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Abstract
Recent clinical trials have shown the promising therapeutic effects of pembrolizumab and nivolumab in patients with
advanced gastric cancer. Currently, the programmed death ligand-1 (PD-L1) 22C3 pharmDx assay is the only companion
diagnostic assay for assessing the safety and effectiveness of pembrolizumab. The purpose of this study was to compare
22C3 pharmDx and 28-8 pharmDx, a complementary diagnostic assay for nivolumab, in gastric cancer. In this study, 22C3
and 28-8 pharmDx assays were performed on the same formalin-fixed, paraffin-embedded tissue blocks of gastric
adenocarcinoma clinical samples (n= 55). The concordance rate was evaluated using combined positive score (CPS) cutoffs
of 1, 10, and 50. PD-L1 positivity with CPS ≥ 1 was 45.5% using the 22C3 pharmDx assay and 49.1% using the 28-8
pharmDx assay. At a CPS cutoff of 1, the overall percentage agreement was 96.4%. The positive and negative percentage
agreements were 93.3% and 100%, respectively. All cases positive for PD-L1 using the 22C3 pharmDx assay were also
positive using the 28-8 pharmDx assay. At a CPS cutoff of 10, the overall percentage agreement was 96.4%. At a CPS cutoff
of 50, the two assays exhibited 100% concordance. Nonspecific cytoplasmic staining in the background tissues and tumor
cells was often observed in the 28-8 pharmDx assay. When the results of the two assays were matched for response to
immunotherapy, the overall response rate was higher in patients with a PD-L1 CPS ≥ 1 than in PD-L1-negative patients
(22C3 pharmDx, P= 0.001; 28-8 pharmDx, P= 0.002). In conclusion, PD-L1 22C3 and 28-8 pharmDx assays were highly
comparable at CPS cutoffs of 1, 10, and 50 in gastric cancer. These results provide evidence for the potential
interchangeability of the two PD-L1 assays in gastric cancer.

Introduction

Immune checkpoint inhibitors targeting the programmed
death-1 (PD-1)/programmed death ligand-1 (PD-L1) path-
way have become part of the standard of care in patients
with several advanced cancers. PD-L1 expression, eval-
uated by immunohistochemistry (IHC), is a crucial bio-
marker for predicting the response to anti-PD-1/PD-L1
agents in several solid tumors [1]. Currently, four

standardized PD-L1 IHC assays (22C3, 28-8, SP142, and
SP263) have been developed specifically for predicting
responses to pembrolizumab, nivolumab, atezolizumab, and
durvalumab, respectively.

With respect to gastric cancer, the phase II KEYNOTE-
059 trial demonstrated durable treatment responses to pem-
brolizumab in patients with recurrent locally advanced or
metastatic tumors with PD-L1 positivity [2]. PD-L1 posi-
tivity was defined as a combined positive score (CPS) ≥ 1
using the Dako 22C3 pharmDx assay [2]. Based on this trial,
the US Food and Drug Administration (FDA) granted
accelerated approval for pembrolizumab in patients with
advanced gastric cancer with a PD-L1 CPS ≥ 1, and for the
22C3 pharmDx assay as a companion diagnostic test [3]. In
the following phase III KEYNOTE-061 trial, pem-
brolizumab failed to demonstrate significant improvement of
overall survival as a second-line therapy for patients with
advanced gastric cancer having a PD-L1 CPS ≥ 1 [4].
Nevertheless, patients with advanced gastric cancer and high
levels of PD-L1 expression (CPS ≥ 10) achieved a significant
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therapeutic benefit [4], indicating that accurate evaluation
of PD-L1 expression is still important. In a similar phase III
study, nivolumab also demonstrated durable responses
in refractory chemotherapy in patients with advanced
gastric cancer [5, 6]. In a subgroup analysis, a survival
benefit was shown, regardless of PD-L1 positivity [6].
However, only 40% of samples were assessed retro-
spectively for PD-L1 status, and only tumoral PD-L1
expression was analyzed [6]. Thus, the predictive sig-
nificance of PD-L1 expression for nivolumab remains
unclear and requires elucidation [7].

Currently, the 22C3 pharmDx assay is the only compa-
nion diagnostic assay for gastric cancer [3], and few studies
have been conducted on the interchangeability of different
PD-L1 assays for patients with gastric cancer [8, 9]. Each
PD-L1 assay employs different antibodies using unique
platforms, protocols, and cutoffs, which can be confusing to
pathologists and clinicians. In addition, not all assays are
available in all laboratories. More importantly, only a lim-
ited number of samples are available for certain patients.
Therefore, there is an increasing need to harmonize PD-L1
assays in gastric cancer. In particular, the interchangeability
of 22C3 and 28-8 pharmDx assays needs to be resolved, as
the main clinical trials for gastric cancer involve the use of
pembrolizumab and nivolumab. While high concordance
rates between the 22C3 and 28-8 pharmDx assays have
been reported in various solid tumors [10–15], there have
been no comparative studies of the two assays in gastric
cancer. This study aimed to directly compare the 22C3 and
28-8 pharmDx assays in gastric cancer clinical samples to
evaluate the interchangeability of the two assays.

Materials and methods

Case selection and study design

The 22C3 pharmDx assay was performed for patients with
gastric cancer (n= 55) as a clinical request at the Depart-
ment of Pathology, Samsung Medical Center (Seoul, Korea)
from May 2018 to October 2020. All patients were treated
at the Samsung Medical Center between 1997 and 2020 and
were at an advanced stage of the disease when the 22C3
pharmDx assay was performed. Of the 55 patients, four had
stage I disease, and seven patients had stage II disease at the
time of surgery (Table 1). However, local recurrence or
distant metastasis developed during the follow-up period.
For these patients, the PD-L1 test was performed using
primary gastric tumor specimens. The 28-8 pharmDx assay
was performed using formalin-fixed, paraffin-embedded
blocks used for the 22C3 pharmDx assay. The PD-L1 IHC
slides of the two assays were evaluated by two gastro-
intestinal pathologists (K-MK and SA) using a multi-head

Table 1 Patient and sample characteristics.

Variables PD-L1
immunohistochemistry
(22C3 pharmDx)

Total P value

Negative
(CPS= 0)

Positive
(CPS ≥ 1)

Age

<60 24 (80.0%) 9 (36.0%) 33 0.001

≥60 6 (20.0%) 16 (64.0%) 22

Sex

Male 15 (50.0%) 21 (84.0%) 36 0.008

Female 15 (50.0%) 4 (16.0%) 19

Differentiation

Well differentiated 1 (3.3%) 1 (4.0%) 2 0.391a

Moderately
differentiated

4 (13.3%) 7 (28.0%) 11

Poorly differentiated 25 (83.3%) 17 (68.0%) 42

Lauren classification

Intestinal 6 (20.0%) 8 (32.0%) 14 0.414a

Diffuse 21 (70.0%) 12 (48.0%) 33

Mixed 2 (6.7%) 3 (12.0%) 5

Indeterminate 1 (3.3%) 2 (8.0%) 3

Stage

I 3 (10.0%) 1 (4.0%) 4 0.739a

II 3 (10.0%) 4 (16.0%) 7

III 17 (56.7%) 16 (64.0%) 33

IV 7 (23.3%) 4 (16.0%) 11

Neoadjuvant chemotherapy

Not performed 30 (100%) 21 (84.0%) 51 0.037a

Performed 0 (0%) 4 (16.0%) 4

Tissue type

Stomach resection 24 (80.0%) 25 (100%) 49 0.076a

Stomach biopsy 2 (6.7%) 0 (0%) 2

Peritoneal biopsy 4 (13.3%) 0 (0%) 4

HER2

Negative 29 (96.7%) 25 (100%) 54 1a

Positive 1 (3.3%) 0 (0%) 1

EBV

Negative 29 (100%) 20 (83.3%) 49 0.036a

Positive 0 (0%) 4 (16.7%) 4

MSI

MSS 20 (95.2%) 14 (77.8%) 34 0.162a

MSI-high 1 (4.8%) 4 (22.2%) 5

Tumor-infiltrating lymphocytes

Low 24 (80.0%) 14 (56.0%) 38 0.055

High 6 (20.0%) 11 (44.0%) 17

Total 30 (54.5%) 25 (45.5%) 55

PD-L1 programmed cell death ligand-1, CPS combined positive score,
EBV Epstein–Barr virus, MSI microsatellite instability, MSS micro-
satellite stable.
aDone by Fisher’s exact test.
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microscope, and the IHC slides from the 28-8 pharmDx
assay were evaluated blinded to the 22C3 pharmDx results.
Clinicopathological data such as age, sex, tumor location,
histological type, Lauren classification, tumor stage
according to the AJCC 8th edition staging manual, neoad-
juvant therapy, and tissue type were evaluated by reviewing
the medical records. The results of human epidermal growth
factor receptor 2 (HER2) IHC, mismatch repair protein
IHC, Epstein–Barr virus (EBV) in situ hybridization, and
microsatellite instability (MSI) test were also retrieved from
medical records; protocols for these assessments were
described in a previous study [16]. HER2 IHC was per-
formed for all patients. EBV status information was avail-
able for 53 patients, and MSI results were available for 39
patients.

For patients treated with anti-PD-1/PD-L1 agents, the
treatment response was evaluated according to the RECIST
criteria version 1.1 [17]. Patients with at least 6 weeks of
follow-up period were included, and the response was
assessed every 6–12 weeks according to iRECIST [18]. The
primary outcome was the overall response rate (complete
response plus partial response) and disease control rate
(complete response, partial response plus stable disease)
with respect to PD-L1 expression levels.

This study was approved by the Institutional Review
Board of Samsung Medical Center (IRB no. 2018-09-041-
001) and all patients provided written informed consent
before enrollment.

PD-L1 immunohistochemistry

Two PD-L1 pharmDx assays were performed for each case.
Formalin-fixed, paraffin-embedded tissue sections (4 µm
thick) were dried at 60 °C for 30 min. The pharmDx 22C3
assay (Dako, Carpinteria, CA) involved staining with an
anti-PD-L1 22C3 mouse monoclonal primary antibody and
the EnVision FLEX visualization system (Agilent, Santa
Clara, CA) on an Autostainer Link 48 system (Dako), along
with positive and negative controls, according to the man-
ufacturer’s instructions. The 28-8 pharmDx assay was per-
formed using an anti-PD-L1 28-8 rabbit monoclonal
primary antibody on the same platform, according to the
manufacturer’s instructions.

Scoring of PD-L1 assays

PD-L1 expression was evaluated in both tumors and
immune cells. For tumor cells, positive PD-L1 staining was
defined as complete and/or partial circumferential linear
cellular membrane staining at any intensity [19, 20]. Tumor
cells exhibiting only cytoplasmic staining were excluded
[20]. Immune cells were scored as the proportion of tumor
area covered with any discernible PD-L1 staining of any

intensity in immune cells [20]. For immune cells, only
tumor-associated lymphocytes and macrophages with con-
vincing membrane and/or cytoplasmic staining were coun-
ted [20]. The CPS was calculated by dividing the number of
PD-L1-stained cells (tumor cells and immune cells) by the
total number of viable tumor cells, and multiplying the
value by 10020. The maximum CPS value was set to 10020.

Evaluation of tumor-infiltrating lymphocytes

The degree of the host immune response was evaluated by a
pathologist (K-MK) by reviewing hematoxylin and eosin
slides. The edges of tumors were assessed for the presence
of a prominent inflammatory reaction [16, 21]. When dis-
crete lymphoid infiltrations were identified both within and
around tumor cells, the tumor was defined as having high
tumor-infiltrating lymphocytes (TILs) [16]. All other cases
were defined as having low TILs [16].

Statistical analysis

Statistical analyses were performed using SPSS version 25.0
(SPSS, Chicago, IL). Contingency tables and χ2 tests were
used to correlate PD-L1 IHC results with clinicopathological
parameters and clinical outcomes. Cohen’s kappa coefficient
of agreement was used to compare dichotomized expression
values between assays. Kappa values below 0.50 were
considered poor; values between 0.50 and 0.75 moderate;
values between 0.75 and 0.90 good; and values above 0.90
excellent. Correlations between 22C3 and 28-8 pharmDx
CPS were evaluated using Spearman’s rank correlation.
Survival curves were drawn using Kaplan–Meier estimates
and compared using log-rank tests. Statistical significance
was set at P < 0.05. Finally, positive and negative percentage
agreements were calculated.

Results

Patient characteristics and overall PD-L1 positivity

Patient demographics with respect to PD-L1 expression are
shown in Table 1. The tissues were obtained by surgical
resection from 49 (89.1%) patients and biopsy from 6
(10.9%) patients. All the cases were adenocarcinomas.

Using the 22C3 pharmDx assay, PD-L1 positivity with
CPS ≥ 1 was identified in 25 (45.5%) of 55 patients. The
PD-L1 CPS ranged from 0 to 95, with a mean CPS of 9.45.
PD-L1 expression in tumor and immune cells was present in
10 (18.2%) and 25 (45.5%) patients, respectively. All
patients with tumoral PD-L1 expression exhibited PD-L1
expression in immune cells. Higher levels of PD-L1
expression at a PD-L1 CPS ≥ 10 and CPS ≥ 50 were
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identified in 12 (21.8%) and 5 (9.1%) patients, respectively.
PD-L1 expression (CPS ≥ 1) was significantly associated
with older age (P= 0.001), male sex (P= 0.008), neoad-
juvant chemotherapy (P= 0.037), and EBV positivity (P=
0.036) (Table 1). High PD-L1 expression (CPS ≥ 10) was
significantly associated with older age (P= 0.008), male
sex (P= 0.041), neoadjuvant chemotherapy (P= 0.029),
high MSI status (P= 0.004), and high TIL infiltration (P=
0.005) (Supplementary Table).

Using the 28-8 pharmDx assay, PD-L1 expression with
CPS ≥ 1 was detected in 27 (49.1%) of 55 patients. The PD-
L1 CPS value ranged from 0 to 95, with a mean CPS of
10.71. Higher levels of PD-L1 expression at PD-L1 CPS ≥
10 and CPS ≥ 50 were identified in 14 (25.5%) and 5 (9.1%)
patients, respectively.

Comparison of 22C3 and 28-8 PD-L1 pharmDx
assays

The comparison of PD-L1 expression detected using the
22C3 and 28-8 pharmDx assays is summarized in Table 2
and depicted in Fig. 1. At a CPS cutoff of 1, the overall
percentage agreement was 96.36% (95% confidence inter-
val [CI], 87.47–99.56%), and the concordance between the
22C3 and 28-8 assays was excellent (kappa value= 0.927).
The positive percentage agreement was 93.33% (95% CI,
77.93–99.18%), and all patients who tested positive for PD-
L1 in the 22C3 pharmDx assay also tested positive in the
28-8 pharmDx assay. The negative percentage agreement
was 100% (95% CI, 86.28–100%). At a CPS cutoff of 10,
the overall percentage agreement was 96.36% (95% CI,
87.47–99.56%), and the concordance between the 22C3 and
28-8 assays was excellent (kappa value= 0.899). The
positive percentage agreement was 95.35% (95% CI,
84.19–99.43%), and the negative percentage agreement was
100% (95% CI, 73.54–100%). At a CPS cutoff of 50, the
22C3 and 28-8 assays displayed a 100% concordance rate.

Comparison of the quantitative CPS of the two assays
showed a high correlation between the 22C3 and 28-8
pharmDx assays (Spearman correlation value= 0.978, P <
0.001). The CPS for the 28-8 and 22C3 assays was identical
in 37 (67.3%) cases. The CPS of the 28-8 assay was higher
than that of the 22C3 assay in 16 (29.1%) cases. Two
(3.6%) cases showed a higher CPS in the 22C3 assay.

Representative figures of PD-L1 IHC using the two
assays show comparable staining patterns with similar
intensities (Fig. 2). Of the 55 tested cases, 2 (3.6%) were
discordant at a CPS cutoff of 1. These two cases tested
negative for PD-L1 in the 22C3 pharmDx assay and were
PD-L1-positive (CPS= 1) in the 28-8 pharmDx assay.

Table 2 Comparison of PD-L1
expression between two assays.

22C3 pharmDx

PD-L1 CPS= 0 PD-L1 CPS ≥ 1

28-8 pharmDx PD-L1 CPS= 0 28 (93.3%) 0 (0%)

PD-L1 CPS ≥ 1 2 (6.7%) 25 (100%)

Kappa value= 0.927

22C3 pharmDx

PD-L1 CPS < 10 PD-L1 CPS ≥ 10

28-8 pharmDx PD-L1 CPS < 10 41 (95.3%) 0 (0%)

PD-L1 CPS ≥ 10 2 (4.7%) 12 (100%)

Kappa value= 0.899

22C3 pharmDx

PD-L1 CPS < 50 PD-L1 CPS ≥ 50

28-8 pharmDx PD-L1 CPS < 50 50 (100%) 0 (0%)

PD-L1 CPS ≥ 50 0 (0%) 5 (100%)

Kappa value= 1

PD-L1 programmed cell death ligand-1, CPS combined positive score.

Fig. 1 Comparison of the combined positive scores (CPS) from two
assays. PD-L1 CPS are compared using 22C3 (•) and 28-8 (♦)
pharmDx assays in 55 cases.
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Surgically resected specimens were used in both the dis-
cordant cases. PD-L1 expression was detected in a few
immune cells at the periphery of these tumors (Fig. 3).
Compared to the 22C3 assay, the 28-8 assay often showed
nonspecific staining (n= 29). Nonspecific staining in mus-
cular or glandular tissue was identified in 26 cases, and
nonspecific cytoplasmic staining in tumor cells was identi-
fied in 5 cases (Fig. 4). In contrast, the 22C3 pharmDx
slides did not show nonspecific staining.

Treatment outcome

Between May 2018 and October 2020, 37 patients were
treated with anti-PD-1/PD-L1 agents, and the treatment
response was evaluated in 31 patients with a follow-up
period of >6 weeks (pembrolizumab [n= 17], nivolumab
[n= 12], and durvalumab [n= 2]). The median number of
cycles for PD-1/PD-L1 agents was 8.9 (range, 1–37) as of
January 20, 2021, and the median follow-up duration was
11.3 months.

The treatment responses of the patients are shown in
Table 3. The overall response and disease control rates were
32.3% and 61.3%, respectively. The overall response rate
differed according to PD-L1 status (64.3% [9/14] in the PD-
L1-positive group [CPS ≥ 1] vs. 5.9% [1/17] in the PD-L1-
negative group, P= 0.001) with FDA-approved 22C3
pharmDx. In addition, the disease control rate differed
significantly between the two groups (85.7% [12/14] in the
PD-L1-positive group vs. 41.2% [7/17] in the PD-L1-
negative group, P= 0.025). The overall response rate
was also significantly different at a CPS cutoff of 10 (63.6%

[7/11] in PD-L1 CPS ≥ 10 vs. 15.0% [3/20] in PD-L1 CPS
< 10, P= 0.013). The median overall survival after starting
immunotherapy was 6.05 months (range, 2–20 months)
in the PD-L1-negative group (CPS= 0) and 17.63 months
(range 1–50 months) in the PD-L1-positive group
(CPS ≥ 1). PD-L1 positivity was significantly associated
with favorable overall survival (P= 0.033) (Fig. 5).

In the 28-8 pharmDx assay, the overall response rate also
differed significantly according to the PD-L1 CPS 1 cutoff
(P= 0.002). At a CPS cutoff of 10, the results of the overall
response rate and disease control rate were the same in the
22C3 and 28-8 pharmDx assays.

Discussion

The PD-L1 22C3 pharmDx assay was approved by the US
FDA as a companion diagnostic assay for the use of pem-
brolizumab in patients with advanced gastric cancer [3], and
the PD-L1 CPS is considered a cost-effective screening tool
that is easily used in clinics [22]. In the case of nivolumab,
which also has promising results in advanced gastric cancer
[5], there is currently no biomarker for predicting treatment
responses. In addition, there are only a limited number of
studies on PD-L1 as a biomarker. Therefore, PD-L1 diag-
nostic assays for the use of nivolumab are expected to be
actively investigated to determine whether they can be used
as complementary diagnostic assays in gastric cancer, as in
other tumors such as lung cancer [23, 24]. We focused on
directly comparing the detection of PD-L1 expression using
22C3 pharmDx, a companion diagnostic assay for

Fig. 2 Representative images of PD-L1 immunohistochemical
staining using the 22C3 and 28-8 pharmDx assays, showing con-
cordant results. A Negative staining for PD-L1 in the 22C3 pharmDx
assay. B Negative staining for PD-L1 in the 28-8 pharmDx assay. C A

combined positive score of 70, as analyzed using the 22C3 pharmDx
assay. D A combined positive score of 70, as analyzed using the 28-8
pharmDx assay. All images are at 2.5× magnification (insets at 20×
magnification).
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pembrolizumab, and 28-8 pharmDx, a complementary
diagnostic assay for nivolumab, in 55 patients with gastric
cancer, to evaluate the interchangeability of the two assays.

PD-L1 assays for the use of pembrolizumab, nivolumab,
and other PD-1/PD-L1 inhibitors have been developed
independently, and they all require different methods.
Therefore, questions have been raised as to whether the tests
can be used interchangeably for treatment decisions for
various PD-1/PD-L1 inhibitors [25]. Accordingly, several
studies have evaluated the concordance of various PD-L1
assays in solid tumors, most prominently in lung cancers,
with the 28-8 and 22C3 assays being two of the most fre-
quently evaluated assays [10–13, 15]. According to the
Blueprint project, in which the interchangeability of PD-L1
assays was evaluated in lung cancer, 22C3 and 28-8 assays
were highly comparable and interchangeable for the eva-
luation of tumor cells [11], and comparable for the eva-
luation of immune cells [11]. In other studies comparing
various PD-L1 assays in lung cancer, 22C3 and 28-8
demonstrated the highest concordance values for tumoral
expression [12, 14]. It was also reported that the percentage

of PD-L1 tumoral expression was slightly higher in the 28-8
assay compared to the 22C3 assay [12, 14]. Recently,
Krigsfeld et al. reported a high concordance of tumoral PD-
L1 expression between 22C3 and 28-8 pharmDx assays in
>6000 clinical samples, mainly lung cancer and melanoma
samples [10]. Overall, the percentage agreement was con-
sistently >95% over a various range of PD-L1 tumoral
cutoffs [10]. Meanwhile, there have been a few studies
evaluating inter-assay variability of PD-L1 IHC in gastric
cancer. Ma et al. compared SP142, 28-8, and E1L3N clones
in gastric cancer and reported a high concordance between
SP142 and 28-8 [9], and Park et al. reported a high con-
cordance between 22C3 pharmDx and SP263 assays for
CPS evaluation [8]. However, comparative studies of 22C3
and 28-8 pharmDx assays have not been previously con-
ducted in gastric cancer.

In the present study, the results of 22C3 and 28-8
pharmDx assays were highly concordant, and the overall,
positive, and negative percentage agreement between the
two assays at a CPS cutoff of 1 were 96.36%, 93.33%, and
100%, respectively. In addition, the concordance rates at

Fig. 3 Representative images of PD-L1 staining in samples with
discordant results between the 22C3 and 28-8 assays. While no
stained cells were observed in the 22C3 pharmDx assay (A), there
were a few immune cells stained in the 28-8 pharmDx assay (arrow)

(B). The combined positive score was measured as 1. The nonspecific
cytoplasmic staining of tumor cells (arrowhead) was excluded from the
scoring process (B). All images are at 10× magnification.

Fig. 4 Nonspecific background
staining with the 22C3 and
28-8 pharmDx assays. (A)
Nonspecific background staining
was not observed when the
28-8 pharmDx assay was used.
(B) Nonspecific cytoplasmic
staining in muscular tissue and
tumor cells was observed when
the 28-8 pharmDx assay was
used. However, there was no
membranous staining of tumor
cells, and the staining was
interpreted as negative staining.
Images on the left are at 4×
magnification; images on the
right are at 20× magnification
(of insets).
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CPS cutoffs of 10 and 50 were 96.36% and 100%,
respectively. Of the 55 tested cases, 2 (3.6%) cases were
discordant at a CPS cutoff of 1 and were positive only in the

28-8 pharmDx assay. The CPS for these two cases was 1,
and a few PD-L1-positive immune cells were identified at
the periphery of these tumors. Of the two patients, one
patient refractory to chemotherapy was enrolled in a clinical
trial and treated twice with nivolumab. However, no treat-
ment response was observed, and the patient died due to the
progression of gastric cancer. The clinical significance of
PD-L1 positivity for nivolumab remains unknown and
needs to be investigated in a large gastric cancer cohort. In
terms of quantitative comparison, the CPS of the 28-8 assay
was higher than that of the 22C3 assay in 16 (29.1%) cases,
whereas in two (3.6%) cases, a higher CPS was observed in
the 22C3 assay. This result is in agreement with those of
previous studies reporting a slightly higher percentage of
PD-L1 expression detected by the 28-8 assay than by the
22C3 assay in lung cancer [12, 14].

Notably, nonspecific background staining was often
observed in the 28-8 assay, in contrast to the 22C3 assay. In
addition, nonspecific cytoplasmic staining was observed in
tumor cells in five cases. Tumor cells exhibiting only
cytoplasmic staining should not be included in CPS calcu-
lation [20]. Nonspecific staining can be caused by various

Fig. 5 The median overall survival of patients after immunother-
apy. PD-L1 positivity was significantly associated with favorable
overall survival (P= 0.033).

Table 3 Treatment outcome of anti-PD-1/PD-L1 agents.

22C3 pharmDx CPS PD-L1 ≥ 1 PD-L1= 0 Total P value 28-8 pharmDx CPS PD-L1 ≥ 1 PD-L1= 0 Total P value

(n= 14) (n= 17) (n= 31) (n= 15) (n= 16) (n= 31)

Best response Best response

CR 2 (14.3%) 0 (0%) 2 (6.5%) CR 2 (13.3%) 0 (0%) 2 (6.5%)

PR 7 (50.0%) 1 (5.9%) 8 (25.8%) PR 7 (46.7%) 1 (6.3%) 8 (25.8%)

SD 3 (21.4%) 6 (35.3%) 9 (29.0%) SD 3 (20.0%) 6 (37.5%) 9 (29.0%)

PD 2 (14.3%) 10 (58.8%) 12 (38.7%) PD 3 (20.0%) 9 (56.3%) 12 (38.7%)

Tumor response rate Tumor response rate

Overall response rate (%)a 9 (64.3%) 1 (5.9%) 10 (32.3%) 0.001 Overall response rate (%)a 9 (60.0%) 1 (6.3%) 10 (32.3%) 0.002

Disease control rate (%)b 12 (85.7%) 7 (41.2%) 19 (61.3%) 0.025 Disease control rate (%)b 12 (80.0%) 7 (43.8%) 19 (61.3%) 0.066

High PD-L1
(≥10)

Low PD-L1
(<10)

Total P value High PD-L1
(≥10)

Low PD-L1
(<10)

Total P value

(n= 11) (n= 20) (n= 31) (n= 11) (n= 20) (n= 31)

Best response Best response

CR 2 (18.2%) 0 (0%) 2 (6.5%) CR 2 (18.2%) 0 (0%) 2 (6.5%)

PR 5 (45.5%) 3 (15.0%) 8
(25.8%)

PR 5 (45.5%) 3 (15.0%) 8
(25.8%)

SD 2 (18.2%) 7 (35.0%) 9
(29.0%)

SD 2 (18.2%) 7 (35.0%) 9
(29.0%)

PD 2 (18.2%) 10 (50.0%) 12
(38.7%)

PD 2 (18.2%) 10 (50%) 12
(38.7%)

Tumor response rate Tumor response rate

Overall response
rate (%)a

7 (63.6%) 3 (15.0%) 10
(32.3%)

0.013 Overall response
rate (%)a

7 (63.6%) 3 (15.0%) 10
(32.3%)

0.013

Disease control rate
(%)b

9 (81.8%) 10 (50.0%) 19
(61.3%)

0.128 Disease control rate
(%)b

9 (81.8%) 10 (50.0%) 19
(61.3%)

0.128

PD-1 programmed death-1, PD-L1 programmed cell death ligand-1, CPS combined positive score, CR complete response, PR partial response, SD
stable disease, PD progressive disease.
aOverall response rate= (CR+ PR)/(CR+ PR+ SD+ PD) × 100 (%).
bDisease control rate= (CR+ PR+ SD)/(CR+ PR+ SD+ PD) × 100 (%).
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factors such as antibodies, pre-analytic fixation, and pro-
cessing of the specimen. Antibodies used in the 22C3 and
28-8 assays target the extracellular domain of the protein
[26], and both assays use the same platform. The cause of
nonspecific staining in the 28-8 pharmDx assay is uncertain,
and we suggest that caution is required in the interpretation
of the 28-8 pharmDx assay to exclude nonspecific staining.
However, except for nonspecific staining, the two assays
showed nearly identical staining patterns.

Interestingly, in the correlation of PD-L1 expression with
clinicopathological factors, all four patients who received
neoadjuvant chemotherapy showed PD-L1 expression. Ele-
vation of PD-L1 expression after neoadjuvant chemotherapy
has been reported in various types of solid tumors, including
gastric cancer [27–29]. The mechanism underlying the role
of chemotherapy in PD-L1 expression variation has not been
elucidated completely in gastric cancer. Future studies on the
predictive and prognostic value of PD-L1 expression in
neoadjuvant settings are also required.

Our study had the limitation of a small sample size.
However, to the best of our knowledge, this is the first study
to compare 22C3 and 28-8 pharmDx assays in gastric
cancer. In addition, this study was performed on clinical
samples and not on tissue microarrays. When correlating the
clinical outcome of immunotherapy with PD-L1 CPS using
22C3 and 28-8 pharmDx assays, both assays predicted the
response with CPS 1 and 10 cutoffs. Despite the limitations
of the small number of patients and insufficient follow-up
period, our study adds to the existing evidence that the PD-
L1 CPS is a clinically relevant biomarker that will improve
the selection of patients who will best respond to immu-
notherapy in gastric cancer [30]. Notably, the results of both
22C3 pharmDx and 28-8 pharmDx assays correlated well
with the clinical outcomes, suggesting that the 28-8
pharmDx assay can be used as a complementary test in
gastric cancer.

In conclusion, we conducted a comparison of PD-L1
CPS between 22C3 pharmDx and 28-8 pharmDx assays in
patients with gastric cancer and showed that the two assays
are highly comparable at various CPS cutoffs. This study
provides evidence for the potential interchangeability of
these two assays in gastric cancer.
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