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MSI TUMORS: CLINICAL SPECTRUM

Associated to almost all cancers
30%

<1%
> 15 000 New cases per Year (France)
> 700 000 New cases per Year (Worldwide)
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MSI TUMORS: SPORADIC AND HEREDITARY SETTINGS



PDL1 PDL1

Renato Lupinacci

We still need to further define the clinical spectrum of MSI cancers in human … 
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Identification of MSI in colon cancer

MSS tumor

Normal Tissue

MSI Tumor
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Dorard Nat. Med. 2011
Collura M/S 2019

1

2THE CODING MSI-DRIVEN PATHWAY 
TO CANCER



Tumor suppressor Gene, Genome Stability
Oncogene
Metabolism
Cell Structure 
Other signalling pathways and Enzymes

Frameshift mutator mutation

Neoantigenic aberrant 
C-terminal tail

Bokhari Oncogenesis 2018 

CODING
DNA 

PR
O TU

M
O

R
IG

E
N

IC
PR

O IM
U

N
O

G
E
N

IC

D
N

A
 M

IS
M

A
TC

H

THE CODING MSI-DRIVEN PATHWAY 
TO CANCER



AntiTumor Immunity in MSI Cancers: The role of ICKs

James P. Allisson and Tasuku Honjo

Nobel Prize in Physiology and Medicine
2018



Diagnostic du MSI « Gold standard »

Guimbaud et al., 2017

PCR Pentaplex Immunohistochimie (IHC)

Gold Standard Methods for MSI Diagnostics in Human Tumors
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Diagnosing MSI in Cancer 

1/ ImmunoHistoChemistry

• Co analysis of MMR protein by IHC (MLH1, MSH2, MSH6, PMS2)
• Highly Sensitive and specific in pan-cancer. However, there are some false negative results
• Need of tumor material, hard to standardize, impossible to use in liquid biopsy

(Circulating Tumor DNA)
• Not suitable for high throughput diagnosis



NR-27 NR-21 NR-24 BAT-25 BAT-26

Normal (contaminating DNA)

MSI

Olivier Buhard

Richard Hamelin

• Co amplification of 5 monomorphic markers (mononucleotide repeats)
• No need of matching normal DNA (Colorectal cancer)
• Matching normal DNA is required when testing other primary tumor locations 

for MSI (Endometrial tumors, others)
• PCR is poorly sensitive for diagnosing MSI outside CRC

Suraweera Gastroenterology 2002
Buhard JCO 2006
Patented, Licenced Promega

Diagnosing MSI in Cancer 
2/ PCR and AFLP

PENTAPLEX



Cohen Jama Oncol. 2019

Romain Cohen



Be Careful MSI Diagnosis using
PCR Before to Use ICKi !

Cohen Jama Oncol. 2019



Be Careful MSI Diagnosis using
PCR Before to Use ICKi !

Cohen Jama Oncol. 2019



New PCR and AFLP Methods for Improving MSI detection
In solid and liquid biopsies containing tumor DNAs

M
S
I

Baudrin Clin Chem 2018

How-kit Hum Mut 2018 Daunay Nucl Acid Res 2019

Alexandre How-Kit

Detection of MSI using PCR and 
AFLP can be improved using 
HSP110 T17 
by modifying Technical protocols … 



Diagnosing MSI in Cancer
3/ Next Generation Sequencing



Démocratisation du génome

Diagnosing MSI in Cancer
3/ Next Generation Sequencing

Démocratisation du génome

❑ Séquençage du génome humain → changement d’échelle en termes de prix

➢ 1990-2004 : Projet génome humain → 3Mds $

➢ 2007 : James Watson (Roche 454®) → 1M $

➢ 2010 : HiSeq2000 (Illumina®) → 10 000 $

➢ 2013 : Ion Proton (Life Technologies®) → 1000 $ 

➢ 10/2022 : NovaSeq X séries (Illumina®) < 200 $

➢ 10/2022 : PacBio® Revio (single molecule real time sequencing) → Génome Long-reads < 1 000 $

Moving towards the genome' s democratization



Diagnosing MSI in Cancer
3/ Next Generation Sequencing
Détection du MSI en NGS

Méthode Type d’échantillons Méthode de diagnostic

MSIsensor
Tumeur vs tissu normal appareillé 

(v1) ou tissu tumoral seul (v2)

Classificateur binaire (MSS/MSI)
Seuil MSI-H > 3,5% (FDA > 10%) v1 ; 

seuil >20% pour v2

MSIsensor-pro Tumeur vs base de référence
Classificateur binaire (MSS/MSI)

Seuil complexe

MSIsensor-ct ADNtc vs base de référence
Classificateur binaire (MSS/MSI)

Seuil MSI > 20%

MANTIS Tumeur vs tissu normal appareillé 
Classificateur binaire (MSS/MSI)
Agrégat des scores MSI > 0,4

mSINGS Tumeur vs base de référence
Classificateur binaire (MSS/MSI)

Seuil MSI-H > 20% des locis instables



Diagnosing MSI in Cancer
3/ Next Generation Sequencing
MSIsensor v1

❑ Approuvé par la FDA comme test compagnon en
NGS (seuil > 10% de locis instables)

❑ Utilisable en théorie en pan-cancer
❑ Marqueurs microsatellites multiples



MSISensor Score  > 10% à MSI 

MSISensor Score = number of Mutated Microsatellites
number of inves=gated Microsatellites

MSS MSI

Diagnosing MSI in Cancer
3/ Next Generation Sequencing



Toky Ratovomanana

Ratovomanana Gastroenterology 2021



NGS-based Diagnosis of MSI using MSISensor (FDA-Approved)
mCRC, Treated with ICI, whole Exome

nmCRC, whole Exome

mCRC and nmCRC, MSK-Impact gene panel

Ratovomanana Gastroenterology 2021



i) Exclusive
consideration of MNR

ii) Selection of long
MNR ≥ 12 bp

iv) Normalization of the
MSI signalN G S - b a s e d  
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v) Consideration of
deletion ≥ 2 bp

iii) Exlusion of 
LOH at DNA repeats

Ratovomanana Gastroenterology 2021



NGS-based Diagnosis of MSI using MSICare

mCRC, Treated with ICI, whole Exome

mCRC and nmCRC, Targeted NGS
Optimized Microsatellite Panel (MSIDIAG) 

mCRC and nmCRC, MSK-Impact gene panel

Ratovomanana, in revision



Study design



Towards precision immunotherapy for MSI cancers SiRIC 2023-2027 application  |  page 22

IRP3 MSI cancers are among the cancer types that derive the highest 
benefit from treatment with immune checkpoint blockade

To improve the methods for the diagnosis MSI using MSICare in pan-Cancer

To identify biomarkers of resistance to refine therapeutic strategies

Exceptional responders:
Improve MSI detection
in pan-Cancer

Non-responders:
Resistance mechanisms, 
Combinations (eg CAF 
targeting)

Pembro vs chemo in MSI/MMRd CRC
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André et al. N Engl J Med 2020; Ratovomanana et al. Gastroenterology 2021



Refine strategies for MSI cancers not responding to single agent ICB

IRP3 Identification of a stromal signature predicting 
resistance to ICB in patients with metastatic MMRd CRC

Revalidation in ongoing clinical trials

highlow

Stromal signature
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Ratovomanana & Nicolle et al. Submitted 2022
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