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Background: Immune checkpoint inhibitors (ICIs) targeting programmed cell death protein 1/programmed death- 
ligand 1 (PD-1/PD-L1) have improved survival in locally advanced and metastatic esophageal, esophagogastric 
junction, and gastric carcinoma (GEC). Patient selection for ICI-treatment relies on PD-L1 protein expression 
assessment via immunohistochemistry (IHC). This study aimed to evaluate the real-world assessment of PD-L1 IHC 
results compared with clinical trial data.
Patients and methods: This multicentric, real-world retrospective study analyzed PD-L1 IHC data from 28 Italian 
pathology centers of GEC cases diagnosed between October 2023 and September 2024. The study documented PD- 
L1 expression distribution via combined positive (CPS), tumor proportion (TPS), and tumor area positivity (TAP) 
scores, and investigated the impact of several factors on IHC results.
Results: We collected 1936 cases: 1802 adenocarcinomas (ADCA), 131 squamous carcinomas (SCC), and 3 carcinomas 
of non-specific histotype. Most institutions reported CPS and TPS data, whereas a minority used TAP. Overall, CPS, TPS, 
and TAP scores were in line with the data in literature and clinical trials for both ADCA and SCC, but inter-institutional 
heterogeneity was observed as represented by CPS ≥1 ADCA cases (range among institutions: 43.6%-100%). Inter- 
institutional heterogeneity was significantly associated with several variables, including (i) PD-L1 IHC case workload, 
with lower workload centers reporting more CPS ≥1 cases on average, and (ii) PD-L1 clone, with the 22C3 clone 
showing higher CPS scores than the SP263 clone. Tissue block aging was also significantly associated with a lower 
PD-L1 score, with a critical time window at 24-60 months.
Conclusions: This study confirms the alignment of GEC PD-L1 expression in Italian real-world practice with clinical 
trials. Inter-institutional variability and the significant influence of preanalytical factors, particularly tissue aging and 
PD-L1 clone, highlight important challenges in routine PD-L1 testing. Addressing these issues is crucial to enhance 
the reliability of PD-L1 IHC assessment and ensure optimal patient selection for ICIs in GEC.
Key words: PD-L1 immunohistochemistry, predictive biomarker, national survey, gastroesophageal cancer, interob
server variability, immune checkpoint inhibitors

INTRODUCTION

Cancers of the esophagus, gastroesophageal junction, and 
stomach (GEC) account for >1.1 million new oncology 
cases yearly worldwide,1 and present a dismal prognosis, 
especially if they are locally advanced or metastatic.2-4 In 
metastatic cancers, clinical trials testing immune check
point inhibitors (ICIs) have shown improved survival: pro
grammed cell death protein 1 (PD-1) ICIs have improved 
patient overall survival significantly, both as single agents5,6
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and combined with standard chemotherapy.7-9 Based on 
these data, ICIs are now a cornerstone of both squamous- 
cell carcinoma (SCC) and adenocarcinoma (ADCA) (both 
HER2-positive and HER2-negative) in the locally advanced 
unresectable or metastatic setting.10 More recently, ICIs 
have shown relevant efficacy when combined with 
chemotherapy in the perioperative setting of locally 
advanced resectable ADCA of the gastroesophageal junc
tion and stomach.11

The tissue-tethered assessment of predictive bio
markers12 is crucial for patient enrollment in clinical trials 
and therapeutic access in real-world practice using protein 
expression via immunohistochemical staining (IHC) of 
CD274 [i.e. programmed death ligand 1 (PD-L1)].13-16 Bio
logic rationale, predictive potential, and available scoring 
systems for PD-L1 IHC assessment have been thoroughly 
discussed in the literature,17-20 including the implementa
tion of artificial intelligence-driven approaches.21-25

Use of different PD-L1 IHC scoring systems is mostly 
related to the approved ICI drug and the available antibody 
clone. Overall, combined positive score (CPS) evaluation is 
required for patients with either ADCA or SCC for treatment 
with either pembrolizumab or nivolumab. Evaluation of 
tumor proportion score (TPS), with its focus on tumor cells, 
is required for the use of nivolumab in locally advanced 
unresectable/metastatic SCCs (which show more promi
nent tumor cell PD-L1 expression than ADCA).14 More 
recently, the tumor area positivity (TAP) score has been 
introduced for patient selection for treatment with tisleli
zumab in both ADCA and SCC. The TAP score aims to 
facilitate PD-L1 assessment by prioritizing the area of PD-L1 
positivity rather than the specific cell count,26,27 and the 
TAP score may become the leading selection system for 
other ICIs in the near future. Data from clinical trials28 re
ported a PD-L1 IHC-positive expression for ADCA that 
ranged from 78%-85% of analyzed cases via CPS (consid
ered positive if the score is ≥1),7,9,29,30 55% of analyzed 
cases via TAP (considered positive if the score is ≥5%),31

and 16% of cases via TPS (considered positive if the score is 
>1%).7,32 Conversely, SCC presented a CPS of ≥10 in 43%- 
53.6% of cases,8,33 TPS of ≥1% in 51% of cases,34 and a TAP 
of ≥10% in 30.7%-34.4% of cases.35,36 Based on these data, 
different clinically relevant cut-offs are considered to date 
(e.g. CPS ≥1 for HER2-positive ADCA), although there are 
still significant differences depending on specific ICI labels 
and regulatory authorities’ authorization.37-39 In addition, 
PD-L1 IHC workflow in clinical trials is quite different from 
the clinical setting, as samples are centralized and readily 
managed with a dedicated workflow for IHC staining and 
related assessment by a pathologist with specific training. 
In real-world practice, this is not always the case. PD-L1 IHC 
is carried out on (i) tissue samples that have often under
gone non-standardized preanalytical phases (e.g. risk of 
under-fixation or over-fixation, variable cold-ischemia 
time), (ii) potentially long-stored archived tissue blocks, 
and (iii) possible pre-cut blank slides prepared at the time 
of diagnosis and then indefinitely archived for subsequent 
use. Unfortunately, specific data about the preanalytical 

phases and diagnostic daily routine from the pathology 
units is mostly lacking, especially regarding their impact on 
PD-L1 scoring systems and related results.40

Considering (i) the clinical relevance of PD-L1 
testing,2,14,16,18 (ii) the impact of preanalytical variables 
on IHC protein expression,41-46 and (iii) the workflow vari
ability among pathology units, this study aimed to docu
ment the Italian real-world diagnostic practice of PD-L1 IHC 
assessment of patients affected with GEC. We developed 
and distributed a survey to multiple Italian institutions to 
specifically harvest data regarding the overall PD-L1 diag
nostic workup carried out in a specific 1-year time window, 
including the type of samples analyzed, and the types of 
PD-L1 clones, immunostainers, and scoring systems used. 
Moreover, we further analyzed data to identify putative 
causes of inter-institution score variability, such as slide and 
tissue block aging and volume of PD-L1 IHC assessment per 
institution.

METHODS

This document originated from the ‘The REal-LIfe Assess
ment of Biomarker in pathology Labs (RELIABL) Study 
Group’, an initiative coordinated by the Italian Group of 
Gastrointestinal Pathologists.

A survey was circulated among the Italian Pathology 
Units that routinely assess PD-L1 on GEC; 100 institutions 
were invited, and 28 provided data. The survey consisted of 
five introductory questions concerning (i) the overall 
workload of the institution (overall cases per year), (ii) staff 
numbers involved in performing the IHC staining proced
ure, (iii) the number of pathologists evaluating PD-L1 for 
gastrointestinal (GI) malignances, (iv) whether the pathol
ogists evaluating PD-L1 for GI malignances have or do not 
have a dedicated training in GI pathology, and (v) how 
many pathologists sign out the PD-L1 IHC assessment 
report. The participating institutions were then asked to fill 
an Excel (Microsoft Corporation, 2025; Microsoft Excel) 
template with information regarding their institution’s PD- 
L1 assessment practice, including the specimen type, pri
mary tumor site, histotype, sample adequacy, IHC stainer, 
PD-L1 clone, slide and tissue block aging, and the CPS, TPS, 
and TAP scores for each case according to published defi
nition/criteria.13,14,27 In particular, CPS is calculated by 
dividing the number of PD-L1 positive cells (tumor, lym
phocytes, and macrophages) by the total number of viable 
tumor cells, then multiplying by 10013,14; TPS is determined 
by dividing the number of PD-L1 positive tumor cells by the 
total number of viable tumor cells, then multiplying by 100 
and reporting the value as a percentage13,14; TAP is ob
tained by dividing the area covered by PD-L1 positive tumor 
and immune cells by the total tumor area and reporting the 
value as a percentage.27 Institutions were asked to report 
CPS, TPS, and TAP in several ways. First, using a semi
quantitative approach and differentiating cases accordingly. 
Based on this approach, CPS was reported as <1 or ≥1, 
and cases with a CPS ≥1 were further stratified in ≥5, and 
then ≥10. TPS was reported as <1% or TPS ≥1%. TAP score 
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was reported as <1%, ≥1%, and ≥5%, the latter further 
stratified in ≥10%. In addition, institutions were also asked 
to provide the exact value for each score (i.e. the specific 
value).

Details of the survey and related variables are reported 
in Supplementary Table S1, available at https://doi.org/10. 
1016/j.esmoop.2025.105846. We requested institutions to 
provide data on cases diagnosed from 1 October 2023 to 
30 September 2024.

Statistical analyses were carried out with R and RStudio 
(version 4.4.3 and 2024.12.1+563, respectively). Descrip
tive data were provided as mean or median with inter
quartile range (IQR). Parametric and non-parametric tests 
were used as appropriate and are specified throughout the 
document. We used two-tailed tests, and a P value < 0.05 
was considered statistically significant for the purpose of 
results interpretation.

The study adhered to the Italian Medicines Agency 
determination (20 March 2008) on retrospective observa
tional studies using anonymized data, which does not 
mandate ethics committee approval or informed consent. 
The research was conducted in accordance with the 
Declaration of Helsinki (1964) and its subsequent 
amendments.

RESULTS

Introductory indices, demographic data, and preanalytical 
variables

We started our study by performing several introductory 
and descriptive analyses, which were pivotal for multiple 
reasons. They (i) provide an updated representation of the 
GEC demography in Italy over a 1-year period, (II) validate 
our series by direct comparison with data from the litera
ture, and (iii) prepare data to identify potential causes of 
PD-L1 scoring variability among institutions.

Twenty-eight institutions participated in the RELIABL 
initiative, fairly distributed throughout the whole Italian 
territory (Supplementary Figure S1, available at https://doi. 
org/10.1016/j.esmoop.2025.105846).

The median workload of the participating centers was 24 
300 cases per year (IQR 16 875-37 000 cases), with mini
mum and maximum values of 11 200 and 71 000, respec
tively. Most institutions (26/27; 96.3%) had biomedical 
scientists/technologists performing the IHC stains, and only 
one institution had a dedicated biologist instead. The me
dian number of pathologists per institution evaluating PD- 
L1 was 3 (IQR 2-5 pathologists), 63.0% of the institutions 
(17/27) had pathologists with dedicated GI training evalu
ating the PD-L1 stains, but 67.9% (19/28) of these had only 
one pathologist signing out the final report. Among these 
laboratories, seven specified that an additional pathologist 
signed out the report if the evaluation was challenging.

Data were collected from 1936 cases evaluated for PD-L1 
IHC expression. Of these, 390 (20%) were external pathol
ogy consultations, accounting for up to 60.5% of PD-L1 
workload in individual centers. To evaluate whether the 
PD-L1 workload had an impact on subsequent analyses―in 

particular, PD-L1 score results―we evaluated the number 
of PD-L1 cases per institution and decided to stratify 
following a three-tier system: <50 cases, 50-100 cases, and 
>100 cases. Accordingly, 12 (42.8%) institutions evaluated 
<50 cases, 10 (35.7%) institutions evaluated 50-100 cases, 
and 6 (21.5%) institutions evaluated >100 cases. Further
more, as PD-L1 IHC-expression assessment and scoring 
systems vary depending on the histological subtype, we 
evaluated data by providing descriptive statistics of the 
whole series and considering ADCA and SCC separately. In 
the entire cohort, 65.5% of cases (1268/1936) were male, 
with a median age of 70 years (IQR 61.5-78 years). Most 
specimens (56.3%) were obtained via an endoscopic biopsy, 
predominantly from the stomach (1245 cases, 64.3%). A 
smaller subset (201 cases, 10.4%) was assessed on meta
static tissue, including only three nodal samples. Data 
stratified according to histologic subtype (i.e. ADCA versus 
SCC) provided similar results, as detailed in Table 1. Most 
cases per institution (mean percentage 91.2%, median 
percentage 93.3%) were ADCA, as expected in a Western 
cohort. Regarding ADCA, all institutions reported using CPS 
for PD-L1 assessment; TPS and TAP were reported by 25/28 
and 8/28 institutions. Similarly, 25/28 centers (89.3%) re
ported information on at least one case of SCC using CPS, 
24/28 (85.7%) using TPS, and 5/28 (17.9%) using TAP.

Subsequently, preanalytical steps were analyzed, such as 
sample adequacy, presence of on-slide IHC-positive con
trols, type of immunostainer and PD-L1 clone used, and the 
aging of both the tissue slides and tissue blocks. From this 
data collection, detailed in Table 2, the PD-L1 clones and 
related immunostainers used, and the aging of tissue slides 
and blocks were of particular interest. Most institutions 
(23/28; 82%) used the Ventana immunostainer (Ventana, 
Roche, Indianapolis, IN); one institution used the Dako 
immunostainer (Dako, Carpinteria, CA), one institution used 
the Leica immunostainer (Leica Biosystems, Nussloch, 
Germany), and three institutions had access to multiple 
platforms. Staining was carried out using either the SP263 
clone (Ventana, Roche; 1087/1936; 56.1%) or the 22C3 
clone (Dako; 849/1936, 43.9%), with four centers applying 
the 22C3 clone on the Ventana platform. Slide and block 
aging were calculated in days and months, respectively. The 
mean storage times were 11.2 days for slides and 2.6 
months for blocks, with extreme cases of slides stored up 
to 359 days and blocks up to 84 months before staining. To 
assess the effect of tissue aging on PD-L1 IHC, slides were 
grouped into: <1 day, 1-3 days, 3-5 days, 5-10 days, 10-15 
days, 15-30 days, 30-60 days, and >60 days. Blocks were 
categorized as: <4 months, 4-8 months, 8-12 months, 12- 
24 months, 24-60 months, >60 months. Differences be
tween ADCA and SCC are reported in Table 2. Finally, we 
evaluated the distribution of PD-L1 score use and related 
results across institutions (Figure 1).

PD-L1 assessment―adenocarcinoma cases

All institutions reported using CPS for PD-L1 assessment; 
TPS and TAP were reported by 25/28 and 8/28 institutions, 
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respectively (Table 3). Focusing on CPS, it was available for 
1784 of the 1802 (99.0%) ADCA cases collected with the 
survey, as 11 were not evaluated (complete absence of 
neoplastic cells on immunostained cells), and in 7, only a 
TPS score was provided. Of those with tumor cells, 36 
(2.1%) presented <100 tumor cells, 545 (30.5%) presented 
100-500 tumor cells, and 958 (53.7%) had >500 tumor 
cells. The remaining 245 cases (13.7%) were evaluated with 
different metrics for adequacy (e.g. biopsy dimensions, 
number of fragments with ADCA). We were also interested 
in evaluating the use of PD-L1 positive controls for the IHC 
stain. Among CPS-scored cases (n = 1784), 63.4% used on- 
slide tonsil tissue as the positive control, 25.7% used other 
control tissue, and in 10.9% (194 cases), positive control 
data were unavailable.

CPS positivity was defined as ≥1; higher thresholds (≥5, 
≥10) correlate with increased likelihood of benefit from 

ICIs.7,9,14,29,47 ADCA cases showed 76.1% (1358) with CPS 
≥1, 55.5% (991) with CPS ≥5, and 35.8% (639) with CPS 
≥10 (see Table 3 and Supplementary Figure S2, available at 
https://doi.org/10.1016/j.esmoop.2025.105846). Inter- 
institutional analysis revealed substantial variability, with 
CPS ≥1 rates in ADCA ranging from 43.6%-100% across 
centers. Similar data were observed for CPS ≥5 (range 
18.0%-95.0%) and CPS ≥10 (range 0%-85.0%; 
Supplementary Figure S3, available at https://doi.org/10. 
1016/j.esmoop.2025.105846).

To identify potential causes of this inter-institution vari
ability, we explored the impact of several variables, 
including the number of PD-L1 IHC cases per institution, 

Table 1. Demographic and sampling details about the overall series, 
further stratified in adenocarcinoma (ADCA) and squamous-cell carci
noma (SCC) subgroups

Characteristic Overall series 
(n � 1936)

ADCA 
(n � 1802)

SCC 
(n � 131)

Sex, male (%) 1268 (65.5) 1175 (65.2) 90 (68.7)
Age, median 
years (IQR)

70 (61.5-78) 71 (61.5-78) 69 (61.5-78)

Type of cases, 
external consults (%)

393 (20.3) 355 (19.7) 35 (26.7)

Specimen type (%)
Endoscopic biopsy 1090 (56.3) 981 (54.4) 108 (82.4)
EUS-FNB 9 (0.5) 9 (0.5) 0 (0.0)
Lymph node 3 (0.2) 3 (0.2) 0 (0.0)
Needle biopsy 33 (1.7) 30 (1.7) 3 (2.3)
Surgical biopsy 67 (3.5) 67 (3.7) 0 (0.0)
Surgical specimen 730 (37.7) 709 (39.3) 19 (14.5)
Other 3 (0.2) 3 (0.2) 0 (0.0)
Not available 1 (0.1) 0 (0.0) 1 (0.8)

Site of primary 
disease (%)

Esophagus, proximal 29 (1.5) 9 (0.5) 20 (15.3)
Esophagus, medial 39 (2.0) 8 (0.4) 31 (23.7)
Esophagus, distal 91 (4.7) 67 (3.7) 24 (18.3)
Esophagus, NOS 118 (6.1) 80 (4.4) 37 (28.2)
Junctional, Siewert 1 79 (4.1) 76 (4.2) 3 (2.3)
Junctional, Siewert 2 196 (10.1) 193 (10.7) 2 (1.5)
Junctional, Siewert 3 113 (5.8) 111 (6.2) 2 (1.5)
Junctional, NOS 17 (0.9) 15 (0.8) 2 (1.5)
Stomach, fundus 36 (1.9) 36 (2.0) 0 (0.0)
Stomach, body 263 (13.6) 260 (14.4) 3 (2.3)
Stomach, antrum 378 (19.5) 373 (20.7) 4 (3.1)
Stomach, pylorus 26 (1.3) 26 (1.4) 0 (0.0)
Stomach, NOS 542 (28.0) 539 (29.2) 3 (2.3)
Not available 9 (0.5) 9 (0.5) 0 (0.0)

Sample of a metastatic 
lesion

201 (10.4) 189 (10.5) 10 (7.6)

If metastatic, site
Lymph node 73 (36.3) 69 (36.5) 3 (30.0)
Peritoneum 62 (30.8) 62 (32.8) 0 (0.0)
Liver 27 (13.4) 23 (12.2) 3 (30.0)
Large bowel 12 (6.0) 12 (6.3) 0 (0.0)
Lung 3 (1.5) 2 (1.1) 1 (10.0)
Pleura 1 (0.5) 1 (0.5) 0 (0.0)
Other 23 (11.4) 20 (10.6) 3 (30.0)

EUS-FNB, endoscopic ultrasound-guided fine needle biopsy; IQR, interquartile 
range; NOS, not otherwise specified.

Table 2. Distribution of preanalytical variables in the overall series and 
stratified according to histotype

Characteristic Overall series 
(n � 1936)

ADCA 
(n � 1802)

SCC 
(n � 131)

Adequacy, tissue quantity
<100 cells 53 (2.7) 48 (2.7) 5 (3.8)
100-500 cells 598 (30.9) 550 (30.5) 48 (36.6)
>500 cells 1018 (52.6) 958 (53.2) 57 (43.5)
Not available 267 (13.8) 246 (13.6) 21 (16.1)

PD-L1 control
Positive tonsil control 1228 (63.4) 1140 (63.3) 87 (66.4)
Other positive control 493 (25.5) 464 (25.7) 28 (21.4)
No positive control 70 (3.6) 69 (3.8) 1 (0.8)
Not available 145 (7.5) 129 (7.2) 15 (11.5)

IHC stainer
Ventana 1307 (67.5) 1206 (66.9) 98 (74.8)
Dako 624 (32.2) 592 (32.9) 32 (24.4)
Leica 5 (0.3) 4 (0.2) 1 (0.8)

PD-L1 clone
22C3 849 (43.9) 799 (44.3) 49 (37.4)
SP263 1087 (56.1) 1003 (55.7) 82 (62.6)

Slide aging, days
Median (IQR) 1 (1-2) 1 (1-2) 1 (1-4.25)
Mean 11.2 10.6 19.0
Minimum 0 0 0
Maximum 359 359 325

Slide aging, cases
<1 day 1283 (66.3) 1205 (66.9) 77 (58.8)
1-3 days 261 (13.5) 244 (13.5) 15 (11.5)
3-5 days 29 (1.5) 24 (1.3) 5 (3.8)
5-10 days 83 (4.3) 73 (4.1) 10 (7.6)
10-15 days 40 (2.1) 36 (2.0) 4 (3.1)
15-30 days 53 (2.7) 48 (2.7) 5 (3.8)
30-60 days 22 (1.1) 19 (1.1) 3 (2.3)
>60 days 77 (4.0) 68 (3.8) 9 (6.9)
Not available 88 (4.5) 85 (4.7) 3 (2.3)

Tissue block aging, months
Median (IQR) 0 (0-1) 0 (0-1) 0.5 (0-3)
Mean 2.6 2.5 3.4
Minimum 0 0 0
Maximum 84 71 84

Tissue block aging, cases
<4 months 1527 (78.9) 1433 (79.5) 91 (69.5)
4-8 months 121 (6.3) 105 (5.8) 16 (12.2)
8-12 months 40 (2.1) 36 (2.0) 4 (3.1)
12-24 months 54 (2.8) 50 (2.8) 4 (3.1)
24-60 months 32 (1.7) 31 (1.7) 1 (0.8)
>60 months 6 (0.3) 5 (0.3) 1 (0.8)
Not available 156 (8.1) 142 (7.9) 14 (10.7)

ADCA, adenocarcinoma; IHC, immunohistochemical; IQR, interquartile range; PD-L1, 
programmed death-ligand 1; SCC, squamous-cell carcinoma.
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PD-L1 clone used (SP263 versus 22C3), specimen origin 
(external consults versus internal cases), and aging of tissue 
slides and tissue blocks. Interestingly, we observed a sta
tistically significant association (P = 0.019) between PD-L1 
IHC cases workload and CPS results; institutions with a 
lower workload (<50 cases) reported more cases with CPS 
≥1 (81.8%) than those with a higher workload (50-100 
cases 74.8%; >100 cases 75.3%). Focusing on PD-L1 clones, 
CPS evaluated with the 22C3 clone was higher compared 
with CPS evaluated with SP263. This association was 
confirmed using continuous values (P < 0.001) and semi
quantitative stratification (P < 0.001). Of note, both clones 
were almost equally represented in the ADCA subgroup 
(ADCA cases stained with 22C3 and SP263 clones and 
evaluated with CPS were 797 and 987, respectively). Tissue 
slide aging was associated with CPS (P < 0.001), and lower 
scores were observed as the age of tissue slide increased, 
but the correlation was not significant when considering 
continuous data (r = 0.023; P = 0.38). Similarly, cases with 
tissue slide aging >15 days did not show significantly 
different CPS values (Supplementary Table S2, available at 
https://doi.org/10.1016/j.esmoop.2025.105846). On the 
other hand, tissue block aging was significantly associated 
with CPS score both as a semiquantitative (P < 0.001) and 
continuous (r = − 0.07, P = 0.014; Figure 2A) variable. In 
particular, the older the tissue block, the lower the CPS 
values, and we identified 24-60 months as the most critical 
time window (Figure 2B). The specimen origin (external 

consults/internal cases) was associated with higher values 
of CPS results as a continuous variable (P = 0.001) but not 
as semiquantitative subgroups (P = 0.07). Similar data 
were observed when considering CPS ≥5 and CPS ≥10 as 
cut-offs discriminating positive and negative cases 
(Supplementary Figure S4, available at https://doi.org/10. 
1016/j.esmoop.2025.105846). Due to the relevance of tis
sue aging and workload that emerged from these analyses, 
we were interested in testing whether any correlations 
existed. Indeed, we identified a significant inverse corre
lation between institutions’ workload and both tissue block 
(r = − 0.09; P < 0.001) and tissue slide (r = − 0.14; P <
0.001) aging. In particular, the lower the workload, the 
higher the aging.

Considering the unidirectional nature of these correla
tions, we wanted to test which variables were driving the 
differences in CPS scores. To this end, we developed a 
multivariate model that identified the PD-L1 clone [odds 
ratio (OR) 0.34, 95% confidence interval (CI) 0.26-0.44, P <
0.001] and tissue block aging (OR 0.98, 95% CI 0.96-0.98, P 
< 0.001) as independent variables affecting CPS results 
(Supplementary Figure S5, available at https://doi.org/10. 
1016/j.esmoop.2025.105846).

TAP scoring was reported by 8 of 28 institutions (28.6%). 
Mean and median scores were 13.0 and 5 (IQR 2-15), 
respectively. TAP <1% was recorded in 19.7% (59 cases) 
and TAP ≥1% in 80.3% (241 cases), with 169 and 122 cases 
exceeding ≥5% and ≥10%, respectively. Like CPS, inter- 
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Figure 1. Distribution of PD-L1 scoring systems across the overall series and histological subgroups adenocarcinoma and squamous-cell carcinoma. Stacked bar 
charts show the distribution of combined positive score (CPS) (A, B, C), tumor proportion score (TPS) (D, E, F), and tumor area positivity score (TAP) (G, H, I) in the 
overall series (A, D, G), the adenocarcinoma subgroup (B, E, H), and the squamous-cell carcinoma subgroup (C, F, I). Each bar represents the relative proportion of 
samples falling within predefined PD-L1 expression categories for each scoring system, as represented in the related legend
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institution variability was observed for the TAP score 
(Supplementary Figure S3, available at https://doi.org/10. 
1016/j.esmoop.2025.105846). We then analyzed putative 
factors that may influence TAP scoring. Again, the PD-L1 
clone was related to TAP yield, but differently from the 
CPS; higher TAP values were associated with the SP263 
clone rather than the 22C3 (P < 0.001). Slide aging was 
also associated with TAP PD-L1 yield, and, specifically, the 
expression dropped in the 1- to 3-day window (P = 0.04). 
None of the other variables were significantly related to 
TAP values (Supplementary Figure S6, available at https:// 
doi.org/10.1016/j.esmoop.2025.105846). A multivariate 
model identified the PD-L1 clone (OR 2.19, 95% CI 1.04- 
4.90, P < 0.05) as an independent variable affecting the 
TAP score (Supplementary Figure S7, available at https:// 
doi.org/10.1016/j.esmoop.2025.105846).

PD-L1 assessment―SCC cases

Overall, we collected data on 131 SCC cases, and 25/28 
centers (89.3%) reported information on at least one case 
of SCC using CPS, 24/28 (85.7%) using TPS, and 5/28 
(17.9%) using TAP. ADCA and SCC presented similar data 

distribution according to the PD-L1 scoring systems despite 
the evident sample size disparity (1802 ADCA cases versus 
131 SCC cases, respectively), as detailed in Table 3. Most 
cases were CPS ≥1 (85.0% of cases, 59.4% of which were 
CPS ≥10), TPS ≥1% (72.2% of cases), and TAP ≥1% (89.6% 
of cases, 88.5% of which were TAP ≥5%). The most striking 
but expected variation compared with ADCA was related to 
the TPS, as most SCC cases (70/97, 72.2%) presented TPS 
≥1% as opposed to ADCA (184/427, 43.1%).

Differences between institutions were then analyzed. We 
observed a relevant inter-institutional heterogeneity, 
especially for TPS (TPS ≥1%, range 33.3%-100%) and CPS 
(CPS ≥10, range 14.3%-100%) systems. Like ADCA, we 
explored the impact of several variables while contempo
rarily acknowledging the limitation of this subgroup anal
ysis (i.e. the small sample size of SCC). Starting with the 
CPS, PD-L1 clones and specimen origin were associated 
with CPS results, and SCC cases that were stained with 
SP263 clones presented lower CPS values than those 
stained with 22C3, both as continuous (P < 0.001) and 
semiquantitative (P < 0.001) variables. Similarly, internal 
cases presented lower CPS values than external cases but 
only when considering CPS as a continuous variable (P =

Table 3. Details of all scoring systems in the overall series and stratified according to histotype

PD-L1 IHC protein expression scoring 
systems

Overall ADCA 
subgroup

ADCA SCC 
subgroup

SCC

Clinical trial range of 
percentage of cases [reference]

Clinical trial range of 
percentage of cases [reference]

CPS n = 1897 n = 1784 ― n = 113
<1, % (n) 23.3 (443) 23.9 (426) ― 15.0 (17) ―

≥1, % (n) 76.7 (1454) 76.1 (1358) 78-857,9,29,30 85.0 (96) ―

≥5, % (n) 73.7 (1071) 72.9 (991) 60-617,47 83.3 (80) ―

≥10, % (n) 47.9 (696) 47.0 (639) 359,29 59.4 (57) 43-53.68,33

Mean value 14.6 14.3 ― 20.8 ―

Median value (IQR) 7 (2.6-18) 7 (2-17) ― 12 (4-25) ―

Minimum value 0 0 ― 0 ―

Maximum value 100 100 ― 100 ―

Number of institutions reporting 
at least one case (%)

28/28 (100) 28/28 (100) ― 25/28 (89.3) ―

TPS n = 524 n = 427 ― n = 97 ―

<1%, % (n) 51.5 (270) 56.9 (243) ― 27.8 (27) ―

≥1%, % (n) 48.5 (254) 43.1 (184) 167,32 72.2 (70) 5134

Mean value 9.6 8.0 ― 17.0 ―

Median value (IQR) 1 (0-8.2) 0.5 (0-5) ― 5 (1-20) ―

Minimum value 0 0 ― 0 ―

Maximum value 100 100 ― 100 ―

Number of institutions reporting 
at least one case (%)

25/28 
(89.3)

17/28 (60.7) ― 24/28 (85.7) ―

TAP n = 329 n = 300 ― n = 29 ―

<1%, % (n) 18.8 (62) 19.7 (59) ― 10.3 (3) ―

≥1%, % (n) 81.1 (267) 80.3 (241) ― 89.6 (26) ―

≥5%, % (n) 71.9 (192) 70.1 (169) 5531 88.5 (23) ―

≥10%, % (n) 53.5 (143) 50.6 (122) ― 80.8 (21) 30.7-34.435,36

Mean value 14.12 13.0 ― 25.3 ―

Median value (IQR) 6.0 (2-15) 5 (2-15) ― 15 (6-30) ―

Minimum value 0 0 ― 0 ―

Maximum value 100 100 ― 100 ―

Number of institutions reporting 
at least one case (%)

9/28 (32.1) 8/28 (28.6) ― 5/28 (17.9) ―

ADCA, adenocarcinoma; CPS, combined positive score; IHC, immunohistochemical; IQR, interquartile range; PD-L1, programmed death-ligand 1; SCC, squamous-cell carcinoma; 
TAP, tumor area positivity score; TPS, tumor proportion score.
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0.03). PD-L1 IHC yield was also associated with tissue block 
aging as a semiquantitative variable (P < 0.05) with a 
critical time window identified at 4-8 months. PD-L1 IHC 

case workload and aging of tissue slides were not associ
ated with CPS results (Supplementary Figure S8, available 
at https://doi.org/10.1016/j.esmoop.2025.105846). None 

A

B

 0.0

 2.0

 3.0

Pearson
residuals:

0.00035442

<4 4-8 8-1
2
12

-24
24

-60>6
0

Tissue blocks aging (grouped)

C
P

S
 (

g
ro

u
p

ed
)

≥1

r =   0.066, P = 0.014

P =

-

-1.7
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of the assessed variables was associated with TPS values 
(Supplementary Figure S9, available at https://doi.org/10. 
1016/j.esmoop.2025.105846). Due to the limited number 
of variables identified and small sample size, we did not 
perform a multivariate model with the SCC subgroup.

DISCUSSION

Our study represents the first multicentric, Italian, real- 
world analysis of PD-L1 workflow and histopathological 
assessment in GEC. We provide a comprehensive repre
sentation of how PD-L1 testing is carried out in routine 
clinical practice across 28 Italian institutions, and harness 
data from a large cohort of GEC samples (n = 1936), 
evaluating the distribution of expression according to 
different scoring systems (CPS, TPS, and TAP), thereby 
exploring potential sources of variability. Such real-world 
data is crucial for clinicians to understand the variability 
they may encounter in PD-L1 results and to contextualize 
clinical trial findings within their routine clinical practice. As 
documented in the literature and supported by our data, 
CPS is the most used scoring system for PD-L1 in the ADCA 
subgroup of GEC. TAP has recently emerged as a novel and 
intuitive scoring system that may also be employed for 
GEC-ADCA, and may play a major role for other ICIs in the 
near future.26,27 Most recent guidelines on advanced 
esophageal SCC have validated CPS (≥10), TPS (≥1%), and 
TAP score (≥5%) for patient selection for ICIs.48

Overall, results from PD-L1 assessment in our study were 
concordant with data reported in clinical trials, in terms of 
percentage of PD-L1-positive cases, for both ADCA and SCC. 
This was especially evident for CPS, considering that 76.1% 
of ADCA collected via our survey presented a CPS ≥1, 
which is in line with the range of clinical trial data.28-31 Of 
note, the percentage of positive cases according to TPS and 
TAP was higher than expected in our series. As this finding 
may be related to several variables (e.g. differences in the 
scoring system’s structure, clone utilized), a dedicated 
study with more granular analyses is required to identify 
potential causes of this discrepancy. We observed a rele
vant difference in TPS positivity between ADCA and SCC 
subgroups, with SCC exhibiting a higher proportion of TPS 
≥1% cases. As the TPS focused on PD-L1 expression of 
tumor cells rather than immune cells, this observation is 
well-documented in the literature,7,32 and further confirms 
the different biological and clinical behavior of SCC and 
ADCA.

A deeper analysis of our data has revealed several areas 
for improvement that warrant further investigation. Firstly, 
our study revealed a non-negligible inter-institutional het
erogeneity in PD-L1 IHC results, with some centers 
reporting, on average, higher values of PD-L1 than others. 
This heterogeneity was especially evident within the ADCA 
subgroup and using the CPS scoring system. Considering 
the relevance of this variability and related implications on 
subsequent access to ICI protocols, we explored potential 
causes. Several variables were identified as significant 
factors associated with PD-L1 IHC results, including the PD- 

L1 clone used for IHC staining, tissue aging (both as tissue 
slides and block aging), specimen origin, and PD-L1 IHC 
workload. We observed that PD-L1 clones were associated 
with IHC results, with the SP263 clone mostly showing 
lower values compared with 22C3. This finding was 
observed in both ADCA and SCC subgroups, but contrasts 
with some data in the literature.26,43-45 Most centers used 
the SP263 clone as opposed to the 22C3 or 28-8 clones, 
and this is probably related to the wider use of the Ventana 
immunostainer in Italy. It is worth remembering that this 
analysis considered all cases independently, thus referring 
to the PD-L1 IHC values obtained from different cases. As 
this is a real-life series, none of the cases were stained with 
both clones to evaluate and compare the specific perfor
mances, and cases were evaluated by numerous different 
observers. These caveats certainly influence the signifi
cance of this result, thereby reducing its impact.

The finding that prolonged tissue aging was associated 
with lower PD-L1 expression further emphasizes the need 
for timely and adequate IHC staining. Interestingly, our data 
suggests that aging of tissue blocks may have a more sig
nificant impact on PD-L1 inter-institution variability than 
tissue slide aging. This implies that information concerning 
block and slide aging must be included in the pathology 
report and should be considered by oncologists. Unfortu
nately, additional data on storage conditions were not 
collected with the survey. Furthermore, we observed that 
both tissue slide and block aging were inversely related to 
the center’s workload. We also observed a trend toward 
higher PD-L1 IHC values in institutions with lower PD-L1 
testing volumes. Finally, <70% of centers had a gastroin
testinal pathology expert assessing PD-L1 IHC, and only 
seven centers reviewed complex cases. Overall, these data 
suggest that the institution’s experience/workload may 
play a crucial role in PD-L1 assessment.

Our study is the second published to date that evaluates 
potential causes of PD-L1 variability on a nationwide scale. 
It is important to acknowledge the study of Abe et al., 
which is a survey on HER2 and PD-L1 testing practices in 
gastric cancer across Japan, and shares several similarities 
with our work.40 Although the Japanese study focused 
more on the broader landscape of HER2 and PD-L1 testing, 
our study provides a more in-depth analysis of different 
scoring systems, preanalytical variables, and their impact 
on PD-L1 scoring.

Our study documents an overall agreement between 
real-life PD-L1 evaluation and clinical trials and identifies 
critical aspects of PD-L1 testing in GEC. However, the 
retrospective nature and limited sample size in the SCC 
subgroup may limit the generalization of our findings. 
Limited response rate (28%; 28/100) of institutions to the 
survey invitation, a 1-year window for data collection 
(which may not capture seasonal variations or changes in 
practice patterns over time), and lack of centralized review 
and related observer bias are additional limitations of our 
study. Of note, we did not collect information on whether 
centers validated their IHC protocols when not using the 
Companion Diagnostic platform, or whether prior 
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treatment (i.e. neoadjuvant therapy) had been carried out, 
especially for surgical samples. Although several studies 
proved the interchangeability of PD-L1 IHC assays for GEC 
samples,26,49,50 collecting data on center participation in 
external quality control assessment schemes and prior 
treatment may be useful to limit a potential source of IHC- 
stain variability. Future studies based on prospective co
horts, higher institutional adherence, or focusing on spe
cific critical areas are warranted to further refine the 
understanding of factors influencing PD-L1 IHC expression 
in GEC.

Another key consideration is the pivotal role of PD-L1 
expression in guiding therapeutic strategies.10,48,51

Currently, regulatory approvals and clinical indications for 
ICIs are closely linked with specific PD-L1 (CPS, TPS, and TAP) 
expression thresholds. These thresholds not only determine 
drug eligibility but also aim to predict the expected benefit 
of combining immunotherapy with chemotherapy. However, 
recent evidence suggests that the clinical benefit of ICIs in 
ADCA patients with low PD-L1 expression, particularly those 
with CPS values <1 or between 1 and 4, remains ques
tionable.28,52 In such borderline cases where the PD-L1 
assessment and reliability are even more challenging, 
alternative targeted approaches may deserve consideration. 
For instance, patients whose tumors express claudin 18.2 
might benefit more from claudin-targeted therapies, which 
are currently gaining clinical traction.53,54 Furthermore, the 
therapeutic landscape is likely to become even more com
plex with the expected introduction of fibroblast growth 
factor receptor (FGFR) inhibitors, particularly for tumors 
harboring FGFR2 alterations.55 These new treatment options 
will need to be carefully weighed against the potential, but 
somehow limited, benefit of immunotherapy in patients 
with low or intermediate PD-L1 expression. Altogether, these 
considerations underscore the pressing need for robust, 
reproducible, and clinically reliable PD-L1 assessment to 
ensure optimal patient selection in an increasingly crowded 
therapeutic landscape.

In conclusion, this multicentric, real-world Italian study 
provides valuable insights into the current state of PD-L1 IHC 
assessment in GEC. Our data confirm the alignment of real- 
world PD-L1 expression with clinical trials, but the observed 
inter-institutional heterogeneity and the influence of pre
analytical variables, particularly tissue aging and PD-L1 
clone, still pose significant controversies in real-world prac
tice. By addressing these issues, we can improve the reli
ability of PD-L1 testing and ensure that patients with GEC 
receive the most appropriate and effective treatment.
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