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abstract

PURPOSE In patients with resectable gastric/gastroesophageal junction (GEJ) adenocarcinoma, surgery plus
perioperative platinum-based chemotherapy is the standard of care. Perioperative chemotherapy remains debatable
for gastric/GEJ adenocarcinoma with deficient mismatch repair (dMMR)/microsatellite instability–high (MSI-H).

PATIENTS AND METHODS NEONIPIGA (ClinicalTrials.gov identifier: NCT04006262) phase II study evaluated
neoadjuvant nivolumab 240 mg once every two weeks 36 and ipilimumab 1 mg/kg once every six weeks 32,
followed by surgery and adjuvant nivolumab 480 mg once every four weeks (nine injections) in patients with
locally advanced resectable dMMR/MSI-H, clinical (c) tumor (T)2-T4 node (N)x metastasis (M)0 gastric/GEJ
adenocarcinoma. The primary end point was a pathological complete response (pCR) rate.

RESULTS Between October 2019 and June 2021, 32 patients with dMMR/MSI-H gastric/GEJ adenocarcinoma were
enrolled. Themedian agewas 65.5 years (range, 40-80). Clinical stageswere cT2-T3N0 (n5 9), cT2-T3N1 (n5 22),
and cT3N1M1 (n5 1, wrongly included).With amedian follow-up of 14.9months (95%CI, 10.6 to 17.6), 32 patients
received neoadjuvant immunotherapy (27 patients completed all cycles). Neoadjuvant therapy-related grade 3/4
adverse events occurred in six patients (19%). Twenty-nine patients underwent surgery; three did not have surgery
and had complete endoscopic response with tumor-free biopsies and a normal computed tomography scan (two
refused surgery and one hadmetastasis at inclusion). The rate of surgical morbidity (Clavien-Dindo classification) was
55% (one postoperative death occurred). All 29 patients had an R0 resection, and 17 (58.6%; 90%CI, 41.8 to 74.1)
had pCR (pathological T0N0). Becker tumor regression grades 1a, 1b, 2, and 3 were observed in 17 patients, three
(including two pathological T0N1), two, and seven patients, respectively. Of the 29 patients with surgery, 23 received
adjuvant nivolumab. At database lock, no patient had relapse and one died without relapse.

CONCLUSION Nivolumab and ipilimumab-based neoadjuvant therapy is feasible and associated with no un-
expected toxicity and a high pCR rate in patients with dMMR/MSI-H resectable gastric/GEJ adenocarcinoma.
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INTRODUCTION

Gastric cancer is the third most common cause of
cancer-related deaths and the fifth most common
diagnosed cancer globally.1 The standard of care for
patients with operable gastric adenocarcinoma is
perioperative chemotherapy and surgical resection.2-4

Locally advanced mismatch repair deficient (dMMR)/
microsatellite instability–high (MSI-H) gastric or

gastroesophageal junction (GEJ) adenocarcinomas
have better prognosis than mismatch repair
proficient/microsatellite stable tumors.5-9 The dMMR/
MSI-H phenotype is found in about 10% of gastric
and GEJ adenocarcinomas and can reach 48% in
patients older than 85 years.7-10 In individual patient
data-based meta-analysis study from four trials,
including the MAGIC study, evaluating perioperative
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platinum and fluoropyrimydine-based chemotherapy in
locally advanced gastric cancer, dMMR/MSI-H status was
a negative predictive factor of the chemotherapy efficacy
in terms of disease-free survival (DFS) and overall survival
(OS).6,8 Contrarily, a recent meta-analysis on adjuvant
chemotherapy for locally advanced dMMR/MSI-H gastric/
GEJ adenocarcinoma suggested a benefit of adjuvant
treatment in terms of OS but not DFS.9 These data led to
the discussion on chemotherapy value in the neoadjuvant
and/or adjuvant setting in routine clinical practice for
patients diagnosed with locally advanced dMMR/MSI-H
gastric/GEJ adenocarcinoma.11,12

The dMMR/MSI-H phenotype has now become a major
predictive biomarker for the efficacy of immune
checkpoint inhibitors (ICIs) in advanced disease, in-
cluding gastric/GEJ adenocarcinoma, independently of
tumor type.13 `In the NICHE phase II trial, patients with
dMMR/MSI-H nonmetastatic colorectal cancer who
received the ipilimumab-nivolumab combination before
surgery achieved a pathological complete response
(pCR) of 60%.14 The results from post hoc or subgroup
analyses of several studies have shown that dMMR/
MSI-H status predicts the efficacy of anti–programmed
death-1 ICIs combined with chemotherapy in patients
with advanced gastric/GEJ adenocarcinoma.15,16 In
locally advanced gastric/GEJ cancer, pCR after neo-
adjuvant chemotherapy is associated with improved
DFS and OS and could be used as a surrogate marker of
survival in a phase I/II trial.17-22

We conducted this phase II study to evaluate the pCR rate
after treatment with a perioperative nivolumab and ipili-
mumab combination in patients with resectable locally
advanced dMMR/MSI-H gastric/GEJ adenocarcinoma.

PATIENTS AND METHODS

Patients and Study Design

NEONIPIGA is a French single-arm, multicenter academic
phase II study promoted by GERCOR evaluating preoper-
ative nivolumab and ipilimumab and postoperative nivo-
lumab in patients with resectable dMMR/MSI-H gastric/
GEJ adenocarcinoma. Patients were required to be at least
18 years of age or older (trial was amended in April 2020 to
recommend 75 years and younger as an upper limit of age
for inclusion) with histologically confirmed locally advanced
gastric/GEJ adenocarcinoma. Patients must have had
clinical (c) stage c tumor (T)2-T4 node (N)0/N1metastasis
(M)0 according to the seventh edition of the International
Union Against Cancer after thoraco-abdomino-pelvic
computed tomography (CT) scan and esophagogastric
endoscopic ultrasound (EUS), if feasible; dMMR and/or
MSI-H status; an Eastern Cooperative Oncology Group
Performance Status of 0 or 1; adequate organ function; and
be eligible for surgery as determined by a local multidis-
ciplinary team meeting in each participating center. Main
exclusion criteria were previous cancer therapy for gastric/
GEJ adenocarcinoma, conditions requiring corticosteroids
or other immunosuppressive medications within 2 weeks
before starting treatment, or history of malignancy within
the past 5 years except for cured localized cancers. The
study was performed in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines. All eligible
patients provided written informed consent. Approval of the
Protocol (online only) was obtained from an independent
ethics committee.

Treatment

Patients received neoadjuvant therapy for 12 weeks, in-
cluding nivolumab 240 mg administered intravenously

CONTEXT

Key Objective
NEONIPIGA evaluates the pathological complete response (pCR) rate after surgery and the safety of neoadjuvant nivolumab

plus low-dose ipilimumab followed by adjuvant nivolumab in patients with deficient mismatch repair (dMMR)/micro-
satellite instability–high (MSI-H) locally advanced resectable gastric/gastroesophageal junction (GEJ) adenocarcinoma.

Knowledge Generated
Durable and high tumor response rates with anti–programmed death-1 with/without anti–cytotoxic T-lymphocyte associated

antigen-4 or anti–programmed death-1 are reported. We detected pCR in 59% of the 29 patients who underwent surgery,
without unexpected immune-related adverse events and/or postoperative morbidity/mortality. After a median follow-up of
14.9 months, one patient had an event (death 3 days after surgery).

Relevance
Perioperative nivolumab and low-dose ipilimumab immunotherapy is feasible and associated with a high rate of pCR in

dMMR/MSI-H gastric/GEJ adenocarcinoma. This result may pave the way for other studies for the standard of care–
changing treatment. NEONIPIGA raises the question whether surgery can be avoided by using a watch-and-wait ap-
proach in some patients with locally advanced dMMR/MSI-H gastric/GEJ adenocarcinoma with clinical complete re-
sponse to immune checkpoint inhibitors.
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(IV) over 30 minutes once every 2 weeks (six doses) and
ipilimumab 1mg/kg administered IV over 30minutes once
every 6 weeks (two doses; cycle 1 and cycle 4). Neo-
adjuvant therapy was followed by surgery performed 5
weeks6 1 week after the last cycle of treatment. Between
4 and 8 weeks after surgery, patients received nine cycles

of adjuvant therapy with nivolumab 480 mg administered
IV over 30 minutes once every 4 weeks. Adjuvant treat-
ment was given upon the investigator decision depending
on the efficacy (ie, tumor regression grade [TRG] on
surgical tumor specimen), the tolerance of treatment, and
the general postoperative condition.

Patients screened
(N = 39)

Included
(ITT population)

(N = 32)

Did not meet inclusion criteria
   Absence of dMMR/MSI-H status
   Cardiovascular disease
   Older than 75 years
   Logistics/COVID-19 pandemic 

(n = 7)
(n = 3)
(n = 1)
(n = 1)
(n = 2)

Treated with neoadjuvant therapy
  Six cycles completed
  Five cycles completed
  Three cycles completed
  Two cycles completed

(n = 32)
(n = 27)
(n = 1)
(n = 2)
(n = 2)

Underwent surgery
(mITT population)

(n = 29)

Did not undergo surgery
Refused surgery and received
  additionnal injections of nivolumab

(n = 2)
(n = 2)

Treated with adjuvant nivolumab
(n = 23)

Premature treatment end
(n = 8)

Nine cycles completed
(n = 9)

Ongoing treatment
(n = 6)

Excluded from adjuvant nivolumab
  TRG Mandard > 3 including one death at
     3 days of surgery
   Second tumor discovered
   Investigator decision

(n = 6)

(n = 4)
(n = 1)
(n = 1)

Not eligible for surgery
   Metastatic disease at inclusion

(n = 1)
(n = 1)

Eligible for surgery
(PP population)

(n = 31)

A

FIG 1. (A) Flow chart. (B) Swimmer plot showing patients’ current situation and treatment status in the ITT
population (N5 32). dMMR/MSI-H, DNAmismatch repair deficient/microsatellite instability–high; ITT, intent-to-
treat;mITT,modified intent-to-treat; PP, per protocol; TRG, tumor regression grade. (continued on following page)
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Assessments and Outcomes

The dMMR/MSI-H status was initially evaluated by local
laboratories. Tumor samples (archival or freshly obtained
biopsy specimens from primary or metastatic lesions) were
collected at the Pathological Department of Saint-Antoine
Hospital (central collection), retrospectively reviewed for
histological tumor subtype, dMMR status and programmed
death-ligand 1 determination by combined positive score
(CPS; method in Appendix 1 [online only]), and subjected to
MSI-H status analysis by polymerase chain reaction
(Promega panel) in case of Becker grade . 1b and to
additional translational studies. The clinical TNM stage was
defined by a thoraco-abdomino-pelvic CT scan and EUS
when feasible. In the case of an obstructing tumor ham-
pering the ability to perform EUS, but not invading the ad-
jacent organs on CT scan, tumor was classified as T3N1.
Such procedure was based on the observation from the
previous studies in which obstructing tumors represented
locally advanced disease in most cases.23,24 The primary
objective of this study was the pCR rate defined as complete
disappearance of tumor cells at pathological examination in
primary tumor surgical specimen and lymph nodes. The
intent-to-treat (ITT) population included all patients re-
gardless of their eligibility and treatment received; the per-
protocol population was defined as all patients who received
at least one dose of treatment and presented no major
deviations from the protocol, and the modified ITT (mITT)

population included all patients who underwent surgery and
had surgery results available for the primary end point
analysis. The pCR was graded using the Mandard TRG and
Becker TRG grading.17-19 Secondary end points included
event-free survival (EFS) defined as the time from first dose of
treatment to first documented progression or death from any
cause and OS defined as time from the first dose of treatment
to death from any cause. After surgery, an evaluation (clinical
and biological with and CT) was performed every 3months for
2 years and then every 6 months until 5 years. Safety as-
sessments, including adverse events (AEs), were performed at
baseline and at each study visit continuously throughout
treatment and minimum 100 days after surgery or treatment
discontinuation using the Common Terminology Criteria for
Adverse Events v5.0.25 Treatment-related AEs (TRAEs), de-
fined as AEs with potential immunologic etiology, were
grouped by category. Immune-modulating medications, in-
cluding corticosteroids and immunosuppressive agents, were
used to manage TRAEs per-protocol–specified algorithms.26

Postoperative morbidity within a 90-day time postoperative
period was assessed according to the Clavien-Dindo surgical
classification.27

Statistical Methods

The sample size of patients was calculated based on
unilateral a 5 5%, b 5 20%, and the expected effect size
using the A’Hern design28 with the following assumptions: a
pCR of 5% was considered unacceptable and of 20% as
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FIG 1. (Continued).
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acceptable (details oxf sample size calculation and con-
tinuous and categorical variables definition are provided in
Appendix 1).

RESULTS

Baseline Patient Disposition and Characteristics

Between October 23, 2019, and June 4, 2021, 39 patients
with resectable locally advanced gastric and GEJ adeno-
carcinoma were screened at 11 participating centers
(Fig 1A). Of them, seven did not meet the inclusion criteria
and were not included, leaving a total of 32 eligible patients
with dMMR status who were enrolled and given the mul-
timodality treatment schedule. The accrual and treatment
summary is depicted in Figure 1A. At data cutoff (February
28, 2022), the median duration of follow-up (time from first
dose to the cutoff date) was 14.9 months (95% CI, 10.6 to
17.6; range, 3.4-25.8).

Demographic and baseline characteristics are listed in
Table 1. All the 32 patients included were dMMR (local
and centrally confirmed). Although polymerase chain
reaction testing was not available for all cases, we per-
formed this analysis retrospectively for nine patients with
Becker TRG $ 2 to avoid misdiagnosis of dMMR status.
cTNM were cT2-T3N0 (n 5 9), cT2-T3N1 (n 5 22), and
cT3N1M1 (n 5 1, wrongly included); six patients did not
undergo EUS because tumor was not passable with echo-
endoscope including one with metastatic disease who
was classified T3N1M1.

Neoadjuvant Ipilimumab Plus Nivolumab

Of the included 32 patients, 27 (84%) completed the
planned six cycles of neoadjuvant therapy, one patient (3%)
completed five cycles, two patients (6%) completed three
cycles, and two patients (6%) completed two cycles (Fig 1A).
Grade 3-4 TRAEs were recorded among six patients (19%;
Table 2), five of which led to discontinuation of neoadjuvant
treatment before surgery (colitis/ileitis, n5 2; gastritis, n5 1;
hepatitis, n5 1; and stenosis of the pylorus in relation with a
pseudoprogression with pCR at biopsy during endoscopy
with vomiting, n 5 1). The most common grade 3-4 TRAEs
during neoadjuvant treatment were colitis/ileitis (n5 2) and
hepatitis (n5 2). The RECIST 1.1 evaluation was performed
prior surgery and after neoadjuvant treatment: complete
response (n 5 5), partial response (n 5 12), stable disease
(n 5 11), and not evaluable (n 5 4).

Surgery

After neoadjuvant treatment, a total of 29 patients (91%)
underwent surgery and were evaluable in mITT. Reasons
for canceled surgery were metastatic disease in one patient
and patients’ own decision in two cases. The median delay
between the last cycle of neoadjuvant treatment and sur-
gery was 5 weeks (range, 4-24). The type of surgery and the
overall surgical morbidity are shown in Table 3. One patient
died within 3 days of surgery because of cardiovascular AE,
not related to the neoadjuvant ICIs. Complete R0 resection
was performed in all 29 patients (Table 4). Seventeen
patients (58.6%; 90% CI, 41.8 to 74.1) achieved pCR in
primary tumor and lymph nodes. Two additional cases were

TABLE 1. Baseline Characteristics for the ITT Population (N 5 32)
Characteristic No. of Patients

Sex

Male 23 (72)

Female 9 (28)

Median age, years (range) 65 (40-80)

Tumor localization

Gastric 16 (50)

Gastroesophageal junction 16 (50)

ECOG PS at baseline

0 19 (59)

1 13 (41)

Histological type

Intestinal 26 (81)

Diffuse 5 (16)

Mixed 1 (3)

Clinical stage by EUS if available/CT scan

T2N1 and M0 2 (6)

T2N– and M0 2 (6)

T3N1 and M0 20 (62)

T3N– and M0 7 (22)

T3N1 M1 1 (3)

dMMR (IHC) 32/32 (100)

Loss of hMLH1 and/or hPMS2 26 (81)

Loss of hMSH2 and/or hMSH6 6 (19)

MSI-H (PCR) 9/9 (100)

Lynch syndromea

Yes (germline) 7 (22)

No (hypermethylation of hMLH1 or no
germline mutation if search)

12 (37)

Ongoing or unknown 13 (41)

CPS

CPS , 5 10 (31)

CPS $ 5 14 (45)

Unknown 8 (25)

NOTE. Data are No. (%) unless otherwise indicated.
Abbreviations: CPS, combined positive score; CT scan, thoraco-

abdomino-pelvic computed tomography; dMMR, deficient mismatch
repair; ECOG PS, Eastern Cooperative Oncology Group Performance
Status; EUS, endoscopic ultrasound; IHC, immunohistochemistry;
ITT, intent-to-treat population; M, metastasis; MSI-H, microsatellite
instability–high; N, node; PCR, polymerase chain reaction; T, tumor.

aLynch syndromewas defined by germinalmutation ofMMRor Epcam
genes. Sporadic case was defined if tumor had loss of hMLH1 protein in
immunochemestery with hMLH1 promoter hypermethylation.

Journal of Clinical Oncology 259

Nivolumab and Ipilimumab for dMMR/ MSI-H Localized Gastric Cancer



T0, but with some tumoral cells in one node, and for this
reason, these were not considered as pCR. TRG results
(central evaluation) by the Becker and Mandard score are
summarized in Table 4 with few discrepancies between
local and central evaluation (Appendix Table A1, online
only). The two patients who refused surgery and the patient
who had metastasis at inclusion (tumoral supraclavicular
and axillary nodes confirmed by lymph node biopsy after
inclusion) showed complete response on CT scan and
complete endoscopic response after six cycles of neo-
adjuvant treatment, tumor-free biopsies, and normal EUS if
performed (n5 2 of 3). The rate of Becker TRG (central) by
CPS (, 5 or $ 5) and by Lynch syndrome or sporadic
gastric/OGJ adenocarcinoma is given in Table 5. The rate of
Becker TRG (central) by CPS (0-75) and by patient is given
in Appendix Table A2 (online only).

Postoperative Nivolumab

Among the 29 patients who underwent surgery, 23 (79%)
received adjuvant nivolumab. The two patients who refused
surgery and were in clinical complete response (endo-
scopic biopsy without tumoral cells) after neoadjuvant
treatment received adjuvant nivolumab as termed in the

study protocol while those who had metastatic disease did
not (investigator decision). The investigator decisions for
nonprescribing adjuvant nivolumab (n5 6) in patients who
underwent surgery were Mandard TRG . 3 (n 5 3),
postoperative death with a Mandard score of 3 (n 5 1),
second non-dMMR/MSI-H gastric tumor (n 5 1), and in-
vestigator decision (n5 1). Of the 23 patients who initiated
adjuvant nivolumab, five and three patients stopped
treatment because of TRAEs and investigator decision,
respectively. Nine patients received nine cycles of nivolu-
mab and six were still on treatment at the data cutoff. After
surgery and/or during adjuvant nivolumab, patients were
assessed for TRAEs (Appendix Table A3, online only).

EFS and OS

Thirty-one eligible patients were included in the per-
protocol survival analysis (cutoff date: February 28,
2022). The patient with metastatic disease wrongly in-
cluded was excluded of this survival analysis. Of the 31
eligible patients, 30 (97%) were alive and free of
recurrence/progression; one patient died suddenly 3 days
after surgery (severe cardiovascular comorbidity–related
death). The Kaplan-Meier curves for OS and EFS are
presented in Appendix Figures A1A and A1B (online only),
respectively. The patient with metastatic disease at inclu-
sion (retrospective review of baseline CT scan) was free of
events at the data cutoff date after a follow-up of 9.4
months. Figure 1B shows CPS, treatment duration, and
Becker TRG centralized grading for each patient.

DISCUSSION

The GERCOR NEONIPIGA phase II study reached its primary
objective for pCR (59% for the primary end point of 20%) with
four additional patients showing , 10% of residual tumor
cells in surgical specimen with a major Becker TRG of 79%
(TRG 1 plus TRG 2) for the 29 patients with pCR evaluable at
surgery. Three patients did not have surgery and were con-
sidered in complete response because of (1) disappearance
of the tumor lesion/ulceration at endoscopy, (2) normal CT
scan, and (3) cancer cells absence in biopsy specimens.29

The use of perioperative/adjuvant chemotherapy in patients
with locally advanced dMMR/MSI-H gastric/GEJ adeno-
carcinoma remains controversial mainly because of two
issues. First, dMMR/MSI-H tumors provide better prognosis
than microsatellite stable/mismatch repair proficient tu-
mors, but with a low pCR rate between 3% and 11% if
treated with platinum and fluoropyrimidine-based neo-
adjuvant chemotherapy in this particular molecular
subtype.2,30,31 Second, survival benefit from this strategy
has not been clearly shown.6,8 For these reasons, testing for
dMMR/MSI-H phenotype nonmetastatic gastric/GEJ ade-
nocarcinoma is in our opinion required.

Unlike for perioperative combination of fluoropyrimidines
and platinum salts for which studies suggested the lack of
the efficacy in the subgroup of dMMR/MSI-H metastatic

TABLE 2. TRAEs During or 5 weeks After Neoadjuvant Nivolumab and
Ipilumumab or Before Surgery in the Intent-to-Treat Population

TRAE

All Patients (N 5 32)

Any Grade, No.
(%)

Grade 3-4, No.
(%)

Any TRAE max/patients 24 (75) 6 (19)

Any TRAE leading to
discontinuation

5 (16) 5 (16)

Diarrhea 4 (13) 1 (3)

Colitis/ileitis 2 (6) 2 (6)

Fatigue 5 (16) 0 (0)

Pruritus 8 (25) 0 (0)

Pyrexia/fever/chills 1 (3) 0 (0)

Hepatitis (increased AST/ALT) 3 (9) 2 (6)

Adrenal insufficiency/
hypophysitis

1 (3) 0 (0)

Vomiting 1 (3) 1 (3)

Nausea 1 (3) 0 (0)

Rash 4 (13) 0 (0)

Hypothyroidism 3 (9) 0 (0)

Hyperthyroidism 7 (22) 0 (0)

Pancreatitis 1 (3) 0 (0)

Others 9 (28) 2 (6)a

NOTE. TRAEs were assessed during treatment and for up to 30 days
after the last dose of neoadjuvant treatment according to the National
Cancer Institute Common Terminology Criteria for Adverse Events
version 5.0.

Abbreviation: TRAE, treatment-related adverse event.
aOther grade 3-4 (gastritis and anemia in relation with hemorrhage).
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gastric/GEJ adenocarcinoma, the efficacy of the peri-
operative docetaxel, oxaliplatin, fluorouracil, and leucovorin
(FLOT) regimen was demonstrated with few data known.4,32

In two studies, rates of pCR in patients with gastric/GEJ
adenocarcinoma treated with neoadjuvant FLOT were 16%
in cases with unknown MMR status and 38% (5 of 13) in
those with dMMR/MSI-H tumors, respectively.32,33 These
high rates suggest that neoadjuvant FLOT is a treatment
option for selected subgroup of patients with dMMR/MSI-H.

To our knowledge, NEONIPIGA is the first study to test this
scheme of treatment for patients with resectable locally ad-
vanced gastric/GEJ adenocarcinoma. Limitation of this study
is a selected and limited number of patients undergoing

TABLE 3. Type of Surgery and Overall Surgical Morbidity

Type of Surgery
Population With Surgery
(mITT) (n 5 29), No. (%)

Total gastrectomy 9 (31)

4/5 gastrectomy 8 (28)

Lewis-Santy procedure 11 (38)

Partial gastrectomy plus
pancreaticoduodenectomy

1 (3)

Lymph nodes dissection

Total gastrectomy without splenectomy: D1.5 8 (28)

Total gastrectomy with splenectomy: D2 1 (3)

4/5 gastrectomy: D2 8 (28)

Lewis-Santy procedure 11 (38)

Pancreaticoduodenectomy 1 (3)

No. of nodes examined

Mean 25

Min-max 4-60

Patients with at least one postoperative
complication (Clavien-Dindo grade)

No 13 (45)

Yes 16 (55)

No. of complications per patient

1 12 (75)

2 3 (19)

3 1 (6)

Clavien-Dindo grade, max/patients

I-II 10 (63)

III-IIIB 4 (25)

IV 1 (6)

V 1 (6)

Overall postoperative complicationsa 21

Fistula 6 (28)

Pancreatitis 2 (10)

Ileus 2 (10)

Pneumonia 2 (10)

Atrial fibrillation 2 (10)

Death 1 (4)

Others 6 (28)

Clavien-Dindo gradea 21

I-II 15 (71)

III-IIIB 4 (19)

IV 1 (5)

V 1 (5)

Abbreviation: mITT, modified intent-to-treat.
aFor some patients more than one.

TABLE 4. Pathologic Characteristics of Patients Who Underwent
Surgery (the mITT population)

Characteristic
Patients (n 5 29),

No. (%)

ypT stage

ypT0 19 (65)a

ypT1a 1 (3)

ypT1b 2 (7)

ypT2 2 (7)

ypT3 5 (17)

ypN stage

ypN0 23 (79)

ypN1 6 (21)

TRG Mandard

TRG 1: complete regression/fibrosis without
tumor cells

17 (59)

TRG 2: fibrosis with scattered tumor cells 4 (14)a

TRG 3: fibrosis and tumor cells with a
dominance of fibrosis

2 (7)

TRG 4: fibrosis and tumor cells with
dominance of tumor cells

4 (14)

TRG 5: tumor without evidence of
regression

2 (7)

TRG Becker

TRG 1a: complete tumor regression without
residual tumor

17 (59)

TRG 1b: , 10% residual tumor per tumor
bed

4 (14)a

TGR 2: 10% to 50% residual tumor 2 (7)

TRG 3: . 50% residual tumor cells 6 (21)

NOTE. Patients with surgery results available to evaluate the primary
end point: cPR. Representative blocks with the primary tumor,
nontumoral gastric sample (if available), and slides of resected
specimens for pCR and/or TRG evaluations chosen by local
pathologists were retrospectively centrally re-evaluated by an expert
pathologist (MS) from the Saint-Antoine Hospital. In case of
discordance between local and central evaluations, the centralized
review was retained as the final TRG classification.
Abbreviations: mITT, modified intent-to-treat; N, node; T, tumor;

TRG, tumor regression grade; yp, pathological.
aTwo patients with ypT0N1 tumors (residual tumoral cells in only one

node)
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surgical resection in a phase II without random assignment.
In this phase II trial, with a limited number of patients, CPS
and the fact that the gastric/OGJ adenocarcinoma falls within
Lynch syndrome vs. sporadic do not seem to be predictive
factors for pathologic response after neoadjuvant therapy.

Moreover, following recommendation of the steering com-
mittee, a study amendment was performed to exclude pa-
tients age older than 75 years. This decision was conditioned
by the fact that the 80-year-old patient who was included in
the study refused surgery and, therefore, was not evaluable
for the pathological evaluation, the primary end point of this
study. In elderly patients, morbidity after gastrectomy is
high, and its benefit is controversial; the incidence of
dMMR/MSI-H increases with age.7,10 The watch-and-wait
strategy for elderly patients in case of complete response at
endoscopy with biopsies without tumor cells will be an
option.

In our study, half of patients had gastric tumor while the
other 50% had GEJ adenocarcinoma. This high frequency
of dMMR/MSI-H in GEJ adenocarcinoma is unusual,
compared with other studies where the majority of dMMR/
MSI-H gastric/GEJ adenocarcinoma were found to arise
mostly from the body of the stomach.8,34 This greater
number of GEJ tumors in our series (11 patients had a
Lewis-Santy procedure) may explain the high rate of sur-
gical complication observed, in particular fistula; 16 pa-
tients experienced one or more surgical complications
during a 90-day postsurgical period (Table 3). Unfortu-
nately, the role of nivolumab and ipilimumab in these
postsurgical complications could not be determined.

Discordant cases between local and centralized histological
response scores were rare (Table 2, Appendix 1) and did
not involve cases with TRG 1a/1b by Becker classification
or TRG 1/2 by Mandard classification. Two cases were in
complete histological response of the tumor with some
residual tumor cells in one lymph node. We preferred not to
count them as pCR cases, given that the Mandard and
Becker classifications only consider the tumor.

Themorbidity rates after oncological gastrectomy (partial/total)
or esogastrectomy (the Lewis-Santy procedure) reported in
published studies, particularly in elderly patients, are high and

mostly attributed to anastomotic leaks.35 The reported 90-day
mortality and morbidity rates from gastrectomy in a French
national cohort were 7% and 45%, respectively, with rein-
tervention required in 9% of patients.36 Complications after
gastrectomy/esogastrectomy include frequent weight loss,
possible dumping syndrome, nausea and vomiting, and a
vitamin B12 deficiency. Elderly patients had more comor-
bidities than their younger counterparts, with a limited rate of
survivors at 1 year and 2 years.37,38 An individualized approach
to treatment decisions is required to improve outcomes in the
elderly, especially for those with dMMR/MSI-H tumors.

For all these reasons, avoiding surgery in patients with pCR
will be a new challenge. Based on the encouraging
NEONIPIGA findings, one treatment avenue that may be
explored as an alternative to surgery is a watch-and-wait
approach for patients with dMMR/MSI-H gastric/GEJ ad-
enocarcinoma. The three patients treated in the study
without surgery, including one ineligible with metastatic
disease at the data cutoff, were event-free and in complete
response at endoscopy, which illustrates the feasibility for
this strategy. Considering the morbidity rate associated with
esophagogastrectomy/gastrectomy and their negative im-
pact on patients’ quality of life, one might wonder whether
the surgery could be avoided in patients with localized
dMMR/MSI-H gastric/GEJ adenocarcinoma with complete
response at endoscopy and biopsies (according to a pro-
tocol that remains to be defined) free of tumoral cells after
neoadjuvant ICIs, with a watch-and-wait approach. There
remain many unanswered questions with the use of neo-
adjuvant treatment in this setting. What is the best regimen?
An anti–programmed death-1 agent alone or combined
with an anti–cytotoxic T-lymphocyte associated antigen-4
despite an increased toxicity or with chemotherapy? What is
the optimal treatment duration and delay time before
surgery? How to develop this approach? How to be sure
that the primary tumor is in pCR without surgery and
without nodes histology?

Is it possible to conduct randomized trials evaluating watch-
and-wait approaches? Translational studies to identify and
validate biomarkers predictive of response to immuno-
therapy should be a priority and the development of tools

TABLE 5. Rate of TRG in Relation With CPS and Lynch Syndromes or Sporadic Gastric/Esophagogastric Junction Adenocarcinoma (n 5 29)
TRG Beker (central) All TRG, No. (%) TRG 1a, No. (%) TRG 1b, No. (%) TRG 2, No. (%) TRG 3, No. (%)

CPS , 5 10 (34) 6 (35) 2 (67) 0 (0) 2 (29)

CPS $ 5 12 (41) 7 (41) 1 (33) 2 (100) 2 (29)

Unknown 7 (24) 4 (23) 0 (0) 0 (0) 3 (43)

Lynch syndrome 7 (24) 5 (29) 0 (0) 0 (0) 2 (29)

Sporadic case 11 (38) 4 (23) 2 (67) 2 (100) 3 (43)

Unknown 11 (38) 8 (47) 1 (33) 0 (0) 2 (29)

NOTE. Two patients without surgery have CPS$ 5 and one patient (metastatic patient) without surgery have CPS unknown. Concerning the three patient
without surgery, one is sporadic and two unknown status for Lynch syndrome.
Abbreviations: CPS, combined positive score; TRG, tumor regression grade.
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with ability to diagnose pCR without the surgical specimen
of the primary tumor.39

Other clinical trials currently question the efficacy of ICIs
in locally advanced dMMR/MSI-H gastric/GEJ adeno-
carcinoma (ClinicalTrials.gov identifiers: NCT04795661,
NCT04817826 and NCT04152889) and will enhance
knowledge and understanding about the management in
early-stage disease.

In conclusion, neoadjuvant nivolumab plus low-dose ipili-
mumab and adjuvant nivolumab is feasible in patients with
resectable locally advanced dMMR/MSI-H resectable
gastric/GEJ adenocarcinoma, with a high rate of pCR and
complications rate as expected. Although not practice
changing at the present time, these findings pave the way
for other studies to change the standard of care in this
group of patients.

AFFILIATIONS
1Sorbonne University, Department of Medical Oncology, Saint-Antoine
Hospital, AP-HP, INSERM 938, SIRIC CURAMUS, Paris, France
2Department of Hepatology and Gastroenterology, Poitiers University
Hospital, Poitiers, France
3University of Lille, CNRS, INSERM, CHU Lille, Department of Digestive
and Oncological Surgery, UMR9020-U1277-CANTHER-Cancer
Heterogeneity Plasticity and Resistance to Therapies, Lille, France
4Department ofMedical Oncology, LeonBerard Cancer Centre, Lyon, France
5Department ofMedicalOncology, InstitutMutualisteMontsouris, Paris, France
6Institut de Recherche en Cancérologie de Montpellier (IRCM), INSERM,
University of Montpellier, Montpellier Cancer Institute (ICM),
Montpellier, France
7University Hospital of Besançon, Clinical Investigational Center, CIC-
1431, Besançon, France
8Department of Medical Oncology, Henri Mondor Hospital, AP-HP, Paris-
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APPENDIX 1. COMPLEMENTARY METHOD ASSESSMENTS

Tumor Regression Grade System

Mandard tumor regression grade (TRG) 1: complete regression/
fibrosis with no evidence of tumor cells, TRG 2: fibrosis with scat-
tered tumor cells, TRG 3: fibrosis and tumor cells with predominance
of fibrosis, TRG 4: fibrosis and tumor cells with predominance of tumor
cells, and TRG 5: tumor without evidence of regression). Becker TRG
grading (TRG 1a: complete tumor regression without residual tumor:
TRG 1b: , 10% residual tumor per tumor bed; TRG 2: 10%-50%
carcinoma present; and TRG 3: . 50% carcinoma present).17-19

Mismatch Repair and Microsatellite Instability

Determination and Combined Positive Score

Determination

The deficient mismatch repair/microsatellite instability-high status was
initially evaluated by local laboratories and defined as the loss of
expression of at least one mismatch repair protein detected by im-
munohistochemistry (antibodies directed against hMLH1, hMSH2,
hMSH6, and hPMS2) and/or as a positivity of at least three DNA
markers (Promega panel) by polymerase chain reaction testing. The
histological tumor subtype was determined centrally on pretreated
tumor biopsy by both the Lauren and WHO 2019 classifications of
gastric cancers. Immunohistochemistry was performed on biopsy of
the primary tumor before therapy for programmed death-ligand 1 (PD-
L1) determination by combined positive score (CPS). Slides were
incubated with the clone QR1 (Diagomics, 1/100 dilution) on un-
stained tissue sections (4 mm) using the Leica Bond platform auto-
mated stainer according to the manufacturers’ recommendations.
Tumor cell PD-L1 expression was defined as the percentage of viable
tumor cells with partial or complete membrane staining in at least 100

viable tumor cells. CPS was generated by scoring PD-L1 stained slides
using the CPS algorithm, defined as the number of PD-L1–positive
tumor cells (partial or completemembrane staining), lymphocytes, and
macrophages (membrane staining or intracellular staining or both)
divided by the total number of viable tumor cells multiplied by 100.

Sample Size and Decision Rule

The sample size of patients was calculated based on unilateral a 5
5%, b 5 20% and the expected effect size using the A’Hern design28

with the following assumptions: a pathological complete response
(pCR) of 5% was considered unacceptable (H0) and of 20% as
acceptable (H1).

Twenty-seven patients were required to be enrolled for the primary
objective (pCR) analysis to test the previous hypothesis. Considering a
rate of 15% for uninformative patients, a total of 32 patients needed to
be included. With the previous assumptions, the design consisted of
the following decision rule in the first 27 evaluable patients:

• If at most three (11.1%) responses are observed, the treat-
ment will be declared insufficiently active.

• If at least four (14.8%) responses are observed, the treatment
will be declared active and promising for further evaluation.28

Continuous and categorical variables were described with median
(range) and frequency (percentage), respectively. The pCR estimation
was provided with 90% binomial CIs.

Event-free survival and overall survival were estimated with the Kaplan-
Meier method. Median follow-up with 95% CI was estimated with the
reverse Kaplan-Meier method. All analyses were performed using SAS
software version 9.4 (SAS Institute, Cary, NC) and R software ver-
sion 3.6.1 (Vienna, Austria).
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FIG A1. Kaplan-Meier plots for (A) OS and (B) EFS in the per-protocol population (n5 31). EFS, event-free survival;
OS, overall survival.
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TABLE A1. Concordance for TRG Classification Between Local and Central Review

TRG Mandard Central Review

TRG Mandard Local

TRG 1 TRG 2 TRG 3 TRG 4 TRG 5

TRG 1 17 0 0 0 0

TRG 2 0 3 0 0 0

TRG 3 0 1a 1 0 0

TRG 4 0 0 1a 4 2a

TRG 5 0 0 0 0 0

Total Mandard central review 17 4 2 4 2

TRG Becker Central Review

TRG Becker Local

TRG 1a TRG 1b TRG 2 TRG 3

TRG 1a 17 0 0 0

TRG 1b 0 3 0 0

TGR 2 0 1a 1 0

TRG 3 0 0 1a 6

Total grade Becker central review 17 4 2 6

Abbreviation: TRG, tumor regression grade.
aDiscordance between local versus central grading.
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TABLE A2. CPS by Patient (N 5 32)
Surgery Performed TRG Becker Central CPS

Yes TRG 1a 0

Yes TRG 3 0

Yes TRG 1a 0

Yes TRG 1a 0

Yes TRG 1b 1

Yes TRG 1a 1

Yes TRG 3 1

Yes TRG 1b 2

Yes TRG 1a 2

Yes TRG 1a 3

Yes TRG 1a 5

No NA 5

Yes TRG 2 7

Yes TRG 1a 10

Yes TRG 3 12

Yes TRG 3 15

No NA 25

Yes TRG 1a 25

Yes TRG 1a 30

Yes TRG 2 30

Yes TRG 1a 50

Yes TRG 1b 55

Yes TRG 1a 60

Yes TRG 1a 75

Yes TRG 1a Unknown

Yes TRG 1a Unknown

Yes TRG 1a Unknown

Yes TRG 3 Unknown

No NA Unknown

Yes TRG 3 Unknown

Yes TRG 3 Unknown

Yes TRG 1a Unknown

Abbreviations: CPS, combined positive score; NA, not available;
TRG, tumor regression grade.

TABLE A3. Incidence of TRAEs That Occurred After Surgery in
Patients Receiving Adjuvant Nivolumab

TRAE

Patients (n 5 23), No. (%)

Any Grade Grade 3-4

Any TRAE 12 (52) 4 (17)

Any serious TRAE leading to
discontinuation

3 (13) 3 (13)

Type

Diarrhea 4 (17) 1 (4)

Colitis/ileitis 2 (9) 1 (4)

Fatigue 2 (9) 0 (0)

Pruritus 3 (13) 0 (0)

Hepatitis (increased AST/ALT) 2 (9) 1 (4)

Nausea 2 (9) 0 (0)

Rash 2 (9) 0 (0)

Hypothyroidism 3 (13) 0 (0)

Others 2 (9) 2 (9)

NOTE. TRAEs were assessed during treatment and up to 30 days
after the last dose of adjuvant treatment according to the National
Cancer Institute Common Terminology Criteria for Adverse Events
version 5.0. Two patients who refused surgery (one patient completed
nine cycles with grade 1 toxicities and one patient completed six cycles
at the date of data cutoff without toxicity) were not included in this
summary.
Abbreviation: TRAE, treatment-related adverse event.
aNeutrophil counts decreased, creatinine increased 5 nephritis.
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