
13]. Despite the promising therapeutic effect of immune checkpoint
inhibitors, the results concerning the prognostic and predictive roles of
PD-L1 expression have been inconsistent [14]. This is due to the various
antibody clones, analysis criteria, and platforms used in the different
studies [15]. Therefore, a standard PD-L1 immunohistochemistry
detection strategy is necessary. The intratumoral heterogeneous
expression of PD-L1 is also an important factor to consider in the
interpretation of PD-L1 expression [14-16]. Due to these limitations,
patient selection is crucial to the success of immunotherapy, using
immune checkpoint inhibitors [17]. To select patients, the PD-L1
expression status should be evaluated by immunohistochemistry using
biopsy or resection specimens. PD-L1 testing is usually carried out on
biopsy specimens in cases of lung cancer. However, the use of biopsy
tissue might not be representative of the expression of PD-L1 in the
whole tumor, which can deliver false-positive or false-negative results
and lead to unnecessary treatment or insufficient treatment [18]. The
discordance between resection and biopsy specimens has been addressed
in lung cancer cases. However, the correlation of PD-L1 expression
between biopsy and corresponding resected specimens in gastric cancer
has not been yet reported [15, 18, 19]. The aim of the present study was
to characterize the PD-L1 expression pattern and to assess the reliability
of the profiles obtained from biopsy and resection specimens in
representing the PD-L1 expression status in gastric carcinomas.

Materials and Methods
| Patients and Samples

Between January 2014 and October 2015, a consecutive cohort of 438
patients with advanced gastric adenocarcinoma was treated with
palliative chemotherapy at Yonsei Cancer Center, Yonsei University
College of Medicine. Among those, 39 cases with available biopsy and
corresponding resected specimens were selected. Patient information
was retrospectively collected by reviewing the medical records for
evaluation of clinicopathologic characteristics and survival outcome.
Staging was determined using the 8th edition of the American Joint
Committee on Cancer guideline and Dukes-MAC-like staging system
[20, 21].

Il Immunohistochemistry and PD-L1 Evaluation

Immunohistochemical staining was performed using the PD-L1 22C3
pharmDx assay (Agilent Technologies, Santa Clara, CA) and the link 48
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system (Dako, Carpinteria, CA). The specimens were stained with an
anti-PD-L1 22C3 mouse monoclonal primary antibody with the
EnVision FLEX visualization system (Agilent Technologies) along with
negative control reagents [22]. Evaluation of HER2, EBV, and mismatch
repair protein was performed based on previous studies as shown in
(Supplementary Figure 1) [23-25]. In brief, IHC was performed on a
Ventana XT automated staining instrument (Ventana Medical Systems,
Tucson, AZ, USA). Target-specific antibodies were used according to
the manufacturer’s instructions. The following clones were applied:
MutL homolog 1 (MLH1, ready to use, clone M1, Roche, Basel,
Switzerland), MutS protein homolog 2 (MSH2, ready to use, clone
(G219-1129, Roche), MutS homolog 6 (MSHS6, 1:100, clone 44, Cell
Marque, Rocklin, CA, USA), and postmeiotic segregation increased 2
(PMS2, 1:40, clone MRQ28, Cell Marque). A loss of mismatch repair
(MMR) protein expression was defined as none of the neoplastic cells
showing nuclear staining, whereas normal expression was defined as the
presence of nuclear expression in tumor cells, irrespective of the
proportion or intensity. Epstein-Barr virus-encoded small RNAs (EBER)
in situ hybridization (ISH) was performed using a Ventana Benchmark
ISH system and ISH iView kit (Ventana Medical Systems, Tucson, AZ,
USA). A tumor was considered as EBER-negative, if EBER staining was
undetected or it was localized only in benign-appearing lymphoid cells
and EBER-positive, if the signal was localized to malignant epithelial
cells.

The expression level was evaluated by four pathologists (YYR, HMJ,
MJK, and SHK). We separately counted PD-L1 positive tumor cells and
PD-L1 positive tumor-associated mononuclear inflammatory cells,
including lymphocytes and macrophages, which are present within the
tumor nest or adjacent stroma. The total number of PD-L1 positive cells
is a numerator in combined positive score (CPS), which is defined as a
ratio of PD-L1-positive cells [tumor cells, macrophages, lymphocytes]
to the total number of tumor cells, with that value multiplied by 100 [13,
22, 26]. We did not include PD-L1 positive immune cells that are
associated with normal structure, neutrophils, eosinophils, plasma cells,
ganglion cells, or stromal cells, including fibroblasts, as recommended
in the PD-L1 IHC 22C3 pharmDX interpretation manual and as
performed in KEYNOTE-012 [17].

111 Statistical Analyses

Pearson's chi-square test (or Fisher’s exact test for cases with an n value
of <10) was used for categorical variables. We evaluated the
concordance rate between resection and biopsy specimens, as well as
Cohen’s k coefficient. All the P-values were two-sided, and p<0.05 was
considered as statistically significant. Statistical analysis was conducted
using SPSS (version 21.0; SPSS, Inc., Chicago, IL).

Results

I Clinicopathological Characteristics

The 39 paired cases comprised 38 gastric carcinomas and one
gastroesophageal junction carcinoma. The majority of patients were men
(79.5%). Ages ranged from 30 to 80 years (Table 1). The majority of

carcinomas were poorly differentiated or undifferentiated (n=26,
66.7%), Epstein-Barr virus (EBV)-negative (n=25, 89.7%), and
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microsatellite stable/microsatellite instability-low (MSS/MSI-L, n=35,
89.7%). Thirty-five cases were categorized to stage Ill and I1V. Most of
the MSS/MSI-L cases in resection specimens expressed PD-L1 (n=29,
82.9%). Interestingly, all the MSI-high cases expressed concordant PD-
L1 positivity (CPS range 3-10). The majority of the PD-L1 positive

resection specimens were of the intestinal type without statistical
significance. There was no significant difference with respect to age,
pathologic tumor-node-metastasis (TNM) stage, Duke-MAC-like stage,
histologic classification, and EBV status.

Table 1: Clinical and pathological characteristics of patients and associations between PD-L1 positivity in resection and biopsy and clinicopathologic

characteristics.

PD-L1 expression (CPS) PD-L1 expression (CPS)
Parameters Case no. Resection Biopsy

CPS>1 CPS<1 P-value CPS>1 CPS<1 P-value
Gender
Male 31 26 (83.9%) 5 (16.1%) 0.8 10 (32.3%) 21 (67.7%) 0.06
Female 8 7 (87.5%) 1 (12.5%) 0 (0%) 8 (100.0%)
Mean age (range) 57.8 62.2 58.1 58.7

(30-74) (59-80) (44-70) (30-80)
AJCC Stage
i1 14 12 (85.7%) 2 (14.3%) 0.89 4 (28.6%) 10 (71.4%) 0.75
mnv 25 21 (84.0%) 4 (16.0%) 6 (24.0%) 19 (76.0%)
T Stage
T2 3 2 (66.7%) 1(33.3%) 0.74 1 (33.3%) 2 (66.7%) 0.67
T3 17 14 (85.7%) 3 (14.3%) 3 (28.6%) 14 (71.4%)
T4a 18 16 (84.0%) 2 (16.0%) 6 (33.3%) 12 (66.7%)
T4b 1 1 (100.0%) 0 (0%) 0 (0%) 1 (100.0%)
N Stage
NO 5 4 (80.0%) 1 (20.0%) 0.43 2 (40.0%) 3 (60.0%) 0.94
N1 11 8 (72.7%) 3(27.3%) 3(27.3%) 8 (72.7%)
N2 9 9 (100.0%) 0 (0%) 2 (22.2%) 7 (77.8%)
N3a 4 4 (100.0%) 0 (0%) 1 (25.0%) 3 (75.0%)
N3b 10 8 (80.0 %) 2 (20.0 %) 2 (20.0%) 8 (80.0%)
Dukes-MAC  like
stage 0.48 0.59
B2 4 3 (75.0%) 1 (25.0%) 1 (75.0%) 3 (25.0%)
C1 2 1 (50.0%) 1 (50.0%) 1 (50.0%) 1 (50.0%)
c2 14 12 (85.7%) 2 (14.3%) 2 (14.3%) 12 (85.7%)
D 19 17 (89.5 %) 2 (10.5 %) 6 (31.6%) 13 (68.4%)
WHO classification
WD/MD
PD/UND 10 9 (90.0%) 1 (10.0%) ool 3 (30.0%) 7 (70.0%)
SRRC 26 23 (88.5%) 3 (11.5%) 7 (27.0%) 19 (73.0%) 0.67
GCLS 2 0 (0%) 2(100.0%) 0 (0%) 2 (100.0%)

1 1 (100.0%) 0 (0%) 0 (0%) 1 (100.0%)

EBV
Positive 4 4 (100.0%) 0 (0%) 1.00 2 (50%) 2 (50%) 0.27
Negative 35 29 (82.9%) 6 (17.1%) 8 (22.9%) 27 (77.1%)
MSI
MSI-H 4 4 (100.0%) 0 (0%) 1.00 4 (100.0%) 0 (0%) 0.003
MSS/MSI-L 35 29 (82.9%) 6 (17.1%) 6 (17.1%) 29 (82.9%)
Total 39 33 (84.6%) 6 (15.4%) 29 (74.4%) 10 (25.6%)

11 Pattern of PD-L1 Expression in GC

Thirty-three (84.6%) of the 39 resection cases displayed PD-L1
positivity (CPS>1). All of these displayed low positivity (1<CPS<50).
In biopsy cases, only 10 (25.6%) samples displayed PD-L1 positivity
(CPS>1), and two of these cases had CPS>50 (Table 2). Regarding the

Clin Oncol Res doi:10.31487/j.COR.2020.01.06

expression patterns, the majority of the negative cases (17/29, 58.6%) in
the biopsy specimens were completely negative, while only 6% (2/33)
negative cases in the resection specimens displayed completely negative
staining. Overall, the positive and negative predictive value of PD-L1 in
biopsies was 100 and 20.7%, respectively. Figure 1 shows partial or
complete linear membrane PD-L1 staining mainly in tumor cells (Figure
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partial linear membrane staining only in tumor cells for representative
biopsy cases.

1A), and both in tumor cell and tumor-associated mononuclear
inflammatory cells (Figure 1B) among resection cases. Figure 1C shows
significantly high expression of PD-L1 and (Figure 1D) shows focal low

Table 2: Comparison of PD-L1 expression between cancer resection and biopsy specimens by immunohistochemistry.

Resection .
- — - — Correlation

Negative Low positive High positive Total coefficient
(CPS<1) 1<<CPS<50 (CPS250)

Negative 6 23 0 29

(CPS<1) (15.4%) (59.0%) (%) (74.4%)

. Low positive 0 8 0 8
Biopsy (1<cpPs<50) (0%) (205%) (0%) (205%) 0234

High positive 0 2 0 2

(CPS>50) (0%) (5.1%) (0%) (5.1%)

Total 6 33 0 39
(15.4%) (84.6%) (0%) (100.0%)

*CPS (Combined positive score): Number of PD-L1-positive cells [tumor cells, macrophages, lymphocytes] divided by the total number of tumor cells,
multiplied by 100.

PD-L1, x200

Representative images of the diffuse expression resection case (A, CPS 30, x200) and focal expression resection case (B, CPS 5, x200), showing PD-L1
expression in both tumor cells and tumor-associated mononuclear inflammatory cells. Diffuse high expression in a biopsy sample (C, CPS 75, x200), focal
low expression in PD-L1 positive biopsy sample (D, CPS 5, x200), without PD-L1 expression in the immune cells.

Figure 2: Discordance of PD-L1 expression between matched biopsy and resection specimens.
Representative image resection of a PD-L1 positive case (A, CPS 35, x200) and paired biopsy specimen without confidential PD-L1 expression (B, CPS<1,
x200).

111 Discordance of PD-L1 Expression between Biopsy and
Resection Specimens

Only 10 (30.3%) of 33 positive cases in resection specimens had
simultaneous PD-L1 positivity in paired biopsy specimens. Of these, two

displayed high positivity (CPS 50 and 70) and the remaining eight cases

Clin Oncol Res doi:10.31487/j.COR.2020.01.06

displayed low positivity (I<CPS<50). Among the 29 negative cases in
the biopsy specimens, 23 (79.3%) displayed low PD-L1 positivity in the
paired resection specimens and only six displayed concordant
negativities in both specimens (Figure 2). The overall resection-biopsy
concordance rate was 41.0% (k value 0.118. correlation coefficient
0.234; p=0.152).
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IV PD-L1 Expression in Tumor and Inflammatory Cells

Of the 33 (84.6%) PD-L1 positive cases (CPS>1) among resection
samples, 22 cases (56.4%) showed PD-L1 positivity only in tumor cells.
The remaining 11 (28.2%) cases showed PD-L1 positivity in both tumor
cells and tumor infiltrating lymphocytes, resulting in overall PD-L1
positivity with CPS>1. However, all the PD-L1 positive cases in biopsy
samples were positive only in tumor cells (Table 3).

Table 3: Influence of immune cell PD-L1 positivity on evaluation of

PD-L1 expression in gastric carcinomas.
Number of cases
Resection (N=39)

Biopsy (N=39)

TC +only 22 (56.4%) 10 (25.6%)
TC+/IC+ 11 (28.2%) 0
Total (CPS=1) 33 (84.6%) 10 (25.6%)

*TC +: Tumor cell PD-L1 positivity.
*1C +: Immune cell PD-L1 positivity.

Discussion

The aim of our study was to characterize the PD-L1 expression pattern
in gastric cancers to determine whether PD-L1 immunohistochemistry is
a reliable and concordant hallmark, regardless of sample status. PD-L1
positivity was markedly discordant in matched biopsy and gastrectomy
samples. The discordance was mainly due to false-negative issues of
biopsy specimens. No meaningful association was found between the
patient clinicopathological characteristics and PD-L1 expression. In the
present study, the immunohistochemical expression of PD-L1 in biopsy
and surgically resected specimens did not correlate significantly,
indicating that the evaluation of PD-L1 expression status using biopsy
specimens might not adequately represent the PD-L1 status of the
patient.

The tumor microenvironment is important in the context of the
therapeutic effect of the PD-L1 inhibitor in terms of T-cell repletion [27].
PD-L1 is expressed in both tumor and tumor-infiltrating immune cells in
gastroesophageal carcinomas. PD-L1 expression in the immune cells is
also an essential issue. The differences in the cut-off value and in the
antibody assays, developed by different drug companies, are the main
concerns in the immunotherapy of lung cancers. The expression pattern
of PD-L1 in the tumor infiltrating lymphocytes, including CD8+ T cells,
their association with clinical outcome, and their predictive relevance
were recently reported [6, 26, 28]. A recent phase 2 clinical trial provided
convincing evidence of the safety and efficacy of anti-PD-1
immunotherapy in advanced gastric and gastroesophageal junction
cancer. In that study, CPS harbouring PD-L1 positivity in immune cells
was used as a criterion to evaluate the PD-L1 expression status [13]. The
importance of immune cells in terms of the therapeutic effect of anti-PD-
1/PD-L1 agents is unclear, and the specifics of anti-PD-1/PD-L1 therapy
are ambiguous. However, the level of PD-L1 expression in tumor-
associated immune cells becomes an important issue, when a particular
therapy must be selected for the patient. Studies examining the
discordance of PD-L1 expression between resection and biopsy samples
have mainly focused on lung cancers, especially non-small cell lung
cancers [18, 29].

Clin Oncol Res doi:10.31487/j.COR.2020.01.06

The frequency of PD-L1 positivity in tumor infiltrating lymphocytes was
higher in resection samples than in biopsy samples. Furthermore, PD-L1
negative cases in biopsy specimens demonstrated immune cell positivity
in matched resection specimens. Although immune cell PD-L1 positivity
seemed to be more frequent in resection samples, only tumor cell
positive cases (TC+ and TC+/IC+) were defined as CPS>1, implying that
cells other than immune cells are involved. Therefore, low PD-L1
positivity in tumor cells may be the main reason for the underestimation
of biopsy specimens, and results of PD-L1 testing based only on biopsy
specimens could lead to incorrect diagnosis for the expression status of
PD-L1 and, subsequently, to insufficient treatment. Likewise, even
though all EBV-positive cases showed PD-L1 positivity in the resection
specimens, only half of them were PD-L1 positive in biopsy samples.
This discrepancy could be also explained by the intratumoral
heterogeneity of PD-L1 expression in gastric cancer. Therefore, the
heterogeneous expression of PD-L1, even in immune cells, is a
limitation for the exclusive use of a biopsy specimen to evaluate PD-L1
expression.

Interestingly, all the MSI-high cases had concordant PD-L1 positivity in
resection and biopsy specimens. Therefore, immunostaining of PD-L1
may be useful regardless of tumor specimens. However, interpretation
of the association between PD-L1 expression, MSI status, and tumor
type is limited due to the small number of non-intestinal type cases. MSI-
high tumors produce tumor neoantigens that can evade the host immune
response through the upregulation of immune checkpoints, and MSI-
high gastroesophageal cancers show a more favourable response to PD-
L1 inhibitors [3, 30]. Thus, MSI-high status could be substituted with a
composite predictive biomarker for PD-L1 expression level in
gastroesophageal cancers.

Likewise, our results indicate that the heterogeneity of PD-L1 expression
in gastric cancer and biopsy specimens is not an appropriate strategy to
evaluate PD-L1 expression in selecting patients for anti-PD-1
immunotherapy. The poor agreement between two types of PD-L1
testing indicates that biopsy specimens might tend to undervalue the PD-
L1 expression status, reflected in the resection samples. Heterogenous
expression can result in false-negative results with respect to the PD-L1
expression status. If the biopsy were taken in a PD-L1 negative area, the
patient would be considered as negative for PD-L1 expression, even if
other regions of the tissue express PD-L1. The evaluation should be
performed using resection specimens, except in inoperable stage VI
cases, or using multiple biopsy samples from different sites of the tumor
to reduce false-negative results due to intra-tumoral heterogeneity in PD-
L1 expression.

Several limitations should be considered during evaluation of the results
of this study. The limitations are as follows: 1) the small number of
included cases, and 2) testing of only one PD-L1 antibody. This selection
bias may lead to relatively higher PD-L1 positivity. The main strength
of our study is the careful assessment of full sections of tissue samples.
Furthermore, as shown in the Blueprint study, three PD-L1 assays
(22C3, 28-8, and SP263) showed comparable analytical performance for
assessment of PD-L1 expression [31]. We used the 22C3 PD-L1
antibody, a companion diagnostic marker for approved anti-PD-1
antibodies, using the same protocol (instrument platform, staining
procedure, and scoring methods) to provide a practical guideline.
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Finally, further investigations, incorporating more cases of gastric and
gastroesophageal carcinomas, are needed to validate our study.

PD-L1 expression is heterogeneous in terms of anatomic location and
time, and, as shown herein, in the size of specimens [18]. The
heterogeneity of PD-L1 expression could partly explain the
contradictory value of its role as a predictive marker. Even though both
biopsy and resection specimens cannot completely represent the PD-L1
expression status in gastric carcinomas, the value of PD-L1 expression
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Supplementary Figure 1: Representative positive images of the EBV(A) and HER2 3+ expression (B)
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