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ABSTRACT
Despite the use of ﬁrst-line therapies like ﬂuoropyrimidine and platinum-based cytotoxic chemotherapy, gastric cancer (GC) continues to
carry a poor prognosis. Recent subgroup analyses of ﬁrst-line
phase III trials have demonstrated that patients with microsatellite
instability–high (MSI-H) metastatic GC derive signiﬁcant improvement in survival rates when immune checkpoint inhibitors (ICIs) are
combined with chemotherapy compared with chemotherapy alone.
However, it remains to be seen whether the success of ICIs in the metastatic setting can be translated into earlier stages of GC with resectable disease. We report 6 cases of locally advanced, nonmetastatic
MSI-H GC that all demonstrated favorable response following treatment with pembrolizumab in addition to neoadjuvant chemotherapy.
With the exception of immune-related colitis in one patient, pembrolizumab was well-tolerated. To our knowledge, this is the ﬁrst reported
US case series of patients treated with an ICI in combination with neoadjuvant chemotherapy for advanced, nonmetastatic, resectable or
unresectable MSI-H GC.
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A meta-analysis of 1,556 patients with resectable gastric
cancer (GC) identiﬁed 7.8% of cases as microsatellite instability–high (MSI-H).1 This subset typically harbors a
high tumor mutational burden (TMB) and favorable responses to immune checkpoint inhibitors (ICIs).2–4
In this case series, we aimed to characterize our experience on the efﬁcacy and safety of neoadjuvant ICIs in
patients with MSI-H GC. We also explored the relationship among methods for determining MSI status, including circulating tumor DNA (ctDNA).

Case Presentations
Case 1
A 92-year-old man presented with symptomatic anemia
(Table 1). Esophagogastroduodenoscopy (EGD) revealed a
friable mass occupying the entire antrum. Pathology noted
poorly differentiated intestinal-type adenocarcinoma. The
tumor was HER2-negative by immunohistochemistry (IHC).
Endoscopic ultrasound staging was cT3N2MX. PET/CT
demonstrated a hypermetabolic antral mass with mildly
FDG-avid intrathoracic lymph nodes. Modiﬁed doses of
FOLFOX (leucovorin/ﬂuorouracil/oxaliplatin) were started
given his comorbidities. After 8 cycles, PET/CT showed diminished size and metabolic activity of the mass but no
change in FDG-avidity of the lymph nodes, favoring a
reactive process. Repeat EGD re-demonstrated the antral
mass and viable adenocarcinoma. Diagnostic laparoscopy
showed no peritoneal metastasis. Molecular proﬁling with
ctDNA via commercial Guardant360 assay (Guardant
Health, Inc.) captured MSI-H status (Figure 1); tumor testing
revealed high PD-L1 expression with combined positive
score (CPS) of 50. He was switched to pembrolizumab,
200 mg every 3 weeks. Mismatch repair (MMR) IHC revealed heterogeneity for loss of MLH1 expression, with
some tumor areas exhibiting retention and others loss
of expression. After 3 cycles of pembrolizumab, restaging PET/CT demonstrated greater diminishment of the
antral tumor and stable intrathoracic nodes.
The patient completed 4 cycles in total and tolerated
treatment without immune toxicities. He then underwent
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Table 1. Summary of Patient Characteristics, Treatments, and Responses
Patient

Age

Sex

1

92 y

M

2

79 y

3

Race/
Ethnicity

MMR Protein
Analysis

Site

Staging

White

Antrum to
pylorus

cT3N2M0

MLH1
heterogeneity

M

Hispanic

Antrum

cT4bN1M0

80 y

F

Asian

Antrum

4

52 y

F

Hispanic

5

87 y

F

6

87 y

M

Neoadjuvant
Therapy

MSI PCR

PD-L1 CPS

Tissue NGS

ypTNM

LNI

Not done

50 on ﬁrst
biopsy

Foundation (MSI, 11 cycles of
FOLFOX and
TMB
4 cycles of
indeterminate)
pembrolizumab

ypT0N0

0/15

PMS2 (2)

5/5

40 on ﬁrst
biopsy

GEM ExTra on
surgery specimen
(MSI-H, TMB
64 mut/Mb)

6 cycles of
FOLFOX and
2 cycles of
pembrolizumab

ypT3N0

0/36

cT4aN1M0

MLH1 (2),
PMS2 (2)

Not done

1 on ﬁrst
biopsy

GEM ExTra on
surgery specimen
(MSI-H, TMB
37 mut/Mb)

1 cycle of
FOLFOX and
1 cycle of
pembrolizumab

ypT3N0

0/29

Fundus to
proximal
body

cT4bN1M0

MSH2 (2),
MSH6 (2)

4/5

50 on ﬁrst
biopsy

Not done

7 cycles of FLO
and 4 cycles of
pembrolizumab

ypT0N0

0/42

Asian

Antrum

cT4aN0M0

MLH (2),
MSH6 (2),
PMS2 (2)

Not done

ypT2(m)N0

0/40

Asian

Antrum

cT4bN2M0

PMS2 (2)

5/5

ypT0N0

0/27

10 on surgery GEM ExTra on
specimen
surgery specimen
(MSS, TMB
6 mut/Mb)

1 cycle of
capecitabine and
1 cycle of
pembrolizumab

1 on ﬁrst
biopsy

7 cycles of
FOLFOX, 20
cycles of 5-FU/
LV, 26 cycles of
pembrolizumab

GEM ExTra
attempted on
ﬁrst biopsy but
unable to be
done

Abbreviations: 5-FU/LV, ﬂuorouracil/leucovorin; CPS, combined positive score; F, female; FLO, ﬂuorouracil/leucovorin/oxaliplatin; FOLFOX, leucovorin/
ﬂuorouracil/oxaliplatin; LNI, lymph node involvement; M, male; Mb, megabase; MMR, mismatch repair; MSI, microsatellite instability; MSI-H, microsatellite
instability-high; MSS, microsatellite stable; mut, mutations; NGS, next-generation sequencing; TMB, tumor mutational burden.

distal gastrectomy with D1 lymphadenectomy. Final pathology revealed pathologic complete response (ypT0N0).
Continued CT surveillance demonstrates stability of intrathoracic lymph nodes. Repeat Guardant360 testing revealed detectable putative ctDNA sequences (Figure 1) but
no further detection of MSI-H fraction. Tumor-informed
alternative ctDNA testing was pursued via the commercial
Signatera assay, which reported no detectable ctDNA. The
patient remains alive and well at last follow-up 20 months
after surgery.

Case 1

0.8%

1%

Case 2
A 79-year-old man presented with melena and weight
loss (Table 1). EGD revealed a prepyloric ulcerated tumor.
Pathology noted poorly differentiated adenocarcinoma
that was HER2-negative. CT chest/abdomen/pelvis demonstrated an antral mass and lymphadenopathy invading
the hepatic hilum. Diagnostic laparoscopy showed no
peritoneal metastases but direct invasion of the pancreatic
head, and the patient’s disease was staged as cT4bN1M0. After one FOLFOX cycle, MMR IHC testing showed loss of

1%

0.5%
Detected Alterations/
Biomarkers
KRAS I46S
ARID1A Q505fs
ARID1A Q766fs
CDK6 T325T

ATM G2891D
ATM R3008H
NF1 K583a
EGFR C264fs
(exon 7 deletion)
FGFR3 A265A
CDH1 G62S

MSI-H

MSS

MSSa

MSS

Post-FOLFOX,
pre-pembrolizumab

Post-pembrolizumab

12 months
post-gastrectomy

18 months
post-gastrectomy

Figure 1. Serial ctDNA sequencing results for Case 1.
Abbreviations: ctDNA, circulating tumor DNA; FOLFOX, leucovorin/ﬂuorouracil/oxaliplatin; MSI-H, microsatellite instability–high; MSS, microsatellite stable.
a
ctDNA analysis via Signatera assay showing no detectable ctDNA (0.0 mean tumor molecules per milliliter of plasma).
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PMS2 expression; follow-up MSI PCR analysis also detected
MSI-H. Pembrolizumab, 400 mg every 6 weeks was added
to ongoing FOLFOX.
Except for grade 1 fatigue and peripheral neuropathy,
the patient tolerated treatment with no immune-related toxicity. Following 3 months of FOLFOX 1 pembrolizumab, CT
demonstrated marked improvement of antral thickening. After multidisciplinary review and repeat surgical exploration
conﬁrmed that the tumor appeared resectable, he underwent distal gastrectomy with D2 lymphadenectomy. Final
pathology revealed partial response (ypT3N0). Viable residual tumor tissue was sufﬁcient to run whole-exome sequencing via the commercial GEM ExTra assay (Ashion
Analytics),5 which determined the residual tumor as still
being MSI-H with TMB of 64 mutations per megabase.
Minimal residual disease (MRD) assessment via Signatera
measured no detectable ctDNA at 1, 4, and 6 months
postresection. At last follow-up 9 months after surgery the
patient remains alive without any disease.

Case 3
An 80-year-old woman presented with early satiety
(Table 1). EGD revealed a large antral mass. Pathology
noted poorly differentiated adenocarcinoma with loss of
MLH1 and PMS2 expression and HER2-negative. PD-L1
CPS was 1. The Guardant360 assay also captured MSI-H
status. PET/CT demonstrated hypermetabolic activity at
the antrum without evidence of distant metastases. Diagnostic laparoscopy revealed no metastases, and therefore
the patient’s disease was staged as T4aN1M0. FOLFOX
and pembrolizumab were started.
After one cycle, however, the patient tested positive
on institutional QuantiFERON-TB screening (QIAGEN),
raising concern for latent tuberculosis, and cancer treatment was paused. Bronchoalveolar lavage led to ﬁndings
of Mycobacterium abscessus. However, she did not meet
criteria for active M abscessus infection and instead was
treated for latent tuberculosis. Due to ongoing symptomatic gastric outlet obstruction, she underwent subtotal
gastrectomy with D1 lymphadenectomy. Final pathology
revealed ypT3N0 disease. Repeat ctDNA assessment via
Guardant360 assay no longer detected MSI-H and revealed signiﬁcant reduction in ctDNA fraction after surgery (Figure 2). Per GEM ExTra, the residual tumor
remained MSI-H with a TMB of 37 mut/Mb. The patient
was last seen in follow-up at 22 months after surgery
without any evidence of disease.
Case 4
A 52-year-old woman presented with dysphagia and
abdominal pain (Table 1). EGD demonstrated a large
ulcerated mass from fundus to proximal body. Pathology
revealed poorly differentiated adenocarcinoma with loss
of MSH2 and MSH6 expression and HER2-negative. PET/
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CT showed FDG-avid proximal stomach thickening, local
invasion of pancreatic tail and splenic hilum, and mesenteric lymph nodes. Diagnostic laparoscopy showed no
peritoneal metastasis but positive serosal involvement
and perigastric lymphadenopathy, and therefore the
patient’s disease was staged as cT4bN1M0. Neoadjuvant
FLOT (ﬂuorouracil/leucovorin/oxaliplatin/docetaxel) was
started. Due to signiﬁcant diarrhea and oropharyngeal
mucositis after one cycle, docetaxel was omitted. Additionally, pembrolizumab, 200 mg every 3 weeks was started
given the deﬁcient MMR (dMMR) result and MSI-H on
PCR. Of note, Guardant360 was collected after she had already received one cycle of FLOT, revealing 0.1% ctDNA
and no MSI-H detected (Figure 3).
Except for the development of grade 2 hypothyroidism corrected with levothyroxine therapy and grade 1
rash, the patient tolerated treatment well. After 2 months
of chemotherapy and pembrolizumab, restaging CT
showed decreasing gastric wall thickening and size of
perigastric lymph nodes. She completed 2 additional
months of therapy, though response plateaued and the
primary tumor still appeared cT4b on imaging. Multidisciplinary discussion deemed repeat surgical exploration
was warranted, and intraoperatively the tumor appeared
resectable, which was not apparent by imaging. She subsequently underwent total gastrectomy, en bloc distal
pancreatectomy, splenectomy, and D2 lymphadenectomy.
Final pathology revealed pathologic complete response.
Tumor-informed ctDNA via Signatera (Natera, Inc.) was
undetectable at 1 month and remained so at 8 months following resection. The Guardant360 assay was repeated
4 months postresection, reporting no detectable ctDNA or
MSI (Figure 3). The patient remained alive and well with
no evidence of disease at 17 months after surgery.

Case 5
An 87-year-old woman presented with severe anemia
(Table 1). EGD revealed a large antral ulcer. Pathology reported poorly differentiated adenocarcinoma with loss of
MLH1, MSH6, and PMS2 expression and HER2-negative.
PD-L1 CPS was 10. The Guardant360 assay revealed
MSI-H status. CT chest/abdomen/pelvis demonstrated
antral thickening, multiple gastrohepatic nodes, and subcentimeter hepatic lesions, but the liver biopsy was benign.
Diagnostic laparoscopy showed no peritoneal metastasis
and negative cytology on washings. Pembrolizumab and
capecitabine were started due to the patient’s older age
and frailty. However, after one cycle, she was hospitalized
for diarrhea. Colonoscopy demonstrated moderate ileocolonic inﬂammation. Biopsy showed lymphoplasmacytic
inﬂammation and crypt abscesses, conﬁrming immunemediated colitis requiring high-dose steroids. Given intolerance to neoadjuvant therapy, she proceeded directly to
surgery. Interestingly, repeat Guardant360 assay testing
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Case 3

1.1%

0.1%
Detected Alterations/
Biomarkers

ALK T1547fs

CDK6 H255L

PTEN N323fs

AR A499A

MTOR I1053F

ALK P1551P

ARID1A D1850fs

EGFR R831C

PTEN R173H

APC K1030E

TP53 Y126N

AR R31H
NOTCH1 S2141S
RB1 V654V

MSI-H

MSS

Baseline

Post-1 cycle of FOLFOX
+ pembrolizumab

Figure 2. Serial ctDNA sequencing results for Case 3.
Abbreviations: ctDNA, circulating tumor DNA; FOLFOX, leucovorin/ﬂuorouracil/oxaliplatin; MSI-H, microsatellite instability–high; MSS, microsatellite stable.

2 months after receiving pembrolizumab and capecitabine but prior to surgery reported no detectable ctDNA or
MSI-H fraction (Figure 4). She underwent distal gastrectomy with D1 lymphadenectomy. Final pathology
revealed ypT2(m)N0 due to the identiﬁcation of 2
separate tumors in the surgical resection specimen.
The ﬁrst tumor exhibited no residual carcinoma and
a tumor bed showing ulceration with granulation tissue, acellular mucin, and foamy histiocytes extending

Case 4

0.1%

into the muscularis propria. The second tumor exhibited presence of a treatment effect with residual carcinoma cells and evident tumor regression. GEM ExTra
reported the residual second tumor as microsatellite
stable (MSS) and TMB 6 mut/Mb. MMR IHC was repeated on the surgical sample and conﬁrmed nowintact expression of all 4 MMR enzymes. The patient
was last seen in follow-up at 21 months after surgery
with no evidence of disease.

ND
Detected Alteration/
Biomarker

TP53 R249S

MSS

NDa

Post-1 cycle of FLOT

4 months post-gastrectomy

Figure 3. Serial ctDNA sequencing results for Case 4.
Abbreviations: ctDNA, circulating tumor DNA; FLOT, ﬂuorouracil/leucovorin/oxaliplatin/docetaxel; MSS, microsatellite stable; ND, no ctDNA detected.
a
ctDNA analysis via Signatera assay showing no detectable ctDNA (0.0 mean tumor molecules per milliliter of plasma).

860

© JNCCN—Journal of the National Comprehensive Cancer Network

| Volume 20 Issue 8 | August 2022

Neoadjuvant IO in MSI-H Gastric Cancer

Case 5

1.1%
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ND
Detected Alterations/
Biomarkers

ERBB2 (HER2) R1046S

FBXW7 S668fs

BRCA2 C1913R

APC R1314G

AR S889S

TP53 D48D

PTEN R173C

GATA3 V379fs

IDH1 E84A

FBXW7 R441Q

KRAS G13D

ERBB2 (HER2) R678Q

ERBB2 (HER2) H1047D

TERT R696H

ARID1A K1905fs

PIK3CA R88Q

PTEN K267fs

TSC1 S1164N

FGFR1 P150S
MSI-H

ND

Baseline

Post-1 cycle of pembrolizumab
+ capecitabine

Figure 4. Serial ctDNA sequencing results for Case 5.
Abbreviations: ctDNA, circulating tumor DNA; MSI-H, microsatellite instability–high; ND, no ctDNA detected.

Case 6
An 87-year-old man presented with dyspepsia and
weight loss (Table 1). EGD demonstrated a fungating antral mass. Pathology revealed poorly differentiated adenocarcinoma with loss of PMS2 expression. CT of the
chest/abdomen/pelvis showed an irregular enhancing
gastric mass. Diagnostic laparoscopy showed no peritoneal metastasis but posterior tumor extension into the
pancreatic body, designating his disease stage as cT4b.
PCR and Guardant360 assay testing also conﬁrmed MSI.
Given unresectable disease, FOLFOX every 2 weeks and
pembrolizumab, 200 mg every 3 weeks were started. After
2 months of FOLFOX 1 pembrolizumab, restaging CT
demonstrated decrease of the pyloric mass. After another
2 months and demonstration of stable CT ﬁndings, he
was transitioned to maintenance 5-FU/leucovorin 1
pembrolizumab to avoid cumulative oxaliplatin neurotoxicity. Interestingly, the MSI-H ctDNA fraction on repeat Guardant360 testing had disappeared; however,
persistent presumably tumor DNA remained (Figure 5).
A Signatera assay was attempted to assess tumorinformed ctDNA detection, but the original tumor biopsy
was insufﬁcient to conduct whole-exome sequencing. After 20 months of maintenance therapy, his CEA level
gradually increased without a CT imaging correlate of
progression. Multidisciplinary review raised suspicion for
resistant disease and a persisting MSS tumor clone to
account for the ongoing ctDNA detection, and subsequently the patient underwent robotic distal gastrectomy
with D1 lymphadenectomy, which revealed complete
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pathologic response. At last follow-up 8 months after
surgery, the patient exhibited no evidence of disease
recurrence.

Discussion
Emerging data suggest that the outcomes of patients
with GC depend on molecular features as well as clinicopathologic factors.6 Many efforts have been undertaken
to study the MSI-H subgroup, which represents a small
but clinically signiﬁcant subset characterized by high
TMB and responsiveness to ICIs. However, recent series
have suggested that the degree of high TMB can be variable and possibly differentiate the heterogeneous response
now well-recognized with single-agent PD-1 inhibitors in
MSI-H GCs.7,8
MSI-H status may also portend better prognosis in
resectable GC. In the meta-analysis of 4 landmark randomized controlled trials9–12 by Pietrantonio et al,1 MSI-H
status in patients with resectable GC was associated with
longer survival than their MSS counterparts. More provocative was the association of worsened survival in patients with MSI-H GC assigned to perioperative or
adjuvant chemotherapy versus improved survival when
treated with surgery alone. These ﬁndings remain hypothesis-generating but beg the question of whether
ICIs should supplant chemotherapy in resectable disease. Zhang et al13 recently reported a series of patients
in China with advanced resectable dMMR/MSI-H gastrointestinal tumors (4 GCs, 2 colorectal cancers) treated
with neoadjuvant ICIs, with 5 of their patients achieving
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Case 6

7%

2.9%

3.9%

4.7%

4.6%

4.6%

MSI-H

MSS

MSS

MSS

MSS

MSS

Baseline

Post-4 months of
FOLFOX + pembro

Post-3 months of
5-FU/LV + pembro

Post-6 months of
5-FU/LV + pembro

Post-12 months of
5-FU/LV + pembro

1 month
post-gastrectomy

Detected Alterations/
Biomarkers
TERT promoter SNV

MET c.2888-4del
(exon 14 skipping)

APC K2157K

ARAF N217N

MAPK1 Q132R

RAF1 S257L

PTEN T319fs

ROS1 T1865I

ARID1A D1850fs

PTEN K267fs

PTEN N323fs

FGFR1 R148C

PTEN splice site SNV

EGFR V802A

BRCA2 A199T

ATM G1102R

FGFR3 K403fs

APC N32K

KIT R177H

MAPK1 T110P

TP53 G266R

KRAS G13D

KIT K550N

AR N391N

ATM R451H

TP53 T253A

PDGFRA R981H

CCNE1 G406R

ERBB2 L800I

MET P1282fs

ROS1 S2142S

ATM T2771T

RAF1 A20V

BRCA2 I2194F

ATM M557fs

APC P1439H

ATM S2162R

BRCA2 T3033fs

Figure 5. Serial ctDNA sequencing results for Case 6.
Abbreviations: 5-FU/LV, ﬂuorouracil/leucovorin; ctDNA, circulating tumor DNA; FOLFOX, leucovorin/ﬂuorouracil/oxaliplatin; MSI-H, microsatellite instability–high;
MSS, microsatellite stable; pembro, pembrolizumab; SNV, single nucleotide variant.

complete pathologic responses. Unlike in the adjuvant
setting, neoadjuvant immunotherapy with a primary tumor in place may better induce early formation of immunologic memory, contributing to the eradication of
MRD/micrometastases that exist after surgery.14–16
In our series, tumor MSI status was predominantly
determined using IHC, with some testing supplemented
by tissue PCR. MSI-H phenotype was also assessed using
Guardant360, given that ctDNA is emerging as a promising methodology for assessing TMB and detecting clinically signiﬁcant MRD in GC.2,17 When feasible, we also
pursued a tumor-informed approach with the Signatera
assay. Interestingly, all Signatera timepoints were without
detectable ctDNA, although all sampling occurred after
initiating therapy. In Guardant360 assays, cases 1, 3, 5,
and 6 had detectable levels of ctDNA at baseline and evidence of MSI-H status. Case 4 without detectable MSI-H
status may have had sensitivity impacted by having blood
drawn after receiving FLOT.18,19 However, case 2 did not
have any detectable MSI-H fraction despite blood being

862

drawn prior to starting therapy and concordance of MSIH status by tissue IHC, PCR, and next-generation sequencing. Inherent lack of ctDNA shedding and issues of
assay sensitivity may explain this discordance. It is also
important to recognize that MSI determinations from
ctDNA are heavily inﬂuenced by tumor fraction. In the
setting of low tumor burden, the determination of MSI
status can be inaccurate, and testing of tumor tissue remains the standard diagnostic method for assessing MSI/
dMMR status.20
Decreasing ctDNA levels posttreatment have been
correlated with greater clinical response to systemic therapy, including ICIs.21,22 Our cases with baseline detectable
ctDNA had disappearance of the MSI-H fraction postpembrolizumab, although only case 5 had complete disappearance of ctDNA (Figures 1–5). However, case 5 still
exhibited viable residual tumor, but now characterized as
MSS on whole-exome sequencing. This likely represents
tumor MSI heterogeneity, an increasingly described phenomenon in GC associated with poor response to ICIs.2
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Likely, the ﬁrst biopsy was taken from an MSI-H region,
whereas the residual resected tumor represented a persistent MSS region after pembrolizumab therapy. Of the
remaining cases with residual ctDNA, case 3 exhibited
concordant viable tumor at surgery. However, cases 1 and
6 exhibited discordant pathologic complete responses,
raising the question of physiologic clonal hematopoiesis
confounding these patients’ tumor-agnostic ctDNA
analyses.23
In light of the MSI-H subset data from KEYNOTE062,3 we added pembrolizumab to neoadjuvant chemotherapy extrapolating from the high response rates
observed for this subgroup with combination chemotherapy and pembrolizumab in the metastatic and locally
advanced, unresectable disease setting.24 Encouragingly,
all 6 patients responded well to their treatment. To our
knowledge, this is the ﬁrst US-based case series combining
neoadjuvant chemotherapy with ICIs in patients with advanced, nonmetastatic, both resectable and unresectable
MSI-H GC. Our results align with the aforementioned
ﬁndings by Zhang et al,13 the abstract presentation of
the phase II trial at MD Anderson Cancer Center showing high response rates to neoadjuvant PD-1 monotherapy in locally advanced MSI-H/dMMR gastrointestinal
cancers,25 and the recent abstract presentation of the
NEONIPIGA trial reporting a pathologic complete response rate of 59% for MSI-H GC treated with neoadjuvant nivolumab 1 ipilimumab.26
In our cases, pembrolizumab was well-tolerated, except for case 5 developing immune-related colitis that resolved with steroids. Despite this, our patient achieved
beneﬁt with tumor downstaging. In CheckMate 14227
that tested dual-ICI therapy in dMMR/MSI-H metastatic
colorectal cancer, efﬁcacy results remained consistent
between patients who discontinued treatment due to
immune-related adverse events (irAEs) and the overall
population.28 In fact, irAE onset has been regarded as a
potential biomarker for ICI response, potentially predicting greater beneﬁt compared with patients without
irAEs.29–31 Otherwise, no patients developed signiﬁcant
perioperative complications. Our observations appear
consistent with other small prospective trials reported to
date in which ICIs have been incorporated into perioperative chemotherapy for molecularly unselected patients
with GC.32–34 Ongoing phase III trials randomizing patients with GC receiving perioperative chemotherapy to
the addition of an ICI or placebo may validate acceptable toxicities.35,36
Despite the dramatic responses to ICIs demonstrated
in MSI-H tumors, the adoption of MSI/dMMR testing in
the clinical setting remains a challenge. Given the relatively
low MSI-H prevalence in GC,37 MSI testing may not be
routinely performed in patients with GC until the secondline or later-line setting. However, data from recent and
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ongoing studies corroborate the testing of MSI status upfront in advanced GC to identify individuals early on who
may be candidates for immunotherapy. Collective post
hoc subgroup analyses across the KEYNOTE-059, -061,
and -062 trials examined the survival beneﬁt of pembrolizumab in advanced GC with MSI-H status by line of therapy.24 Not only does the use of pembrolizumab in the third
line lead to a long-term survival beneﬁt, its use in the second and even ﬁrst line of therapy demonstrated improved
overall survival compared with the use of chemotherapy.
Furthermore, in the meta-analysis of 4 nonmetastatic trials
by Pietrantonio et al,1 MSI status was suggested to be predictive of lack of beneﬁt from perioperative or adjuvant chemotherapy and have a positive prognostic role in MSI-H
GC treated by surgery alone. These results, along with our
own, seem to propose that the same beneﬁts of ICIs in the
metastatic setting can be translated to earlier stages of GC
with resectable disease and support the addition of ICIs if
neoadjuvant treatment is to be used. Accordingly, the data
provide further validation to adopt up-front testing of MSI
status in patients with all stages of GC.
The limitations of this study include those inherent
to all case series and include selection bias, lack of a control group, and limited sample size and duration of longterm follow-up to fully inform survival outcomes. We
acknowledge there is a degree of heterogeneity in neoadjuvant therapy among the patients, with some patients
such as case 6 receiving much longer durations of neoadjuvant treatment than others. Furthermore, given the observational nature of our study, it is difﬁcult to determine
deﬁnitively whether our patients’ responses were due to
the combination of chemotherapy with immunotherapy
or whether similar outcomes would have been derived
from immunotherapy alone. At the time of our patients’
treatment, perioperative chemotherapy remained the standard of care. We based our combinatorial approach on
emerging data from KEYNOTE-062, in which the MSI-H
GC subgroup with combination chemotherapy and pembrolizumab suggested the highest response rates and lowest rates of progressive disease as best response compared
with the pembrolizumab or chemotherapy-only subgroups.
Emerging datasets such as the NEONIPIGA trial have demonstrated encouraging chemotherapy-free neoadjuvant
immunotherapy approaches, although there remains a
discrete proportion of patients without any pathologic
regression to immunotherapy alone.38 In addition, it
must be mentioned that several of our patients, speciﬁcally cases 2, 4, and 6, had undergone surgical resection
in the setting of known clinical T4b disease. Multidisciplinary discussion was continually conducted for each
patient to ensure the potential perioperative risks were
justiﬁed. Moreover, although encouraging durable responses have been observed in the metastatic setting for
MSI-H disease, such patients in GC datasets demonstrating
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favorable survival of $3 years remain few compared with
curative outcomes that can be derived with surgery in the
absence of metastases. Data remain nascent, such as from
the NEONIPIGA trial,38 in which relatively high pathologic
complete response rates to ICIs alone in MSI-H disease
raises the question of whether surgery can be avoided.
Newer trials, such as INFINITY,39 which is examining the
ICIs durvalumab and tremelimumab without chemotherapy initially as a neoadjuvant approach in MSI-H GC, will
attempt to validate in a later cohort whether this approach can support nonoperative management. However,
these studies remain ongoing, and there are currently limited prospective data from which we are able to validate
the omission of surgery completely for these patients. Further understanding of the molecular and immune microenvironment diversity within MSI-H GC7 to optimally and
prospectively identify which patients can be treated with
neoadjuvant immunotherapy alone, without the addition
of chemotherapy or surgery, is certainly warranted. This
can only be facilitated by more frequent MMR/MSI testing in the nonmetastatic setting and enrollment of these
patients in ongoing neoadjuvant trials.

Conclusions
In this small case series, treatment of locally advanced
MSI-H/dMMR GC using neoadjuvant ICIs combined
with chemotherapy led to favorable responses. Assays
utilizing ctDNA should be further developed as pharmacodynamic biomarkers.

Submitted January 22, 2022; ﬁnal revision received April 3, 2022; accepted
for publication April 29, 2022.
Disclosures: Dr. Hamilton has disclosed serving on an advisory board for
Merck & Co., Inc. Dr. Chao has disclosed receiving personal fees from
Amgen Inc., Astellas Pharma Inc., AstraZeneca plc, Bristol-Myers Squibb
Company, Coherus Biosciences, Daiichi-Sankyo Company, Ltd., Eli Lilly and
Company, Foundation Medicine, Inc., Geneos Therapeutics, MacroGenics,
Inc., Merck & Co., Inc., Novartis International AG, Ono Pharmaceuticals Co,
Ltd, Roche Holding AG, Silverback Therapeutics, and Turning Point
Therapeutics; and receiving grant/research support from Brooklyn
Immunotherapeutics, Inc. and Merck & Co., Inc. The remaining authors
have disclosed that they have not received any ﬁnancial consideration from
any person or organization to support the preparation, analysis, results, or
discussion of this article.
Funding: This work was partially supported by the Stand Up To Gastric
Cancer Interception Award (Y. Woo, J. Chao).
Correspondence: Joseph Chao, MD, Department of Medical Oncology
and Therapeutics Research, City of Hope Comprehensive Cancer Center,
1500 East Duarte Road, Duarte, CA 91010. Email: jchao@coh.org

References
1.

Pietrantonio F, Miceli R, Raimondi A, et al. Individual patient data metaanalysis of the value of microsatellite instability as a biomarker in gastric
cancer. J Clin Oncol 2019;37:3392–3400.

2.

Kim ST, Cristescu R, Bass AJ, et al. Comprehensive molecular characterization of clinical responses to PD-1 inhibition in metastatic gastric cancer.
Nat Med 2018;24:1449–1458.
Shitara K, Van Cutsem E, Bang YJ, et al. Efﬁcacy and safety of pembrolizumab or pembrolizumab plus chemotherapy vs chemotherapy alone for
patients with ﬁrst-line, advanced gastric cancer: the KEYNOTE-062 phase
3 randomized clinical trial. JAMA Oncol 2020;6:1571–1580.
Janjigian YY, Shitara K, Moehler M, et al. First-line nivolumab plus chemotherapy versus chemotherapy alone for advanced gastric, gastro-oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): a
randomised, open-label, phase 3 trial. Lancet 2021;398:27–40.
White T, Szelinger S, LoBello J, et al. Analytic validation and clinical utilization of the comprehensive genomic proﬁling test, GEM ExTra. Oncotarget 2021;12:726–739.
Chuang J, Gong J, Klempner SJ, et al. Reﬁning the management of resectable esophagogastric cancer: FLOT4, CRITICS, OE05, MAGIC-B and the
promise of molecular classiﬁcation. J Gastrointest Oncol 2018;9:560–572.
Kwon M, An M, Klempner SJ, et al. Determinants of response and intrinsic resistance to PD-1 blockade in microsatellite instability-high gastric
cancer. Cancer Discov 2021;11:2168–2185.
Chida K, Kawazoe A, Kawazu M, et al. A low tumor mutational burden
and PTEN mutations are predictors of a negative response to PD-1
blockade in MSI-H/dMMR gastrointestinal tumors. Clin Cancer Res 2021;
27:3714–3724.
Cunningham D, Allum WH, Stenning SP, et al. Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer. N Engl
J Med 2006;355:11–20.
Bang YJ, Kim YW, Yang HK, et al. Adjuvant capecitabine and oxaliplatin
for gastric cancer after D2 gastrectomy (CLASSIC): a phase 3 open-label,
randomised controlled trial. Lancet 2012;379:315–321.
Lee J, Lim DH, Kim S, et al. Phase III trial comparing capecitabine plus
cisplatin versus capecitabine plus cisplatin with concurrent capecitabine
radiotherapy in completely resected gastric cancer with D2 lymph node
dissection: the ARTIST trial. J Clin Oncol 2012;30:268–273.
Bajetta E, Floriani I, Di Bartolomeo M, et al. Randomized trial on adjuvant
treatment with FOLFIRI followed by docetaxel and cisplatin versus 5-

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

864

13.

14.

15.

16.

17.

18.
19.

20.

21.
22.
23.
24.

25.

ﬂuorouracil and folinic acid for radically resected gastric cancer. Ann
Oncol 2014;25:1373–1378.
Zhang Z, Cheng S, Gong J, et al. Efﬁcacy and safety of neoadjuvant immunotherapy in patients with microsatellite instability-high gastrointestinal malignancies: a case series. Eur J Surg Oncol 2020;46:E33–39.
Liu J, Blake SJ, Yong MCR, et al. Improved efﬁcacy of neoadjuvant compared to adjuvant immunotherapy to eradicate metastatic disease.
Cancer Discov 2016;6:1382–1399.
O’Donnell JS, Hoefsmit EP, Smyth MJ, et al. The promise of neoadjuvant
immunotherapy and surgery for cancer treatment. Clin Cancer Res 2019;
25:5743–5751.
Friedman J, Moore EC, Zolkind P, et al. Neoadjuvant PD-1 immune
checkpoint blockade reverses functional immunodominance among tumor antigen-speciﬁc T cells. Clin Cancer Res 2020;26:679–689.
Leal A, van Grieken NCT, Palsgrove DN, et al. White blood cell and cellfree DNA analyses for detection of residual disease in gastric cancer. Nat
Commun 2020;11:525.
Siravegna G, Marsoni S, Siena S, et al. Integrating liquid biopsies into the
management of cancer. Nat Rev Clin Oncol 2017;14:531–548.
Misale S, Yaeger R, Hobor S, et al. Emergence of KRAS mutations and
acquired resistance to anti-EGFR therapy in colorectal cancer. Nature
2012;486:532–536.
Shimozaki K, Hayashi H, Tanishima S, et al. Concordance analysis of microsatellite instability status between polymerase chain reaction based testing
and next generation sequencing for solid tumors. Sci Rep 2021;11:20003.
Maron SB, Chase LM, Lomnicki S, et al. Circulating tumor DNA sequencing analysis of gastroesophageal adenocarcinoma. Clin Cancer Res 2019;25:7098–7112.
Kasi PM. Circulating tumor DNA and plasma microsatellite instability during PD-1 blockade. J Gastrointest Oncol 2020;11:826–828.
Razavi P, Li BT, Brown DN, et al. High-intensity sequencing reveals the sources
of plasma circulating cell-free DNA variants. Nat Med 2019;25:1928–1937.
Chao J, Fuchs CS, Shitara K, et al. Assessment of pembrolizumab therapy
for the treatment of microsatellite instability-high gastric or gastroesophageal junction cancer among patients in the KEYNOTE-059, KEYNOTE061, and KEYNOTE-062 clinical trials. JAMA Oncol 2021;7:895–902.
Ludford K, Raghav K, Blum Murphy MA, et al. Neoadjuvant pembrolizumab in localized/locally advanced solid tumors with mismatch repair deﬁciency [abstract]. Ann Oncol 2021;32(Suppl 5):Abstract 17580.

© JNCCN—Journal of the National Comprehensive Cancer Network

| Volume 20 Issue 8 | August 2022

Neoadjuvant IO in MSI-H Gastric Cancer

26.

27.

28.

29.
30.

31.

32.

33.

MOLECULAR INSIGHTS IN PATIENT CARE

Andre T, Tougeron D, Piessen G, et al. Neoadjuvant nivolumab plus ipilimumab and adjuvant nivolumab in patients (pts) with localized microsatellite instability-high (MSI)/mismatch repair deﬁcient (dMMR) oeso-gastric
adenocarcinoma (OGA): the GERCOR NEONIPIGA phase II study
[abstract]. J Clin Oncol 2022;40(Suppl):Abstract 244.
Overman MJ, McDermott R, Leach JL, et al. Nivolumab in patients with
metastatic DNA mismatch repair-deﬁcient or microsatellite instabilityhigh colorectal cancer (CheckMate 142): an open-label, multicentre,
phase 2 study. Lancet Oncol 2017;18:1182–1191.
Overman MJ, Lonardi S, Wong KYM, et al. Durable clinical beneﬁt with nivolumab plus ipilimumab in DNA mismatch repair-deﬁcient/microsatellite
instability-high metastatic colorectal cancer. J Clin Oncol 2018;36:773–779.
Das S, Johnson DB. Immune-related adverse events and anti-tumor efﬁcacy of immune checkpoint inhibitors. J Immunother Cancer 2019;7:306.
Das S, Ciombor KK, Haraldsdottir S, et al. Immune checkpoint inhibitors
(ICIs) in gastrointestinal (GI) cancer: immune-related adverse events
(IRAEs) and efﬁcacy [abstract]. J Clin Oncol 2019;37(Suppl):Abstract 4116.
Masuda K, Shoji H, Nagashima K, et al. Correlation between immunerelated adverse events and prognosis in patients with gastric cancer
treated with nivolumab. BMC Cancer 2019;19:974.
Homann N, Lorenzen S, Schenk M, et al. Interim safety analysis of the
DANTE trial: perioperative atezolizumab in combination with FLOT
versus FLOT alone in patients with resectable esophagogastric adenocarcinoma—a randomized, open-label phase II trial of the German
Gastric Group at the AIO and SAKK [abstract]. J Clin Oncol 2020;
38(Suppl):Abstract 4549.
Athauda A, Starling N, Chau I, et al. Perioperative FLOT plus anti-PD-L1
avelumab (FLOT-A) in resectable oesophagogastric adenocarcinoma

ONCOLOGY
POLICY
SUMMIT

34.

35.

36.

37.

38.

39.

(OGA): interim safety analysis results from the ICONIC trial [abstract].
J Clin Oncol 2021;39(Suppl):Abstract 201.
Alcindor T, Opu T, Elkrief A, et al. Phase II trial of perioperative
chemotherapy 1 avelumab in locally advanced gastroesophageal
adenocarcinoma: preliminary results [abstract]. J Clin Oncol 2021;
39(Suppl):Abstract 4046.
Bang YJ, Van Cutsem E, Fuchs CS, et al. KEYNOTE-585: phase III study
of perioperative chemotherapy with or without pembrolizumab for gastric
cancer. Future Oncol 2019;15:943–952.
Janjigian YY, Van Cutsem E, Muro K, et al. MATTERHORN: efﬁcacy and
safety of neoadjuvant-adjuvant durvalumab and FLOT chemotherapy in
resectable gastric and gastroesophageal junction cancer—a randomized,
double-blind, placebo-controlled, phase 3 study [abstract]. J Clin Oncol
2021;39(Suppl):Abstract TPS4151.
Lorenzi M, Amonkar M, Zhang J, et al. Epidemiology of microsatellite instability high (MSI-H) and deﬁcient mismatch repair (dMMR) in solid tumors: a structured literature review. J Oncol 2020;2020:1807929.
Andre T, Tougeron D, Piessen G, et al. Neoadjuvant nivolumab
plus ipilimumab and adjuvant nivolumab in patients (pts) with
localized microsatellite instability-high (MSI)/mismatch repair deﬁcient (dMMR) oeso-gastric adenocarcinoma (OGA): the GERCOR
NEONIPIGA phase II study [abstract].J Clin Oncol 2022;40(Suppl):
Abstract 244.
Raimondi A, Palermo F, Prisciandaro M, et al. TremelImumab and
durvalumab combination for the non-operative management (NOM)
of microsatellite instability (MSI)-high resectable gastric or gastroesophageal junction cancer: the multicentre, single-arm, multicohort, phase II INFINITY study. Cancers (Basel) 2021;13:2839.

Reducing the Cancer Burden
through Prevention and
Early Detection
Join us in Washington, D.C. to
participate in live discussions and
network with attendees!
Virtual attendance also available

Registration Now:
> NCCN.org/summits
Friday, September 16, 2022
JNCCN-N-0314-0822

JNCCN.org

| Volume 20 Issue 8 | August 2022

865

