
Cancer Medicine. 2021;10:8365–8376.	﻿	     |  8365wileyonlinelibrary.com/journal/cam4

Received: 17 March 2021  |  Revised: 31 August 2021  |  Accepted: 2 September 2021

DOI: 10.1002/cam4.4333  

R E S E A R C H  A R T I C L E

Prognostic significance of T-cell–inflamed gene expression 
profile and PD-L1 expression in patients with esophageal 
cancer

Torben Steiniche1   |   Sun Young Rha2   |   Hyun Cheol Chung2   |   Jeanette Baehr Georgsen1  |   
Morten Ladekarl3  |   Marianne Nordsmark4  |   Marie Louise Jespersen1  |   Hyo Song Kim2  |   
Hyunki Kim5  |   Carly Fein6  |   Laura H. Tang7  |   Ting Wu8,*  |   Matthew J. Marton9  |   
Senaka Peter8  |   David P. Kelsen6  |   Geoffrey Ku6

1Department of Pathology, Aarhus University Hospital, Aarhus, Denmark
2Division of Medical Oncology, Yonsei Cancer Center, Yonsei University College of Medicine, Seoul, South Korea
3Department of Oncology, Clinical Cancer Research Center, Aalborg University Hospital, Aalborg, Denmark
4Department of Oncology, Aarhus University Hospital, Aarhus, Denmark
5Department of Pathology, Yonsei Cancer Center, Yonsei University College of Medicine, Seoul, South Korea
6Gastrointestinal Oncology Service, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, New York, USA
7Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, New York, USA
8BARDS-Epidemiology, Merck & Co., Inc., Kenilworth, New Jersey, USA
9Department of Translational Medicine, Merck & Co., Inc., Kenilworth, New Jersey, USA

This is an open access article under the terms of the Creat​ive Commo​ns Attri​bution License, which permits use, distribution and reproduction in any medium, provided 
the original work is properly cited.
© 2021 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

*Ting Wu is a former employee. 

Previous presentation: This study was presented in part as a poster at the ASCO Gastrointestinal Cancers Symposium; January 14–19, 2019; San 
Francisco, CA, USA. 

Correspondence
Torben Steiniche, Department of 
Pathology, Aarhus University Hospital, 
Palle Juul-Jensens Boulevard 99, DK-
8200 Aarhus N, Denmark.
Email: torbstei@rm.dk

Funding information
Funding for this research was provided 
by Merck Sharp & Dohme Corp., 
a subsidiary of Merck & Co., Inc., 
Kenilworth, NJ, USA. Medical writing 
and editorial assistance was provided 
by Traci Stuve, MA, of ApotheCom, 
Yardley, PA. This assistance included 
literature reviews, drafting and updating 
the manuscript based on author 
direction, proofreading, and preparation 
of the manuscript for submission.  

Abstract
Purpose: The ability of the T-cell–inflamed gene expression profile (GEP) to 
predict clinical outcome in esophageal cancer (EC) is unknown. This retrospec-
tive observational study assessed the prognostic value of GEP and programmed 
death ligand 1 (PD-L1) expression in patients with EC treated in routine clinical 
practice.
Methods: Tumor samples of 294 patients from three centers in Denmark, South 
Korea, and the United States, collected between 2005 and 2017, were included. 
T-cell–inflamed GEP score was defined as non-low or low using a cutoff of −1.54. 
A combined positive score (CPS) ≥10 was defined as PD-L1 expression positivity. 
Associations between overall survival (OS) and GEP status and PD-L1 expression 
were explored by Cox proportional hazards models adjusting for age, sex, histol-
ogy, stage, and performance status.
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1   |   INTRODUCTION

Esophageal cancer (EC) is the sixth leading cause of 
cancer-related death and the seventh most common can-
cer worldwide.1 Risk factors for the two main histologic 
subtypes of EC, squamous cell carcinoma (SCC) and ad-
enocarcinoma (AC), are different. For example, SCC is 
associated with tobacco use, alcohol consumption (and 
mutations in enzymes that metabolize alcohol), low so-
cioeconomic status, poor oral hygiene, and nutritional 
deficiencies, whereas AC is associated with gastroesoph-
ageal reflux disease (GERD), Barrett's esophagus, obesity, 
tobacco use, and a diet low in vegetables and fruit.1,2 SCC 
represents the majority of EC cases globally and is pre-
dominant from the Middle East to central and eastern 
Asia. The incidence of AC, however, has been increasing 
in Western countries, primarily in association with in-
creasing rates of obesity and GERD.3 Regardless of sub-
type and region, EC is generally diagnosed at a late stage 
and patients have a poor prognosis.3

A major characteristic of EC is tumor-induced chronic 
inflammation, and the presence of tumor-infiltrating 
lymphocytes has been associated with improved progno-
sis.4,5 Recently, immune checkpoint inhibition through 
antibodies that block programmed death 1 (PD-1) or pro-
grammed death ligand 1 (PD-L1)—signaling proteins that 
suppress T-cell migration and proliferation—have led to 
improvements in patient survival in EC and various other 
cancers.6–10

A recent study11 identified a pan-tumor T-cell–inflamed 
gene expression profile (GEP) of 18 genes that predicted 
clinical response to PD-1–directed immune checkpoint 
blockade. This GEP includes interferon-γ–responsive 
genes associated with antigen presentation, chemokine 
expression, cytotoxic activity, and adaptive immune resis-
tance. In a retrospective analysis of tumor samples from 

anti–PD-1–treated patients, T-cell–inflamed GEP was as-
sociated with clinical outcomes following pembrolizumab 
treatment in a pan-tumor cohort that included EC and in 
single-indication cohorts with head and neck squamous 
cell carcinoma and melanoma.12

Higher expression of PD-L1 might be a prognostic 
marker and might provide a rationale for inhibiting PD-L1 
in EC. A recent meta-analysis of 19 studies (N  =  3306) 
showed that PD-L1 overexpression, defined by each 
study’s cut-off values, was seen in 1052 patients overall 
(31.8%; range in individual studies, 14.5%–63.3%) and 
may be associated with worse survival in EC.13 However, 
to date, most studies on PD-L1 expression and progno-
sis have been performed in Asian populations, predomi-
nantly with the SCC subtype, and have also used various 
methodologies for assessing PD-L1 status.13 As such, the 
prognostic impact of PD-L1 expression in Western and AC 
populations is not well-understood.

High PD-L1 expression has been related to a greater 
treatment response to the anti–PD-1 agent pembrolizumab 
in patients with refractory advanced EC.8,14 Furthermore, 
an analysis of PD-L1 expression and T-cell–inflamed GEP 
in tumor samples from pembrolizumab-treated patients 
with 20 different types of locally advanced or metastatic 
solid cancers, including EC, has demonstrated greater re-
sponse in tumors with higher PD-L1 expression and with 
higher T-cell–inflamed GEP.15 The prognostic value of 
T-cell–inflamed GEP and PD-L1 expression in patients 
with EC treated in routine clinical practice, however, is 
unclear.

The objectives of this study were to characterize T-
cell–inflamed GEP and PD-L1 expression in patients with 
locally advanced unresectable or metastatic EC by clinico-
pathologic characteristics, including of the AC or SCC his-
tologic subtype, and geographic location and to evaluate 
their prognostic significance in EC.

This assistance was funded by Merck 
Sharp & Dohme Corp., a subsidiary 
of Merck & Co., Inc., Kenilworth, NJ, 
USA.

Results: Median age was 65 years; 63% of patients had adenocarcinoma (AC) and 
37% had squamous cell carcinoma (SCC). Thirty-six percent of tumors were GEP 
non-low, with higher prevalence in AC (46%) than SCC (18%). Twenty-one per-
cent were PD-L1–positive: 32% in South Korean samples versus 16% in non-Asian 
samples and 26% in SCC versus 18% in AC. GEP scores and PD-L1 CPS were 
weakly correlated (Spearman’s R = 0.363). OS was not significantly associated 
with GEP status (non-low vs low; adjusted hazard ratio, 0.91 [95% CI, 0.69–1.19]) 
or PD-L1 expression status.
Conclusion: Neither GEP nor PD-L1 expression was a prognostic marker in 
Asian and non-Asian patients with EC.
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2   |   METHODS

2.1  |  Study design

This was a retrospective, observational study to exam-
ine archived tumor tissue samples from patients with 
locally advanced unresectable or metastatic EC. Tumor 
tissue samples collected between 2005 and 2017 were 
procured from Aarhus University Hospital (Denmark), 
Yonsei Cancer Center (South Korea), and Memorial Sloan 
Kettering Cancer Center (United States). Samples were 
obtained from both AC (esophageal and Siewert type 1 
esophagogastric junction [EGJ]) and SCC (esophageal) 
tumors. Patient clinicopathologic data were obtained by 
review of medical records. A waiver of patient consent 
was requested from the ethics review committee or the 
institutional review board at each institution given that 
this was a retrospective study with no active recruitment 
of patients.

2.2  |  Key eligibility criteria

Key inclusion criteria included age ≥18 years at diagnosis, 
histologically or cytologically confirmed locally advanced 
unresectable or metastatic AC or SCC of the esophagus 
or Siewert type I AC of the EGJ, availability of formalin-
fixed paraffin-embedded (FFPE) archival tissue sample 
for analysis, and detailed treatment and follow-up infor-
mation including OS data. Patients who had received an 
anti–PD-1/PD-L1 or anti–CTLA-4 agent were excluded.

2.3  |  Assessments

2.3.1  |  T-cell–inflamed GEP

The T-cell–inflamed GEP test used in this study is based 
on the previously described research use assay, which 
provides a measure of tumor inflammation across mul-
tiple solid tumor types,15,16 but was recalibrated to ac-
commodate use as an investigational in vitro diagnostic 
test. The T-cell–inflamed GEP score was derived from 
an 18-gene signature measured using extracted tumor 
RNA from FFPE slides. Each FFPE block was reviewed 
and verified to meet the tissue requirements for the test. 
A hematoxylin and eosin (H&E) slide, adjacent to the 
series of unstained slides, was assessed by a pathologist 
to have a minimum tumor surface area of 2  mm2 and 
≥10% tumor cellularity within the tumor area. The total 
number of 5 µm slides used per sample was determined 
by targeting a total surface area (area per slide x num-
ber of slides) of 24 mm2. The H&E slide was assumed to 

be representative of the block and, thus, the unstained 
slides were not assessed separately.

RNA integrity was assessed using two quality controls: 
concentration using A260 ≥5 ng/µl and purity of an A260/
A280 ratio between 1.7–2.3. Because ribosomal RNA de-
grades during formalin fixation and paraffin embedding, 
the RNA integrity number (RIN) is typically not a useful 
measure of RNA integrity for FFPE tissue and was thus 
not measured in this analysis.

The extracted RNA was analyzed on the NanoString 
Counter platform (NanoString Technologies, Seattle, WA, 
USA)16–18 and a customized gene expression panel man-
ufactured under Good Manufacturing Practice. The cus-
tomized panel of genes represents the tumor inflammation 
signature, which provides a measure of tumor inflamma-
tion across multiple solid tumor types.15,16 GEP score was 
calculated as a weighted sum of normalized expression 
values of 18 genes (CCL5, CD27, CD274 [PD-L1], CD276 
[B7-H3], CD8A, CMKLR1, CXCL9, CXCR6, HLA-DQA1, 
HLA-DRB1, HLA-E, IDO1, LAG3, NKG7, PDCD1LG2 [PD-
L2], PSMB10, STAT1, and TIGIT).15,16 GEP status was de-
fined using a cut-off score of −1.54, such that GEPlow was 
defined as <−1.54 and GEPnon−low was defined as ≥−1.54.

2.3.2  |  PD-L1 expression

Tumor samples were analyzed for PD-L1 expression by im-
munohistochemistry (IHC) staining using the PD-L1 IHC 
22C3 pharmDx (Agilent Technologies, Carpinteria, CA, 
USA). PD-L1 expression was reported as combined posi-
tive score (CPS), defined as the number of PD-L1–positive 
cells (tumor cells, lymphocytes, and macrophages) di-
vided by the total number of tumor cells, multiplied by 
100. PD-L1–positive expression was defined as CPS ≥10, 
consistent with the definition in pembrolizumab EC clini-
cal trials.14,19

2.4  |  Endpoint

The primary endpoint was OS, calculated from the date of 
diagnosis or the start date of first-line therapy to the date 
of death from any cause; data were censored if death was 
not documented at the time of last follow-up.

2.5  |  Statistical analysis

Associations between GEP status and PD-L1 expression 
with clinicopathologic characteristics were explored as 
categorical variables using chi-square tests and multi-
ple logistic regression models. The relationship between 
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OS and GEP status or PD-L1 expression was analyzed 
by Kaplan–Meier methods using the log-rank test. 
Multivariate Cox proportional hazards models were also 
used with adjustments for age, gender, histology, stage, 
and Eastern Cooperative Oncology Group performance 
status (ECOG PS). Covariates included in the final models 
were based on a stepwise variable selection process. The 
association between GEP score and PD-L1 expression was 
measured using Spearman's rank correlation coefficients.

3   |   RESULTS

In total, 294 patients with tumor tissue samples of AC 
and SCC histology subtypes and available GEP score 
(Table 1) and PD-L1 CPS data (Table 2) were included 
in the analysis. The median age of these patients was 
65 years (range, 38–88); most were male (85%) and 7%, 
9%, 21%, and 58% had stage I, II, III and IV disease, re-
spectively (American Joint Committee on Cancer TNM 
stage information could not be assessed in 5%). There 
were 120 patients (41%) who were current or ex-smokers 
and 57 (19%) who never smoked; smoking status was 
not available or unknown for 117 patients (40%). The 
proportions of patients with AC and SCC histologic sub-
types were 63% and 37%, respectively. Consistent with 
the global burden of esophageal cancer by subtype, AC 
was most common (169/210; 80%) among patients from 
non-Asian countries (Denmark and United States), and 
SCC most common (67/84; 80%) among patients from 
South Korea.

Tissue for biomarker testing was predominantly biopsy 
samples (96%); 239 of 294 samples (81%) were collected 
prior to first-line therapy initiation. Two hundred seventy-
three patients (93%) were reported to have received first-
line therapy, and 21 patients (7%) did not have a record 
of receiving antineoplastic treatment. Of the 273 patients 
who received therapy, 107 (39%) and 49 (18%) received 
second-line and third-line therapy, respectively. As first-
line therapy, 189 patients (69%) received chemotherapy 
(in combination with trastuzumab in human epidermal 
growth factor receptor-2 [HER2]–positive AC), 80 (29%) 
received chemoradiation, and 4 (1.5%) received radiation 
only. Lines of therapy are reported separately for patients 
with AC and SCC in Table S1.

3.1  |  Association of GEP status and 
PD-L1 expression with clinicopathologic 
characteristics

Overall, 36% of patients had a GEP status of non-low. 
Associations between GEP status and clinicopathologic 

characteristics in the overall study population are sum-
marized in Table  1. GEP status was significantly asso-
ciated with histology (p  <  0.001) and histologic grade 
(p  =  0.035), with GEPnon−low status more common in 
patients with the AC versus the SCC subtype and in 
poorly differentiated/undifferentiated versus well-
differentiated tumors. In a multiple regression analysis 
that included age, gender, geographic location, ECOG 
PS, histologic grade, histology, and stage, histology (AC 
vs. SCC) remained statistically significant for associa-
tion with GEP status (adjusted odds ratio [OR], 0.248; 
95% CI, 0.139–0.441; p < 0.001). A plot of GEP score dis-
tribution by histologic subtype can be found in Figure 
S1. There were no statistically significant associations 
between GEP status and age, gender, smoking history, 
or clinical stage (Table 1).

Based on a cutoff of CPS ≥10, 21% of patients had 
PD-L1–positive tumors (Table  2). There were no sta-
tistically significant associations between PD-L1 ex-
pression and age, gender, smoking history, tumor site, 
or grade and stage. Higher PD-L1 expression was ob-
served in tumor samples of patients from South Korea 
(32%) compared with those from non-Asian coun-
tries (Denmark, 19%; United States, 13%) (p  =  0.005; 
Table 2). Although not statistically significant, PD-L1 
overexpression was more frequent in SCC (26%) than 
in AC (18%) samples, which may account for the differ-
ence in geographic region observed between the South 
Korean patients (80% had SCC tumors) and the non-
Asian patients (80% had AC tumors) (Figure S2). To ex-
amine further, we looked at the regional difference in 
frequency of PD-L1 expression by histologic subtype. 
PD-L1 expression in SCC tumors was significantly more 
frequent in South Korean than in non-Asian patients 
(32.8% vs. 14.6%, respectively; p  =  0.036) (Table  S2), 
and the proportion of AC tumors that were PD-L1–
positive was numerically greater in South Korean than 
in non-Asian patients (29.4% vs. 16.6%, respectively; 
p = 0.186), although the smaller sample size of Asian 
patients with AC tumors should be noted (Table S3). A 
statistically significant association between PD-L1 ex-
pression and HER2 status was seen in the subset of pa-
tients with AC tumors. HER2+ tumors were less likely 
to be PD-L1 positive than HER2– tumors (8.7% vs. 
22.7%). When using a different CPS cutoff (CPS ≥1) to 
define PD-L1 positivity, patients’ SCC and AC tumors 
had comparable frequencies of PD-L1 positivity over-
all (61% vs. 64%, respectively). However, PD-L1 posi-
tivity was higher in SCC and AC tumor samples from 
South Korean patients than in those from non-Asian 
patients, indicating that the higher CPS cutoff does not 
explain the association between PD-L1 expression and 
geographic location.
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Characteristics Total patients

GEP expression Chi-square
test
p value*GEPnon−low GEPlow

Overall, n (%) 294 (100) 105 (35.7) 189 (64.3) NA

Age (years)

Median (range) 65 (38–88)

<65 136 (46.3) 48 (35.3) 88 (64.7) 0.889

≥65 158 (53.7) 57 (36.1) 101 (63.9)

Gender, n (%)

Male 249 (84.7) 84 (33.7) 165 (66.3) 0.096

Female 45 (15.3) 21 (46.7) 24 (53.3)

Smoking historya, n (%)

Never 57 (19.4) 22 (38.6) 35 (61.4) 0.888

Ex-smoker/current 120 (40.8) 45 (37.5) 75 (62.5)

Tumor siteb, n (%)

Esophagus 225 (76.5) 74 (32.9) 151 (67.1) 0.173

EGJ 33 (11.2) 14 (42.4) 19 (57.6)

Otherc 36 (12.2) 17 (47.2) 19 (52.8)

ECOG PSd, n (%)

0 117 (39.8) 43 (36.8) 74 (63.2) 0.811

≥1 150 (51.0) 53 (35.3) 97 (64.7)

Region, n (%)

Denmark 123 (41.8) 45 (36.6) 78 (63.4) 0.114

South Korea 84 (28.6) 23 (27.4) 61 (72.6)

United States 87 (29.6) 37 (42.5) 50 (57.5)

Asian (South Korea) 84 (28.6) 23 (27.4) 61 (72.6) 0.059

Non-Asian (Denmark and United 
States)

210 (71.4) 82 (39.0) 128 (61.0)

Histology, n (%)

Adenocarcinoma 186 (63.3) 86 (46.2) 100 (53.8) <0.001

Squamous cell carcinoma 108 (36.7) 19 (17.6) 89 (82.4)

Histologic gradee, n (%)

Well/moderately differentiated 144 (49.0) 48 (33.3) 96 (66.7) 0.035

Poorly differentiated/
undifferentiated

81 (27.6) 39 (48.1) 42 (51.9)

Signet ring cell 6 (2.0) 4 (66.7) 2 (33.3)

Clinical stagef, n (%)

I (I, IB) 20 (6.8) 4 (20.0) 16 (80.0) 0.161

II (II, IIA, IIB, I-II) 25 (8.5) 8 (32.0) 17 (68.0)

III (III, IIIA, IIIA-IIIB, IIIB, IIIC, 
II-III)

63 (21.4) 29 (46.0) 34 (54.0)

IV 170 (57.8) 60 (35.3) 110 (64.7)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; EGJ, esophagogastric junction; GEP, T-cell–inflamed gene expression 
profile; NA, not applicable.
aData on smoking history were not available for all Korean patients (n = 84) and unknown for 33 patients.
bLocation of the biopsy specimen, not necessarily that of the primary tumor.
cMetastatic site (solid organ) or lymph node in particular. These are excluded from the chi-square test.
dTwenty-seven patients had unknown or missing ECOG PS.
eSixty-three patients had unknown histologic grade.
fSixteen patients had unknown or missing clinical stage.
*p value to test for difference between the subgroups in the overall cohort.

T A B L E  1   Association of GEP status with clinicopathologic characteristics
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3.2  |  Relationship between GEP 
score and PD-L1 CPS

Correlation analysis demonstrated a mild correlation be-
tween GEP score and PD-L1 CPS (Spearman's Rho = 0.363; 
p < 0.0001). With a cut-off of −1.54, expression of GEP was 
predominantly low among the total population (189/294; 
64%): 55% of patients had GEPlow and PD-L1 CPS <10, and 
8.8% of patients had GEPlow and PD-L1 CPS ≥10; 24% of 
patients had GEPnon−low and CPS <10, and 12% of patients 
had GEPnon−low and CPS ≥10 (p < 0.001) (Figure 1).

3.3  |  Association between tumor site and 
overall survival

In this cohort, there was no statistically significant differ-
ence in OS between the samples from patients with EC 
and those with cancer of the EGJ (p = 0.3343).

3.4  |  Association of GEP status and PD-
L1 expression with overall survival

Median OS from diagnosis in all patients (N  =  294) 
was 13.7  months (95% CI, 12–16  months). There was 
no significant difference in OS between patients with 
GEPnon−low (16.1 months) and GEPlow (12.1 months) (log-
rank p = 0.98) (Figure 2A). In a Cox proportional hazards 
model, the adjusted hazard ratio [aHR] for GEPnon−low 
versus GEPlow was 0.91 (95% CI, 0.69–1.19) adjusted for 
stage, ECOG PS, and PD-L1 expression status. Similarly, 
subgroup analyses did not demonstrate any statistically 
significant association between GEP status and OS in 
either histologic subtype (AC: aHR 0.89; 95% CI, 0.65–
1.23; SCC: aHR, 0.78; 95% CI, 0.43–1.44) (Figure 2B, C). 
Results were similar when calculated from the date of 
first-line treatment (n = 273; Figure S3). Median OS from 
the date of first-line treatment was 10.7 months (95% CI, 
9–13 months).

Although no association was observed between GEP 
status and OS among patients with early-stage disease 
(stages I-III; n  =  108; log rank p  =  0.083), a trend to-
ward longer survival was observed among patients with 
advanced-stage GEPnon−low (stage IV; n  =  170; log rank 
p = 0.059), but neither difference was significant (Figures 
S4A,B). No association was observed between GEP status 
and OS among patients with early-stage disease (stages 
I-III; n  =  59; log rank p  =  0.926) or with late-stage or 
advanced AC (stage IV; n = 125; log rank p = 0.193) or 
among patients with early-stage SCC (stages I-III; n = 49; 
log rank p  =  0.621) or with late-stage or advanced SCC 
(IV; n = 45; log rank p = 0.307; Figures S4C–F).

There was also no statistically significant association 
between OS and PD-L1 expression (CPS <10 vs. CPS ≥10; 
aHR, 0.86; 95% CI, 0.62–1.18), adjusted for TNM stage and 
ECOG PS (Figure  3A). Similar results were observed in 
subgroup analyses by histologic subtype (AC: aHR 0.86; 
95% CI, 0.58–1.29; SCC: aHR, 1.16; 95% CI, 0.66–2.04) 
(Figure  3B, C).

When analyzing data for patients by GEP and CPS sta-
tus together, median OS was highest in patients with CPS 
≥10 and GEPnon−low tumors (18.3 months). Median OS was 
17.7 months in patients with CPS ≥10 and GEPlow tumors, 
15.7  months in patients with CPS <10 and GEPnon−low 
tumors, and 11.7  months in patients with CPS <10 and 
GEPlow tumors (Figure S5).

4   |   DISCUSSION

In this study, we examined T-cell–inflamed GEP and 
PD-L1 expression in a large cohort of patients (N = 294) 
with EC from Denmark, South Korea, and the United 
States and assessed the association of these factors with 
OS. More than one-third of the patients had GEPnon−low 
tumors, and a significantly higher prevalence was found 
in patients with AC than with SCC (46% vs. 18%). In addi-
tion, approximately one-fifth of the patients had PD-L1–
positive status (CPS ≥10); a higher proportion of patients 
with PD-L1–positive expression was observed among the 
South Korean patients than the non-Asian population, 
possibly because a high proportion of South Korean pa-
tients had the SCC subtype (80%), which was more likely 
than the AC subtype to have PD-L1 positivity (26% vs. 18% 
for SCC and AC, respectively).

The prevalence of PD-L1–positive expression in our 
study (21%) was lower than that reported among patients 
with EC in the KEYNOTE-180 and KEYNOTE-181 clini-
cal trials (48% and 35%, respectively) using the same PD-
L1 IHC 22C3 pharmDx (Agilent Technologies) and cut-off 
for assessing PD-L1 expression.8,14,20 This might have been 
due to the lower proportion of patients with SCC in the 
current study (37%) compared with KEYNOTE-180 (52%) 
and KEYNOTE-181 (64%).8,14 A retrospective analysis 
of 3342 gastroesophageal tumors found that esophageal 
SCC tumors had a higher expression of PD-L1 than AC 
tumors,21 results that are consistent with our findings de-
spite use of a different PD-L1 IHC antibody (SP142) and 
a different criterion for overexpression (>5% of cells) and 
lack of important clinical data-like stage available for the 
cohort.

In addition, the number of previous lines of therapy 
may play a role in the prevalence of PD-L1 positivity. 
Lower prevalence of PD-L1 positivity and other lympho-
cyte markers has been observed in later lines of therapy in 
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Characteristics Total patients

PD-L1 expression
Chi-square test
p value*PD-L1 CPS ≥10 PD-L1 CPS <10

Overall, n (%) 294 61 (20.7) 233 (79.3) NA

Age (years)

Median (range) 65 (38–88)

<65 136 (46.3) 22 (16.2) 114 (83.8) 0.073

≥65 158 (53.7) 39 (24.7) 119 (75.3)

Gender, n (%)

Male 249 (84.7) 52 (20.9) 197 (79.1) 0.893

Female 45 (15.3) 9 (20.0) 36 (80.0)

Smoking historya, n (%)

Never 57 (19.4) 10 (17.5) 47 (82.5) 0.665

Ex-smoker/current 120 (40.8) 18 (15.0) 102 (85.0)

Tumor siteb, n (%)

Esophagus 225 (76.5) 49 (21.8) 176 (78.2) 0.112

EGJ 33 (11.2) 9 (27.3) 24 (72.7)

Otherc 36 (12.2) 3 (8.3) 33 (91.7)

ECOG PSd, n (%)

0 117 (39.8) 30 (25.6) 87 (74.4) 0.131

≥1 150 (51.0) 27 (18.0) 123 (82.0)

Region, n (%)

Denmark 123 (41.8) 23 (18.7) 100 (81.3) 0.005

South Korea 84 (28.6) 27 (32.1) 57 (67.9)

United States 87 (29.6) 11 (12.6) 76 (87.4)

Asian (South Korea) 84 (28.6) 27 (32.1) 57 (67.9) 0.002

Non-Asian (Denmark and United 
States)

210 (71.4) 34 (16.2) 176 (83.8)

Histology, n (%)

Adenocarcinoma 186 (63.3) 33 (17.7) 153 (82.3) 0.095

Squamous cell carcinoma 108 (36.7) 28 (25.9) 80 (74.1)

Histologic gradee, n (%)

Well/moderately differentiated 144 (49.0) 32 (22.2) 112 (77.8) 0.427

Poorly differentiated/undifferentiated 81 (27.6) 18 (22.2) 63 (77.8)

Signet ring cell 6 (2.0) — 6 (100.0)

Clinical stagef, n (%)

I (I, IB) 20 (6.8) 3 (15.0) 17 (85.0) 0.757

II (II, IIA, IIB, I-II) 25 (8.5) 5 (20.0) 20 (80.0)

III (III, IIIA, IIIA-IIIB, IIIB, IIIC, II-III) 63 (21.4) 15 (23.8) 48 (76.2)

IV 170 (57.8) 31 (18.2) 139 (81.8)

Abbreviations; CPS, combined positive score; ECOG PS, Eastern Cooperative Oncology Group performance status; EGJ, esophagogastric junction; NA, not 
applicable; PD-L1, programmed death ligand 1.
aData on smoking history were not available for all Korean patients (n = 84) and unknown for 33 patients.
bLocation of the biopsy specimen, not necessarily that of the primary tumor.
cMetastatic site (solid organ) or lymph node in particular.
dTwenty-seven patients had unknown or missing ECOG PS.
eSixty-three patients had unknown histologic grade.
fSixteen patients had unknown or missing clinical stage.
*p value to test for difference between the subgroups in the overall cohort.

T A B L E  2   Association of PD-L1 expression with clinicopathologic characteristics
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breast cancer.22 However, in preclinical and clinical stud-
ies of EC, SCC, ovarian cancer, and non–small cell lung 
carcinoma,23–27 higher prevalence of PD-L1 positivity has 
been seen in later lines of therapy, particularly in patients 
who previously received platinum therapy. The age of the 
samples used in this retrospective study may also play a 
role. Although there was no set age for sample rejection 
in the study protocol, the PD-L1 IHC assay kit is recom-
mended for use on tumor blocks <5 years of age because 
tumor blocks ≥5 years of age may result in less staining or 
in loss of immunoreactivity. Finally, samples from EC are 
also smaller and difficult to procure, making immunohis-
tochemistry assays challenging.

A strength of this study is the inclusion of Asian and 
non-Asian patients. The inclusion of subgroup analy-
ses also provided insight into the AC and SCC subtypes. 
Moreover, this study reports real-world data on the fre-
quencies of PD-L1 positivity, with samples analyzed 
centrally at the same laboratory, thus strengthening any 
findings of differences between patients from different 
geographic areas. The same assay that was used in the 
KEYNOTE clinical trials in patients with advanced EC8,14 
was used in the current study, providing consistency be-
tween real-world and clinical trial data. Our study also 
demonstrated a mild correlation between GEP score 
and PD-L1 CPS score (r  =  0.36), comparable to that re-
ported in the KEYNOTE-028 study patients with multiple 

tumor types treated with pembrolizumab, which found a 
moderate but significant correlation (r = 0.40; p < 0.001; 
n = 151).15 Overall, there were no significant differences 
in OS between patients with GEPnon−low and GEPlow status 
or between patients with PD-L1 CPS ≥10 and CPS <10, 
indicating that these are not markers of OS. Nevertheless, 
OS was numerically highest in patients with both CPS ≥10 
and GEPnon−low status.

Notably, the PD-L1 results also contrasted with those 
of recent meta-analyses demonstrating that PD-L1 ex-
pression in tumor cells detected by IHC was associated 
with worse OS in EC.13,28 Both meta-analyses showed that 
PD-L1 was significantly associated with poor prognosis 
for OS in EC patients; however, nearly all the studies in 
both meta-analyses were in Asian patients (17/19 in one 
meta-analysis,13 12/13 in the other28) and patients with 
SCC (all in one meta-analysis,13 10/13 in the other28). This 
illustrates the paucity of data on PD-L1 expression in AC 
and in non-Asian populations, where the prognostic sig-
nificance of PD-L1  remains unclear. The results of the 
present study provide preliminary insight into the possible 
role of PD-L1 expression as a prognostic marker in the AC 
subtype. Further studies would be required to investigate 
this hypothesis.

In addition, studies included in these meta-
analyses13,28 were not standardized with regard to meth-
odology of PD-L1 expression assessment, including IHC 

F I G U R E  1   Scatterplot of GEP 
score versus PD-L1 CPS in patients 
with adenocarcinoma and squamous 
cell carcinoma and distribution of GEP 
according to PD-L1 expression level. CPS, 
combined positive score; GEP, T-cell–
inflamed gene expression profile; PD-L1, 
programmed death ligand 110
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F I G U R E  2   Kaplan–Meier estimates 
for overall survival (A) from date of 
diagnosis by GEP status (non-low vs. 
low) overall and in patients with (B) 
adenocarcinoma and (C) squamous cell 
carcinoma. GEP, T-cell–inflamed gene 
expression profile
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techniques, primary antibody used, antibody concen-
tration used, and cut-off values for positive expression. 
PD-L1 status can also be influenced by variations in 
tissue processing between studies, interobserver varia-
tion, and tumor heterogeneity, all of which could con-
tribute to variability between studies. In the current 
real-world study, the methodology was identical to that 
used prospectively in studies of pembrolizumab in EC 
and that is required as part of the US Food and Drug 
Administration approval of pembrolizumab in SCC. 

These variations may account for differences in clinical 
outcomes observed between this study and the studies 
included in the meta-analyses.13,28 To our knowledge, no 
other study has evaluated an Asian and non-Asian pop-
ulation using a validated PD-L1 immunohistochemistry 
method and central GEP assessment.

However, this study is also subject to the limita-
tions inherent to a retrospective observational design. 
Although most patients (79%) had stage III or IV dis-
ease, a small proportion of samples from patients with 
stage I and II disease were included, and no information 
was captured to clarify their resection status. Treatment 
patterns may be heterogeneous from retrospective chart 
review, which is limited by data availability and qual-
ity. In addition, the exact location of the primary tumor 
(proximal vs. mid vs. distal esophagus vs. EGJ) was not 
recorded. While there was no difference in GEP status 
or PD-L1 CPS between patients who identified as smok-
ers (former or current) and patients who never smoked, 
smoking history was missing from Korean patients. As 
a result, this limits the generalizability of these results 
to the Asian population or SCC population, of which 
Korean patients predominated. Furthermore, analysis 
of association of GEP status and PD-L1 expression with 
OS was limited in that Cox proportional hazards model-
ing did not adjust for treatment.

5   |   CONCLUSION

This observational study showed that GEP status and PD-
L1 expression were not prognostic factors of OS in this 
cohort of Asian and non-Asian EC patients with AC and 
SCC. Additionally, our study was not statistically powered 
to evaluate the combination of these two biomarkers but 
this strategy is worthy of further investigation. Our results 
highlight the continued need to identify novel prognostic 
biomarkers for patients with EC.
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