
Digestive and Liver Disease 54 (2022) 1335–1341 

Contents lists available at ScienceDirect 

Digestive and Liver Disease 

journal homepage: www.elsevier.com/locate/dld 

Progress Report 

Immunotherapy in MSI/dMMR tumors in the perioperative setting: 

The IMHOTEP trial ✩ 

Clélia Coutzac 

a , b , Frederic Bibeau 

c , Meher Ben Abdelghani d , Thomas Aparicio 

e , 
Romain Cohen 

f , Elodie Coquan 

g , Olivier Dubreuil h , Ludovic Evesque 

i , 
François Ghiringhelli j , Stefano Kim 

k , Samuel Lesourd 

l , Cindy Neuzillet m , 
Jean-Marc Phelip 

n , Guillaume Piessen 

o , Philippe Rochigneux 

p , Emmanuelle Samalin 

q , 
Emilie Soularue 

r , Yann Touchefeu 

s , David Tougeron 

t , Aziz Zaanan 

u , Christelle de la 

Fouchardière 

a , b , ∗

a Medical Oncology Department, Centre Léon Bérard, 28 rue Laennec, Lyon 69008, France 
b Cancer Research Center of Lyon (CRCL), UMR INSERM 1052 CNRS 5286, Centre Léon Bérard, Lyon, France 
c Department of pathology, Besançon University Hospital, Besançon, France 
d Department of Medical Oncology, Paul Strauss Center, Strasbourg, France 
e AP-HP, Gastroenterology and Digestive Oncology Department, Saint Louis Hospital, Paris, France 
f AP-HP, INSERM, Sorbonne University, Saint-Antoine Hospital, Unité Mixte de Recherche Scientifique 938, Paris 75012, France 
g Department of Medical Oncology, Center François Baclesse, Caen, France 
h Department of Digestive Oncology, Groupe hospitalier Diaconesses Croix Saint Simon, Paris, France 
i Department of Medical Oncology, Centre Antoine Lacassagne, Nice, France 
j Department of Medical Oncology, Georges François Leclerc, Dijon, France 
k Department of Medical Oncology, University Hospital of Besançon, Besançon 250 0 0, France 
l Medical Oncology, Centre Eugène Marquis, Rennes 350 0 0, France 
m Department of Medical Oncology, Curie Institute, Versailles Saint-Quentin University (UVSQ) - Paris Saclay University, Saint-Cloud, France 
n Centre Hospitalier Universitaire St Etienne, St Etienne, France 
o Department of Digestive and Oncological Surgery, Claude Huriez University Hospital, Lille F-590 0 0, France 
p Medical Oncology Department, Paoli-Calmettes Institute, Aix-Marseille University, Marseille, France 
q Department of medical Oncology, Institut régional du Cancer de Montpellier (ICM), Université Montpellier, Montpellier, France 
r Department of Oncology, Institute Mutualiste Montsouris, Paris 75014, France 
s CHU Nantes, Institut des Maladies de l’Appareil Digestif (IMAD), Hépato-Gastroentérologie, Inserm CIC 1413, Nantes Université, Nantes F-440 0 0, France 
t Department of Hepato-gastroenterology, Centre Hospitalo-Universitaire Poitiers, Poitiers 860 0 0, France 
u Department of Gastroenterology and Digestive Oncology, Hôpital Européen Georges Pompidou, Paris University, Assistance Publique-Hôpitaux de Paris, 

Paris, France 

a r t i c l e i n f o 

Article history: 

Received 24 March 2022 

Accepted 9 July 2022 

Available online 28 July 2022 

Keywords: 

Colorectal cancer 

Endometrial cancer 

Gastric cancer 

Immune checkpoint inhibitor 

MSI/dMMR 

Perioperative immunotherapy 

a b s t r a c t 

Background: Immune checkpoint inhibitors (ICI) targeting Programmed death-1 (PD-1) have shown 

their efficacy in advanced MSI/dMMR (microsatellite instability/deficient mismatch repair) tumors. The 

MSI/dMMR status predicts clinical response to ICI. The promising results evaluating ICI in localized 

MSI/dMMR tumors in neoadjuvant setting need to be confirmed in MSI/dMMR solid tumors. The aim 

of the IMHOTEP trial is to assess the efficacy of neoadjuvant anti-PD-1 treatment in MSI/dMMR tumors 

regarding the pathological complete response rate. 

Methods: This study is a prospective, multicenter, phase II study including 120 patients with localized 

MSI/dMMR carcinomas suitable for curative surgery. A single dose of pembrolizumab will be adminis- 

tered before the surgery planned 6 weeks later. Primary objective is to evaluate the efficacy of neoad- 

juvant pembrolizumab according to pathological complete tumor response. Secondary objectives are to 

assess safety, recurrence-free survival and overall survival. Ancillary studies will assess molecular and 

immunological biomarkers predicting response/resistance to ICI. First patient was enrolled in December 

2021. 

✩ Trial registration: IMHOTEP trial has been registered on www.clinicaltrials.gov ; NCT04795661 (first post: March 12th, 2021). 
∗ Corresponding author at: Medical Oncology Department, Centre Léon Bérard, 28 rue Laennec, Lyon 69008, France. 
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Discussion: The IMHOTEP trial  

ized MSI/dMMR in a tumor ag  

MSI/dMMR patient’s outcomes  
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. Background 

Surgery is the gold standard treatment of localized resectable 

olid tumors. However, overall and progression-free survivals are 

ncreased by multimodal therapy combining chemotherapy in 

he neoadjuvant/perioperative or in adjuvant setting. For ex- 

mple, localized gastric adenocarcinomas are currently treated 

ith perioperative chemotherapy (FLOT regimen) [1] . Six-month 

f oxaliplatine-based adjuvant chemotherapy is recommended in 

igh-risk-stage II and stage III colon cancers following the results 

f the MOSAIC study [2] . Recently the treatment duration has been 

eviewed to 3 months in low-risk stage III and high-risk-stage II 

olon cancers following the IDEA study results [3] . In the FOx- 

ROT phase III trial evaluating neoadjuvant chemotherapy for pa- 

ients with locally-advanced colon cancer, the authors reported a 

ignificant histological downstaging ( p < 0.001 for pT and pN) 

ith less incomplete (R1-R2) resections (5% vs. 10%, p = 0.001) in- 

uced by neoadjuvant chemotherapy. However, there was no sig- 

ificant improvement of the relapse or persistent disease rate after 

wo years following resection (primary endpoint) [4] . In endome- 

rial cancer, a chemotherapy may be proposed in the adjuvant set- 

ing for high-risk uterine confined disease [5] but also in neoad- 

uvant setting for localized bulky disease (stage IIIc). In many tu- 

ours types, MSI/dMMR status has been associated with a bet- 

er overall survival and less recurrence in localized tumours [6] . 

owever, the benefit of (neo)-adjuvant chemotherapy is quite dif- 

erent in localized MSI/dMMR tumors. Indeed, many studies sug- 

est that MSI/dMMR status may be a negative predictive factor for 

he efficacy of chemotherapy. This was suggested in several tu- 

or types especially in adjuvant or neoadjuvant setting. In stage 

I MSI/dMMR colorectal cancer (CRC) patients, fluoropyrimidine–

ased adjuvant chemotherapy was demonstrated ineffective [7–

] . The same observations were reported in MSI/dMMR local- 

zed gastric cancer (GC) [10–12] . By contrast, MSI/dMMR status is 

ighly predictive of clinical response to ICI in metastatic solid can- 

ers [13] . Indeed, antibodies blocking programmed death-1 (PD- 

) or its ligand programmed death-ligand 1 (PD-L1) + /- combined 

ith Cytotoxic T Lymphocyte Associated-4 (CTLA-4) have been in- 

estigated in recent clinical trials in metastatic MSI/dMMR can- 

ers [14–16] . Based on these trials, four drugs have already been 

DA-approved in metastatic MSI/dMMR tumors: pembrolizumab, 

ostarlimab, nivolumab and ipilimumab. The ICI’s feasibility and 

afety in the neoadjuvant setting has been proven in several tu- 

or types in phase II studies [ 16 –21 ]. In localized colorectal can-

er (CRC), the phase II NICHE trial (NCT03026140) [19] investigated 

he role of a neoadjuvant treatment with nivolumab + ipilimumab 

ipilimumab 1 mg/kg on day 1 + nivolumab 3 mg/kg on day 1 

nd day 15) in early-stage CRC, including 21 MSI/dMMR tumors. 

ll patients with MSI/dMMR CRC (20/20; 100%) had a pathological 

esponse including 19/20 major response (defined as ≤10% of vi- 

ble tumor cells) and 12/20 pathological complete response (pCR) 

63%; 95% confidence interval (CI) 36–81%) with a complete patho- 

ogical response (pCR). In contrast, only 3 major pathological re- 

ponses were observed in 15 proficient MMR (pMMR) CRCs, with 

wo pCRs and one tumor with 1% residual viable tumor. ICI was 

ell tolerated and all patients underwent radical tumor resection 
1336 
will be one of the first clinical trial investigating perioperative ICI in local-

nostic setting. Assessing neoadjuvant anti-PD-1 is mandatory to improve

. The translational program will explore potential biomarker to improve

scape and response in this ICI neoadjuvant setting. 

ished by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l.

icle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ )

ithout any delay (median time to surgery = 32 days (Interquartile 

ange (IQR) 28–35 days)). Most of the studies evaluating the safety 

nd efficacy of a neoadjuvant ICI therapy have been conducted in 

igh-risk resectable melanoma with PD-1 antibody [20–22] . Inter- 

stingly, these studies demonstrated the early effect of a single 

ose of anti PD-1, occurring as soon as 2 weeks after the treatment 

njection, both at a clinical and biological level [23] . No unexpected 

dverse events, no delays in surgery or unexpected surgical com- 

lications were observed. Some interesting data are also available 

n other solid tumors [ 18 , 24 , 25 ], reinforcing the interest in using

CI in resectable tumours. Based on these results, we hypothesized 

hat one cycle of ICI will benefit to patients with MSI/dMMR tu- 

ors at early stages, whatever their anatomical origin, by provid- 

ng a high rate of pathological complete response and ultimately 

rolonging patient’s survival. This work will also provide molecu- 

ar and immunological data contributing to identify patients who 

an benefit more from immunotherapy in the neoadjuvant setting 

ith pCR and furthermore those who could avoid surgery in the 

uture. 

. Methods 

.1. Trial design 

This study is a prospective, multicenter, phase II clinical trial 

iming to include 120 patients with localized MSI/dMMR carcino- 

as suitable for curative surgery ( Fig. 1 ). A single dose of pem-

rolizumab (MK-3475, KEYTRUDA®) will be administered in the 

eoadjuvant setting and patients will be offered adjuvant pem- 

rolizumab (for 1 year) in absence of disease progression. We an- 

icipated including patients in four cohorts according to primary 

umor site: colon, endometrium, gastric and other digestive can- 

ers (miscellaneous origin). 

.2. Study objectives 

The primary objective is to evaluate the efficacy of pem- 

rolizumab in the pre-operative setting, defined as pCR, in patients 

ith untreated localized/locally advanced MSI/dMMR carcinomas, 

ndependently of their anatomical origin. Secondary objectives are 

o evaluate: safety of the perioperative treatment, post-operative 

orbidity, R0 resection rate, major pathological response ( ≤ 10% 

esidual viable tumor) rate, recurrence-free survival (RFS), disease- 

ree survival (DFS), overall response rate (ORR) at 4 weeks after the 

njection of pre-operative pembrolizumab, overall and progression- 

ree survivals (OS and PFS) and quality of life (QoL). The objectives 

f the ancillary program are to assess molecular and immunolog- 

cal predictive biomarkers of pCR and compare the data according 

o the primary tumor site. 

.3. Study endpoints 

Primary endpoint will be the rate of complete pathological re- 

ponse (pCR) defined as 0% viable tumor cells according to central 

athological review (F.B.). 

Secondary endpoints are: 

http://creativecommons.org/licenses/by/4.0/
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Fig. 1. Timeline and summarized study protocol. 
∗Biliary tract or pancreas adenocarcinoma, small bowel adenocarcinoma (duodenum, jejunum, ileum). ∗∗ Adjuvant therapy depending on localization and ypTN and/or 4-week 

CT-scan / MRI / endoscopy. D: day; W: week and M: month. 
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- Safety profile, determined using the National Cancer Institute –

Common Terminology Criteria for Adverse Event (NCI-CTC AE) 

grading scale version 5. Adverse events will be described by 

their intensity and severity. 

- Rate of surgical complications (post-operative morbidity) as- 

sessed according to modified Clavien Dindo scoring. 

- Percentage of patients with R0 resection. 

- Percentage of patients with major pathological response ( ≤ 10% 

residual viable tumor). 

- Recurrence-free survival, defined as the time from the date of 

first study treatment administration to the date of first docu- 

mented recurrence (second cancer are excluded). 

- Percentage of patients with objective response at 4 weeks 

(complete or partial response) after neoadjuvant pem- 

brolizumab, according to RECIST v1.1. 

- Percentage of patients with second cancer. 

- OS, defined as the time from the date of first study treatment 

administration to the date of death due to any cause. 

- PFS, in patients with recurrence, defined as the time from the 

date of end of treatment to the date of first documented pro- 

gression in case of unresectable disease. 

- Quality of life (QoL) assessed using the EORTC QLQ-C30 (base- 

line, before surgery and at 3 and 6 months after surgery). 

.4. Sample calculation 

We built our hypothesis on the gastric cancer’s data, where a 

ecently published meta-analysis showed a 6.74% average patho- 

ogical complete response (pCR) rate in gastric or gastroesophageal 

unction cancer treated with neoadjuvant and radical surgery 

range: 3% −15%) [49]. Furthermore, in the FLOT4 phase III random- 

zed study, Al-Batran reported a 25% of pT0/pT1 tumors with the 

LOT regimen (versus 15% with ECF; p = 0.001) [50]. In localized 

olon or endometrial cancer, as surgery-first is the standard of care, 

e have scarce data about neoadjuvant treatment efficacy. We also 

sed the NICHE study results where the complete pathological re- 

ponse rate in MSI/dMMR colon cancer was 60% [35; 51]. A se- 

uential Bayesian design will be used to allow continuous moni- 

oring of the primary endpoint and update knowledge gradually. 

his approach will enable stopping a cohort as early as possible 

f no sufficient activity is shown. The successive estimation of the 

redictive probabilities of efficacy according to the Bayesian infer- 

nce has no impact on the type I error inflation. Consequently, 

he number of patients to be included depends on the number 

f interim analyses. Sample size will be thus evaluated by anal- 

gy with an A’Hern’s single stage phase II design with P0 = 25%, 

1 = 50% and 85% power, leading to the inclusion of a maximum of 

0 patients by cohort [26] . For each cohort, interim analyses are 

lanned after 6-week follow-up of the first 10 patients (i.e. after 
1337 
urgery) and then every 10 patients. Early stopping will be rec- 

mmended if there is a high posterior probability ( ≥90%) given 

bserved data that the rate of complete pathological response is 

ower than 50%. If no early stopping occurs until the maximum 

ample size is reached, treatment will be considered worthy for 

urther evaluation if the predictive probability that the complete 

athological response rate is higher than 50% is high enough. 

.5. Inclusion and exclusion criteria ( Table 1 ) 

All patients (18 years and older, ECOG-performance status 0–

) with histologically proven MSI/dMMR localized non-metastatic 

umor included in one of the four cohorts ( Table 1 ): 

- Colorectal Cancer (cT3/T4 N0 M0 ou cT N + M0) or, 

- Oesogastric (gastric, gastro-oesophageal or oesophageal) adeno- 

carcinomas (cT2 to cT4 N0/ + M0) or, 

- Endometrial carcinoma (stage III) or, 

- Other tumor types (cT2 to cT4 N0/ + M0 on TAP CT-scan and 

echo-endoscopy): biliary tract or pancreas adenocarcinoma and 

small bowel adenocarcinoma (duodenum, jejunum, ileum). 

The MSI/dMMR status will be established by both techniques: 

mmunohistochemistry (IHC) [MMR protein expression] and poly- 

erase chain reaction (PCR) and validated by coordinator’s team. 

MR proteins expression will be assessed using IHC with four 

ntibodies (anti-MLH1, anti-MSH2, anti-MSH6 and anti-PMS2) and 

icrosatellite instability by PCR (pentaplex panel is recommended: 

AT-25, BAT-26, NR-21, NR-24, and NR-27) prior to screening. Loss 

f MLH1 and PMS2 / or MSH2 and MSH6 / or MSH6 alone / 

r PMS2 alone protein staining by IHC indicates dMMR, and tu- 

or with ≥ 2 unstable markers among 5 microsatellite markers 

nalyzed on PCR (BAT25, BAT26, NR21, NR24, and NR27) proves 

SI/dMMR status. 

.6. Procedure 

Pembrolizumab will be administered intravenously (iv) at the 

ose of 400 mg according to recent summary of product charac- 

eristics (SPC). A single dose will be administered 6 weeks before 

he planned surgery. Based on the established exposure-response 

elationships for pembrolizumab over a 5-fold dose range (2 mg/kg 

very 3 weeks, Q3W) with similar clinical efficacy and safety 

f 400 mg every 6 weeks (Q6W) across tumor types [27] , the 

urgery was planned 6 weeks after pembrolizumab infusion. In 

esogastric MSI/dMMR cancer, if no tumor regression or down- 

taging is observed on the 4-week CT-scan/gastroscopy after pre- 

perative pembrolizumab, the standard neoadjuvant chemotherapy 

FLOT regimen) could be administered according to investigator’s 

nd coordinator’s choice. Surgery will be performed during the 6th 
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Table 1 

Inclusion and exclusion criteria for IMHOTEP trial. 

Key inclusion criteria Key exclusion criteria 

�Age ≥18 years �MSS/pMMR tumors 

�ECOG-Performance status 0 to 1 �Metastatic disease (stage IV). 

�Histologically proven locally advanced non-metastatic tumor included 

in one of the 4 cohorts: 

�Know to active TBC, HBV, HCV 

Colorectal Cancer (cT3/T4 N0 M0 ou cT N + M0 on 

thoraco-abdomino-pelvic (TAP) computed tomography (CT) scan and 

echo-endoscopy) OR 

�Active HIV with CD4 count < 400 cells/mm3 

Oesogastric (gastric, gastro-oesophageal or oesophageal) cancer (cT2 to 

cT4 N M0 on TAP CT-scan and echo-endoscopy) OR 

�Active systemic autoimmune disease 

Endometrial carcinoma (stage III) OR �Interstitial lung disease 

Other tumor types (cT2 to cT4 N M0 on TAP CT-scan and 

echo-endoscopy): biliary tract or pancreas adenocarcinoma, small 

bowel adenocarcinoma (duodenum, jejunum, ileum), peritoneum 

adenocarcinoma 

�History of severe hypersensitivity to another monoclonal antibody. 

� MSI/dMMR established by IHC and PCR �Immunosuppressive therapy or corticosteroids (in dosing exceeding 

10 mg daily of prednisone equivalent) within the last 2 months before 

inclusion. 

�Adequate bone-marrow, hepatic, and renal functions �Active infections. 

�Patients of childbearing potential accepting to use effective 

contraceptive measures 

�Radiotherapy within the 2 weeks before inclusion. 

�Live vaccine within 30 days prior to the first dose of study drug. 

�Known psychiatric or substance abuse disorders that would interfere 

with cooperation with the requirements of the study. 

�Pregnant or breastfeeding woman or patient expecting to conceive or 

father children within the projected duration of the study. 

�Ongoing anti-cancer treatment for another cancer 
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eek after pembrolizumab injection. The study protocol is summa- 

ized in Fig. 1 . 

Adjuvant pembrolizumab will be administered depending on 

he tumor response on the 4-week CT-scan/MRI/endoscopy, the 

athological stage (ypTNM), the tolerance of pre-operative treat- 

ent and the ability of the patient to receive the treatment re- 

arding his general post-operative condition. 

.7. Follow up 

Patients will be followed-up during 36 months (except in the 

ase of consent’s withdrawal): at 1, 3, and 6 months after surgery, 

nd then as recommended by national guidelines ( https://www. 

nfge.org/tncd ), with at least a TAP CT-scan every 3 months dur- 

ng the first 2 years. Survival status and date of first recurrence (if 

pplicable) will be updated for all patients once a year until final 

nalyses. Final data will be analysed and the report will be pre- 

ared after the end of study visit of the last patient. 

.8. Adverse events 

International Conference on Harmonization (ICH) Guidelines for 

ood Practice requires that both investigators and sponsor fol- 

ow specific procedures when notifying and reporting adverse 

vents/reactions in clinical studies. An adverse event (AE) is de- 

ned as any untoward medical occurrence in a patient or clinical 

tudy subject administered a medicinal product, and which does 

ot necessarily have a causal relationship with this treatment. A 

alue outside the normal or reference range in a routine safety as- 

essment, such as clinical laboratory, vital signs or ECG, may be 

onsidered as an adverse event if they are considered medically 

elevant by the investigator: i.e. symptomatic, requiring corrective 

reatment, leading to IMP discontinuation/dose modification (re- 

uction and/or delay), and/or fulfilling a seriousness criterion. A 

erious adverse event (SAE) is defined as any untoward medical 

ccurrence or effect that at any dose results in death is life threat- 

ning requires new and prolonged inpatient hospitalization, re- 

ults in persistent or significant disability/incapacity, is congenital 

nomaly/birth defect or, any other significant medical condition. 
1338 
.9. Translational research 

All patients included in the trial will participate to ancillary re- 

earch program. Blood samples will be collected at inclusion (be- 

ore first pembrolizumab injection), just before surgery (D-1), at 

ne-month post-surgery (before the first adjuvant injection) and 

t recurrence. 

We will investigate by multi-parametric flow cytometry, the im- 

act of treatment on the frequency of main peripheral immune 

opulations and on the expression of immune checkpoints (in- 

ibitory or stimulatory) on T cell subsets. The impact of treatment 

n the modulation of peripheral cytokines will be assessed using 

ultiplex (Luminex®). We will also investigate during treatment 

irculating tumor DNA (ctDNA) (MSI/dMMR) in order to identify if 

tDNA is predictive of treatment efficacy and disease recurrence. 

Available tumor tissue (archival FFPE block) from pre-treatment 

iopsies of the primary tumor and from surgical specimens will be 

ollected. Whole exome sequencing and RNAseq will be performed 

o investigate gene expression involved in anti-tumor response, im- 

une gene signature associated with tumor response/resistance, 

nd tumor mutational burden (TMB). 

The objectives of this ancillary program are double: (i) to as- 

ess molecular and/or immunological biomarkers before and in the 

ourse of treatment that can predict the response and/or resistance 

o pembrolizumab, (ii) to compare the data according to the pri- 

ary tumor site. 

.10. Data analysis 

Methodology and analysis details will be provided in the Sta- 

istical Analysis Plan (SAP), which will be compiled, reviewed and 

igned off prior to the end of the data management process. Sta- 

istical analyses will be performed using SAS® software version 9.4 

r later. Qualitative variables will be described using frequency and 

ercentage distributions. The number of missing data will be given, 

ut will not be considered for the calculation of proportions. Quan- 

itative data will be described using the number of observations, 

ean, standard deviation, median, minimum and maximum val- 

es. To perform Bayesian analysis, we assume the pCR rate to be a 

https://www.snfge.org/tncd
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andom variable following a binomial distribution Bin (n, p) where 

 is the sample size and p is the true underlying pCR rate. Con- 

lusions and inferences will be conducted on p. The prior distribu- 

ion of p (representing the knowledge of the pCR rate probability 

rior to observing the data) will be pre-specified. We assume the 

rior distribution of p follow a Beta (a,b). Thus, the posterior dis- 

ribution of p, after observing a certain number of patients m will 

e estimated from a beta-binomial model [26] : Beta(a + s, b + m-s),

here s is the observed number of success among the m patients 

bserved. For each cohort, interim analyses will be planned after 6- 

eek follow up of the first 10 patients (i.e. after surgery) and then 

very 10 patients. Based on the observed data, the prior distribu- 

ion of the success will be updated and refined at each interim 

nalysis to obtain the posterior distribution, allowing the estima- 

ion of the mean pCR rate with its 95% credible interval (measure 

f Bayesian precision). At each update of the distribution (every 

0 patients), a futility stopping rule will recommend to stop the 

ohort if there is a high predictive probability that the estimated 

CR rate is lower or equal to the futility boundary p0 = 50%: PR 

pathological response ≤50) ≥90%. It means that most of the distri- 

ution (90% of it) falls to the left hand side of 50%, indicating that 

t is very likely that the effect is at best 50%. Sensitivity analyses 

ccording to different prior distributions will be performed in or- 

er to see the impact of initial distribution Beta (a,b) on interim 

ecision. The study will continue until the stopping rule applied 

t each interim analysis is not met, or until the maximum sample 

ize is reached. The prior density function and posterior distribu- 

ion of the true pCR rate across successive interim analyses will be 

isplayed graphically. 

Post-operative morbidity rate, R0 resection rate, major patho- 

ogical response rate, overall response rate before surgery and rate 

f second cancer will be described using percentages and pre- 

ented associated with their 95%CI intervals. The Kaplan-Meier 

KM) approach will be used to estimate median PFS and OS. Me- 

ian PFS and OS as well as survival rates at specific timepoints will 

e presented together with their 95% CI. 

.11. Ethical and regulatory aspects 

The study sponsor is the center Léon Bérard (Lyon, France). 

he study was registered under EudraCT 2020–004957–62 number. 

his trial is conducted in accordance with the ethical principles 

f the Helsinki declaration of 1964 and its subsequent revisions 

nd with good clinical practice of the international conference on 

armonization (ICH–E6, 17/07/96). The protocol received approval 

rom French ethic committee on 28/05/2021 and from the ANSM 

n 09/09/2021. 

. Discussion 

In MSI/dMMR localized cancers, neoadjuvant/perioperative ICI 

dministration seem to be a promising strategy in order to im- 

rove cure, due to high pathological complete response rate ob- 

erved with these agents in preliminary studies [ 19 , 28–30 ]. How- 

ver, until now, data are scarce, relying mainly on post-hoc analy- 

es and prospective studies are needed. Furthermore, several chal- 

enging questions remain opened in MSI/dMMR tumors, especially 

i) how to evaluate tumor response in the localized setting? (ii) 

s the evaluation with RECIST criteria as valuable with ICI as with 

hemotherapy?, (iii) how is it possible to predict complete patho- 

ogical response? Conversely, to metastatic cancers, evaluating tu- 

or response (RECIST 1.1 or iRECIST) in localized cancer is chal- 

enging. In the preoperative setting, clinical response (improve- 

ent of baseline symptoms), endoscopic considerations and CT- 

can showing no progressive disease remain imperfect. In the post- 
1339 
perative setting, tumor response is analysed according to ypTNM 

tage and tumor regression grade (TRG). The most important fac- 

or affecting long-term survival after peri–operative treatment is 

till unknown but the ypN stage is a major determinant of out- 

ome in many tumor locations. Using only objective response rate 

ORR) to evaluate tumor shrinkage and antitumor activity may 

ignificantly underestimate the benefits derived from neoadjuvant 

herapy especially in localized gastrointestinal cancers. Disease-free 

urvival seems preferred to ORR because more correlated to OS. 

owever, timelines to obtain enough events can be long to ob- 

ain in dMMR/MSI tumours with good prognosis, and early mark- 

rs of treatment efficacy are needed to improve standard of care. 

s in lung cancer [31] , we planned to standardize pathological re- 

ponse by assessing the percentages of (1) viable tumor, (2) necro- 

is, and (3) stroma (including inflammation and fibrosis) with a 

otal adding up to 100%, which can be used for all systemic thera- 

ies. Indeed, major pathological response seems to play an impor- 

ant role in long-term survival and it could predict overall survival 

s a surrogate marker [ 32 , 33 ]. Several studies showed discrepan- 

ies between morphological and histological findings after neoad- 

uvant immunotherapy, with observations of complete pathological 

esponses in cases with residual disease on preoperative CT-scan 

 18 , 23 , 29 ]. These observations suggest that radical surgical decision 

annot be based only on RECIST or iRECIST criteria, our objective 

eing to identify patients with complete tumor response, in order 

voiding to operate them. Translational researches are mandatory 

o find potential biomarkers that may predict pCR and more sen- 

itive than morphological (CT-scan/MRI/PET) monitoring. This trial 

ffers the opportunity to evaluate potential predictive biomark- 

rs associated with pathological tumor response and/or resistance 

o neoadjuvant pembrolizumab, such as tumor mutational burden, 

ene expression, MSI score, peripheral immunological markers and 

irculating tumor DNA (ctDNA). In addition, the data from these 

ifferent analyses could allow us to identify predictive biomark- 

rs associated with the response in MSI tumors regardless of the 

rimary site of the tumor. The use of ICI as a neoadjuvant treat- 

ent in MSI/dMMR cancers showed in recent studies that pre- 

perative immunotherapy could achieve a high rate of pathologic 

ajor or complete response in potentially resectable neoplasms 

nd eventually provide a chance to cure the tumor regardless of 

urgery. As well as in the phase II NICHE trial [19] , toripalimab, 

ith or without celecoxib was evaluated in the neoadjuvant set- 

ing for resectable dMMR/MSI-high colorectal cancer [28] . The au- 

hors showed that 15/17 patients (88% [95% CI 64–99]) in the tori- 

alimab plus celecoxib group and 11/ 17 patients (65% [38–86]) 

n the toripalimab monotherapy group had a pathological com- 

lete response [28] . In a case report series of six patients with 

esectable locally advanced (cT4N + ) MSI gastrointestinal cancers 

 n = 4 gastric and n = 2 colorectal cancers) treated with anti- 

D-1-based regimens (50% received chemotherapy regimens asso- 

iated to ICI), radical surgery was performed in all of the 6 patients 

34] . Among them, 5 (87%) achieved a pCR, whereas the single pa- 

ient with no pCR had a heterogeneous mixed dMMR-pMMR can- 

er [34] . The results of a retrospective series of patients with stage 

V metastatic MSI colorectal cancer, showed pCR in 13 out of 14 

esected metastases and even after a short-duration therapy [29] . 

ven more recently, the NEONIPIGA phase II trial evaluated neoad- 

uvant nivolumab plus ipilimumab and adjuvant nivolumab in pa- 

ients with localized MSI/dMMR oeso-gastric adenocarcinoma [30] . 

mong the 29 patients who underwent surgery 17/29 (59%) had 

CR [30] . These results suggest that neoadjuvant ICI in MSI/dMMR 

umors may be definitive without need for surgical resection if pCR 

ay be predicted earlier. Several phase II studies are currently ex- 

loring the use in the neoadjuvant setting of ICI in the neoadju- 

ant/adjuvant setting of MSI tumors especially in gastric cancers 

NCT04006262, NCT04817826 and NCT04152889). Our study will 
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rovide early results in other digestive tumor types less frequent 

han colon and gastric cancers. 

In conclusion, neoadjuvant pembrolizumab appears as a 

romising therapeutic approach in MSI/dMMR localized tumors. 

he goal of neoadjuvant pembrolizumab is to increase tumor re- 

ponses, induce complete pathological responses, ease the surg- 

ries (especially in delicate locations as rectum and gastric tumors) 

nd cure patients. IMHOTEP study is a tumor agnostic trial on pe- 

ioperative pembrolizumab that will provide valuable results both 

n clinical and biological sides. In the long-term perspective, trans- 

ational analyses of the IMHOTEP trial aim to identify in which pa- 

ients surgical intervention will remain necessary. 
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