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The interaction between programmed death 1 (PD-1) protein 
and programmed death-ligand 1 (PD-L1) is a major mechanism 
of immune modulation that allows for T-cell inactivation and 
tumor immune evasion [1]. Blocking the PD-1/PD-L1 pathway 
is a standard therapeutic strategy for the treatment of various 
solid tumors, including gastric cancer (GC) [2]. Several clinical 
trials of anti–PD-1/PD-L1 agents have shown clinical efficacy in 
patients with advanced or metastatic GC [3-10]. Among these, 
the CheckMate-649 trial demonstrated the efficacy of nivolumab 

(a PD-1 binding immune checkpoint inhibitor) in combination 
with chemotherapy as a first-line treatment for human epidermal 
growth factor receptor 2 (HER2)–negative advanced or metastat-
ic GC [3]. Currently, nivolumab plus chemotherapy is the stan-
dard first-line treatment for advanced or metastatic GC [3,9,11]. 

PD-L1 expression is a biomarker used to predict the therapeu-
tic response to anti–PD-1/PD-L1 agents across several solid tu-
mors, including GC [12]. In GC, PD-L1 expression in both im-
mune and tumor cells provides a comprehensive assessment of 
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Nivolumab plus chemotherapy in the first-line setting has demonstrated clinical efficacy in patients with human epidermal growth factor 
receptor 2–negative advanced or metastatic gastric cancer, and is currently indicated as a standard treatment. Programmed death-li-
gand 1 (PD-L1) expression is an important biomarker for predicting response to anti–programmed death 1/PD-L1 agents in several solid 
tumors, including gastric cancer. In the CheckMate-649 trial, significant clinical improvements were observed in patients with PD-L1 
combined positive score (CPS) ≥ 5, determined using the 28-8 pharmDx assay. Accordingly, an accurate interpretation of PD-L1 CPS, 
especially at a cutoff of 5, is important. The CPS method evaluates both immune and tumor cells and provides a comprehensive as-
sessment of PD-L1 expression in the tumor microenvironment of gastric cancer. However, CPS evaluation has several limitations, one of 
which is poor interobserver concordance among pathologists. Despite these limitations, clinical indications relying on PD-L1 CPS are 
increasing. In response, Korean gastrointestinal pathologists held a consensus meeting for the interpretation of PD-L1 CPS in gastric 
cancer. Eleven pathologists reviewed 20 PD-L1 slides with a CPS cutoff close to 5, stained with the 28-8 pharmDx assay, and deter-
mined the consensus scores. The issues observed in discrepant cases were discussed. In this review, we present cases of gastric can-
cer with consensus PD-L1 CPS. In addition, we briefly touch upon current practices and clinical issues associated with assays used for 
the assessment of PD-L1 expression in gastric cancer. 
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PD-L1 expression in the tumor microenvironment, thereby better 
predicting the therapeutic response to anti–PD-1/PD-L1 agents 
[13,14]. The combined positive score (CPS) is used to evaluate 
PD-L1 expression in both immune and tumor cells [13,15,16]. 
In the CheckMate-649 trial, nivolumab plus chemotherapy sig-
nificantly improved the overall survival and progression-free 
survival of patients with PD-L1 CPS ≥ 5 [3]. Additional results 
showed significant improvement in overall survival and progres-
sion-free survival in patients with PD-L1 CPS ≥ 1 and all ran-
domly assigned patients [3]. However, approval and recommen-
dations for nivolumab differ according to the country or approval 
agency [11]. In Korea, nivolumab reimbursement for GC treat-
ment is restricted to patients with PD-L1 CPS ≥ 5. Therefore, 
accurate interpretation of PD-L1 CPS, especially at a cutoff of 5, 
is crucial to identify the patients with GC that are eligible for 
nivolumab treatment. 

Several issues need addressing in PD-L1 tests for GC. First, 
inter-assay variability needs to be resolved, as various assays are 
confusing and not all assays are available for laboratories and pa-
tients [17]. Efforts are underway to harmonize PD-L1 assays in 
GC, with one study demonstrating high comparability between 
the 22C3 and 28-8 pharmDx assays at various CPS cutoffs [17]. 
Secondly, a more challenging aspect involves interobserver vari-
ability among pathologists [18]. Recent studies reported high 
interobserver variability among pathologists for CPS in GCs 
[18,19], raising questions on PD-L1 CPS as a biomarker for GC. 
Nevertheless, given the increasing reliance on specific PD-L1 
CPS cutoffs in clinical indications, efforts are necessary to address 
and overcome this issue. In this context, Korean gastrointestinal 
pathologists held a consensus meeting to evaluate the PD-L1 
CPS in patients with GC. Eleven pathologists reviewed 20 PD-
L1 slides near the CPS cutoff 5 and aimed to determine consen-
sus scores. In this article, we briefly introduce the current prac-

tice of PD-L1 testing and studies on the interobserver variability 
of PD-L1 CPS in GC and present cases from the consensus 
meetings.

CURRENT PRACTICE OF PD-L1 TESTING IN 
GASTRIC CANCER

Table 1 summarizes the assays used for PD-L1 testing in GC. 
Currently, three standardized PD-L1 immunohistochemical as-
says (22C3 pharmDx, 28–8 pharmDx, and SP263) are used to 
specifically predict responses to pembrolizumab, nivolumab, and 
tislelizumab. 

In GC, PD-L1 expression is scored using the CPS scoring sys-
tem, which is calculated as the number of PD-L1–stained cells 
(tumor cells, lymphocytes, and macrophages) divided by the to-
tal number of viable tumor cells multiplied by 100 [20]. A tu-
mor cell is PD-L1 positive if the cell membrane is partially or 
completely stained, irrespective of staining intensity [20]. PD-
L1–stained immune cells include only mononuclear inflamma-
tory cells (lymphocytes or macrophages) within tumor nests and 
adjacent stroma and show membrane and/or cytoplasmic stain-
ing [20]. Other stromal cells such as fibroblasts, neutrophils, and 
plasma cells are excluded [20]. If the calculation result exceeds 
100, it is presented as a maximum score of 100 [20]. If the PD-
L1 staining is heterogeneous, the final CPS is estimated by calcu-
lating the CPS results for each area within the entire tumor [20]. 

Currently, two different PD-L1 assays are approved for clinical 
evaluation. For each assay, different CPS cutoff values are used. 
The PD-L1 22C3 pharmDx assay uses CPS ≥ 1 for PD-L1 posi-
tivity [8,10] and the 28-8 pharmDx assay uses CPS ≥ 5 [3]. For 
tislelizumab, tumor area positivity score, stained with SP263, is 
used [7]. Reports should specify the assay type and appropriate 
cutoff value used for the interpretation of PD-L1 positivity [15].

Table 1. PD-L1 assays in clinical trials for gastric cancer (1st line setting)

CheckMate-649 KEYNOTE-811 KEYNOTE 859 RATIONALE-305

Candidates HER2-negative GC HER2-positive GC HER2-negative GC HER2-negative GC
Drug Nivolumab Pembrolizumab Pembrolizumab Tislelizumab
PD-L1 assay 28-8 pharmDx 22C3 pharmDx 22C3 pharmDx SP263
Antibody supplier Dako (Agilent) Dako (Agilent) Dako (Agilent) Ventana (Roche)
Antibody species Rabbit mAb Mouse mAb Mouse mAb Rabbit mAb
Scoring CPS CPS CPS TAP 
Cutoff 5 1 TBD 5%
US Food and Drug Administration Approved (on Apr 16, 2021) Approved (on Aug 29, 2023) Approved (on Nov 16, 2023) Not yet
Korean Ministry of Food and Drug Approved (on Sep 1, 2023 Approved (on Dec 19, 2023) Not yet Not yet

PD-L1, programmed death-ligand 1; HER2, human epidermal growth factor receptor 2; GC, gastric cancer; CPS, combined positive score; TBD, to be deter-
mined; TAP, tumor area positivity.
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INTEROBSERVER CONCORDANCE OF PD-L1 
COMBINED POSITIVE SCORE

Table 2 summarizes the studies that evaluated the interob-
server concordance of PD-L1 CPS in GC. Two previous studies 
reported excellent interobserver agreement for PD-L1 evaluation 
in GC [13,21]. In a study by Kulangara et al. [13], three pathol-
ogists evaluated 68 22C3 pharmDx-stained PD-L1 slides (sam-
ple type not disclosed); an overall percentage agreement (OPA) 
of 96.6% at a CPS cutoff of 1 was observed. Nuti et al. [21] eval-
uated the interobserver concordance among 120 pathologists in 
their interpretation of 20 22C3 pharmDx-stained surgical sam-
ples; an OPA of 90.6% at the CPS cutoff of 1 was observed, with 
a Fleiss kappa value of 0.828.

In contrast, Park et al. [22] reported poor interobserver con-
cordance among five pathologists who evaluated 55 tissue mi-
croarray samples using the 22C3 pharmDx and SP263 assays. 
The intraclass correlation coefficient (ICC) was 0.387, and the 
Fleiss kappa value was 0.389 at a 22C3 pharmDx CPS cutoff of 1 
[22]. In addition, two recent studies reported poor interobserver 
agreement regarding the CPS in GC [18,19]. Fernandez et al. [18] 
evaluated the concordance for PD-L1 CPS among 14 patholo-
gists from 13 institutions in the United States, based on their 
assessment of 22C3 pharmDx-stained 112 biopsy samples. At a 
CPS cutoff of 1, the reported OPA and ICC were 31.48% and 
0.484 [18], respectively. Higher CPS cutoffs (10 or 20) showed 
improved agreement than a CPS cutoff 1 [18]. Robert et al. [19] 
evaluated the interobserver agreement among 12 international 
pathologists who assessed 100 biopsy samples stained with PD-
L1 28-8 and 22C3 pharmDx; interobserver CPS agreement was 
fair for both pre- (ICC range, 0.45 to 0.55) and post-training 

(ICC range, 0.56 to 0.57) for both assays [19]. In addition, Rob-
ert et al. [19] evaluated CPS interobserver agreement for 35 biop-
sy fragments. Poor or fair agreement was observed regarding the 
number of PD-L1–positive immune cells (ICC, 0.19), number of 
PD-L1–positive tumor cells (ICC, 0.54), total number of viable 
tumor cells (ICC, 0.09), and the calculated CPS (ICC, 0.14), 
whereas calculated tumor cell scores showed excellent agreement 
(ICC, 0.82) [19]. These findings are in agreement with the results 
for other solid tumors, wherein the interobserver concordance for 
immune cells was much lower than that for tumor cells [23-25].

CONSENSUS MEETING OF KOREAN 
GASTROINTESTINAL PATHOLOGISTS

Twenty GC samples stained using the PD-L1 28-8 pharmDx 
assay, in routine clinical pathology practice, with CPS scores 
ranging from 3 to 7, were collected from seven institutes in Ko-
rea; six were resection specimens and 14 were biopsy specimens. 
The information about samples is summarized in Table 3. PD-L1 
slides were scanned using each institute’s scanner. Twelve speci-
mens were scanned using a Philips Digital Pathology Slide SG300 
scanner (Amsterdam, Netherlands), four with an Aperio GT 450 
DX scanner (Vista, CA, USA), three with an Aperio AT2 scanner 
(Vista, CA, USA) and one with a 3DHISTECH PANNORAMIC 
250 Flash III scanner (Budapest, Hungary). All the participating 
pathologists specialized in gastrointestinal pathology (the aver-
age number of years of experience, 15; range, 6 to 30 years) and 
routinely assessed PD-L1 28-8 pharmDx in GC in clinical prac-
tice. Nine work in university hospitals, and two work in private 
laboratories.

On the day of the meeting (17 Oct 2023), 11 pathologists 

Table 2. Interobserver concordance in PD-L1 assays

PD-L1 assay Cutoff No. of observers No. of cases Sample type Interobserver agreement Fleiss kappa value Reference

22C3 PharmDx CPS ≥ 1 3 68 Not mentioned OPA 96.6% - [13]
22C3 PharmDx CPS ≥ 1 120 20 (day1), 25 (day2) Resection OPA 90.6% 0.828 [21]
22C3 PharmDx CPS value 5 55 Tissue microarray ICC 0.387 (lower 95% CI, 20.9%) CPS ≥ 1 0.389 [22]
SP263 CPS value 5 55 Tissue microarray ICC 0.349 (lower 95% CI, 13.5%) CPS ≥ 1 0.256
22C3 PharmDx CPS ≥ 1 14 112 Biopsy OPA 31.48% (95% CI, 22.72–40.24) 0.477 [18]

ICC 0.484 (95% CI, 0.403–0.571) -
CPS ≥ 10 14 112 Biopsy OPA 67.59% (95% CI, 58.77–76.42) 0.607

ICC 0.604 (95% CI, 0.584–0.624) -
CPS ≥ 20 14 112 Biopsy OPA 83.33% (95% CI, 76.3–90.36) 0.626

ICC 0.629 (95% CI, 0.562–0.698) -
28-8 PharmDx CPS value 12 100 Biopsy ICC 0.45 (95% CI, 0.38–0.53) - [19]
22C3 PharmDx CPS value 12 100 Biopsy ICC 0.55 (95% CI, 0.47–0.63) -

PD-L1, programmed death-ligand 1; CPS, combined positive score; OPA, overall percentage agreement; ICC, intraclass correlation coefficient; CI, confidence 
interval.
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evaluated 20 PD-L1 scanned slides using each image viewer, 
without clinical information, for 30 min and submitted the CPS 
results. Some pathologists did not complete the survey for all the 
cases. Subsequently, all the pathologists reviewed the scanned 
PD-L1 image slides, discussed each case, and determined con-
sensus CPS scores. For cases with poor interobserver agreement 
(more than 20% of pathologists disagreed with the CPS cutoff 
of 5), cases were discussed in detail, and a consensus CPS score 
was determined. Despite discussion, a CPS consensus was not 
reached for Case 3 (Supplementary Fig. S1).

CASES WITH CONSENSUS COMBINED 
POSITIVE SCORE < 5

 
Nine cases were concluded to have consensus CPS of < 5. Of 

these, there was good interobserver agreement for two cases 
(cases 1 and 15) (Figs. 1, 2). The remaining cases are presented 
along with a detailed discussion.

Case 2 (Fig. 3) 

At a CPS cutoff of 5, there was poor interobserver agreement 
(CPS 0, n = 3; CPS 2, n = 2; CPS 3, n = 2; CPS 5, n = 3). The bi-
opsy specimen consisted of three pieces of signet ring cell carci-
noma with normal components. One piece was PD-L1 negative, 

the second exhibited stained area scores less than 5, and the third 
one exhibited stained area scores of > 5. When the PD-L1 stain-
ing revealed a heterogeneous pattern, the final CPS was estimat-
ed for each area [20]. By averaging the scores for each region, a 
consensus CPS score of 2 was determined.

Case 6 (Fig. 4) 

At a CPS cutoff of 5, there was poor interobserver agreement 
(CPS 1, n = 1; CPS 2, n = 2; CPS 3, n = 1; CPS 5, n = 4; CPS 8, 
n = 1; CPS 10, n = 1). This biopsy specimen consisted of two 
pieces of moderately differentiated adenocarcinoma tissue with-
out a normal component. One fragment had no PD-L1–positive 
cells, while the other showed stained area scores of CPS > 5. A 
consensus CPS score of 3 was determined by averaging the scores 
for each region.

Case 7 (Fig. 5) 

At a CPS cutoff of 5, there was poor interobserver agreement 
(CPS 0, n = 2; CPS 3, n = 2; CPS 4, n = 1; CPS 5, n = 1; CPS 7, 
n = 1; CPS 9, n = 1). The biopsy specimen comprised four frag-
ments of poorly cohesive carcinoma with normal components. 
While most pieces were PD-L1–negative, one piece revealed PD-
L1–positive immune cells. On an average, a consensus score of 
2 was determined.

Table 3. Case information

Case No. Institution Vendor/file format Specimen type Interobserver agreement Consensus CPS

1 A Philips/.isyntax Resection Gooda 0
2 A Philips/.isyntax Biopsy Poor 2
3 A Philips/.isyntax Biopsy Poor Not determined
4 A Philips/.isyntax Resection Poor 5
5 A Philips/.isyntax Resection Good 5
6 A Philips/.isyntax Biopsy Poor 3
7 B Leica Biosystems/.svs Biopsy Poor 2
8 B Leica Biosystems/.svs Biopsy Poor 5
9 B Leica Biosystems/.svs Biopsy Poor 2
10 C Leica Biosystems/.svs Biopsy Good ≥ 5
11 C Leica Biosystems/.svs Biopsy Poor 3
12 C Leica Biosystems/.svs Biopsy Good ≥ 5
13 D Philips/.isyntax Resection Poor 5
14 D Philips/.isyntax Biopsy Poor 5
15 D Philips/.isyntax Biopsy Good 2
16 D Philips/.isyntax Resection Poor 5
17 D Philips/.isyntax Biopsy Poor 2
18 E 3DHistech/.MRXS Biopsy Good 5
19 F Philips/.isyntax Biopsy Good ≥ 5
20 G Leica Biosystems/.svs Resection Poor 0

CPS, combined positive score.
aInterobserver agreement was defined as good when more than 80% of pathologists agreed on CPS 5 cutoff.
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A B

Fig. 1. Representative images of case 1 with a consensus combined positive score of 0 and good interobserver agreement at 5× (A) and 
20× (B) magnification.

Fig. 2. Representative images of case 15 with a consensus combined positive score of 2 and good interobserver agreement at 1× (A), 10× 
(B), 20× (C), and 20× (D) magnification.

A

C

B

D

Fig. 3.  Representative images of case 2 with a consensus combined positive score of 2 and poor interobserver agreement at 5× (A), 20× 
(B), 20× (C), and 40× (D) magnification.

A B

C D
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Fig. 4. Representative images of case 6 with a consensus combined positive score of 3 and poor interobserver agreement at 5× (A), 20× 
(B), 20× (C), and 40× (D) magnification.

A B

C D

Fig. 5. Representative images of case 7 with a consensus combined positive score of 2 and poor interobserver agreement at 4× (A), 10× 
(B), 20× (C), and 20× (D) magnification.

A B

C D

Fig. 6. Representative images of case 9 with a consensus combined positive score of 2 and poor interobserver agreement at 2× (A), 20× 
(B), 20× (C), and 40× (D) magnification.

A B

C D
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Case 9 (Fig. 6) 

The biopsy specimen contained a poorly differentiated adeno-
carcinoma with infiltrating immune cells within and adjacent to 
the tumor. Most pathologists submitted CPS results of < 5 (CPS 
0, n = 1; CPS 1, n = 2; CPS 2, n = 1; CPS 3, n = 1; CPS 5, n = 2); 
following a detailed discussion, a CPS consensus of 2 was reached. 
Many pathologists at the meeting mentioned that nonspecific 
28-8 pharmDx staining complicates CPS interpretation. Al-
though the tumor cells showed weak staining at a low magnifi-
cation, only cytoplasmic staining was observed at a high mag-
nification. Tumor cells with cytoplasmic staining only need to be 
excluded from CPS calculations [20]. In this case, only PD-L1–
positive lymphocytes were included in the CPS numerator. Non-
specific cytoplasmic staining in tumor cells is not usually ob-
served in the 22C3 pharmDx assay, and caution is required for 
interpretation of 28-8 pharmDx assay [17]. 

Case 11 (Fig. 7) 

This case revealed poor interobserver agreement at a CPS cut-
off of 5 (CPS 0, n = 1; CPS 3, n = 2; CPS, n = 4). Six of seven frag-
ments of the biopsy specimen contained signet ring cell carci-
noma with the extracellular mucin. Some tumor cells showed 
partial membrane staining, and lymphocytes showed cytoplas-
mic staining. Nonspecific staining in the empty space caused by 
mucin, stained stromal cells, normal glandular cells stained by 
edge artifacts, and neutrophils were excluded from the CPS cal-
culation. In this case, defining the tumor-associated area was a 
confounding factor for interpretation, and it was difficult to de-
termine whether the immune cells were within the tumor or dis-
tant from the tumor. In general, a 20× field of view rule is ap-
plied to define tumor-associated areas [20]. Immune cells are 
considered tumor-associated and included in the CPS calcula-
tion if the cells are present within the tumor nests or adjacent stro-
ma or both within a 20× magnification field of view [20]. At the 
same time, non-tumor gastritis areas need to be excluded [20]. 
However, endoscopic specimens inevitably contain non-tumor 
gastritis areas wherein resident inflammation is common [19]. In 
this case, when the 20× field of view rule was applied, the surface 
area presumed to be non-tumor gastritis was included. This con-
fused the pathologists, as there are currently no guidelines for this 
situation. Considering that mucinous tumors are generally less 
immunogenic, and immune cells in the specimen are considered 
mostly gastritis, pathologists at the meeting agreed to a CPS of 
3. A correlation with the treatment response would be helpful; 
however, the patient had not yet received immunotherapy.

Case 17 (Fig. 8) 

At a CPS cutoff of 5, there was poor interobserver agreement 
(CPS 2, n = 1; CPS 3, n = 1; CPS 4, n = 1; CPS 5, n = 2; CPS 10, 
n = 1; CPS 20, n = 1). The tumor histology was a papillary ade-
nocarcinoma with empty spaces caused by the papillary archi-
tecture. At a low magnification, some stained areas were observed. 
However, at a high magnification, most of the stained areas were 
revealed as background staining in empty spaces and stromal cells. 
After excluding nonspecific background staining, the number of 
positive immune cells appeared to be small. After discussion, the 
pathologists agreed on a CPS of 2.

Case 20 (Fig. 9) 

The resected specimen showed a poorly cohesive carcinoma 
with abundant lymphatic tumor emboli in the mucosa and sub-
mucosa. The submitted results were CPS 0 (n = 1) and CPS 5 
(n = 2). Tumor cells show only cytoplasmic staining, which must 
be excluded from the CPS calculation [20]. Normal glandular 
cells exhibited nonspecific staining. The pathologists agreed on 
a CPS of 0.

CASES WITH CONSENSUS COMBINED 
POSITIVE SCORE ≥ 5

Ten cases were concluded as having consensus CPS ≥ 5. Among 
these, good interobserver agreement was noted for five cases (cases 
5, 10, 12, 18, and 19) (Figs. 10, 11, 12, 13, and 14, respectively). 
The remaining cases are presented along with a detailed discussion.

Case 4 (Fig. 15) 

At a CPS cutoff of 5, there was poor interobserver agreement 
(CPS 0, n = 3; CPS 1, n = 1; CPS 2, n = 1; CPS 5, n = 2; CPS 8, n 

= 1; CPS 10, n = 1; CPS 20, n = 1). This resected specimen con-
sisted of poorly cohesive carcinoma with some infiltrating lym-
phocytes. Owing to the large tumor area, CPS scoring was diffi-
cult. Compared to those in the usual diffuse-type GC, relatively 
abundant tumor-associated lymphocytes were observed in the 
specimen, and these immune cells were focally PD-L1 positive. 
Based on the findings, a consensus CPS of 5 was determined.

Case 8 (Fig. 16) 

At a CPS cutoff of 5, there was poor interobserver agreement 
(CPS 1, n = 1; CPS 2, n = 2; CPS 3, n = 1; CPS 5, n = 1; CPS 7, 
n = 1). This tumor consisted of four papillary adenocarcinoma 
fragments and two normal mucosal fragments. Nonspecific stain-
ing was observed in the empty space and immune cells in the 
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Fig. 7. Representative images of case 11 with a consensus combined positive score of 3 and poor interobserver agreement at 2× (A), 20× 
(B), 20× (C), and 20× (D) magnification.

A B

C D

Fig. 8. Representative images of case 17 with a consensus combined positive score of 2 and poor interobserver agreement at 2× (A), 20× 
(B), 20× (C), and 40× (D) magnification.

A B

C D

Fig. 9. Representative images of case 20 with a consensus combined positive score of 0 and poor interobserver agreement at 4× (A), 10× 
(B), 20× (C), and 40× (D) magnification.

A B

C D
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Fig. 10. Representative images of case 5 with a consensus combined positive score of 5 and good interobserver agreement at 5× (A) and 
20× (B) magnification.

A B

Fig. 11. Representative images of case 10 with a consensus combined positive score of ≥ 5 and good interobserver agreement at 4× (A), 
10× (B), 20× (C), and 20× (D) magnification.

A B

C D

Fig. 12. Representative images of case 12 with a consensus combined positive score of ≥ 5 and good interobserver agreement at 4× (A), 
10× (B), 20× (C), and 20× (D) magnification.
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Fig. 13. Representative images of case 18 with a consensus combined positive score of 5 and good interobserver agreement at 4× (A), 10× 
(B), 20× (C), and 20× (D) magnification.

A B

C D

Fig. 14. Representative images of case 19 with a consensus combined positive score of ≥ 5 and good interobserver agreement at 2× (A), 
10× (B), 10× (C), and 20× (D) magnification.

A B

C D

Fig. 15. Representative images of case 4 with a consensus combined positive score of 5 and poor interobserver agreement at 5× (A), 5× 
(B), 20× (C), and 20× (D) magnification.

A B

C D
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Fig. 16. Representative images of case 8 with a consensus combined positive score of 5 and poor interobserver agreement at 2× (A), 10× 
(B), 20× (C), and 20× (D) magnification.

A B

C D

Fig. 17. Representative images of case 13 with a consensus combined positive score of 5 and poor interobserver agreement at 1× (A), 2× 
(B), 10× (C), and 20× (D) magnification.

A B

C D

Fig. 18. Representative images of case 14 with a consensus combined positive score of 5 and poor interobserver agreement at 2× (A), 10× 
(B), 20× (C), and 20× (D) magnification.
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C D
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non-tumor gastritis area. However, even after the exclusion of 
nonspecific staining, PD-L1–positive immune cells remained 
around the tumor. A consensus CPS of 5 was determined. 

Case 13 (Fig. 17) 

At a CPS cutoff of 5, there was poor interobserver agreement 
(CPS 2, n = 1; CPS 3, n = 2; CPS 4, n = 2; CPS 5, n = 3; CPS 6, 
n = 1; CPS 10, n = 1). This resection specimen of advanced GC 
exhibited a small PD-L1–stained area at the front of the invasive 
tumor. Although the PD-L1–positive area was small, some of 
the pathologists mentioned that there were abundant immune 
cells, and PD-L1–positive immune cells at the invasive front were 
likely the result of a direct interaction between tumor cell anti-
gens and neighboring immune cells. The final consensus was a 
CPS of 5. The interpretation manual provides guidelines for the 
calculation of CPS in a small PD-L1–stained area [20]. First, the 
percentage of the PD-L1–stained area in the entire tumor was 
evaluated [20]. Next, the CPS of the area was evaluated via stain-
ing [20]. Finally, the CPS was calculated considering both the re-
sults [20]. By applying this rule, 10% of the entire area was 
deemed PD-L1 positive, and the CPS was 50. The CPS of the 
entire tumor area was 10% × 50=CPS 5. 

Case 14 (Fig. 18) 

At a CPS cutoff of 5, there was poor interobserver agreement 
(CPS 1, n = 2; CPS 2, n = 1; CPS 3, n = 1; CPS 5, n = 2; CPS 8, 
n = 1; CPS 10, n = 1). The biopsy specimen consisted of tumor 
cells and abundant tumor-infiltrating lymphocytes without a 
normal component. A few tumor and immune cells with strong 
intensity were observed in a small area. Furthermore, a consider-

able number of weakly stained cells was observed. The staining 
intensity can vary significantly in a single case [26]. Distinguish-
ing positive staining with weak intensity from nonspecific stain-
ing was challenging. Despite background staining, immune cells 
with membrane and/or cytoplasmic staining at any intensity 
should be included in CPS calculation. Therefore, by counting 
the immune cells (not all but some) with cytoplasmic staining, 
this case was classified as CPS 5. 

Case 16 (Fig. 19) 

At a CPS cutoff of 5, there was poor interobserver agreement 
(CPS 2, n = 1; CPS 3, n = 1; CPS 5, n = 2; CPS 6, n = 1; CPS 7, 
n = 1; CPS 8, n = 1). Strongly stained areas were observed on mu-
cosal surfaces. The ulcerative area of the mucosa was excluded 
from CPS calculation. However, the stained area (Fig. 19A box, 
B) in the mucosa contained tumors admixed with inflammatory 
cells and focal necrosis, which needed to be counted. In addition, 
positive intra-glandular macrophages, lymphocytes, and tumor 
cells were observed at the invasive front of the tumor. If PD-L1 
staining shows heterogeneous results, the final CPS must be es-
timated by calculating the CPS result for each area [20]. Finally, 
a CPS of 5 was determined for this case.

CONCLUSION

Poor interobserver agreement among pathologists’ CPS in 
PD-L1 assessment is a known challenge for the use of PD-L1 as 
a biomarker in GC. In particular, CPS scoring in biopsy speci-
mens stained with 28-8 pharmDx can be more challenging due 
to nonspecific staining and various artifacts. To address this, Ko-

Fig. 19. Representative images of case 16 with a consensus combined positive score of 5 and poor interobserver agreement at 1× (A), 5× 
(B) [box in A], 20× (C), and 20× (D) magnification.
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rean gastrointestinal pathologists had a consensus meeting of 
PD-L1 in GC to discuss cases near CPS cutoff 5. Our consensus 
meeting also revealed high variability even among expert pa-
thologists in some cases. In this review, we described cases with 
consensus CPS including practical considerations and potential 
pitfalls, which may serve as reference for pathologists.
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