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INTRODUCTION

Gastroesophageal adenocarcinomas (GEAs) represent
a significant global health concern, often presenting
in late, metastatic stages resulting in high levels of
morbidity and mortality.1-3 Diffuse-type gastric cancers
characterized by poorly cohesive cells and often signet
ring morphology have a worse prognosis as the result
of earlier age of onset, rapid disease progression, high
rates of metastases, and decreased response rates to
standard therapies.4-6 The genomic heterogeneity of
GEAs between and within patients has been well
described, and the identification of actionable muta-
tions is a field of study with novel clinical trial designs.7-12

Comprehensive genomic profiling using tissue-based
next-generation sequencing (NGS) of GEAs has dem-
onstrated recurrent genomic alterations, including
frequently observed gene amplifications of receptor
tyrosine kinases (RTKs) such as HER2, MET, EGFR,
FGFR2, and also downstream KRAS, each of which
may benefit from targeted treatment.13,14 NGS of cell-
free circulating tumor DNA (ctDNA-NGS) can pro-
vide further disease characterization and important
prognostic information when correlated with serial
ctDNA response.15,16

EGFR is a well-recognized genomically activated on-
cogenic driver. EGFR monoclonal antibodies and
tyrosine kinase inhibitors have been approved for
numerous malignancies. Early-phase clinical trials
suggested potential benefit in GEAs17-19; however,
larger phase III trials incorporating EGFR inhibition in
first- and later-line settings were subsequently negative,
although notably performed in biomarker-unselected
patient populations.20-22 The clinical activity of EGFR
inhibitors in GEAs with genomically activated EGFR
amplification has been previously described, including
in cases where conventional therapies have been
exhausted.23,24 Although response rates are notably
high in EGFR-amplified tumors, widespread potential
for anti-EGFR treatment resistance, including genomic

activation of downstream MAPK and PIKCA pathways,
is common.23

An immune checkpoint inhibitor (ICI), pembrolizumab,
is approved for third-line treatment of microsatellite
stable GEA tumors with PD-L1 expression by combined
positivity score (CPS)≥ 1, although response rate is only
13.3%.25,26 Recently, the strategy of ICIs in combination
with anti-HER2 antibodies for HER2-amplified tumors
has demonstrated efficacy.27-29 For GEA tumors har-
boring other RTK amplifications, such as EGFR, this
strategy of dual-target inhibition toward the RTK in
combination with ICIs to harness both the innate and
adaptive immune systems to potentially overcome re-
sistance mechanisms toward either agent alone may
represent an important novel therapeutic strategy.
Herein, we report the first case, to our knowledge, of
an exceptional response to combination anti-EGFR
and anti–PD-1 dual antibody therapy in a patient
with chemorefractory GEA harboring EGFR ampli-
fication and low-level PD-L1 expression.

CASE REPORT

A 43-year-old, previously healthy woman presented
with abdominal pain in fall 2018. On September 27,
2018, she underwent endoscopy and was diagnosed
with a gastric fundus ulcer demonstrating a poorly
differentiated adenocarcinoma, Epstein-Barr virus
negative, with HER2 immunohistochemistry (IHC) 3+
expression. She received neoadjuvant chemotherapy
with FLOT (fluorouracil, leucovorin, oxaliplatin, doce-
taxel) for four cycles, which she tolerated poorly because
of nausea/vomiting, fatigue, alopecia, and neuropathy.
On January 10, 2019, she underwent a total gastrec-
tomy, esophagojejunostomy, and cholecystectomy. Fi-
nal pathology demonstrated ypT4aN3aM0R0, grade 2
pathologic response, poorly differentiated adenocarci-
noma with signet ring cell features (mixed type),
extending to the serosal surface with 12 of 16 lymph
node involvement, and HER2 IHC 3+ expression. Given
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the poor pathologic response to neoadjuvant therapy, per the
outside treating physician she then received 5 weeks of ad-
juvant chemoradiation with capecitabine, which was com-
pleted in May 2019.

On August 28, 2019, a computed tomography (CT) scan
of the abdomen and pelvis demonstrated postsurgical
changes and high-density adnexal lesions. By Novem-
ber 2019, an abdominal magnetic resonance image

TABLE 1. Summary of Molecular Pathology

Molecular Analysis
Baseline Diagnostic Biopsy

Sep. 27, 2018

Primary Tumor Surgical
Resection ypT4aN3aMxR0

Jan. 10, 2019

Recurrent Peritoneal Disease
Debulking Surgery
Dec. 16, 2019

Baseline ctDNA Analysis
Feb. 20, 2020

HER2 IHC 3+ 3+ 1+ —

PD-L1 IHC CPS 2 CPS 0 CPS 3 —

EGFR FISH Amplified Nonamplified Amplified

EGFR copy 16.1 1.8 16.1 —

CEP7 copy 2.4 1.8 2.2

EGFR/CEP7 6.8 1 7.3

Tumor DNA NGS EGFR amplification 20 copies TP53 p.R248W 10.6% EGFR amplification 20 copies EGFR amplification 18.8 copies

TP53 p.R248W 38.9% ARID1A p.Q529* 8.7% TP53 p.R248W 38.9% TP53 p.R248W 8.5%

ARID1A p.Q529* 20.5% ARID1A p.M950fs 6.1% ARID1A p.Q529* 20.5% ARID1A p.Q529* 5%

ARID1A p.M950fs 20.5% MSS ARID1A p.M950fs 20.5% AR L548V 0.9%

RAD51C p.M1? 11.9% TMB 3.7 mt/MB RAD51C p.M1? 11.9% MSI-H not detected

MSS MSS

TMB 3.2 mt/MB TMB 3.7 mt/MB —

Tumor RNA NGS QNS CLDN18–ARHGAP26 fusion CLDN18–ARHGAP26 fusion —

a EGFR overexpression

Germline DNA NGS No pathogenic alteration No pathogenic alteration No pathogenic alteration —

MLH1 Q62R VUS MLH1 Q62R VUS MLH1 Q62R VUS

Abbreviations: CPS, combined positivity score; ctDNA, circulating tumor DNA; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; MSI-
H, high microsatellite instability; MSS, microsatellite stable; mt/MB, mutations per megabase; NGS, next-generation sequencing; QNS, quantity insufficient
for testing; TMB, tumor mutational burden; VUS, variant of uncertain significance.

aTumor content too low to perform relative RNA expression level analysis (including EGFR).

Sep. 27, 2018 Diagnostic Biopsy
PD-L1 CPS 2

Jan. 10, 2019 Primary Tumor Resection
PD-L1 CPS 0

Dec. 16, 2019 TAH/BSO Debulking
PD-L1 CPS 3

EGFR FISH positive

EGFR 16.1

CEP 7 2.4

Ratio 6.8

EGFR FISH negative

EGFR 1.8

CEP 7 1.8

Ratio 1

EGFR FISH positive

EGFR 16.4

CEP 7 2.2

Ratio 7.3

FIG 1. Immunohistochemistry (IHC)
analysis of PD-L1 and fluorescence
in situ hybridization (FISH) analysis of
EGFR on three time points obtained
before initiation of anti-EGFR and anti–
PD-1 combination therapy. CPS, com-
bined positivity score; TAH/BSO, total
abdominal hysterectomy–bilateral salpingo-
oophorectomy.
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demonstrated clear masses consistent with recurrent
metastatic peritoneal disease. Given her symptoms of
abdominal pain, on December 16, 2019, palliative bilateral
ovarian tumor debulking and salpingectomy were per-
formed. The final pathology showed extensive metastatic
involvement of focally necrotic grade 3, poorly differentiated
adenocarcinoma with more than 50% signet rings. Lym-
phovascular invasion was present in all specimens, in-
cluding the ovaries, cul-de-sac, infra-colic omental remnant,
and small bowel mesentery biopsies.

She presented to University of Chicago Medical Oncology
for an initial consult on January 2, 2020. She endorsed
fatigue and weight loss of more than 50 pounds since
the initial primary tumor resection in January 2019. A
restaging CT scan on January 24, 2020, demonstrated
rapid progression from scans obtained in December
2019, with encasement of the left ureter and peritoneal,
pleural, and intrahepatic metastases. Treatment options
for recurrent metastatic disease were discussed. How-
ever, she declined further chemotherapy or port-a-cath
replacement given prior chemotherapy intolerance, in-
fection of her first central venous access, and declining
performance status.

Molecular testing was performed with ctDNA with Guardant
360 on February 20, 2020, and Tempus xT on the DNA/
RNA from the December 16, 2019, palliative meta-
stasectomy. Tumor-NGS results demonstrated EGFR
amplification (20 copies) by DNA-NGS and CLDN18-
ARHGAP26 chromosomal rearrangement and EGFR
overexpression by RNA-NGS. PD-L1 IHC was CPS 3 by
Dako PD-L1 22C3 clone 3. Analysis of ctDNA-NGS dem-
onstrated EGFR amplification (18.8 copies; Table 1, Figs 1
and 2).

The patient had previously experienced rapid progression
after curative-intent chemotherapy and chemoradiotherapy
and now declined further chemotherapy. Given the findings
of high EGFR amplification in her tumor and blood; PD-L1
positivity in the tumor; and after discussing the rationale
and potential risks and benefits, the decision was made to
proceed with cetuximab 500 mg/kg and nivolumab 240 mg
every 2 weeks for four cycles. While awaiting insurance
approval of this planned treatment, she experienced in-
creased bloating and underwent palliative paracentesis
on February 11, 2020, with 2.6 L drained but with rapid
ascites re-accumulation. She presented to an emer-
gency department on February 15, 2020, with nausea,

Highest Variant
Allele Fraction, % 8.5 0.4 0.5

Jul. 14, 2020Apr. 14, 2020

R
es

ta
gin

g a
ft
er

 fo
ur 

cy
cl
es

C
1D

1

Feb. 20, 2020

A
Alteration

TP53 R248W
8.5

0.4 0.5

0.4

0.05

ND

ND

Plasma copy number

ND

ND

ND

NDND 0.4

ND

0.1

0.9

ND

ND18.8

ND

5
ARID1A Q529*

MET Y1003C

EGFR amplification
Amplifications not graphed above

EGFR E561Q

AR L548V

EGFR P794P

Alteration Trend, %

B

FIG 2. Circulating tumor DNA analysis before and after cetuximab and nivolumab therapy. (A) Tumor response map with trends in mutation allele
frequency. (B) Trends over the same time points of the specific genomic events. C1D1, cycle one day 1 of therapy; ND, not detected.
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vomiting, anorexia, and lower-extremity edema. She weighed
80 pounds, had a serum albumin level of 3.0 g/dL, and
elevated carcinoembryonic antigen level to 8.2 ng/mL. On
February 20, 2020, a restaging CT scan demonstrated
worsening metastatic disease with multiple new hepatic
lesions, worsening bilateral pleural effusions and pleural
nodularity, peritoneal lining thickening with soft tissue
nodules/serosal implants, and left ureteral encasement
with associated hydronephrosis (Fig 3). Her symptoms
remained severe up to and including the day of the first
dose of nivolumab/cetuximab on February 20, 2020. On
February 25, 2020, she received an additional para-
centesis, with 4.2 L drained.

She continued to receive the therapy every 2 weeks, with
improvement of the cancer-related symptoms after one
cycle of therapy. She tolerated treatment well, apart from
a characteristic cetuximab rash on her chest and back and
a few pustules on her face, controlled with topical therapies.
She did not have any GI toxicities. At follow-up on April 15,
2020, after a total of four cycles of nivolumab/cetuximab,
she had marked resolution of her cancer-related symp-
toms. Clinically, she had an improvement in appetite,

energy, and no further need for paracentesis. Objectively,
she had a weight gain of 10 pounds, improvement in serum
albumin to 3.7 g/dL, normalization of carcinoembryonic
antigen level from 8.2 to 3.0 ng/mL, and markedly de-
creased ctDNA levels after four cycles (Fig 2). At this time,
a repeat CT scan demonstrated complete response of all
metastatic foci, including hepatic, peritoneal, and peri-
ureteral masses (Fig 3). The patient continued to receive
four more cycles with a restaging CT scan obtained on June
11, 2020, and then again with continued treatment up to
CT and ctDNA assessments on July 14, 2020, which
confirmed a continued clinical, serologic, and radiographic
complete response. She continues to receive this therapy
to date.

The investigators obtained informed consent to publish
information and/or images from the patient.

DISCUSSION

Diffuse-type/signet ring morphologies comprise approxi-
mately 35% of all gastric cancers and are associated with
aggressive biology, decreased responsiveness to standard
therapies, and poor prognosis.4-6,30,31 This report illustrates

Perihepatic ascites Diffuse carcinomatosis

Ascites

Liver metastases

A

B

FIG 3. Computed tomography image ob-
tained at baseline on February 20, 2020,
before therapy (A) and after four doses of
cetuximab plus nivolumab (computed to-
mography image obtained on April 15,
2020; B), demonstrating complete reso-
lution of carcinomatosis, ascites, and liver
lesions.
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a young woman who experienced rapid radiologic and
clinical progression with symptomatic ascites and carci-
nomatosis following definitive treatment with multimodal
therapy. Upon the expected and confirmed recurrence of
peritoneal disease in November 2019, this case would
historically have been associated with a poor prognosis.32-35

We and others have reported extraordinary responses with
anti-EGFR therapy toward EGFR-amplified GEAs; however,
the true response rate is difficult to assess because of
relatively small cohorts.23,24 With late-line cetuximab
monotherapy, two of three patients experienced objective
responses, including one with a complete response, but with
relatively quick progression because of various mechanisms
of resistance.23 In addition, late-line anti-PD1 monotherapy
in microsatellite stable, PD-L1 CPS ≥ 1–expressing tumors
has objective response in only 13.3% of cases.25,36 It is
established that patients with higher levels of PD-L1, such
as CPS ≥ 10, experience higher rates of response, while
reciprocally, those with lower-level CPS scores, such as
our patient, have response rates even lower than 13%.
Although recent literature has suggested that ARID1A
alterations are associated with a favorable prognosis after
immune checkpoint therapy, it is unknown if this contributed
to our patient’s response, and this question should be
further evaluated in larger sample sets.37,38

Recently, inHER2-amplified GEA, an additional strategy has
emerged to treat with combination anti-HER2 therapy and
ICIs.27-29,39 Margetuximab, an Fc-engineered monoclonal
HER2 antibody designed to enhance antibody-dependent
cellular cytotoxicity, in combination with pembrolizumab
demonstrated safety and efficacy in a biomarker-enriched

(HER2 3+/PD-L1 CPS ≥ 1) subpopulation of HER2-positive
GEA. The synergistic antitumor activity is thought to be
secondary to cross-talk between the innate (antibody-
dependent cellular cytotoxicity) and adaptive (CD8-
mediated) immune responses (Fig 4).28,40,41 Given the
response rates observed with this combination, which are far
higher than expected for either agent alone, a chemotherapy-
free cohort A has been initiated within the MAHOGANY first-
line study for this select biomarker group (ClinicalTrials.gov
identifier: NCT04082364).42

As a consequence of this background, the chemorefractory
nature of the tumor, and coupled with the molecular
findings of EGFR DNA amplification, RNA overexpression,
along with low-level PD-1 protein expression, we treated
with a chemotherapy-free, dual-antibody strategy toward
EGFR and PD-1. This resulted in a dramatic complete
clinical, serological, and radiologic response. It should be
noted that HER2 IHC was 3+ in the diagnostic and curative
surgery samples, yet neither tissue-NGS nor fluorescence
in situ hybridization confirmed gene amplification. In the
palliative surgical sample, HER2 IHC and tissue-NGS were
negative, as was ctDNA-NGS. Therefore, HER2 was not
considered an important therapeutic target. Interestingly,
there was presence of concurrent claudin fusion by RNA
sequencing, which may be a future targetable option at
the time of developed resistance to current therapy, if
CLDN18.2 overexpression is confirmed by IHC.43,44

In conclusion, this case demonstrates tolerability and early
efficacy of a novel combination of anti-EGFR and ICI an-
tibodies in a poor prognosis, chemorefractory scenario. The
strategy of dual–monoclonal antibody inhibition may play
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FIG 4. Strategy of combined anti–receptor tyrosine kinase (RTK) antibody to enhance innate antibody-dependent cell-mediated cytotoxicity (ADCC)
along with anti–PD-1 antibody to enhance adaptive immunity. NK, natural killer.
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a role not only in HER2-positive/PD-L1–positive patients,
but as demonstrated by this case, also in EGFR-positive/
PD-L1–positive disease or other RTK-amplified subgroups
such as MET and FGFR2, on the basis of similar hypoth-
eses. In PANGEA, a recent phase IIa platform study for
GEAs, the median overall survival was 15.7 months using
a personalized treatment strategy of chemotherapy plus

one matched monoclonal antibody sequentially through
three lines of therapy in newly diagnosed GEA.45 This case
of anti-EGFR plus anti–PD-1 combined antibody therapy
lends support of dual inhibition of RTKs plus ICIs. A planned
PANGEA-2 platform personalized treatment strategy will
evaluate dual versus monotherapy monoclonal antibodies
for patients with metastatic GEA.
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