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Abstract
Purpose: Single agent PD-1 inhibitors have yielded durable responses in a minority of gastroesophageal cancers. Radiation therapy has
been recognized to promote antitumor immune responses and may synergize with anti-PD-1 agents. We sought to evaluate if
combining palliative radiation therapy with pembrolizumab can augment antitumor immune responses in gastroesophageal cancer.
Methods and Materials: Patients had metastatic gastroesophageal cancer with indication for palliative radiation therapy with ≥2
disease sites outside of the radiation field assessable for abscopal response and biopsies for laboratory correlative analyses. Palliative
radiation was delivered to a dose of 30 Gy over 10 fractions. Pembrolizumab, 200 mg, was administered concurrently intravenously
every 3 weeks until disease progression, unacceptable toxicity, or study withdrawal, for up to 2 years. Endpoints included PD-L1
expression in pre- and posttreatment biopsies and abscopal objective response rate per Response Evaluation Criteria in Solid Tumors.
Results: Of 14 enrolled patients, the objective response rate was 28.6% (95% confidence interval, 8.4%-58.1%), and the median
duration of response was not reached (95% confidence interval, 6.9-NR months). Overall, 2 patients had treatment-related grade 3 to 4
adverse events with no grade 5 events. One patient discontinued therapy due to grade 4 colitis. We did not observe an association
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between radiation and abscopal changes in PD-L1 expression via assessment of an analogous PD-L1 Combined Positive Score, Tumor
Proportion Score, Mononuclear Immune Cell Density Score, or proportion of PD-L1-expressing immune cells between pre- and
posttreatment tumor biopsies.
Conclusions: Combining palliative radiation therapy and pembrolizumab provided promising durable responses in this patient
population but we were unable to definitively distinguish abscopal biologic changes. Biomarker analyses beyond PD-L1 expression are
needed to better understand putative mechanisms and identify patients who will benefit from this approach.
© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
The PD-1 inhibitor pembrolizumab has demonstrated
clinical activity in metastatic gastroesophageal cancers
(both squamous cell and adenocarcinomas), but single
agent response is predominantly enriched in certain gas-
troesophageal cancer (GEC) molecular subsets such as
those with high microsatellite instability (MSI-H) and
Epstein-Barr virus (EBV) association.1-3 Conversely, the
more predominant GEC molecular subtypes classified by
The Cancer Genome Atlas of tumors with chromosomal
instability and genomically stable tumors have reported
response rates of only 5% and 12%, respectively.3 Tumor
PD-L1 expression as enumerated by combined positive
scoring (CPS) of both PD-L1 expressing tumor cells and
immune cells garnered regulatory approval as a bio-
marker for single agent pembrolizumab prescribing in
GEC, but more recent studies point toward higher base-
line expression cutoffs as opposed to the dichotomous
absence or presence of PD-L1 to be more associated with
clinical benefit.4,5 More recently, the US Food and
Drug Administration approved adding nivolumab to
first-line chemotherapy for metastatic GECs with adeno-
carcinoma histology alone, and the addition of pembroli-
zumab to first-line chemotherapy for esophageal
squamous cell or adenocarcinomas regardless of PD-L1
biomarker assessment.6,7 However, the benefit for incor-
poration of anti-PD-1 therapy still appears better delin-
eated if PD-L1 CPS assessment exceeds certain thresholds
of expression such as ≥5 in the CheckMate 649 trial add-
ing nivolumab or ≥10 in the KEYNOTE-590 trial adding
pembrolizumab.8,9 As such, there still remains a fair pro-
portion of patients with lower PD-L1 CPS expression for
which the combination of chemotherapy and anti-PD-1
therapy does not yet yield improved clinical outcomes.

The abscopal effect is a well annotated clinical phenome-
non in cancer radiation therapy (RT), in which metastatic
lesions outside the field of RT regress and is attributed to
immune-mediated mechanisms.10,11 In preclinical models,
combination RT and PD-1/PD-L1 axis blockade exhibits
synergistic antitumor activity and upregulates tumor PD-
L1 and infiltrating T-cell PD-1 expression to restrain
immune responses.12-14 This background lends credence to
ongoing efforts to combine RT and immune checkpoint
inhibition in attempts to augment higher likelihood of
response among a greater proportion of GEC patients. We
present the study results for a phase 2 trial combining pem-
brolizumab and palliative RT inmetastatic GEC patients.
Methods and Materials
Study design, treatment, participants

This was a single center, nonrandomized, phase 2 trial
for patients 18 years or older with metastatic gastric, gas-
troesophageal junction, or esophageal either squamous
cell or adenocarcinoma. Patients had indication for pallia-
tive radiation for symptoms related to their primary
tumor or metastatic site including pain, dysphagia, or
bleeding, with exception of patients needing radiation to a
symptomatic CNS metastasis. There were no limits on
prior lines of therapy and patients may be treatment-
naïve with the exception that patients with adenocarci-
noma histology and known HER2 overexpression were
required to have progressed or be intolerant of prior tras-
tuzumab-containing therapy. No prior anti-PD-1 or anti-
PD-L1 therapy was allowed. To measure the abscopal
effect, patients were required to have a radiographically
measurable lesion outside of the field of radiation, and a
disease site amenable to image guided or endoscopic pre-
and posttreatment biopsies. Palliative radiation was stan-
dardized for a dose of 30 Gy in 10 fractions, with the first
fraction of radiation coinciding with cycle 1, day 1 of
pembrolizumab. Both 3-dimensional conformal radiation
therapy and intensity modulated radiation therapy were
allowed, with full details of the radiation treatment plan-
ning available in the Trial Protocol Supplementary File.
Pembrolizumab was administered intravenously at
200 mg every 3 weeks, and continued until disease pro-
gression, unacceptable toxicity, investigators’ decision to
withdraw treatment, or completion of 35 administrations
corresponding to 2 years of therapy. The study received
local institutional review board approval and all patients
provided written informed consent before the onset of
any research interventions.

The primary endpoint was a biomarker-driven input of
assessing immune cell populations in pre- and posttreat-
ment tumor biopsy specimens outside the field of radia-
tion. Secondary endpoints included objective response
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rate, duration of response, progression-free survival
(PFS), and overall survival (OS). Tumor objective
response was assessed per Response Evaluation Criteria in
Solid Tumors (RECIST), version 1.1, by investigator
assessment every 6 weeks through the first 18 weeks then
every 9 weeks thereafter. Only tumor lesions outside of
the field of radiation were included as measurable target
lesions for strict assessment of abscopal RECIST 1.1
responses, but the irradiated lesion was included in non-
target assessment to still enable determination of RECIST
1.1 progression if it were to exhibit unequivocal worsen-
ing. Adverse events (AEs) were collected as per NCI
CTCAE version 4.0.
Biomarker analysis

Pretreatment biopsy was performed during screening,
and posttreatment biopsy around 21 days after comple-
tion of radiation therapy (corresponding to approximately
cycle 2, day 15 of pembrolizumab). Both biopsies were
outside of the field of radiation therapy to assess abscopal
biomarker correlates. PD-L1 expression in tumor and
immune cell populations within pre- and posttreatment
tumor biopsies were conducted using multispectral
immunofluorescence via the Opal-TSA based assay
(Akoya Biosciences). This method distinguished PD-L1-
expressing or nonexpressing pan-cytokeratin staining
tumor cells (CK) and macrophages (CD68). In one multi-
color panel, staining antibodies were applied against
CD68 (KP1, Biocare), PD-L1 (SP142, Spring), and CK
(AE1/AE3, Agilent Dako). Images were acquired by Vec-
tra 3.0 automated quantitative pathology imaging system
(Akoya Biosciences), and the cell annotation was per-
formed using inForm Cell Analysis software, which uses
machine-learning based cell phenotyping. In this study,
only immune cells proximate to the cancer cells were
counted to score only cells directly associated with
response against the tumor. To achieve this selection, a k-
nearest neighbor algorithm was used to identify the
immune cells which can reach the cancer cells within 100
microns (k = 1).

PD-L1 staining was performed using SP142 antibody
and tumor cells were counted for PD-L1 expression only
if membranous staining was present while immune cells
were counted if either membranous or cytoplasmic stain-
ing was present. Fibroblasts and endothelial cells that may
falsely contribute PD-L1 signal were subtracted based on
their elongated cell shape and lower nuclear to cyto-
plasmic ratio compared with tumor cells and immune
cells. As such the remaining PD-L1 staining of CD68 neg-
ative cells were representative of mononuclear immune
cells. Viable carcinoma cells were confirmed by assess-
ment of corresponding hematoxylin and eosin stain slide
sections by the pathologist (M.D.) as to exclude benign
cells that were CK-staining. Analogous CPS, Tumor
Proportion Scores (TPS), and Mononuclear Immune Cell
Density Scores (MIDS) were calculated per published
algorithms.15 The proportion of PD-L1 expressing
immune cells was calculated as per the following formula:

Proportion PD� L1 expressing immune cells %ð Þ

¼ No: PD� L1 stained immune cells

Total immune cells
� 100%
Statistical analysis

For a target accrual of 14 patients, there was 96%
power to detect at least one responder if the true response
rate is ≥21%, which is in the range of 22% from the phase
1 trial of pembrolizumab for gastric cancer that was the
available historical reference at study conception.16 Fail-
ure to observe any abscopal response in the 14 patients
would have resulted in lack of enthusiasm for the combi-
nation of pembrolizumab and RT in this population. PFS
and OS were determined using the Kaplan-Meier method.
Descriptive statistics were used to characterize differences
in PD-L1 biomarker scoring between pre- and posttreat-
ment biopsies. Additional details of statistical analyses are
provided in the Trial Protocol Supplementary File.
Results
Between December 13, 2016, and September 19, 2018, 14
patients were treated. The median age was 67 years (range,
40-91), 12 patients (86%) were male, 5 (36%) had no prior
therapy, and 3 (21%) had ESCC (Table 1). As of data cut-off
of December 31, 2019, the median duration of follow-up
was 23.2 months (95% CI, 1.9-29.9), and 1 patient contin-
ued to receive pembrolizumab (Fig. E1). Most common
treatment-related AEs were fatigue and pruritus that were
grade 1 to 2 in severity (Table 2). Grade 3 to 4 AEs included
1 patient with grade 3 diarrhea and an additional 1 patient
with grade 4 enterocolitis that required discontinuation of
protocol therapy. No grade 5 treatment-related AEs were
observed.

Confirmed partial responses via RECIST 1.1 assess-
ment of only abscopal sites of disease were observed in 4
patients with the median duration of response not being
reached (95% CI, 6.9-NR mo; Table 3). The tumor site
indicated for palliative radiation therapy for each respec-
tive patient and the corresponding metastatic disease
areas used for out of the RT field tumor biopsies and
RECIST 1.1 assessment are listed in Table 4. Ongoing
response lasting >12 months was exhibited in 3 of the
4 patients at data cutoff. All of the patients with con-
firmed response were of adenocarcinoma histology, with
3 of the 4 responders enrolled into the protocol as their
first-line therapy. Median PFS and OS for all patients was



Table 1 Baseline characteristics

Characteristic All patients (N = 14)

Age (y)
Median (min, max) 67 (40, 91)

Sex, n (%)
Female 2 (14%)
Male 12 (86%)

Race, n (%)
White 7 (50%)
Asian 5 (36%)
Black or African-American 1 (7%)
Hispanic 1 (7%)

Histologic subtypes, n (%)
Squamous cell carcinoma 3 (21%)
Adenocarcinoma 11 (79%)

HER2 status,* n (%)
Negative 11 (100%)
Positive 0 (0%)

ECOG Performance Status, n (%)
0 3 (21%)
1 11 (79%)

Prior lines of therapy, n (%)
0 5 (36%)
1 7 (50%)
≥ 2 2 (14%)

* Among adenocarcinoma histologies only.
Abbreviation: EGOG = Eastern Cooperative Oncology Group.

Table 3 Objective tumor response

Best overall response No. (%) N = 14

Objective responses (CR + PR) 4 (28.6) 95% CI 8.4-58.1
CR 0 (0)
PR 4 (28.6)
SD 1 (7.1)
Unconfirmed PR 1 (7.1)
Progressive disease 7 (50.0)
No assessment* 1 (7.1)
Duration of response,
median (range), mo

Not reached (8.4-35.2 +)

* Patient experienced symptomatic disease progression before post-
treatment tumor assessment.
Abbreviations: CI = confidence interval; CR = complete response; PR
= partial response; SD = stable disease.
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1.3 (95% CI, 1.1-NR mo) and 3.7 months (95% CI, 2.0-
26.2 mo), respectively (Fig. 1). MSI status was determined
via standard of care mismatch repair protein IHC, micro-
satellite PCR, or broad panel NGS testing, with
no patients having tumors that were MSI-H. Post hoc
Table 2 Treatment-related adverse events

Adverse events No. (%) (N = 14)

Grade 1-2 (≥10% incidence)
Fatigue 4 (29)
Pruritus 4 (29)
Pneumonitis 2 (14)
Skin rash 2 (14)
Constipation 2 (14)
Xerostomia 2 (14)
Thrombocytopenia 2 (14)
Grade 3-4*
Fatigue 0 (0)
Pruritus 0 (0)
Pneumonitis 0 (0)
Skin rash 0 (0)
Constipation 0 (0)
Xerostomia 0 (0)
Thrombocytopenia 0 (0)
Diarrhea 1 (7)
Enterocolitisy 1 (7)

* No grade 5 treatment-related events.
y Led to treatment discontinuation.
analysis of tumor EBV status was performed among
the 3 patients with ongoing response with none
exhibiting positivity for EBV viral RNA by EBER in situ
hybridization.

Multicolor immunofluorescence was performed to
quantitate analogous PD-L1 CPS, TPS, and MIDS expres-
sion in pre- and posttreatment biopsies (Table 5). One
patient did not undergo any biopsies due to site of metas-
tasis not being visualized under image guidance and 2
patients did not undergo the second biopsy for patient
safety. Despite sampling of the same disease site for each
patient where the pretreatment biopsies had yielded viable
tumor, 4 patients had posttreatment biopsies without any
viable cancer cells but only residual stromal tissue
(Table 5, patients 1, 7, 11, and 13). Among the 7 remain-
ing patients, PD-L1 CPS, TPS, and MIDS expression was
not significantly different between pre- and posttreatment
samples, with none of these 7 patients deriving a response
to therapy. For patients with a confirmed PR, 3 of 4 had
available paired biopsies, but no viable cancer cells on the
posttreatment biopsies to enable determination of tempo-
ral changes in CPS, TPS, or MIDS. Among the 3 con-
firmed PR patients with an assessable pretreatment
biopsy, the baseline PD-L1 CPS values were 1, 43, and 11
(Table 5). There was one additional patient whose post-
treatment biopsy yielded no viable carcinoma cells, but
this patient exhibited progressive disease as best response
(Table 5, patient 11). As such, we explored any changes in
the proportion of PD-L1-expressing assessable immune
cells in paired biopsies and observed no significant differ-
ences or trends before and after therapy (Table 5).
Discussion
This report to our knowledge is the first in metastatic
GEC to prospectively administer a PD-1 inhibitor concur-
rent with palliative RT to query abscopal responses. Dura-
bility of responses were encouraging but proportion of



Table 4 Histology, primary tumor characteristics, palliative radiation therapy indications, and abscopal sites of biopsy and tumor response assessment

Primary tumor
location Histology Indication for palliative RT Out of RT field sites of biopsy

Out of RT field RECIST 1.1
target lesions

1 GEJ Adenocarcinoma: poorly differentiated Dysphagia from primary tumor Liver metastasis Liver metastases
2 Gastric antrum Adenocarcinoma: poorly differentiated Bleeding from primary tumor Liver metastasis Liver metastases
3 Gastric cardia and

fundus
Adenocarcinoma: moderate to poorly
differentiated

Bleeding from primary tumor FDG avid axillary lymph node;
biopsy deferred as not visualized
on ultrasound

Mediastinal lymph node

4 GEJ Adenocarcinoma: poorly differentiated Pain from right pelvic bone
metastasis

Left arm subcutaneous metastasis Liver metastasis and left scapular
soft tissue metastasis

5 Gastric body Adenocarcinoma: signet ring cell Bleeding from primary tumor Liver metastasis Liver metastases and portacaval
lymph node

6 Midesophagus Squamous cell carcinoma: moderate to
poorly differentiated

Pain from right pleural metastasis Left lung lower lobe metastasis Lung metastases and gastrohepatic
lymph node

7 GEJ Adenocarcinoma: signet ring cell Dysphagia from primary tumor Left adrenal metastasis Subcarinal lymph node
8 Midesophagus Squamous cell carcinoma: poorly

differentiated
Dysphagia from primary tumor Right gluteal metastasis Mesenteric and peritoneal metas-

tases and paraspinal muscle
metastasis

9 Gastric antrum Adenocarcinoma: moderately
differentiated

Gastric outlet obstruction from
primary tumor

Liver metastasis Liver metastases

10 Gastric antrum Adenocarcinoma: signet ring cell Pain from left thigh metastasis Left inguinal lymph node metastasis Pericardiac soft tissue metastasis
11 Gastric antrum Adenocarcinoma: poorly differentiated Pain from left shoulder metastasis Right breast metastasis Right gluteal metastasis

12 Midesophagus Squamous cell carcinoma: poorly
differentiated

Dysphagia from primary tumor Right clavicular soft tissue metastasis Left supraclavicular lymph node,
thoracic spine, and mesenteric
lymph node metastases

13 Gastric body Adenocarcinoma: poorly differentiated Pain from retroperitoneal lymph
node metastasis

Gastric primary tumor Gastrohepatic lymph node

14 GEJ Adenocarcinoma: poorly differentiated Dysphagia from primary tumor Liver metastasis Liver metastases and porta hepatis
lymph node

Abbreviations: FDG = fluorodeoxyglucose; GEJ = gastroesophageal junction; RECIST = Response Evaluation Criteria in Solid Tumors; RT = radiation therapy.
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Figure 1 (A) Progression free and (B) overall survival for the
entire trial population. Blue lines represent 95% confidence
intervals.
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such responses were still modest in our study population.
However, confirmation of all cases being MSS and EBV
negative excluded these molecular subtypes of GEC
accounting for the responses observed.3 Median PFS
and OS in our study also appeared shorter than
larger randomized studies examining single agent
pembrolizumab.1,17,18 Arguably, with our study examin-
ing patients in need of palliative radiation the vast major-
ity were of lower performance status Eastern Cooperative
Oncology Group 1 where a lesser benefit to pembrolizu-
mab and poorer survival has been reported versus patients
who are asymptomatic and Eastern Cooperative Oncology
Group 0.17 In addition, the requirements for at least 2
abscopal sites outside of the radiation field led to recruit-
ment of patients with significant metastatic disease bur-
den including 6 of 14 patients with liver metastases where
recent patient observations of limited immunotherapy
efficacy have been supported by preclinical models.19 For
our study, we chose a standard fractionation schedule of
30 Gy over 10 fractions given this schedule is still highly
relevant to current practice in metastatic GEC.20,21

Research efforts are ongoing to define the optimal
radiation dose to use in the clinic to augment immune
responses. Preclinical models more recently suggest
higher ablative RT doses of >10 to 12 Gy per fraction
blunts immune responses through upregulation of the
exonuclease TREX1,22 and as such the lower dose per
fraction we used may still synergize with anti-PD-1
therapy.

We were unable to observe consistent upregulation of
intratumoral PD-L1 levels in abscopal lesions after radia-
tion or a pharmacodynamic association with response to
PD-1 inhibition that has been suggested in preclinical
models.12-14 Retrospective data sets have noted other
immune checkpoints such as TIM3, GITR, IDO1, LAG3,
and KIR are upregulated in GEC after treatment with
radiation, pointing toward the existence of heterogeneity
in immunosuppressive mechanisms which may restrain
the abscopal response and should be further studied.23

Spatial intrapatient heterogeneity for GEC PD-L1 expres-
sion may also confound PD-L1 biomarker analyses, that
is, primary and metastatic tumor sites within the same
patient may have inherent interlesional variability in PD-
L1 expression and should also be factored into future
efforts.24,25 In addition, we conducted endoscopic or
radiographically guided core biopsies, which is in line
with standard of care and patient welfare in terms of lim-
iting the invasiveness of the associated procedures. How-
ever, a recent patient case series also points to limited
tumor sampling potentially not representing the PD-L1
expression status of whole section surgically resected gas-
tric cancer specimens raising the issue of intralesional het-
erogeneity.26 Temporal heterogeneity of GEC tumor PD-
L1 expression has also been reported in 2 separate case
series where discordance of PD-L1 expression in the range
of 20% to 50% has been observed between 2 sampling
timepoints.24,27 The context for both of these studies were
for patients undergoing cytotoxic chemotherapy and the
overall trend was for loss of PD-L1 expression postther-
apy. Abscopal tumor PD-L1 expression invariably could
not be studied with the systemic exposure of cytotoxic
drugs achieved in these patient cohorts. Studies are also
likely not feasible to assess the temporal variability of PD-
L1 expression under no treatment pressure, as that would
entail repeated tumor sampling in patients whose meta-
static disease is allowed to progress in a typically fatal nat-
ural course. Although we ultimately did not observe any
significant trends, to our knowledge our study is unique
in reporting on PD-L1 expression after exposure to sys-
temic single-agent anti-PD-1 therapy in an exclusively
GEC population. Although we had patients undergo a
second biopsy after a relatively short duration of initiating
protocol therapy (»36 days), complete tumor cell necrosis
had already occurred in a fair proportion that invariably
affected the ability to perform tumor biomarker analyses.
The one patient with complete tumor cell necrosis but
whose overall disease burden did not respond to protocol
therapy also speaks to the potential for intrapatient



Table 5 PD-L1 CPS, TPS, and MIDS expression and proportion of PD-L1 expressing immune cells in available pre- and posttreatment biopsies in all study patients and
associated RECIST 1.1. best overall response

Patient
sequence

PD-L1 CPS PD-L1 TPS (%) PD-L1 MIDS
Proportion of PD-L1 expressing

immune cells (%)

RECIST 1.1
Best Overall
Response

Pretreatment Posttreatment Pretreatment Posttreatment Pretreatment Posttreatment Pretreatment Posttreatment

1 1 NE: no viable
carcinoma cells

0 NE: no viable
carcinoma cells

1 NE: no viable
carcinoma cells

1.5 4.7 PR

2 10 6 1 1 9 5 3.1 2.3 PD
3 Biopsy deferred Biopsy deferred Biopsy deferred Biopsy deferred Biopsy deferred Biopsy deferred Biopsy deferred Biopsy deferred PR
4 9 36 1 2 8 34 1.8 15.8 PD
5 6 Biopsy deferred 2 Biopsy deferred 4 Biopsy deferred 1.6 Biopsy deferred Not assessed
6 13 1 7 0 6 1 4.7 2.3 PD
7 43 NE: no viable

carcinoma cells
1 NE: no viable

`carcinoma cells
42 NE: no viable

carcinoma cells
13.7 3.7 PR

8 32 13 0 8 32 5 0.9 11.0 Unconfirmed
PR

9 8 1 2 0 6 1 2.1 3.2 PD
10 30 4 3 1 27 3 1.1 6.3 SD
11 2 NE: no viable

carcinoma cells
0 NE: no viable

carcinoma cells
2 NE: no viable

carcinoma cells
5.1 1.32 PD

12 9 Biopsy deferred 0 Biopsy deferred 9 Biopsy deferred 3.9 Biopsy deferred PD
13 11 NE: no viable

carcinoma cells
1 NE: no viable

carcinoma cells
10 NE: no viable

carcinoma cells
4.6 4.7 PR

14 1 15 0 0 1 15 1.2 5.4 PD
Mean
PD-L1
values*

15 11 2 2 13 9 3.6 5.5

P valuey .60 .87 .64 .36

Abbreviations: CPS = combined positive scoring; MIDS = Mononuclear Immune Cell Density Scores; NE, not evaluable; PD, progressive disease; PR, partial response; RECIST = Response Evaluation Criteria
in Solid Tumors; SD = XXX; TPS = Tumor Proportion Scores.
* Among samples with assessable pairs.
y Paired t test.

A
d
van

ces
in

R
ad

iation
O
n
colog

y:Jan
uary−

Feb
ruary

2022
Pem

b
rolizum

ab
w
ith

Palliative
R
T
in

G
EC

7



8 J. Chao et al Advances in Radiation Oncology: January−February 2022
interlesional heterogeneity affecting interpretation of bio-
logical correlates from tumor biopsies. Other novel
research methodologies should be explored, and liquid
biopsy assays such as assessment of circulating immune
cell populations may hold promise in interrogating
dynamics of the immune response.28,29 In addition, circu-
lating tumor DNA kinetics while initially linked to molec-
ularly targeted strategies may also have potential
as pharmacodynamic markers of immunotherapy
response.30-32 Adding further complexity to predictive
biomarker assessment is the ascertainment of bacterial
diversity in the stool microbiome has also emerged as cor-
relating with clinical efficacy to PD-1 inhibitors.33,34

Three of our 4 responding patients derived a response
with receiving palliative RT and pembrolizumab as first-
line therapy as opposed to only one patient deriving
a response entering the trial as later-line therapy. How-
ever, larger prospective GEC trial data sets have reported
equivalent proportion of responders to single agent pem-
brolizumab irrespective of line of therapy, albeit still lim-
ited to »15% of patients even when tumor PD-L1
expression is detected.1,17,18 Incorporation of PD-1 inhibi-
tors in combination with first-line chemotherapy for met-
astatic gastroesophageal cancers has become the more
pragmatic application in the clinic, although benefit seems
allocated to certain PD-L1 CPS cutoffs (≥5 for nivolumab
and ≥10 for pembrolizumab).8,9 The need for palliative
RT to treat bleeding or dysphagia from the primary tumor
before onset of first-line systemic therapy for synchronous
metastatic disease is not an uncommon clinical scenario
as exemplified by radiation therapy indications for
patients enrolled in our trial. For the former cytotoxic
chemotherapy may even be contraindicated in exacerbat-
ing complications from anemia. Palliative concurrent che-
moradiotherapy versus radiation therapy alone in a
prospective randomized trial for both esophageal adeno-
carcinoma and squamous cell carcinoma patients did not
demonstrate increased relief of dysphagia or a survival
benefit while coming with the cost of greater toxicity.35

Our data would support future larger studies to validate
an alternative approach of initially including immune
checkpoint inhibition with RT in attempts to induce an
abscopal response of the metastatic disease burden.
Patients subsequently may not need to compromise start-
ing of systemic therapy if palliative radiation therapy is
needed first as anti-PD-1 therapy can be included with
the RT and subsequently continued with cytotoxic che-
motherapy once RT is concluded. In-field radiation antitu-
mor responses may also be potentiated and has been
suggested by other investigators reporting on retrospective
data sets of metastatic gastric cancer patients receiving anti-
PD-1 therapy preceding RT.36 Although not an objective of
our trial, among our durably responding patients the target
radiated lesions have also remained in response which
exceeds expectations and reported durations of palliative
radiation therapy courses.37 Collection of patient-reported
outcomes in relation to palliation of symptoms of bleeding,
pain, and dysphagia and quality-of-life measurements
should be compared in a randomized study to ensure the
benefit of adding anti-PD-1 therapy to single modality palli-
ative RT.
Conclusions
Our study observed no concerning safety signals with
combining PD-1 inhibitors with radiation therapy consis-
tent with studies reported in other tumor types.38,39 A
proportion of patients with MSS, EBV-negative tumors
demonstrated encouraging durable responses that should
be explored in larger trials. Weaknesses of our study
include the lack of a comparative control arm of single
agent pembrolizumab to clearly delineate if our observed
responses may have occurred in the absence of concurrent
radiation and our modest trial size limited to a single
center. Larger studies should be considered to validate
this strategy in metastatic gastroesophageal cancer and
collect patient-reported outcomes to ascertain if quality-
of-life improvements merits addition of immune check-
point inhibition to usual symptoms alleviated by palliative
radiation. Additional composite biomarkers beyond
PD-L1 which use novel testing methodologies and
orthogonal approaches such as liquid biopsies should be
incorporated.
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