N
N

N

HAL

open science

Immunotherapy and patients treated for cancer with
microsatellite instability

Raphaél Colle, Romain Cohen, Delphine Cochereau, Alex Duval, Olivier

Lascols, Daniel Lopez-Trabada, Pauline Afchain, Isabelle Trouilloud, Yann

Parc, Jérémie H. Lefevre, et al.

» To cite this version:

Raphaél Colle, Romain Cohen, Delphine Cochereau, Alex Duval, Olivier Lascols, et al..

munotherapy and patients treated for cancer with microsatellite instability. Bulletin du Cancer,

2016, 10.1016/j.bulcan.2016.11.006 . hal-01419557

HAL Id: hal-01419557
https://hal.sorbonne-universite.fr /hal-01419557v1
Submitted on 19 Dec 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.sorbonne-universite.fr/hal-01419557v1
https://hal.archives-ouvertes.fr

Immunotherapy and MSI carcinomas

IMMUNOTHERAPY AND PATIENTS TREATED FOR CANCER WITH MICROSATELLITE INSTABILITY

Authors:

Raphaél Colle*, Romain Cohen® 2% Delphine Cochereau®, Alex Duval?, Olivier Lascols®, Daniel
Lopez-Trabada®, Pauline Afchain®, Isabelle Trouilloud!, Yann Parc® * Jérémie Lefevre® * Jean-

Frangois Fléjou®°, Magali Svrcek® °, Thierry André"?

*: equal contribution

Affiliation:

1. Department of medical oncology, hdpital Saint-Antoine, AP-HP, 184 rue du Faubourg Saint-

Antoine, Paris 75012, France

2. Department of molecular biology, hépital Saint-Antoine, APHP, 184 rue du Faubourg Saint-

Antoine, Paris 75012, France

3. INSERM, Unité Mixte de Recherche Scientifique 938, Centre de Recherche Saint-Antoine, Equipe
Instabilité des Microsatellites et Cancer, Equipe labellisée par la Ligue Nationale contre le Cancer, 184

rue du Faubourg Saint-Antoine, Paris 75012, France

4. Department of digestive surgery, hopital Saint-Antoine, APHP, 184 rue du Faubourg Saint-Antoine,

Paris 75012, France

5. Department of Pathology, hopital Saint-Antoine, APHP, 184 rue du Faubourg Saint-Antoine, Paris

75012, France

Keywords: mismatch repair deficiency, Lynch syndrom, immune checkpoint, pembrolizumab,

nivolumab, endometrial cancer, colorectal cancer

Correspondance: Thierry André; Phone: +33 (0)1 71 97 03 87; email: thierry.andre@aphp.fr



mailto:thierry.andre@aphp.fr

Immunotherapy and MSI carcinomas - Introduction

Abstract:

Microsatellite instability (MSI) is a genetic tumor phenotype linked to sporadic or inherited (Lynch
syndrome) inactivating alterations of DNA mismatch repair genes. A broad spectrum of neoplasms
exhibits MSI phenotype, mainly endometrial carcinoma, colorectal cancer and gastric
adenocarcinoma. MSI tumors are characterized by dense immune infiltration and high load of tumor
neo-antigens. Growing evidence is accumulating on the efficacy of immune checkpoint inhibition for
patients treated for MSI solid tumors. We present a comprehensive overview of MSI phenotype, its
biological landscape and current diagnostic methods. Then we will focus on MSI as a predictive
biomarker of response to immune checkpoint inhibition in the context of colorectal cancer and non-

colorectal tumors.

Résumé :

L’instabilit¢ des microsatellites (MSI) est un phénotype génétique tumoral lié a I’inactivation
sporadique ou héréditaire (syndrome de Lynch) des génes de réparation des mésappariements de
I’ADN. Un large spectre de localisations tumorales présente un phénotype MSI, principalement les
cancers de I’endometre, le cancer colorectal et les adénocarcinomes de 1’estomac. Les tumeurs MSI
sont caractérisées par un infiltrat inflammatoire important et une charge importante en néo-antigénes
tumoraux. Les stratégies thérapeutiques ciblant les points de contrle immunitaires semblent
spécifiquement efficaces pour ces patients. Cette revue de la littérature présente les conséquences
physiopathologiques et les méthodes diagnostiques du phénotype tumoral MSI, pour s’intéresser
ensuite a 1’épidémiologie des tumeurs MSI et les données actualisées concernant I’immunothérapie
chez les patients présentant des tumeurs MSI, dans le cadre du cancer colorectal et des autres tumeurs

solides associées au phénotype MSI.
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1. INTRODUCTION

The human tumor phenotype referred to as MSI (Microsatellite Instability) is associated with
inactivating alterations in MMR genes (Mismatch Repair) [1-3]. MSI was first observed in inherited
tumors associated with Lynch syndrome (LS) and later in sporadic colon, gastric and endometrial
cancers [4]. The MSI and MSS (Microsatellite Stable) tumor subtypes are mutually exclusive and
represent 15% and 85% of colorectal cancers (CRC), respectively. MSI tumors develop through a
distinctive molecular pathway characterized by genetic instability in numerous microsatellite DNA

repeat sequences throughout the genome (for review, see [5,6]).

MMR deficiency is not a direct transforming event. Most oncogenic alterations found in MMR-
deficient (dAIMMR) tumors are somatic mutation events that occur as a result of MSI [7-9]. The MSI
process is expected to be oncogenic when it affects DNA repeat sequences that have a functional role.
Over the past 20 years, studies have reported several loss-of-function truncating mutations in coding
repeats. Mutations in some of these coding repetitive sequences undergo positive selection during
tumor development due to the growth advantage they confer to tumor cells. Importantly, the MSI-
driven pathway to cancer also leads to the synthesis of aberrant and potentially immunogenic neo-
antigens by the tumor cells. A likely consequence is that MSI tumors are highly infiltrated with
cytotoxic T-cell lymphocytes (CTLs) expressing activation markers, as well as Tcl and Thl
phenotypes [10]. More generally, elevated expression levels for CTL/Thl/cytotoxicity markers are
thought to constitute strong and independent predictors of relapse and overall survival in CRC patients
regardless of their molecular phenotype, with a high density of lymphocyte infiltration consistently

shown to be a strong indicator for prolonged survival [11].

Two signals are required to initiate an adaptive immune response by T cells; MHC-antigen peptide
recognition by the T cell receptor (TCR) and co-stimulation via an array of receptors interacting with
cognate ligands on antigen-presenting cells (APCs). Signaling via inhibitory receptors is necessary to
regulate co-stimulatory receptor activity to ensure a measured response. However, during cancer

progression, tumor-infiltrating T cells have been shown to display increased, chronic expression of
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different negative immune checkpoints (CK) like PD-1, LAG-3, and TIM-3, which cause T cells
functional exhaustion and unresponsiveness [12]. These exhausted CD8 T cells fail to proliferate in
response to antigen and lack critical anticancer effector functions such as cytotoxicity and IFN gamma
cytokine secretion [13]. Such data gives the rational to develop antibodies that target these regulatory
molecules. They are called checkpoint inhibitors (CKI) and could boost anticancer immune response.
Importantly, the development of monoclonal antibodies (mAb) targeting CKI is going to revolution
cancer therapy. Recent clinical trials demonstrated that mAb targeting PD-1/ PD-L1 could induce a
major response in many types of cancers [14]. However, the clinical benefit in most tumor types was
only observed in about 20% of patients, thus leading to the development of comprehensive studies,
which could explain differences between responders and non-responders and help us generate
predictive biomarkers for response to these therapies. Some reports suggest a better efficacy in tumors
expressing PD-L1 and infiltrated by myeloid cells. Although PD-L1 is a predictive marker of efficacy
for anti PD-1/PD-L1 therapies, it is not an ideal marker because of poor sensitivity and specificity.
Rivzi et al. made the important observation that, in lung cancer, tumors with high rates of mutation

and high rates of neo-antigens share better sensitivity to PD-1 mAb [15].

Recently, it was shown that MSI tumors were likely to persist in their hostile immune
microenvironment because of immuno-escape and dramatic co-overexpression of CK-related proteins
[16]. Based on these findings, in 2015, Le et al. evaluated the clinical activity of an anti-PD-1 CKI
(pembrolizumab) in a cohort of metastatic carcinoma patients with or without MSI [17]. The results of
this phase 2 study, together with results from another phase 2 study evaluating nivolumab (anti-PD-1
mADb) with or without ipilimumab (anti-CTLA-4 mAb) [18], convincingly showed that MSI status was
able to predict clinical benefit from CK blockade therapy. Thus, only tumors displaying MSI are likely
to respond to PD-1 blockade, suggesting that MSI neoplasms are probably a useful model to study
immune determinants associated with good response to anti-PD-1/PD-L1 mAb, or more generally to

CK blockade therapy.
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2. DETERMINATION OF MICROSATELLITE INSTABILITY AND MISMATCH REPAIR DEFICIENCY

Revised guidelines for the clinical management of LS by a group of European experts recommend that
testing all CRC (or individuals with CRC<70 years) by immunohistochemistry (to identify dMMR
tumors) or polymerase chain reaction (PCR; to identify MSI tumors) is useful for the identification of
patients with LS (category of evidence Ilb). The Mallorca group recommends the investigation of all
CRC (or individuals with CRC<70 years) by immunohistochemistry of the four MMR proteins or
PCR (grade of recommendation C). These tests should be accompanied by methods that identify
MLH1 promoter methylation. Investigation of all endometrial cancers in individuals less than 70 years
of age by immunohistochemistry or PCR can also be considered to improve identification (grade of
recommendation C) [19]. In 2015, The European Society for medical Oncology (ESMO)
recommended that every CRC patient should be tested for MSI and/or DNA MMR deficiency at the
time of diagnosis as a first screen for LS [20]. The recent success of immunotherapy with PD-1
inhibition in dMMR CRC is likely to necessitate evaluation of MMR in all metastatic CRCs in the
near future [17].

In tumor samples, the MSI phenotype can be determined by PCR according to international criteria
[21]. It is correlated with the loss of MMR protein expression affecting MLH1, MSH2, MSH®6, or

PMS2 studied by immunohistochemistry [22].

2.1 Polymerase chain reaction

Microsatellites are highly repetitive DNA sequences of one to six nucleotides distributed throughout
the genome, which are frequently copied incorrectly. The MMR system is responsible for the detection
and the correction of these microsatellite-copying errors. Genotyping microsatellites using PCR is a
standard method to detect MSI.

Held by the National Cancer Institute (NCI), Bethesda guidelines initially recommended the use of a
standard panel of 5 microsatellites composed of 2 mononucleotidic repeats (BAT-25 and BAT-26) and
3 dinucleotidic repeats (D2S123, D5S346 et D175250) [21]. When comparing marker length between

normal and tumor tissue, MSI phenotype is defined by the instability of at least 2 microsatellites. In
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2002, our group proposed a panel of 5 mononucleotidic repeats that obviated the necessity to analyze
simultaneously non-tumor DNA [7], panel that was approved by the NCI for the screening of MSI
tumors [23], with better specificity and sensitivity than the NCI panel [8]. With this method, 2
unstable markers are sufficient to classify tumors as MSI [24]. Main pitfalls encountered in detecting
MSI tumor phenotype by PCR are the contamination of DNA tumor samples by DNA from normal
tissue and low levels of tumor cells, notably in the context of mucinous tumors.

Our group recently reported a high frequency of mutations for the T17 mononucleotide repeat of the
chaperone HSP110 (HT17) in MSI CRC [25]. Deletion of the HT17 repeat in tumor DNA leads to
increased synthesis of a variant HSP110 isoform due to exon 9 skipping (HSP110DE9) [25,26]. We
compared HT17 status with the pentaplex panel in a multicenter large cohort of patients: HT17
showed better sensitivity compared with the pentaplex panel [0.984 (95% CI 0.968 to 0.995) versus
0.951 (95% CI 0.925 to 0.972)] and similar specificity [0.997 (95% CI 0.989 to 1.000) for both) for
the detection of MSI. Thus, HT17 DNA repeat seems to constitute a superior marker for the diagnosis

of MSI phenotype in patients with CRC compared with the standard pentaplex panel [9].

2.2 Immunohistochemistry

Immunohistochemistry allows to study the expression of MMR proteins on histological section,.
Physiologically, these proteins are ubiquitous and are located in the nucleus. They are particularly
expressed in cells of the lower third of the crypts of mucosae, in stromal elements such as
inflammatory cells and/or endothelial cells. Immunohistochemical testing consists in looking for the
loss of expression of the studied protein by tumor cells , the two copies of the gene being inactivated
in MSI tumors. The presence of nuclear staining in tumor cells, even when it is focal and weak, is
good evidence of intact MMR protein. Each protein is considered lost if there is a complete loss of
nuclear staining in tumor cells. An internal positive control (intact nuclear staining of stromal elements
such as inflammatory cells and/or endothelial cells) is required for adequate evaluation. Cases showing
a complete absence of nuclear staining pattern in both tumor cells and stromal elements are deemed
uninterpretable. In this case, repeating the stain in search for positive non-neoplastic stromal or

inflammatory cells should be done [27]. In some cases, the staining of internal controls can be stronger
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than the positive tumor cells; this staining has to be followed by molecular MSI analysis to confirm
the presence of a defective DNA MMR system [28].

In their functional state, MMR proteins form heterodimers: MLH1 builds a functional complex with
PMS2 (MutSalpha) and MSH2 dimerizes with MSH6, forming MutLalpha [29,30]. MLH1 and MSH2
proteins are the obligatory partners of their respective heterodimers. Mutations in the MLH1 or MSH2
gene result in proteolytic degradation of the respective dimer and consequent loss of both the
obligatory and the secondary partner proteins. Loss of MLH1 and MSH2 proteins is exclusive, e.g. it
concerns only one of the two proteins. In case of loss of MLH1 protein expression, a concurrent loss
of PMS2 protein expression is also observed. In the same way, the extinction of MSH2 protein leads
to concurrent extinction of MSH6. On the contrary, a mutation in one of the secondary genes, i.e.
PMS2 or MSH6, does not usually lead to concurrent loss of the obligatory proteins (MLH1 or MSH2,
respectively), probably due to interactions with other components of the MMR system such as MSH3,
MLH3, and PMS1. The extinction of MSH2, MSH6 and PMS2, although not absolute, is a good
argument in favor of a germline mutation of the gene. Loss of MLH1 protein expression can be related
to either a germline mutation of MLH1, or a methylation of its promoter (in sporadic cases). It is worth
noting that a constitutional 3" end deletion of EPCAM, which is immediately upstream of the MSH2
gene, may cause LS through epigenetic silencing of MSH2, thus leading to a loss of MSH2 protein
expression [31].

Immunohistochemistry is an inexpensive and low time-consuming technique. It is routinely used in
departments of pathology. It is an extremely sensitive technique, useable even for a small tumor
sample (biopsy, mucinous adenocarcinoma which can be responsible of false negatives with molecular
methods, rectal cancer nearly sterilized by neo-adjuvant radiotherapy). Moreover, in contrast to MSI
testing, immunohistochemistry can help identify the affected gene, therefore directing germline
mutation analysis to one gene, saving unnecessary analysis of other MMR genes [22].

Earlier studies focusing on MLH1 and MSH2 suggested that immunohistochemistry had lower
sensitivity (85%) than MSI testing (93%) in predicting germline mutation [27]. When the four MMR
proteins are tested, the correlation between the loss of MMR protein expression and MSI testing is

excellent. In three main series including 1 144, 1066 and 1 119 patients suffering from CRC,
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sensitivities for detection of MSI tumors by immunohistochemistry were 92 %, 93 % and 94 %
respectively [22,32,33]. In this setting, immunohistochemical analysis could replace microsatellite
analysis of tumor DNA as the practical first-line screening test.

Immunohistochemistry is reliable in screening for mutations that result in truncation or degradation of
the protein. However, false positives are possible in case of missense mutations, which result in
mutant proteins that are catalytically inactive, but antigenically intact [34]. Moreover, a reduction of
the intensity of staining for MSH6 has been described in rectal cancers after neoadjuvant
chemoradiation [35]. In these cases, pre-treatment endoscopic biopsies, rather than operative material,
may be used as the primary material for immunohistochemistry.

The heterogeneity of practices of fixation of tissue samples decreases the sensibility of the technique.
In our experience, best results are obtained with samples fixed in 10% formalin. We should bear in
mind that immunohistochemical techniques are not standardized enough and not perfectly
reproducible. Thus, immunohistochemistry should only be performed in a specialized setting by
experienced pathologists and staining results have to be evaluated with feedback of the molecular

background of the tumor [28].

2.3 Next-generation sequencing

Next-generation sequencing (NGS) is becoming a widespread tool in profiling tumor genomic. NGS
has been proposed as a diagnostic method to detect MSI tumors, hypothesizing that the mutational
load of a multigene panel may accurately exclude pMMR cancers. Stadler et al. reported the analysis
of 224 patients whose CRC had been profiled using a custom NGS assay [36]. Among these patients,
28 (13%) harbored dMMR tumors and 196 (87%) pMMR CRC. All tumors with less than 20
mutations (N = 193) were pMMR. Of 31 CRC with 20 mutations or more, 28 (90%) were dMMR; the
3 remaining CRC harbored POLE mutation and exhibited a hypermutator phenotype with more than
150 mutations (median number of mutations among dMMR tumors: 50). However, NGS remains
restricted to highly specialized laboratories and requires high-quality samples from both tumor and
normal tissues. Secondly, Stadler et al used a custom multigene panel, consisting of deep sequencing

of all exons and selected introns of 341 cancer-associated genes; consensus about NGS gene panel has
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to be found, as well as specific mutational load cut-off. NGS may be in the near future an attractive

method to discriminate pMMR versus dMMR and POLE-mutated tumors.
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3. MSI COLORECTAL CANCER

3.1 Epidemiology

MSI CRC are associated with specific clinico-pathological characteristics: proximal colon, poor
differentiation, mucinous component, high level of inflammatory infiltrate. They represent 15% to
20% of stage Il and Il CRC and are associated with better prognosis than pMMR tumors [37-41].
Fluoropyrimidine-based chemotherapy is not indicated in the adjuvant setting for patients with stage 11
dMMR CRC, given their favorable survival and the lack of impact of chemotherapy in this situation.
Oxaliplatin-based chemotherapy remains the standard of treatment for patients with stage Il CRC,

regardless of their MMR status [37,39,42—44].

Representing approximately 5% of metastatic CRC, dMMR CRC prevalence is inferior in advanced
diseases (stage 1V) than in stage Il and Il tumors. This lower frequency highlights the weakened
capacity for CRC with MMR deficiency to develop metastasis. In metastatic stage, AMMR status is
associated with poor prognosis. Among 3063 patients with stage IV CRC included in 4 randomized
phase Il trials, those with dMMR tumors (N = 153, 5%) harbored reduced progression-free and
overall survivals than patients with pMMR tumors (hazard ratio = 1.33, 95%CI 1.12-1.54; hazard ratio

= 1.35, 95%CI 1.13-1.61, respectively) [45].

DMMR CRC are strongly associated with BRAFV600E mutation: there are 35% of BRAFV600E-
mutated tumors among dMMR mCRC, and 21% of dMMR tumors among BRAFV600E-mutated
MCRC [45]. Actually, AIMMR and BRAFV600E-mutated CRC are clustered together in the CMS 1
(consensus molecular subtype), which is characterized by favorable disease-free survival but dramatic
prognosic after relapse [46]. Taking into account the negative impact of BRAFV600E mutation helps
to decipher the prognostic profile of dAMMR mCRC. Thus, the observed unfavorable prognosis of

patients with dAMMR mCRC may be partially due to BRAFV600E mutation [45,47].

3.2 Sporadic and inherited dMMR colorectal cancer
Standard immunohistochemical and biomolecular analysis are useful to distinguish sporadic dAMMR

and LS-related tumors. DMMR CRC with MLH2/MSH6, or isolated MSH6 or PMS2 loss of
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expression, should be considered as LS-related tumors, regardless of BRAF mutational status, and
patients should be addressed for an oncogenetic research. It is important to note that patients with
constitutional mutation of a MMR gene may be diagnosed with a BRAFV600E-mutated tumor [48,49].
On the opposite, IMMR CRC with MLH1 loss of expression may be from sporadic or inherited origin.
Therefore, analysis of BRAF mutational status and MLHZ1 promoter methylation should be performed
for MLH1-negative CRC. Sporadic MLH1-negative tumors are BRAFV600E-mutated and/or harbore
MLH1 promoter hypermethylation. LS MLH1-negative CRC are BRAF wild-type without
hypermethylation of MLH1 promoter. Thus, algorithms have been developed to distinguish patients
with dAMMR CRC who should be searched for a constitutional mutation of MMR genes and those who

should not [figure 1] [50-56].

Figure 1: Algorithm for the identification of sporadic colorectal cancers and tumors

associated with Lynch syndrome

dMMR / MSI CRC

[ |
loss of expression

of MSH2/MSHS6,
MSH6 alone or PMS2 alone

MLH1/PMS?2 loss of
expression

\ J

BRAF mutational status and
MLH1 promoter methylation

\ J

BRAFV600E mutated BRAF wild-type
and/or and
MLH1 hypermethylation no MLH1 hypermethylation

Sporadic tumor
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3.3 Immunotherapy and dMMR colorectal cancer

CK inhibition is a promising strategy for dAMMR CRC. Proof-of-concept results published in the New
England Journal of Medicine by Le et al. showed 40% of objective response with pembrolizumab for
patients with dAMMR CRC versus 0% for those with pMMR tumors [17]. Updated analysis confirmed
the high clinical activity of this anti-PD-1 mAb for IMMR mCRC. Objective response rate (ORR) was
50% for dAMMR tumors (N = 28) and 0% for pMMR CRC (N = 25). Median progression-free survival
(PFS) and overall survival (OS) were not reached in the dMMR cohort versus 2.4 months and 6
months in the pMMR cohort respectively (HR = 0.135, 95CI 0.043-0.191, P < 0.0001 and HR = 0.247,
IC95 0.117-0.589, P = 0.001, respectively) [table 1] [57]. Pembrolizumab is currently compared in a
phase 3 randomized study with first-line standard-of-care chemotherapy in patients with dMMR

MCRC with cross-over at progression (KEYNOTE-177; NCT02563002) [table 2].

Other CKI are currently evaluated for patients with dMMR mCRC. Notably, nivolumab, another anti-
PD-1 mAb, has been tested alone or in combination with ipilimumab, an anti-CTLA-4 mAb.
Preliminary results presented at the ESMO 2016 Congress showed encouraging antitumor activity in
patients with dAMMR CRC (N = 100) [18]. Seventy patients received nivolumab 3 mg/kg alone (N3)
and 30 patients nivolumab 3 mg/kg plus ipilimumab 1 mg/kg (N3 + I1) for 4 cycles (Q3W) followed
by nivolumab alone 3mg/kg until disease progression or unacceptable toxicity (Q2W). ORR were
25.5% (N3) and 33.3% (N3 + I1), with durable responses observed with both monotherapy and
combination therapy. Only 1 partial response (5%) was reported in the pMMR cohort (N = 20).
Median PFS among dMMR patients receiving N3 and N3 + 11 were 5.3 months and not yet reached.
Median OS were 17.1 months and not yet reached, respectively. The safety profile of nivolumab with
or without ipilimumab was acceptable with 14.3% (N3) and 26.7% (N3 + I11) of grade 3-4 treatment-
related adverse events and only 6 treatment discontinuations (16.1%) related with drugs toxicities.
Interestingly, clinical activity was observed regardless of BRAF mutational status (17% of
BRAFV600E-mutated tumors in the dMMR cohort), KRAS mutational status and PD-L1 expression
levels. Only 1 partial response (5%) was reported in the pMMR cohort (N = 20). Even if no biomarker
has yet been discovered among MSI tumors, MMR deficiency may be considered as a predictive

12
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biomarker for the efficacy of CKI. Thus, patients with metastatic dMMR CRC should be
systematically identified because of the potential innovative therapeutic opportunities offered in the

ongoing clinical trials [table 2].

Table 1: immune checkpoint inhibition in metastatic colorectal cancer

Numberof CR PR SD  PD  NE PFS  OS

patients (o) (%) (%) (%) (%)  (months) (months)

Pembrolizumab 10 mg/kg

dMMR/MSI 28 11 46 32 4 7 NR NR

PMMR/MSS 25 0 0 4 11 40 2.3 5.98

Nivolumab 3 mg/kg

dMMR/MSI 47 0 26 30 36 9 5.3 17.1

Nivolumab 3 mg/kg + Ipilimumab 1 mg/kg

dMMR/MSI 27 0 33 52 11 0 NR NR

PMMR/MSS 10 0 0 20 70 10 1.3 3.7

CR: complete response; PR: partial response; SD: stable disease; PD: progression disease; NE: not
evaluable; PFS: progression-free survival; OS: overall survival; NR: not reached; dMMR: deficient
mismatch repair; pMMR: proficient mismatch repair; MSI: microsatellite instability; MSS:

microsatellite stable
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Table 2: Ongoing trials evaluating immune checkpoint inhibition in MSI tumors

Study identifier Phase Drug treatment Drug mechanism Tumor type Current status French participating
center
NCT02646748 1 Pembrolizumab anti-PD-1 mAb advanced and metastatic recruiting yes
INCB039110 JAKZ1 inhibitor dMMR / MSI cancers
INCB050465 PI3K-delta inhibitor
NCT02628067 2 Pembrolizumab anti-PD-1 mADb advanced and metastatic MSI  recruiting yes
non-colorectal tumors
NCTO01876511 2 Pembrolizumab anti-PD-1 mADb advanced and metastatic MSI  recruiting no
cancers
NCT02563002 3 Pembrolizumab anti-PD-1 mAb stage IV dMMR / MSI recruiting yes
versus chemotherapy colorectal cancers
NCT02060188 2 Nivolumab anti-PD-1 mAb stage IV MSI colorectal recruiting yes
plus Ipilimumab anti-CTLA-4 mAb cancers
NCT02912559 3 Atezolizumab plus FOLFOX  anti-PD-L1 mAb stage 1l AIMMR / MSI not yet recruiting  no

versus FOLFOX

colorectal cancers

14
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4. MSI NON-COLORECTAL CANCERS

4.1 Epidemiology

Most of studies on MSI phenotype focusing on CRC and detection techniques used being
heterogeneous, epidemiological data on MSI non-colorectal cancers are incomplete. Endometrial,
gastric, hepatocellular, thyroid cancers, melanoma, and sebaceous tumors harbor a MSI-high
phenotype in more than 10% of cases. Ovarian and cervical cancers, oesophageous adenocarcinomas,
soft tissue sarcomas, head and neck squamous cell carcinomas, kidney cancers and Ewing’s sarcoma
harbor a MSI phenotype in between 2 and 10% of cases. Finally, less than 2% of cutaneous squamous
cell or basocellular carcinomas, prostate and non-small-cell lung cancers, osteosarcomas,
glioblastomas, pancreas, breast and urothelial cancers and germ cell tumors exhibit MSI. This
phenotype is rare in non-Hodgkin lymphomas (2%); however it is specifically associated with

immunodeficiency-related lymphomas. [table 3] [4,58,59].

Approximatively 20 to 30% of endometrial carcinomas harbor MMR deficiency [60-62]. MSI
endometrial tumors are associated with high grade, vascular emboli and lymphatic invasion. More
frequent in endometrioid tumors (30-40%), MSI phenotype is rarely observed in serous ovarian

cancers (2%) but mainly related to LS [61,63].

In ovarian cancer, MMR deficiency is observed in around 10% of tumors and occurs in all histologic
subtypes of ovarian cancer, with endometroid and mucinous cancers being most frequently affected.
No association between MSI phenotype and prognosis has been described [64-66]. In the context of

LS, dMMR tumors are associated with endometriod low grade histotype and early stage disease [67].

Little is known about MSI stomach adenocarcinoma (8 to 22% of all gastric epithelial cancers).
However several studies showed an association between MSI phenotype and lower stage, older age
and intestinal histological subtype [68-70]. Thus, despite the fact that MSI phenotype is a promising
biomarker of efficacy for immunotherapy in a broad spectrum of tumors, clinical and molecular

characterization of those MSI tumors remains incomplete.
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Table 3: Frequency of MSI phenotype in solid and hematological neoplasms

Tumor type Percentage

Endometrial cancer [4,61,62] 26-33

Colorectal cancer

Localized [42,71,72] 15-20

Metastatic [45,73] 3-12
Gastric cancer [4,69,70] 8-22
Pancreatic cancer [74,75] 8-17
Esophageal cancer [76] 7
Ovarian cancer [66] 10
Hepatocarcinoma [4,77] 2-16
Prostate cancer [4,58] 2
Head and neck cancer [4,58] 2
Melanoma [4,58] 1
Glioblastoma [4,58] 1
Non-Hodgkin lymphomas [59] 2
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4.2 Immunotherapy and dMMR non-colorectal cancers

The phase 2 trial evaluating pembrolizumab in dAMMR tumors was designed with a specific cohort
including non-colorectal AIMMR metastatic tumors (N = 30): endometrial cancers (N = 9), ampullary
tumors (N = 7), pancreatic tumors (N = 4), small bowel carcinoma (N = 4), gastric cancer (N = 3) and
others (N = 3). Pembrolizumab demonstrated impressive clinical activity with an objective response
rate of 53%, of which 9 complete responses (30%) and 7 partial responses (23%) [table 4]. The 1-year
progression-free survival rate was 57% and the 1-year overall survival rate 81% [78]. Following these
major response rates in MSI tumors, several trials have already started with immunotherapy treatment.
Some of them chose MSI phenotype as main inclusion criteria [table 2] whatever the type of primitive
tumor, other trials are currently recruiting patients with tumors harboring frequent MSI phenotype

such as endometrial and gastric cancers.

Table 4: Clinical efficacy of pembrolizumab in MSI non-colorectal carcinomas

Primary location Number of CR PR SD PD
patients
Endometrial 8 2 4 2 -
Ampullary / biliary 6 2 - 3 1
Small bowel 4 1 2 1 -
Gastric 3 1 1 - 1
Pancreas 3 - 2 1 -
Sarcoma 1 - - - 1
Prostate 1 1 - - -

CR: complete response; PR: partial response; SD: stable disease; PD: progression disease
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4.3 Constitutive mismatch repair deficiency

Individuals with bi-allelic germline mutation in MMR genes suffer from constitutive MMR deficiency
(CMMRD), an inherited cancer predisposition distinct from LS. This rare syndrome (reported in less
than 200 patients) is associated with early-onset tumors such as CRC, brain tumors, sarcomas,
lymphomas and leukemia [79]. CMMRD is characterized by MMR deficiency, and eventually MSI
phenotype in both tumor cells and immortalized lymphoblastoid cells. Presence of MSI phenotype and
tolerance to methylation in lymphoblastoid cell lines define CMMRD patients, as well as the

identification of bi-allelic, deleterious germline MMR defects [80].

Glioblastoma multiforme due to CMMRD exhibit the highest mutational load among human cancers
[81]. Interestingly, 2 cases have been reported about siblings treated with nivolumab for recurrent
CMMRD glioblastoma multiforme. Nivolumab demonstrated high clinical activity with profound and
durable responses in both cases, whereas survival is usually inferior to 6 months after recurrence [82].

Thus, CKI may be a major breakthrough for the treatment of CMMRD-related tumors.
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5. CONCLUSION

MMR deficiency is a driver of carcinogenesis is a large spectrum of human cancers. From sporadic
origin or inherited (mainly related to LS, rarely due to CMMRD), MMR deficiency is responsible for
MSI phenotype and can be detected through immunohistochemistry, PCR or NGS. Immune CKI is
highly active in MSI / dMMR CRC and non-colorectal cancers, whereas immunotherapy is ineffective
for patients with MSS CRC. Thus, MSI phenotype and MMR deficiency may be considered as
positive predictive biomarkers for CKI efficacy. Determination of MSI or MMR status may be
mandatory for tumors with high prevalence of MSI phenotype but this frequency cut-off remains to be
defined. Clinical trial enrollment should be systematically considered for patients treated for MSI /

dMMR cancers.
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