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ABSTRACT
Background Immune checkpoint inhibitors have 
revolutionized cancer treatment, but the benefits in 
refractory patients with esophageal cancer have been 
modest. Predictors of response as well as new targets for 
novel therapeutic combinations are needed. In this phase 
2 clinical trial, we tested single- agent pembrolizumab in 
patients with advanced esophageal cancer, who received 
at least one prior line of therapy.
Methods Pembrolizumab 200 mg every 3 weeks was 
tested in 49 patients with refractory esophageal cancer: 39 
with adenocarcinoma and 10 with esophageal squamous 
cell carcinoma. Major endpoints were radiological 
response by Immune- related Response Evaluation 
Criteria In Solid Tumors and survival. Tumor samples were 
evaluated for programmed cell death ligand 1 (PD- L1) 
expression, tumor mutational burden (TMB), and immune 
contexture by both NanoString mRNA expression analysis 
and flow cytometry. Peripheral blood mononuclear cells 
and a panel of circulating chemokines were also analyzed.
Results The overall response rate (ORR) was 8% (4 of 49 
patients; 95% CI 2.3% to 19.6%). Median overall survival 
(OS) was 5.8 months (95% CI 4.0 to 9.5). ORR and OS were 
not associated with histology. For PD- L1- positive patients, 
ORR was 13.3% (95% CI 1.7% to 40.5%) and median 
OS was 7.9 months (95% CI 4.7 to 15.5). A trend toward 
improved OS was observed in seven patients with a TMB 
≥10 mut/Mb (p=0.086). Tumors with a PD- L1 Combined 
Positive Score ≥1 showed enrichment of LAG3 (p=0.005) 
and IDO1 (p=0.04) gene expression. Baseline levels of 
circulating CXCL10, interleukin 2 (IL2) receptor α (IL2RA) 
and IL6 were associated with survival: CXCL10 favorably, 
(HR 0.37, p=0.002 (progression- free survival); HR 0.55, 
p=0.018 (OS)); IL2RA and IL6 unfavorably (HR 1.57, 
p=0.020 for IL6 (OS); HR 2.36, p=0.025 for IL2RA (OS)).
Conclusions Pembrolizumab monotherapy was modestly 
effective in refractory esophageal cancer. Circulating 
CXCL10 at baseline appeared to be a robust predictor of 
response. Other T cell exhaustion markers are upregulated 
in PD- L1- positive patients, suggesting that immunotherapy 
combinations such as anti- LAG3/programmed cell death 
protein 1 (PD-1) or anti- IDO1/PD-1 may be of promise in 
refractory esophageal cancer.

BACKGROUND
Esophageal cancer is the sixth- leading cause 
of cancer- related mortality worldwide.1 For 
patients with metastatic disease, chemotherapy 
has been the standard treatment, with median 
overall survival (OS) ranging from 9 to 12 
months.2 Recently, immune checkpoint inhib-
itors have shown efficacy in this disease.3–8

Pembrolizumab is a humanized mono-
clonal antibody against programmed cell 
death protein 1 (PD-1).9 Binding of PD-1 
ligands, programmed death ligand 1 (PD- 
L1) and 2 (PD- L2), to the PD-1 receptor on 
T cells, inhibits T cell proliferation and cyto-
kine production. Pembrolizumab blocks the 
interaction between PD-1 and these ligands, 
promoting an antitumor immune response. 
A series of multinational phase III trials have 
demonstrated the activity of pembrolizumab 
and other anti- PD-1 antibodies in patients with 
advanced esophagogastric cancers.3–6 8 10 In 
these trials, the likelihood of response has been 
linked to the expression of PD- L1 on tumor 
and tumor- infiltrating immune cells. The iden-
tification of other biomarkers to differentiate 
responders and non- responders will be critical 
to selecting patients with the highest potential 
to benefit from immunotherapy and for devel-
opment of future clinical trials.

Herein, we report the results of a phase 
II trial of pembrolizumab in patients with 
refractory esophageal cancer and of the 
exploratory tumor and immune profiling 
studies performed within samples obtained 
from this clinical study.

MATERIALS AND METHODS
Study design and population
This was an open- label, single- arm, 
multicenter phase II clinical trial of 
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pembrolizumab in advanced, chemotherapy- refractory 
esophageal cancer (NCT02971956). Eligible patients 
were adults who had histologically- confirmed unresect-
able or metastatic esophageal squamous cell carcinoma 
(ESCC) or adenocarcinoma (EAC) of the esophagus or 
gastroesophageal junction (Siewert type 1), irrespective 
of PD- L1 expression. Patients must have received at least 
one prior therapy for their advanced disease. Participants 
were required to have measurable disease based on the 
Immune- related Response Evaluation Criteria In Solid 
Tumors (irRECIST).11

All eligible patients were required to have an Eastern 
Cooperative Oncology Group performance status of 0 or 
1, and adequate organ function. Major exclusion criteria 
included prior therapy with a checkpoint inhibitor, diag-
nosis of immunodeficiency, systemic immunosuppressive 
therapy, central nervous system metastases, second malig-
nancy, or autoimmune disease requiring systemic treat-
ment. All patients provided written informed consent 
before study entry.

Treatment and assessments
Patients were treated with pembrolizumab 200 mg intra-
venously every 3 weeks. Treatment continued until disease 
progression, unacceptable adverse event(s) (AEs), or 
withdrawal of consent. Tumor imaging was performed 
at baseline and every 9 weeks. Response and progression 
were evaluated using the irRECIST criteria,11 as assessed 
by the independent Dana- Farber/Harvard Cancer Center 
Tumor Imaging Metrics Core. AEs were graded according 
to the National Cancer Institute Common Terminology 
Criteria for Adverse Events, V.4.0.

Study outcomes
The primary endpoint of this study was overall response 
rate (ORR), defined as complete response or partial 
response (PR) by irRECIST, in patients with refractory 
EAC. Secondary endpoints were ORR, progression- free 
survival (PFS), OS, and duration of response (DOR) in 
patients with PD- L1- positive and -negative advanced EAC, 
as well as safety and tolerability in the overall cohort. 
Exploratory endpoints were ORR in patients with refrac-
tory ESCC and evaluation of the relationship between 
efficacy (response and survival) and potential predictive 
biomarkers. Unless otherwise specified, all response anal-
yses were completed in patients with a PR or SD regard-
less of confirmed status, compared with patients with PD.

Immunological studies
All patients provided a baseline tumor biopsy within 4 
weeks prior to their first treatment cycle. EAC patients 
were offered another tumor biopsy at 8 weeks on treat-
ment. Patients who initially responded to pembrolizumab 
and then developed resistance were asked to provide an 
end- of- treatment tumor biopsy. Pretreatment archival 
formalin- fixed paraffin embedded (FFPE) tissue was also 
analyzed, if available (online supplemental table S1).

PD- L1 immunohistochemistry was performed on 
pretreatment FFPE tissue slides using a laboratory devel-
oped assay (QualTek Molecular Laboratories, Newtown, 
Pennsylvania, USA) with the anti- PD- L1 22C3 antibody 
(Merck & Co, Palo Alto, California, USA). PD- L1 expres-
sion was evaluated using the Combined Positive Score 
(CPS).12 13 The tumor mutational burden (TMB) was 
estimated and mismatch repair (MMR) deficiency was 
predicted from institutional targeted next- generation 
sequencing (Dana- Farber Cancer Institute OncoPanel), 
using DNA extracted from baseline specimens.14 15 For 
tumor flow cytometry, fresh baseline, on- treatment, and 
end- of- treatment biopsies were dissociated into single cell 
suspensions, stained with two 13- color antibody panels 
(online supplemental table S2), acquired on a BD Fortessa, 
and analyzed using FlowJo software (Treestar, Ashland, 
Oregon, USA). Immune cell subpopulations were not 
further annotated when the parent population consisted 
of less than 100 cells, unless specified otherwise. For 
peripheral blood mononuclear cells (PBMCs) flow cytom-
etry, baseline samples were stained with three 10- color 
antibody panels (online supplemental table S3) and 
analyzed according to a previously published flow cytom-
etry methodology.16 17 Approximately 100 000 stained 
PBMCs per patient were acquired on a BD LSRFortessa 
X-20, and analyzed using FlowJo software. Fluorescence 
Minus One controls were used to inform manual gating 
on each patient. The neutrophil- to- lymphocyte ratio 
(NLR) was calculated from the complete blood count and 
differential drawn on the first day of treatment. For gene 
expression profiling, RNA was extracted from FFPE slides 
and analyzed with the nCounter PanCancer Immune 
Profiling Panel (NanoString Technologies). Circulating 
cytokines and chemokines collected at the beginning of 
each treatment cycle were quantified by multiplex tech-
nology using the FLEXMAP 3D (Luminex Inc).

Statistical analyses
Associations between numerical and categorical variables 
were analyzed using Welch’s t- test, a Wilcoxon rank- sum 
test, or a Kruskal Wallis test (whichever appropriate) and 
associations between categorical and binary variables 
were analyzed using Fisher’s exact test or Pearson’s χ2 test 
(whichever appropriate) in R (V.4.0.3). Survival differ-
ences were analyzed using a Cox proportional- hazards 
regression model and logrank tests with the ‘survival’ 
package (V.3.2–7) in R. Patients lost to follow- up were 
censored at the time of last follow- up. DOR was calcu-
lated from time of first response to time of progression, 
while duration of stable disease was calculated from the 
start of treatment to time of progression. Heatmaps 
were generated by hierarchical agglomerative complete- 
linkage Euclidean distance clustering using the Complex-
Heatmap package in R.18 Differential gene expression 
analysis was conducted using the DESeq2 V.1.28.1 
package,19 and time series clustering using the TMixClust 
V.1.10.0 package in R.20 Gene Set Enrichment Analysis 
(GSEA) was performed using the method as described by 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002472 on 30 S

eptem
ber 2021. D

ow
nloaded from

 

http://jitc.bmj.com/


3de Klerk LK, et al. J Immunother Cancer 2021;0:e002472. doi:10.1136/jitc-2021-002472

Open access

Subramanian et al.21 All p values are two sided and consid-
ered statistically significant when p<0.05.

RESULTS
Patient characteristics
Forty- nine patients received at least 1 cycle of treatment 
between February 2017 and October 2018 (table  1). 
The median age was 64 years (range 34–80). Thirty- nine 
patients (80%) had EAC; 10 patients (20%) had ESCC. 
Almost all patients (92%) had metastatic disease at enroll-
ment. The majority of patients with prior treatment data 
available (51%) had received three or more lines of 
systemic therapy prior to pembrolizumab. Thirty- three 
patients (67%) had received prior radiation therapy. 
HER2 status was known for 38 out of 39 patients with EAC, 
of whom nine patients (23%) had HER2- positive tumors, 
all previously treated with trastuzumab- containing regi-
mens. One patient had a known MMR- deficient tumor; 
however, MMR status was not routinely tested.

Safety
All 49 evaluable patients were included in the safety anal-
ysis. Treatment- related AEs of any grade were reported 
in 38 patients (78%; online supplemental table S4); the 
most common were fatigue (27%), dyspnea (16%), rash 
(14%), anorexia (12%), arthralgia (10%), and pruritus 
(10%). Three patients (6%) discontinued therapy 
because of treatment- related AEs. Grade 3–4 treatment- 
related AEs occurred in six patients (12%), including two 
patients with grade 3 pneumonitis. One patient devel-
oped myasthenia gravis followed by respiratory failure 
and eventual cardiac arrest. No treatment- related deaths 
occurred.

Antitumor activity/treatment efficacy
Forty- three patients (88%) had at least one restaging 
scan; the remaining 6 patients had rapid clinical progres-
sion. PR was achieved in 8% (4/49; 95% CI 2.3 to 19.6%), 
stable disease (SD) in 22% (11/49), and progressive 
disease (PD) in 67% (33/49). Of 39 EAC patients, 
we observed a PR in three patients (8%, 95% CI 1.6 to 
20.9%; two confirmed) and SD in eight patients (21%); 
three confirmed) for a disease control rate of 28% 
(figure 1A,B, online supplemental figure S1 and 2). PD 
was observed in 28 EAC patients (72%), including six 
with clinical progression before the first restaging scan. 
In the 10 patients with ESCC, one patient (10%) had 
a (confirmed) PR and three patients achieved SD (two 
confirmed). Among the four patients with a PR, the 
median DOR was 4.1 months (1.5–24.5 months). Median 
duration of SD was 6.4 months.

At the time of analysis, 47 patients had passed away and 
2 patients were lost to follow- up. Median OS for the EAC 
patients was 4.8 months (95% CI 3.2 to 9.5) and median 
PFS was 1.8 months (95% CI 1.8 to 2.0). For the entire 
population, the median OS was 5.8 months (95% CI 4.0 
to 9.5) and the median PFS was 1.8 months (95% CI 

1.8 to 2.0; figure  1C). The six patients with grade 3–4 
treatment- related AEs showed a trend to improved PFS 
and OS (p=0.065 and p=0.17, respectively; logrank test). 
Although patients with HER2- positive EAC had inferior 

Table 1 Baseline characteristics

Characteristic N %

Median age, years (range) 64 (34–80)

Sex

  Male 39 79.6

  Female 10 20.4

Race

  White 44 89.8

  Black or African American 2 4.1

  Asian 1 2.0

  Other 1 2.0

  More than one race 1 2.0

ECOG performance status

  0 13 26.5

  1 36 73.5

Histology at baseline

  Squamous cell carcinoma 10 20.4

  Adenocarcinoma (including one 
adenosquamous)

39 79.6

Metastatic disease

  Yes 45 91.8

  No 4 8.2

Prior radiation therapy

  Received 33 67.3

  Not received (or unknown) 16 32.7

Prior lines of therapy

  0 0 0.0

  1 10 20.4

  2 13 26.5

  3 9 18.4

  4 8 16.3

  ≥5 7 14.3

  Missing 2 4.1

HER2 (EAC only)

  Negative 29 74.4

  Positive 9 23.1

  Unknown 1 2.

MMR status

  MMR proficient 9 18.4

  MLH1 proficient, not tested 
otherwise

1 2.0

  MMR deficient 1 2.0

  Unknown 38 77.6

ECOG, Eastern Cooperative Oncology Group; MMR, mismatch 
repair.
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PFS (p=0.027), no significant associations between HER2 
status and either OS or radiological response were noted. 
Prior radiotherapy or the number of prior lines of therapy 
were not associated with response or survival.

PD-L1 and response to pembrolizumab
Pretreatment PD- L1 CPS was available in 36 of 49 
patients; PD- L1 CPS was determined from archival 
tissue in an additional 5 patients (online supplemental 

Figure 1 Response to treatment by histology. (A, B) Show the radiological response by irRECIST of all 43 patients with 
advanced esophageal cancer treated with pembrolizumab that had at least one restaging scan, color coded by histology. 
The remaining six patients had progressed clinically before the first restaging scan at 9 weeks. (A) A spider plot showing 
the percentage change from baseline by time in weeks. (B) A waterfall plot showing the best overall percentage change 
from baseline per study subject. (C) Kaplan- Meier plots showing progression- free survival (PFS) and overall survival (OS) 
per histology. EAC, esophageal adenocarcinoma; ESCC, esophageal squamous cell carcinoma; irRECIST, Immune- related 
Response Evaluation Criteria In Solid Tumors.
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table S1). Fifteen of these 41 patients (37%) were 
PD- L1- positive (CPS≥1), of which 7 patients (17%) 
had a PD- L1 CPS≥10 (online supplemental figure 3A). 
The single MMR- deficient patient had PD- L1 CPS 1.

Eleven patients with PD- L1- positive EAC had a PR 
in 18% (2/11) and SD in 27% (3/11). In 23 PD- L1- 
negative EAC patients, no PR was seen and 17% 
(4/23) achieved SD (p=NS). Similar results were 
recorded for the entire study population (figure 2A, 
online supplemental figure S3B–D); the ORR seen in 

all PD- L1- positive patients was 13.3% (95% CI 1.7 to 
40.5%).

Median OS for PD- L1- positive EAC was 9.5 months 
(95% CI 3.0 to NA) vs 3.6 months (95% CI 2.1 to 9.0) 
for PD- L1- negative patients (p=NS). We also did not 
identify a significant difference in PFS between PD- L1- 
positive and -negative EAC patients (figure 2B). Similar 
results were recorded for the entire study population, 
with a median OS of 7.9 months (95% CI 4.7 to 15.5) in 
all PD- L1- positive patients (p=NS; online supplemental 

Figure 2 Response to treatment by PD- L1 Combined Positive Score (CPS). (A) A waterfall plot showing the best overall 
percentage change from baseline according to irRECIST per study subject, color coded by PD- L1 combined positive score 
(CPS). (B) Kaplan- Meier plots comparing progression- free survival (PFS) and overall survival (OS) of PD- L1- negative (CPS<1) 
and PD- L1- positive (CPS≥1) patients with esophageal adenocarcinoma (EAC). This includes PD- L1 CPS from archival tissue. 
irRECIST, Immune- related Response Evaluation Criteria In Solid Tumors; PD- L1, programmed death- ligand 1.
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figure S4A). The 7 patients with CPS≥10 (4 EAC; 3 ESCC) 
did not have statistically superior survival (online supple-
mental figure S4B).

Tumor mutational burden
TMB could be estimated for 27 patients (21 EAC; 6 
ESCC). Seven patients (25.9%) had a TMB of 10 mut/
Mb or higher (5 EAC; 2 ESCC). A TMB of 10 mut/Mb 
or higher showed a trend toward improved OS (p=0.086, 
logrank test). There were no associations between TMB 
and radiological response or PFS.

Immune infiltrate (flow cytometry) and response to 
pembrolizumab
To characterize the immune response, we first analyzed 
the tumor immune microenvironment by flow cytometry 
on fresh pretreatment biopsies of 42 patients (37 EAC; 5 
ESCC). After exclusion of cases with <100 viable CD45+ 
single cells, 20 samples were taken from the primary 
tumor, 10 from a liver metastasis, and 7 from another 
location (figure 3A). Median cell viability was 57.9% (IQR 
36.9%–77.2%), resulting in a median of 1766 live single 
cells per patient (IQR 857–8352). Based on biopsy size, 
25 samples were profiled with a T cell and a myeloid cell 
panel and 12 samples were profiled with only the T cell 
panel.

The immune infiltrate differed profoundly by biopsy 
location: Granulocytes were more abundant in tumor 
biopsies from the esophagus compared with liver metas-
tases and other locations (p=0.013, Kruskal Wallis test), 
whereas natural killer (NK) cells were more abundant in 
biopsies from liver metastases (p=0.028, Kruskal Wallis 
test; figure 3B). There were no significant differences in 
major immune cell populations (T cells, B cells, myeloid 
cells, monocytes, granulocytes, NK cells, and NK T 
cells) between EAC and ESCC patients. Surprisingly, the 
primary tumor of the MMR- deficient patient contained a 
relatively low proportion of CD3 T cells (3.5%) compared 
with the median of the other samples (20%).

We analyzed if the pre- existing immune infiltrate 
could predict radiological response to pembrolizumab, 
comparing patients with clinical benefit (either PR or 
SD) to those without (PD), correcting for biopsy location 
and histology by linear regression (online supplemental 
table S5). There was no difference in the proportion 
of CD4+ or CD8+ T cells (relative to CD3+ T cells) or 
CD8:CD4 ratio between patients with and without clinical 
benefit. Patients with clinical benefit had a significantly 
smaller proportion of PD-1+ CD4+ T cells than those 
without (median 22.7% vs 43.6% of total CD4+ T cells, 
p=0.035 (linear regression, adjusted for biopsy location); 
figure 3C). As for other cell types, the proportion of gran-
ulocytes was significantly larger in patients with clinical 
benefit than those without (median 81.9% vs 31.8% of 
CD45+, p=0.0014 (linear regression, adjusted for biopsy 
location and histology)), whereas B cells were propor-
tionally less abundant in patients with clinical benefit 
than those without (median 0.16% vs 1.27% of CD45+, 

p=0.027 (linear regression, adjusted for biopsy location 
and histology); figure 3D).

Several significant associations between immune cell 
populations at baseline and survival were found, corrected 
for biopsy location and histology by multivariate Cox 
proportional hazards regression (figure 3E). Expression 
of PD-1 and TIM3 on CD4+ T cells was associated with 
early progression, with a HR of 1.028 for PD-1 (p=0.039), 
an HR of 1.039 for TIM3 (p=0.047), and an HR of 1.075 
for combined PD-1/TIM3 expression (p=0.024). Consis-
tent with the association between a higher CD15+ granu-
locyte proportion and a favorable radiological response, 
an association between granulocyte presence and a 
decreased risk of early progression (HR 0.976, p=0.031) 
was found. Moreover, the CD14+ monocyte proportion 
was associated with early death (HR 1.051, p=0.016). 
We also explored whether the baseline immune infil-
trates of PD- L1- positive (CPS≥1) patients differed from 
PD- L1- negative patients but did not find any significant 
associations.

Four EAC patients had a biopsy on day 56 (week 8) and 
1 patient had a biopsy at the end of treatment (EOT); 
these samples were examined by flow cytometry. Two 
patients had PD as best overall response (BOR), two had 
SD, and the EOT biopsy was from the MMR- deficient 
patient who achieved a PR (online supplemental figure 
S5A). Irrespective of response, we observed an increase in 
tumor- infiltrating T cells and NK T cells and a decrease in 
myeloid cells with treatment. B cells and NK cells tended 
to decrease in patients without clinical benefit (PD) and 
increase in patients with clinical benefit (PR+SD; online 
supplemental figure S5B,C).

Circulating immune cells and response to pembrolizumab
Baseline PBMCs of 47 patients were analyzed by flow 
cytometry, using antibodies to annotate major immune 
populations, immune checkpoint expression, and T cell 
activation and memory status. Patients with clinical benefit 
(PR+SD) had less circulating naïve CD8 T cells (p=0.026, 
Wilcoxon rank- sum test), less activated CD69+ CD4 T cells 
(p=0.014, t- test), and a trend toward less Tregs (p=0.087, 
t- test) than those without. A relatively high number of 
circulating Tregs was associated with shortened OS (HR 
1.3, p=0.018), whereas circulating CD8+ NK T cells were 
associated with extended OS (HR 0.97, p=0.0036). There 
were no significant differences in PD-1, TIM3, and LAG3 
on CD4 or CD8 T cells between patients with and without 
clinical benefit (online supplemental figure S6).

Despite there being no association between clinical 
response and prior radiotherapy or the number of 
prior lines of therapy, there were differences in PBMCs 
(online supplemental figure S7 and 8). Notably, patients 
who received three or more lines of prior systemic 
therapy had more circulating CD8 T cells, and less 
CD4 T cells, which expressed more activation marker 
HLA- DR. Patients who received prior radiotherapy 
had less circulating CD3 T cells, more Tregs, and more 
PD-1 positive CD4 T cells. Apart from PBMCs, we also 
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evaluated the neutrophil- to- lymphocyte ratio (NLR) at 
baseline. An increased NLR was associated with inferior 
survival (PFS: HR=1.15 (95% CI 1.05 to 1.25), p=0.0015; 

OS: HR=1.16 (95% CI 1.07 to 1.25), p=0.00048; Cox 
regression, corrected for histology; online supplemental 
figure S9).

Figure 3 Flow cytometric analysis of tumor biopsies at baseline. (A) Overview of major cell populations as a percentage of 
CD45+ cells, ordered by best overall radiological response (%). (B) Comparison of major cell populations as a percentage 
of CD45+ cells by biopsy site. (C) Comparison of CD4 T cell exhaustion and activation markers by best overall radiological 
response. (D) Comparison of major cell populations relative to CD45+ cells by best overall radiological response. (E) 
Progression- free survival (PFS) and overall survival (OS) Cox proportional hazards survival analysis results; corrected for 
histology and biopsy location. BOR, best overall response; CPS, Combined Positive Score; MMR, mismatch repair; EAC, 
esophageal adenocarcinoma; ESCC, esophageal squamous cell carcinoma; PD, progressive disease; PR, partial response; SD, 
stable disease; gMDSC, granulocytic myeloid- derived suppressor cell.
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Sequential cytokine/chemokine analyses and response to 
pembrolizumab
Further immune profiling was performed using multiplex 
cytokine/chemokine quantification on plasma in 45 of 
49 patients, with 123 sequentially collected and analyzed 
samples in total (online supplemental table S6). Calcu-
lable results were obtained for the following 12 cytokines 
and chemokines: interleukin 1 (IL1) receptor antago-
nist (IL1RN), IL2 receptor α (IL2RA), IL6, IL7, IL10, 
CCL2, CXCL2, CXCL5, CXCL6, CXCL8 (IL8), CXCL10, 
and CSF2 (granulocyte- macrophage colony- stimulating 
factor, GM- CSF).

We first queried associations between baseline cytokine/
chemokine levels and response in our entire population 
(adjusted for histology by multiple regression analysis). 
We found no significant differences in baseline cytokine 
levels between patients with clinical benefit (PR+SD) and 
those without, although there was a trend toward a higher 
CXCL10 concentration with clinical benefit (median 
of 107.5 pg/mL vs 67.9 pg/mL, p=0.055; adjusted for 
histology by linear regression on log- transformed data; 
figure 4A). When applying a stricter definition of clinical 
benefit, i.e. confirmed SDs or any PR, CXCL10 was signifi-
cantly higher among those with clinical benefit (p=0.017). 
IL2RA was significantly lower in patients with a confirmed 
SD or any PR (p=0.040). CXCL10 concentration at base-
line was also associated with a decreased risk of both early 
progression and death (HR 0.37/p=0.0022 for PFS, HR 
0.55/p=0.018 for OS; Cox regression on log- transformed 
data, adjusted for histology; figure  4B). Levels of IL6 
and IL2RA at baseline, in contrast, were associated with 
an increased risk of early death (HR 1.57/p=0.020 for 
IL6; HR 2.36/p=0.025 for IL2RA), and levels of IL1RN 
showed a trend toward an increased risk of early progres-
sion (HR 2.01, p=0.051). We confirmed these findings 
with logrank analyses (not adjusted for histology) by split-
ting the cohort into three groups, by concentration, for 
CXCL10 (PFS p=0.0038, OS p=0.0034) and IL2RA (OS 
p=0.021; figure 4C).

We then analyzed dynamic changes in cytokine/chemo-
kine profiles during treatment. A clustering analysis to 
evaluate patterns in changes in cytokines and chemok-
ines during treatment (start of treatment cycle 2 (or 3) 
relative to baseline), showed that patients with clinical 
benefit (PR+SD) were enriched in patients with overall 
decreases in cytokines/chemokines (7 of 12 patients 
(58.3%)) compared with a those with overall increases 
(6 of 28 patients (21.4%), p=0.032, Fisher’s exact test; 
figure  4D). For IL2RA, IL10, CXCL2, CXCL10, and 
CSF2, a significant decrease was observed at cycle 2 (or 
3) relative to baseline in patients with clinical benefit 
(linear regression, adjusted for histology; figure  4E). A 
significant decrease was also seen for CXCL8 (p=0.0081; 
Wilcoxon rank- sum test, not adjusted for histology). Cox 
survival analyses, adjusted for histology, confirmed that 
an increase in IL2RA was a poor prognostic indicator; 
the log2 fold change of IL2RA was associated both with 
an increased risk of early progression (HR 2.85, p=0.010) 

and early death (HR 2.17, p=0.046). An increase in 
CXCL2 trended toward both an increased risk of early 
progression (HR 1.77, p=0.062) and early death (HR 
1.76, p=0.071; figure 4F). These findings were confirmed 
with logrank tests (not adjusted for histology) for IL2RA 
(PFS, p=0.018) and CXCL2 (OS p=0.016; figure 4G).

We evaluated chemokine data relative to circu-
lating immune cell composition from flow cytometry. 
Increasing baseline CXCL10, which was associated with 
superior survival, correlated significantly with decreasing 
circulating activated CD69+ and CD4 and CD8 T cells 
(p=0.00043, p=0.0032), central memory CD4 T cells 
(p=0.033), and naive CD8 T cells (p=0.0015; online 
supplemental table S7). Increasing baseline IL6, which 
was associated with inferior OS, correlated significantly 
with increasing TIM3+ CD4 and CD8 T cells (p=0.0072, 
p=0.036), increasing PD- L1+ CD8 T cells (p=0.032), 
and increasing CD14+ HLA- DR− monocytes (p=0.042). 
Increasing baseline IL2RA, also associated with inferior 
OS, was positively correlated with CD71+ CD8 T cells 
(p=0.032).

Gene expression profiling (NanoString) and response to 
pembrolizumab
NanoString results were obtained in 21 patients at base-
line (19 EAC; 2 ESSC), of whom 4 had clinical benefit (2 
PR, 2 SD) and 17 did not have clinical benefit; 12 were 
PD- L1- negative, 8 PD- L1- positive, and 1 patient had a 
missing PD- L1 status. Biopsies originated from primary 
tumors in 12 cases, from liver metastases in 5 cases, and 
other metastases in 4 cases (online supplemental figure 
S10A).

Individual differential gene expression analysis of 
baseline biopsies, controlled for histology and biopsy 
location, showed that gene expression of NLRC5 (log2 
fold change=−1.60, adjusted p=0.032) and SSX1 (log2 
fold change=−3.85, adjusted p=0.0031) were enriched 
in patients with clinical benefit (PR+SD) compared 
with those without, whereas expression of LBP (log2 
fold change=5.99, adjusted p=0.011) and AMBP (log2 
fold change=7.19, adjusted p=0.0027) were enriched in 
patients without clinical benefit compared with those 
with clinical benefit (online supplemental figure S10A 
and table S8).

Patients with PD- L1- positive tumors (CPS≥1) had 
significantly higher gene expression of LAG3 (log2 
fold change=2.17, adjusted p=0.0049), indoleamine 
2,3- dioxygenase 1 (IDO1; log2 fold change=2.22, adjusted 
p=0.041), CCL7 (log2 fold change=2.08, adjusted 
p=0.041), and SPP1 (log2 fold change=2.90, adjusted 
p=0.041; figure 5, online supplemental table S9). GSEA 
showed downregulation of genes related to cytotoxicity 
at baseline (unadjusted p=0.008; FDR q value=0.023) in 
patients without clinical benefit (PD) compared with 
those with clinical benefit (PR+SD; online supplemental 
figure S10C and table S10.

In addition, we had RNA from nine archival biopsies 
and three on- treatment biopsies of EAC patients taken 56 
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Figure 4 (Continued)
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days after starting anti- PD-1 therapy. Unsupervised time 
series clustering was used to identify clusters of genes that 
exhibited a similar trend in expression over time. We first 
compared baseline and on- treatment biopsies. Among 
the genes generally increasing during treatment were two 
associated with TH1 CD4 T cell differentiation (STAT1, 
SPP1) and two with MHC class II antigen presentation 
(HLA- DPB1, HLA- DRA). By contrast, apoptosis- inducer 
TRAIL (TNFSF10) was generally decreasing (online 
supplemental figure S11A). We also compared expres-
sion profiles from available baseline biopsies with archival 
biopsies taken at time of original cancer diagnosis. This 
comparison showed 18 out of 20 immunity- related genes 
generally decreasing by the time that PD-1 therapy was 
initiated, among which were several associated with 
antigen presentation (HLA- C, CD74) and the IL2 receptor 
ɣ chain (IL2RG) which is constitutively expressed on T 
cells. In contrast, vascular endothelial growth factor A 
(VEGFA) was among the genes generally increasing prior 
to the start of trial (online supplemental figure S11B).

DISCUSSION
In this phase II trial, pembrolizumab demonstrated 
modest efficacy in unselected, chemotherapy- refractory 

patients with esophageal cancer, yielding an ORR of 8% 
in 4 of 49 patients (95% CI 2.3 to 19.6%). This outcome 
is consistent with anti- PD-1 checkpoint inhibitor mono-
therapy in similar cohorts with advanced esophageal or 
gastric adenocarcinoma.3 13

In the last year, multiple trials of immunotherapy have 
demonstrated a survival benefit in front- line esophago-
gastric cancer.5 7 8 Although these trials expand the use 
of checkpoint inhibitors, their inclusion of chemotherapy 
confounds our ability to identify patients who are more 
likely to benefit from immunotherapy. While checkpoint 
inhibitors have shown more modest activity in refractory 
disease, monotherapy studies provide opportunities to 
define factors that modulate efficacy. In KEYNOTE-059, 
increased response to pembrolizumab in advanced gastric 
cancers was seen in PD- L1- positive tumors (CPS≥1) when 
compared with PD- L1- negative tumors.13 KEYNOTE-180 
reported a response rate of 9.9% in esophageal cancer 
patients; however, responses were not enriched in the 
47.9% of patients with PD- L1 CPS≥10, nor was there a 
difference in response by histology.3 In KEYNOTE-181, 
second- line pembrolizumab was associated with signifi-
cant improvements in OS compared with chemotherapy 
for ESCC and for tumors with PD- L1 CPS≥10, irrespective 
of histology.4 Similar results were achieved for nivolumab 
in the ATTRACTION-2 and −3 studies.6 10

TMB has also been shown to correlate with response, 
for example in KEYNOTE-158.22 In that trial, second- 
line pembrolizumab in patients with advanced TMB- 
high solid tumors (≥10 mut/Mb by FoundationOne CDx 
assay) achieved an ORR of 29%. However, only 9.8% of 
esophageal cancers exceed this cut- off.23 Pembrolizumab 
is associated with response and survival benefit in MMR- 
deficient solid tumors, too.24–27 While these results show 
that histology, PD- L1 status, and TMB can assist in clinical 
decision making for esophagogastric cancers, they also 
demonstrate the need for more precise biomarkers.

There are several potential factors for the modest clin-
ical results of our trial. First, the use of immunosuppres-
sive therapies preceding pembrolizumab may reduce 
benefit.28 Second, pembrolizumab may be more effective 
in Asian than non- Asian populations. For example, Asian 
advanced gastric cancer patients appeared to have an 
enhanced survival benefit from first- line pembrolizumab 
versus chemotherapy compared with non- Asian patients 

Figure 5 NanoString gene expression analysis of tumor 
biopsies at baseline. Volcano plot of the differential gene 
expression analysis comparing PD- L1- negative (CPS<1, 
n=12) and PD- L1- positive (CPS≥1, n=8) patients, showing 
enrichment of genes associated withT cell suppression 
(LAG3, IDO1) in PD- L1- positive patients. CPS, Combined 
Positive Score; PD- L1, programmed death- ligand 1.

Figure 4 Analyses of a panel of circulating chemokines (Luminex). (A) Boxplot showing a trend toward a higher circulating 
CXCL10 concentration at baseline in patients with a best overall radiological response of stable disease (SD) or a partial 
response (PR). (B) Progression- free survival (PFS) and overall survival (OS) Cox proportional hazards analysis of circulating 
chemokine concentrations at baseline; corrected for histology. Chemokine concentrations were log- transformed to obtain 
a normal distribution. Only associations with a p<0.1 are shown. (C) Kaplan- Meier plots comparing circulating chemokine 
concentrations at baseline of several chemokines shown in B. (D) Heatmap of log2 fold changes in circulating chemokine 
concentrations at treatment cycle 2 (cycle 3 if cycle 2 was missing) relative to baseline. (E) Boxplots showing larger increases 
in several circulating chemokines at cycle 2 (or 3) relative to baseline in patients with progressive disease than in patients with 
a partial response or stable disease as best overall radiological response. (F) PFS and OS Cox proportional hazards analysis 
of log2 fold changes in circulating chemokine concentrations at cycle 2 (or 3) relative to baseline, corrected for histology. Only 
associations with a p<0.1 are shown. (G) Kaplan- Meier plots comparing circulating chemokine concentrations at cycle 2 (or 3) 
relative to baseline of the chemokines shown in F. BOR, best overall response; CPS, Combined Positive Score; EAC, esophageal 
adenocarcinoma; ESCC, esophageal squamous cell carcinoma; IL2RA, IL2 receptor α; PD- L1, programmed death- ligand 1.
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in KEYNOTE-062.29 30 It has been shown that gastric 
adenocarcinomas from Asian and non- Asian patients 
exhibit a distinct tumor immunity signature related to 
T cell function.31 Third, the combination of immune 
checkpoint inhibitors with chemotherapy may enhance 
efficacy. Indeed, studies in murine gastric cancer models 
showed enhanced efficacy by adding chemotherapy to 
anti- PD-1 therapy, possibly due to the observed reduced 
myeloid- derived suppressor cell (MDSC) infiltration.32

To identify novel candidate biomarkers, we analyzed 
biopsies at several time points (archival, at baseline, 
on- treatment, and by the EOT), as well as circulating cyto-
kines (at baseline and during treatment). However, anal-
yses were hampered by the low number of responders. 
Despite clear trends toward improved responses and 
survival with PD- L1- positivity in baseline biopsies, these 
results were not statistically significant. Apart from our 
lack of power, reasons for this discrepancy with previous 
reports could be the difference in antibody, method, and 
thresholds,33 as well as intracase- heterogeneity, intraob-
server and interobserver variability, intersite variability 
and limited robustness of the test.

We also evaluated another common predictor of immu-
notherapy response, TMB. No significant associations 
with radiological response or survival were identified, 
although a TMB ≥10 mut/Mb did show a trend toward 
improved OS. With 25.9% of patients having a TMB ≥10 
mut/Mb, this proportion was significantly higher than 
the 9.8% described previously.23 However, our results are 
derived from an institutional sequencing assay (Onco-
Panel) rather than the FoundationOne CDx test.34 Both 
OncoPanel and FoundationOne CDx estimate TMB by 
somatic- only targeted sequencing of a panel of genes, 
but they differ in multiple aspects, such as specific gene 
content, overall panel size, sensitivity, and variant filtra-
tion strategy; potentially leading to inconsistencies.

We next evaluated other predictors of response. One 
possible contributing factor to the scarcity in observed 
responses could be a terminally exhausted tumor- immune 
microenvironment, especially considering the multiple 
lines of chemo(radio)therapy preceding pembrolizumab 
treatment. Although we did not find a clear association 
between exhaustion and non- response, we did find associ-
ations between PD- L1- positivity by IHC and the expression 
of genes associated with T cell suppression, such as LAG3 
and IDO1. These results raise the potential for combined 
LAG3/PD-1 or IDO1/PD-1 inhibition in this popula-
tion. Combined LAG3/PD-1 blockade has been shown 
to enhance the anti- tumor immune response in both 
preclinical and clinical studies.35 36 Beyond these targets, 
our time series clustering analysis revealed decreasing 
expression of genes related to antigen presentation and 
T cells combined with increasing expression of VEGFA 
during pembrolizumab treatment, which could make 
a case for earlier immunotherapy or immunotherapy 
combined with anti- VEGF therapy.

The flow cytometry analysis was unexpectedly impacted 
by biopsy location, which acted as a third variable. After 

correction for this confounder, a granulocytic tumor 
infiltrate at baseline was consistently associated with a 
superior outcome, and CD4 T cell PD-1 expression with 
inferior outcome. Intriguingly, despite these associa-
tions from the tumor biopsies, our analysis of the ratio 
of circulating NLR found a high NLR to be associated 
with poor responses, consistent with prior data.37 38 
PD- L1+ neutrophils have been associated with disease 
progression in gastric cancer, raising questions about 
how PD-1 blockade impacts neutrophils and their inter-
action with other immune populations within the tumor 
microenvironment.39

Notable results came from the analysis of circulating 
cytokines. At baseline, patients with increased plasma 
levels of CXCL10 had a significantly decreased risk of 
progression and death and trended toward superior 
radiological response. CXCL10, secreted by macrophages 
in response to IFN-γ, is known to attract TH1 cells, cyto-
toxic T cells, and NK (T) cells.40 An association between 
intratumoral CXCL10 and an increase in response to dual 
PD-1/CTLA-4 blockade has been described in melanoma, 
with CXCL10 correlating with CD8 T cell infiltration.41 
Importantly, efficacy was dependent on CXCL10 receptor 
CXCR3, as CXCR3 neutralization abrogated CD8 T cell 
infiltration and efficacy of immune checkpoint blockade.41

Plasma IL2RA, IL1RN, and IL6 concentrations at base-
line were associated with short survival. The α chain of 
the IL2 receptor (IL2RA), also known as CD25, is upreg-
ulated after activation of naïve T cells and constitutively 
expressed on Tregs, forming, together with the β and γ 
chain, a high- affinity receptor for IL2.42 Cleaved, circu-
lating IL2RA correlates with T cell IL2RA expression 
and has been associated with a poor prognosis in several 
tumor types including ESCC.43 Moreover, soluble IL2RA 
is associated with suppression of effector T cells,42 and 
inhibited response to CTLA4 blockade in melanoma 
patients, presumably through the parallel proportional 
increase in Tregs.44 IL-6 has been shown to promote 
epithelial- to- mesenchymal transition, cancer- associated 
fibroblast activation, and MDSC proliferation.45–47 Similar 
to our result, a high circulating IL-6 concentration has 
been associated with resistance to immune checkpoint 
inhibition before.48

CONCLUSIONS
In conclusion, although efficacy of pembrolizumab in 
relapsed/refractory esophageal cancer was limited, our 
correlative studies raise key hypotheses regarding candi-
date biomarkers such as CXCL10 to guide therapy. More-
over, PD- L1 expression was associated with a terminally 
exhausted tumor- immune microenvironment, suggesting 
the greater potential efficacy of anti- PD-1 antibodies in 
earlier lines of therapy in esophageal cancer.

Author affiliations
1Department of Medical Oncology, Dana- Farber Cancer Institute, Boston, 
Massachusetts, USA

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002472 on 30 S

eptem
ber 2021. D

ow
nloaded from

 

http://jitc.bmj.com/


12 de Klerk LK, et al. J Immunother Cancer 2021;0:e002472. doi:10.1136/jitc-2021-002472

Open access 

2Department of Medical Oncology, Amsterdam UMC - Location VUmc, Cancer Center 
Amsterdam, Amsterdam, The Netherlands
3Center for Immuno- Oncology, Dana- Farber Cancer Institute, Boston, 
Massachusetts, USA
4Department of Medical Oncology, Massachusetts General Hospital, Boston, 
Massachusetts, USA
5Belfer Center for Applied Cancer Science, Dana- Farber Cancer Institute, Boston, 
Massachusetts, USA
6Department of Medicine, Massachusetts General Hospital, Boston, Massachusetts, 
USA
7Yale Cancer Center, Yale University, New Haven, Connecticut, USA
8Broad Institute of MIT and Harvard, Cambridge, Massachusetts, USA
9Herbert Irving Comprehensive Cancer Center, Columbia University, New York, NY, USA

Twitter Douglas A Rubinson @labrat3

Acknowledgements The authors would like to acknowledge the DFCI Oncology 
Data Retrieval System (OncDRS) for the aggregation, management, and delivery of 
the clinical and operational research data used in this project. The content is solely 
the responsibility of the authors.

Contributors Data collection: JA, MU, NR, FGA, NJM, JMC, DAR, JWC, BF, LKB, 
MEC, AJR, MGJ, PHL, MJN, and MS.Study conception and design: AJB and PCE. 
Analysis and interpretation of results: LKdK, AKP, SD, HZ, PCE, and AJB. Draft 
manuscript preparation: LKdK, AKP, SD, PCE, and AJB.

Funding This trial and correlative research were supported by Merck.

Competing interests AJB received funding support from Bayer, Merck and 
Novartis. JMC received research funding to his institution from Abbvie, Merus, 
Roche, and Bristol Myers Squibb, received research funding from Merck, 
Astrazeneca, Esperas Pharma, and Tesaro, received consulting fees from Bristol 
Myers Squibb, and received travel funding from Bristol Myers Squibb. PCE has 
consulted for and has received honoraria from ALX Oncology, Arcus Bioscience, 
Astellas, Astra- Zeneca, Blueprint Medicines, Bristol- Myers Squibb, Celgene, Daiichi- 
Sankyo, Five Prime, Ideaya, Istari, Legend, Lilly, Loxo, Merck, Ono, Taiho, Takeda, 
Turning Point Therapeutics, Xencor and Zymeworks.

Patient consent for publication Not required.

Ethics approval This study was approved by the Harvard Cancer Center 
Institutional Review Board and was carried out in accordance with the Declaration 
of Helsinki.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request via 
corresponding author.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with 
the Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this work non- 
commercially, and license their derivative works on different terms, provided 
the original work is properly cited, appropriate credit is given, any changes 
made indicated, and the use is non- commercial. See http:// creativecommons. 
org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Leonie K de Klerk http:// orcid. org/ 0000- 0002- 8034- 641X
Sarah Derks http:// orcid. org/ 0000- 0002- 4547- 7457
Jeremy Augustin http:// orcid. org/ 0000- 0001- 8194- 0624
Douglas A Rubinson http:// orcid. org/ 0000- 0002- 5337- 5231

REFERENCES
 1 Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 

2018: GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries. CA Cancer J Clin 2018;68:394–424.

 2 Enzinger PC, Burtness BA, Niedzwiecki D, et al. CALGB 80403 
(Alliance)/E1206: A randomized phase II study of three chemotherapy 
regimens plus cetuximab in metastatic esophageal and 
gastroesophageal Junction Cancers. J Clin Oncol 2016;34: 
2736–42.

 3 Shah MA, Kojima T, Hochhauser D, et al. Efficacy and safety of 
pembrolizumab for heavily pretreated patients with advanced, 
metastatic adenocarcinoma or squamous cell carcinoma of the 
esophagus: the phase 2 KEYNOTE-180 study. JAMA Oncol 
2019;5:546–50.

 4 Kojima T, Shah MA, Muro K, et al. Randomized phase III 
KEYNOTE-181 study of pembrolizumab versus chemotherapy in 
advanced esophageal cancer. J Clin Oncol 2020;38:4138–48.

 5 Kato K, Sun J- M, Shah MA, et al. LBA8_PR pembrolizumab plus 
chemotherapy versus chemotherapy as first- line therapy in patients 
with advanced esophageal cancer: the phase 3 KEYNOTE-590 study. 
Ann Oncol 2020;31:S1192–3.

 6 Kato K, Cho BC, Takahashi M, et al. Nivolumab versus chemotherapy 
in patients with advanced oesophageal squamous cell carcinoma 
refractory or intolerant to previous chemotherapy (ATTRACTION-3): 
a multicentre, randomised, open- label, phase 3 trial. Lancet Oncol 
2019;20:1506–17.

 7 Boku N, Ryu MH, Oh D- Y, et al. LBA7_PR nivolumab plus 
chemotherapy versus chemotherapy alone in patients with previously 
untreated advanced or recurrent gastric/gastroesophageal junction 
(G/GEJ) cancer: ATTRACTION-4 (ONO-4538-37) study. Ann Oncol 
2020;31:S1192.

 8 Moehler M, Shitara K, Garrido M, et al. LBA6_PR Nivolumab (nivo) 
plus chemotherapy (chemo) versus chemo as first- line (1L) treatment 
for advanced gastric cancer/gastroesophageal junction cancer 
(GC/GEJC)/esophageal adenocarcinoma (EAC): First results of the 
CheckMate 649 study. Ann Oncol 2020;31:S1191.

 9 Patnaik A, Kang SP, Rasco D, et al. Phase I study of pembrolizumab 
(MK-3475; anti- PD-1 monoclonal antibody) in patients with advanced 
solid tumors. Clin Cancer Res 2015;21:4286–93.

 10 Kang Y- K, Boku N, Satoh T, et al. Nivolumab in patients with 
advanced gastric or gastro- oesophageal junction cancer refractory 
to, or intolerant of, at least two previous chemotherapy regimens 
(ONO-4538-12, ATTRACTION-2): a randomised, double- blind, 
placebo- controlled, phase 3 trial. Lancet 2017;390:2461–71.

 11 Bohnsack O, Hoos A, Ludajic K. Adaptation of the immune related 
response criteria: Irrecist. Ann Oncol 2014;25:iv369.

 12 Kulangara K, Zhang N, Corigliano E, et al. Clinical utility of the 
combined positive score for programmed death ligand-1 expression 
and the approval of pembrolizumab for treatment of gastric cancer. 
Arch Pathol Lab Med 2019;143:330–7.

 13 Fuchs CS, Doi T, Jang RW, et al. Safety and efficacy of 
pembrolizumab monotherapy in patients with previously treated 
advanced gastric and gastroesophageal junction cancer: phase 2 
clinical KEYNOTE-059 trial. JAMA Oncol 2018;4:e180013.

 14 Albayrak A, Garrido- Castro AC, Giannakis M, et al. Clinical pan- 
cancer assessment of mismatch repair deficiency using Tumor- 
Only, targeted next- generation sequencing. JCO Precis Oncol 
2020;8:1084–97.

 15 Garcia EP, Minkovsky A, Jia Y, et al. Validation of OncoPanel: a 
targeted next- generation sequencing assay for the detection of 
somatic variants in cancer. Arch Pathol Lab Med 2017;141:751–8.

 16 Manuszak C, Brainard M, Thrash E, et al. Standardized 11- color flow 
cytometry panel for the functional phenotyping of human T regulatory 
cells. J Biol Methods 2020;7:e131.

 17 Cunningham RA, Holland M, McWilliams E, et al. Detection of 
clinically relevant immune checkpoint markers by multicolor flow 
cytometry. J Biol Methods 2019;6:e114.

 18 Gu Z, Eils R, Schlesner M. Complex heatmaps reveal patterns 
and correlations in multidimensional genomic data. Bioinformatics 
2016;32:2847–9.

 19 Love MI, Huber W, Anders S. Moderated estimation of fold change 
and dispersion for RNA- seq data with DESeq2. Genome Biol 
2014;15:550.

 20 Golumbeanu M. TMixClust: time series clustering of gene expression 
with Gaussian mixed- effects models and smoothing splines version 
1.10.0 from Bioconductor

 21 Subramanian A, Tamayo P, Mootha VK, et al. Gene set enrichment 
analysis: a knowledge- based approach for interpreting 
genome- wide expression profiles. Proc Natl Acad Sci U S A 
2005;102:15545–50.

 22 Marabelle A, Fakih M, Lopez J, et al. Association of tumour 
mutational burden with outcomes in patients with advanced solid 
tumours treated with pembrolizumab: prospective biomarker analysis 
of the multicohort, open- label, phase 2 KEYNOTE-158 study. Lancet 
Oncol 2020;21:1353–65.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002472 on 30 S

eptem
ber 2021. D

ow
nloaded from

 

http://jitc.bmj.com/


13de Klerk LK, et al. J Immunother Cancer 2021;0:e002472. doi:10.1136/jitc-2021-002472

Open access

 23 Yarchoan M, Albacker LA, Hopkins AC, et al. Pd- L1 expression 
and tumor mutational burden are independent biomarkers in most 
cancers. JCI Insight 2019;4. doi:10.1172/jci.insight.126908. [Epub 
ahead of print: 21 Mar 2019].

 24 Le DT, Uram JN, Wang H, et al. Pd-1 blockade in tumors with 
mismatch- repair deficiency. N Engl J Med 2015;372:2509–20.

 25 Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency 
predicts response of solid tumors to PD-1 blockade. Science 
2017;357:409–13.

 26 Le DT, Kim TW, Van Cutsem E, et al. Phase II open- label study of 
pembrolizumab in treatment- refractory, microsatellite Instability- 
High/Mismatch repair- deficient metastatic colorectal cancer: 
KEYNOTE-164. J Clin Oncol 2020;38:11–19.

 27 Marabelle A, Le DT, Ascierto PA, et al. Efficacy of pembrolizumab in 
patients with noncolorectal high microsatellite Instability/ mismatch 
repair- deficient cancer: results from the phase II KEYNOTE-158 
study. J Clin Oncol 2020;38:1–10.

 28 Greally M, Chou JF, Chatila WK, et al. Clinical and molecular predictors 
of response to immune checkpoint inhibitors in patients with advanced 
esophagogastric cancer. Clin Cancer Res 2019;25:6160–9.

 29 Satake H, Lee KW, Chung HC, et al. Pembrolizumab (pembro) versus 
standard of care chemotherapy (chemo) in patients with advanced 
gastric or gastroesophageal junction adenocarcinoma: Asian 
subgroup analysis of KEYNOTE-062. JCO 2020;38:4523.

 30 Shitara K, Özgüroğlu M, Bang Y- J, et al. Pembrolizumab versus 
paclitaxel for previously treated, advanced gastric or gastro- 
oesophageal junction cancer (KEYNOTE-061): a randomised, open- 
label, controlled, phase 3 trial. Lancet 2018;392:123–33.

 31 Lin SJ, Gagnon- Bartsch JA, Tan IB, et al. Signatures of tumour 
immunity distinguish Asian and non- Asian gastric adenocarcinomas. 
Gut 2015;64:1721–31.

 32 Kim W, Chu TH, Nienhüser H, et al. Pd-1 signaling promotes 
tumor- infiltrating myeloid- derived suppressor cells and gastric 
tumorigenesis in mice. Gastroenterology 2021;160:106408

 33 Salgado R, Bellizzi AM, Rimm D. How current assay approval policies 
are leading to unintended imprecision medicine. Lancet Oncol 
2045;2020:20–2.

 34 FDA. Us food and drug administration, FoundationOne® Cdx. 
Available: https://www. accessdata. fda. gov/ cdrh_ docs/ pdf17/ 
P170019S017C. pdf

 35 Ghosh S, Sharma G, Travers J, et al. TSR-033, a Novel Therapeutic 
Antibody Targeting LAG-3, Enhances T- Cell Function and the 
Activity of PD-1 Blockade In Vitro and In Vivo. Mol Cancer Ther 
2019;18:632–41.

 36 Lichtenegger FS, Rothe M, Schnorfeil FM, et al. Targeting LAG-3 and 
PD-1 to enhance T cell activation by antigen- presenting cells. Front 
Immunol 2018;9:385.

 37 Sacdalan DB, Lucero JA, Sacdalan DL. Prognostic utility of baseline 
neutrophil- to- lymphocyte ratio in patients receiving immune 
checkpoint inhibitors: a review and meta- analysis. Onco Targets Ther 
2018;11:955–65.

 38 Kargl J, Zhu X, Zhang H, et al. Neutrophil content predicts 
lymphocyte depletion and anti- PD1 treatment failure in NSCLC. JCI 
Insight 2019;4. doi:10.1172/jci.insight.130850. [Epub ahead of print: 
19 Dec 2019].

 39 Wang T- T, Zhao Y- L, Peng L- S, et al. Tumour- activated neutrophils in 
gastric cancer foster immune suppression and disease progression 
through GM- CSF- PD- L1 pathway. Gut 2017;66:1900–11.

 40 Tokunaga R, Zhang W, Naseem M, et al. CXCL9, CXCL10, CXCL11/
CXCR3 axis for immune activation - A target for novel cancer 
therapy. Cancer Treat Rev 2018;63:40–7.

 41 House IG, Savas P, Lai J, et al. Macrophage- derived CXCL9 and 
CXCL10 are required for antitumor immune responses following 
immune checkpoint blockade. Clin Cancer Res 2020;26:487–504.

 42 Flynn MJ, Hartley JA. The emerging role of anti- CD25 directed 
therapies as both immune modulators and targeted agents in cancer. 
Br J Haematol 2017;179:20–35.

 43 Wang LS, Chow KC, Li WY, et al. Clinical significance of serum 
soluble interleukin 2 receptor- alpha in esophageal squamous cell 
carcinoma. Clin Cancer Res 2000;6:1445 LP–51.

 44 Hannani D, Vétizou M, Enot D, et al. Anticancer immunotherapy 
by CTLA-4 blockade: obligatory contribution of IL-2 receptors 
and negative prognostic impact of soluble CD25. Cell Res 
2015;25:208–24.

 45 Karakasheva TA, Lin EW, Tang Q, et al. IL-6 mediates cross- 
talk between tumor cells and activated fibroblasts in the tumor 
microenvironment. Cancer Res 2018;78:4957–70.

 46 Lin EW, Karakasheva TA, Hicks PD, et al. The tumor 
microenvironment in esophageal cancer. Oncogene 
2016;35:5337–49.

 47 Ebbing EA, van der Zalm AP, Steins A, et al. Stromal- derived 
interleukin 6 drives epithelial- to- mesenchymal transition and therapy 
resistance in esophageal adenocarcinoma. Proc Natl Acad Sci U S A 
2019;116:2237–42.

 48 Laino AS, Woods D, Vassallo M, et al. Serum interleukin-6 and C- 
reactive protein are associated with survival in melanoma patients 
receiving immune checkpoint inhibition. J Immunother Cancer 
2020;8:1–10.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002472 on 30 S

eptem
ber 2021. D

ow
nloaded from

 

http://jitc.bmj.com/

