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Abstract: The microsatellite instability (MSI) phenotype is related to a deficiency of the DNA
mismatch repair (dMMR) system and is observed in 5% of metastatic colorectal cancers
(mCRCs). MSI/dMMR phenotype testing should be routine for all CRCs regardless of stage.
Two complementary techniques with a high concordance (90-97%) allow us to determine the
MSI/dMMR status of a tumor: immunohistochemistry and polymerase chain reaction. Since
2020 and the results of the phase Il KEYNOTE 177 trial, pembrolizumab [anti-programmed
cell death protein 1 (PD1]] is the new standard of care in first-line MSI/dMMR mCRC. To date,
no combination of chemtotherapy =+ targeted therapy with immune checkpoint inhibitors (ICls)
has been validated in the management of MSI/dMMR mCRC, and it is not known whether this
combination would be beneficial. It is also unclear whether dual therapy with two ICls is more
effective than monotherapy. Several phase Il trials are ongoing to answer these questions.
Despite a high response rate and long-term benefit of a first line by anti-PD1, 30-50% of
patients with MSI/dMMR mCRC experience an early or secondary progression. There are
currently no validated predictive biomarkers of anti-PD1 = anti-cytotoxic T lymphocyte
antigen-4 resistance in patients with MSI/dMMR mCRC. In case of early progression on ICls,
the first two questions to consider are the possibility of pseudoprogression and the correct
diagnosis of MSI/dMMR status. To date, there are no data on the use of adjuvant ICls for MSI/
dMMR resected colon cancers. By contrast, data are accumulating regarding the efficacy

of neoadjuvant ICls, with at least two-thirds of patients in the different trials in pathological
complete response, making it possible to envisage ‘Watch and wait" strategies in future.
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Introduction

Microsatellite unstable (MSI) colorectal cancers
(CRC) are due to DNA mismatch repair (MMR)
deficiency and occurs in 5% in the metastatic set-
ting. Deficient mismatch repair (dMMR)/MSI
metastatic CRC (mCRC) seemed to have a worse
prognosis than proficient mismatch repair/micros-
atellite stable (pMMR/MSS). This unfavorable
prognosis in the metastatic setting is related to the
high frequency of BRAF"%E mutation (20-30%
of cases) and to a lower efficacy of standard chem-
otherapies.> The character MSI/dAMMR is
observed in 10-20% of localized colic cancers
(CCs). Unlike the metastatic stage, it is associated

with a favorable prognosis for stage II and stage IIT
pTxN1 CC, and with prognosis equivalent to that
of MSS/pMMR stage III T4 or N2 CC.3?

Immunotherapy with immune checkpoint inhibi-
tors (ICIs) has revolutionized the management of
patients with MSI/dAMMR mCRC at the first line
of treatment.* However, many challenges remain in
the management of these patients: mainly, the
management of non-responding patients with ICIs,
in dissociated response or late progression, but also
for patients with ICIs regarding the duration of
treatment or the place of surgery of residual masses.
Immunotherapy also bursts in for localized cancers,
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justifying a universal screening of the MSI/dMMR
status for all CRC regardless of stage.>

Determination of microsatellite instability

and mismatch repair deficiency in CRC

Current guidelines recommend determining
MMR status in front of any CRC at any stage.
MSI phenotype is characterized by length hetero-
geneity of noncoding repeated DNA sequences.
It reflects a deficiency in the repair system of
DNA mismatches encoded by the genes MLHI,
MSH?2, MSH6, and PMS2. Malfunction of these
genes results in a hypermutability whose micros-
atellite instability is the reflection. Malfunction of
the DNA repair system can be sporadic (methyla-
tion of the MLHI1 gene promoter, bi-allelic
somatic mutation at the tumor level of an MMR
gene) or constitutional (germline mutation of
MLHI1, MSH2, MSH6, or PMS2).%7 The pres-
ence of a BRAFV°°E mutation is highly predictive
of hypermethylation of the MLH1 promoter in
case of loss of expression of MLH1/PMS2, and
therefore of sporadic origin, even if rare cases of
constitutional hypermethylation can be reported.

Table 1. ORR, PFS, and 0S under ICls in MSI/dMMR mCRC.

Two complementary methods are currently recom-
mended to determine the MSI/dAMMR status:
screening for loss of MMR protein expression using
immunohistochemistry (IHC) and testing for MSI
using polymerase chain reaction (PCR) (Table 1).
These two methods are implemented on tumor
material from biopsies or surgical parts. The analy-
sis of the MSI/AMMR status by IHC is an indirect
method that allows us to highlight the loss of expres-
sion of MMR proteins (MLHI, MSH2, MSH6,
and PMS?2) at the tumor level. MMR proteins work
in heterodimers, MLHI with PMS2, and MSH?2
with MSH6. MLLH1 and MSH2 proteins are the
obligatory partners of their respective heterodimers.
However, the absence of PMS2 or MSH6 is not sys-
tematically associated with a loss of MLHI1 or
MSH2. Isolated losses of MSH6 or PMS2 are rarer
and should lead to systematic research for microsat-
ellite status by PCR.8%° Multiple studies are under-
way to develop deep-learning algorithms to diagnose
the phenotype dMMR directly on hematoxylin and
eosin colored slides and scanned.!?

Analysis of the MSI phenotype by PCR is based
on the measure of amplification of specific

Trial Design Line Experimentalarm N(ICls ORR PFS(%) 0S(%)at PFS(%)at 0S(%)at Median follow-
arm) (%) at1year 1year 3years 3years up (months)
Monotherapy
KEYNOTE-1774 Phase IlI 1 Pembrolizumab 153 45 55 78 42 61 445
versus
CT = bevacizumab
or cetuximab
KEYNOTE-164"" Phase Il =3 Pembrolizumab 61 33 34 72 - - 31
(cohort A)
=2 Pembrolizumab 63 33 41 76 - - 24
(cohort B)
CHECKMATE-14212 Phase Il =2 Nivolumab 74 31 48 73.8 - - 21
SAMCO™3 Randomized =2 Avelumab versus 61 295 31 - - - 33.3
phase Il CT = bevacizumab
or cetuximab
Dual therapy
CHECKMATE-142'2 Phase Il 1 Nivolumab + 45 69 - 85 - - 29
ipilimumab
=2 Nivolumab + 119 65 76.4 84 60 7.4 50.9
ipilimumab
NIPICOL™ Phase Il =3 Nivolumab + 57 59.6  75.4 84.1 70 73.1 34.5
ipilimumab

CT, chemotherapy; dMMR, deficient mismatch repair; ICls, immune checkpoint inhibitors; mCRC, metastatic colorectal cancer; MSI, microsatellite unstable; N, number of patients;
ORR, objective response rate; 0S, overall survival; PFS, progression-free survival.
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noncoding repeats and requires sufficient tumor
cellularity of the histological specimen to extract
tumor DNA. Currently, one of the reference pan-
els is the Promega panel which allows us to con-
clude to a phenotype MSI without comparison to
the non-tumoral tissue of the patient when at
least three markers are unstable.!’> When two
markers are unstable, the PCR pattern must be
compared with the patient’s healthy tissue to con-
clude with an MSI phenotype. IHC and PCR
have high concordance (90-97%).1¢ European
Society of Medical Oncology’s (ESMO) guide-
lines are to use IHC as a first-line therapy to
determine MMR status.!”

MSI/dMMR status testing by next-generation
sequencing was recently approved by the Food
and Drug Administration (FDA) for patients with
mCRC prior to ICI therapy.!'® In contrast to
PCR, which studies a small number of microsat-
ellite sequences, this technology allows the study
of several hundred microsatellite sequences via
gene panel analysis (MSK-IMPACT)!? or coding
sequences (MSISensor).!8 Although validated by
the FDA in pre-therapeutic test to detect MSI/
dMMR status prior ICIs treatment in mCRC, the
MSISensor panel fails to detect MSI phenotype
in 9-32% depending on cohort.?° A new analysis
algorithm named MSICare allows us to obtain a
better sensitivity with 100% specificity for the
detection of the MSI phenotype.2° It is therefore
necessary to remain cautious on these new tech-
niques, which, although advantageous compared
with the pentaplex PCR (a same test allowing
here to obtain not only the microsatellite status
but also the RAS/RAF mutations), must be vali-
dated on a larger scale (Figure 1).

Which management in 2022 for a patient

with a MSI/dMMR outside of therapeutic

trials

Since 2020 and the results of the phase III
KEYNOTE 177 trial, pembrolizumab [anti-pro-
grammed cell death protein 1 (PD1)] is the new
standard of care in first-line MSI/dAMMR mCRC.#

This trial demonstrated the superiority of pem-
brolizumab wersus doublet chemotherapy plus tar-
geted therapy [anti-epidermal growth factor
receptor (EGFR) or anti-vascular endothelial
growth factor (VEGF)] in first-line MSI/dMMR
mCRC. A total of 307 patients were randomized.
The co-primary end points were progression-free
survival (PFS) (centralized review) and overall

survival (OS). Pembrolizumab was administered
as a 30-min infusion, every 3 weeks, for 2years or
until progression or unacceptable toxicity.
Median PFS was significantly improved in the
pembrolizumab  arm: 16.5months  versus
8.2months. At 24months of randomization,
48.3% of patients treated with pembrolizumab
had not progressed and were able to stop treat-
ment compared to 18.6% of those treated with
chemotherapy. The objective response rate was
45.1% in the immunotherapy arm as compared to
33.1% in the chemotherapy arm. Quality of life
was maintained or improved by pembrolizumab
and was significantly better than that observed in
patients treated with chemotherapy.?! At 5years
of follow-up, the median OS was not reached in
the pembrolizumab arm and was 36.7 months in
the chemotherapy arm. Improvement in OS was
not statistically significant, probably related to the
fact that 60% of patients in the control group had
received cross-over immunotherapy in subse-
quent lines of treatment.??2 Grade 3—4 toxicities
occurred in 21.6% of patients treated with pem-
brolizumab versus 66.4% in the chemotherapy
arm. This study resulted in a European marketing
authorization in January 2021 for pembrolizumab
in first-line MSI/dAMMR mCRC.

For patients who did not receive ICIs on the first
line, nivolumab (anti-PD1) and ipilimumab [anti-
cytotoxic T lymphocyte antigen-4 (CTLA4)]
obtained a European marketing authorization in
June 2021 based on the CheckMate-142 phase II
trial.’%23 The randomized phase II trial SAMCO-
PRODIGE 54 presented at ESMO 2022 demon-
strated efficacy with a favorable tolerance profile
of avelumab (anti-PDL1) monotherapy in the
same indication wversus doublet chemotherapy
plus targeted therapy (anti-EGFR or anti-VEGF).
The primary end point was PFS. Median PFS
was significantly improved in the avelumab arm:
12months versus 7 months.!? OS, quality of life,
and biomarkers are currently being analyzed.

Ongoing randomized trials for

MSI/dMMR mCRC

Currently, no combination of chemotherapy *
targeted therapy is validated with ICIs in the
management of MSI/dMMR mCRC and it is not
known whether this combination would be bene-
ficial. This is the question that the phase III
COMMIT trial INCT02997228) currently being
enrolled will attempt to answer. It is an initial
three-arm trial (the mFOLFOX6 + bevacizumab
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Figure 1. Strengths and weaknesses of methods for determining MSI/dMMR status.

dMMR, deficient mismatch repair; MSI, microsatellite unstable.

arm was subsequently closed) comparing mFOL-
FOX6 + bevacizumab + atezolizumab with ate-
zolizumab monotherapy (Table 2).

It is also unclear whether dual therapy with two
ICIs is more effective than monotherapy. To
answer this question, the phase III CA209-8HW
trial INCT04008030) is underway, randomizing
in three arms nivolumab versus nivolumab + ipili-
mumab versus chemotherapy =+ targeted therapy.

Since the publication of the CheckMate-142 trial
and the NIPICOL trial,’* the maintenance dose
of nivolumab has evolved from 3mg/kg to fixed
doses of 240mg every 2weeks or 480 mg every
4weeks. The health authorities have approved
this dosing regimen. However, dose equivalence
studies have involved other tumor locations and
the question of using these doses in MSI/dMMR
mCRC arises. The ongoing NIPISAFE trial
designed to compare two regimens of
nivolumab + ipilimumab in MSI/dAMMR mCRC
to identify the regimen with the highest level of
clinical activity and lowest toxicity.

Currently, there are no first-line treatment options
indicated specifically for patients with both MSI/
dMMR and BRAFV°E-mutant mCRC. To

assess the safety and efficacy of combining pem-
brolizumab with encorafenib + cetuximab, the
SEAMARK trial (NCT05217446) will evaluate
this combination wversus pembrolizumab alone in
patients with previously untreated BRAFV000E-
mutant MSI/dMMR mCRC

Managing a patient on ICls

Clinical and molecular predictive factors

Despite a high response rate and long-term ben-
efit of a first line by anti-PD1, 30-50% of patients
with MSI/dMMR mCRC experience an early or
secondary progression. There are currently no
validated predictive biomarkers of anti-
PD1 * anti-CTLA4 resistance in patients with
MSI/dAMMR mCRC. DNA or RNA biomarkers
such as RAS/RAF status, hereditary or sporadic
DNA mismatch repair system deficiency, and
tumor mutational burden (TMB) have not been
identified as predictive of resistance to ICIs to
date.11:23:24 T'wo studies have suggested an impact
of TMB?>2¢ but with a low level of evidence
(small sample sizes, possible misdiagnosis of MSI/
dMMR  status).?’” KRAS-mutated tumors
appeared to benefit less from immunotherapy in
KEYNOTE-177 trial, but this subgroup analysis
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Table 2. Ongoing randomized trials involving ICls for MSI/dMMR mCRC.

Trial Design Line Status Experimental arm Control arm N Primary Clin.gov
end point number
COMMIT Phase llI 1 Ongoing mEOLFOX6 + Atezolizumab 231 PFS NCT02997228
(UsA) bevacizumab +

atezolizumab
CHECKMATE Phase llI 1,2 Ongoing Nivolumab + CTjtargeted therapy 831 PFS NCT04008030
8HW ipilimumab

Nivolumab
NIPISAFE Randomized 1,2 Ongoing Nivolumab + 12weeks induction 96 Safetyand  NCT04730544

phase Il ipilimumab nivolumab + ipilimumab PFS
24 months then 24 months
maintenance nivolumab

SEAMARK Randomized 1 Ongoing Encorafenib + Pembrolizumab 104 PFS NCTO05217446

phase It

cetuximab +

pembrolizumab

tFor BRAFV0E-mutated dMMR/MSI mCRC.

CT, chemotherapy; dMMR, deficient mismatch repair; ICls, immune checkpoint inhibitors; mCRC, metastatic colorectal cancer; MSI, microsatellite unstable; N, number

of patients to be included; PFS, progression-free survival.

is not observed in other trials published in the lit-
erature.?3-28 An analysis of 466 ICI-treated MSI/
dMMR mCRC patients drawn from international
cohorts (France, Italy, Spain, and the United
States) show RAS/BRAFV9°E mutations are not
associated with survival while Lynch syndrome
patients demonstrated improved PFS. The data
suggest that Lynch syndrome is protective against
PFS events.?° Further translational studies are
expected to identify factors for ICIs resistance in
patients with MSI/dMMR mCRC.

Note the results of an international cohort study
showing, on the one hand, an unfavorable prog-
nosis of patients with an impaired performance
status treated with ICIs for MSI/dAMMR mCRC,
and, on the other hand, the pejorative impact of
the presence of ascites in this population (it
should be noted that peritoneal carcinosis is a
preferential metastatic site for MSI/dMMR
mCRC).30-32

Pseudoprogressions

Response Evaluation Criteria in Solid Tumors
1.1 (RECIST 1.1) criteria may underestimate
response to ICIs because of pseudoprogression.
Pseudoprogression was observed in only 5% of
the 57 patients in the NIPICOL phase II triall4
and was reported in 10% of the 123 patients with
MSI/dMMR mRCRC treated with ICIs, account-
ing for approximately 50% of the cases of early

progression.33 Evaluation of response to ICIs
should be performed according to immune
RECIST criteria iRECIST) for the first 3 months.
The evolution of clinical status and the kinetics of
tumor markers CEA and CA-19.9 may be useful
to distinguish pseudo-progression from early pro-
gression on ICIs.

Beyond early treatment: prognosis and

duration of treatment

In the 4-year follow-up update of the
CheckMate-142 trial, an exploratory analysis was
performed on OS based on best radiological
response (BOR) according to RECIST 1.1 crite-
ria after 6 months of nivolumab + ipilimumab (4
cycles nivolumab + ipilimumab followed by
nivolumab monotherapy). The risk of late pro-
gression is low in the population with objective
response at 6months with 93% survivors at
48 months, late progression being mainly observed
in patients with radiological stability at 6 months
with 66% survivors at 48 months. This analysis
shows a significant correlation between BOR at
6 months and OS.12

The optimal duration of treatment with ICIs is
unknown. Some trials have evaluated ICIs with-
out a maximum duration of treatment, others
such as the phase III KEYNOTE 177 trial dem-
onstrated the superiority of 2years of pembroli-
zumab versus chemotherapy * targeted therapy.

journals.sagepub.com/home/tam
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The results of the phase II NIPICOL trial showed
a PFS at 24 months of 92.9% after treatment with
nivolumab + ipilimumab for 1 year, with only four
cases of progression beyond 1year among the 42
patients alive and progression free at 12 months.
These results raise questions about the optimal
duration of treatment. However, it is interesting
to note that patients who stopped ICIs early for
toxicity have similar results.12-23

Dissociated tumor responses and

management of residual lesions

Dissociated tumor responses under ICIs suggest
that some organs may be sanctuary sites due to
the tumoral microenvironment. A study pub-
lished in 2002 on a series of five patients high-
lighted the possible sanctuary character of the
adrenal glands.?® The management of patients
with a dissociated tumor response must be dis-
cussed in a multidisciplinary board to consider
the possibility of surgical or interventional radiol-
ogy strategies. The management of minimal
residual disease in patients with a prolonged par-
tial response to ICIs should also be discussed in a
multidisciplinary board to assess the benefit-risk
balance of resection. A retrospective analysis pub-
lished in 2021 of 121 patients treated with ICIs
for MSI/dAMMR mCRC demonstrated that 93%
(13/14) of the residual tumor disease resected
were in complete pathological response.3*

What to do in case of progression with ICIs

In case of early progression on IClIs, the first two
questions to consider are (i) the possibility of
pseudoprogression (see above) and (ii) the cor-
rect diagnosis of MSI/dMMR status, which
accounts for a non-negligible proportion of early
progressions.3> There are no validated data in the
current literature to recommend a second line
with another ICI after progression on first-line
ICIs for MSI/dAMMR mCRC.

The ongoing phase II NIPIRESCUE trial
(NCTO05310643) is investigating the efficacy of
nivolumab + ipilimumab as a second-line treat-
ment after progression to anti-PD1 monotherapy.
Apart from inclusion in a clinical trial, current
guidelines recommend referral to first-line chem-
otherapy adapted to the patient’s profile and the
molecular profile of the tumor. In contrast to
other cancer sites, no studies have documented

increased efficacy of conventional chemotherapy
after ICI treatment in MSI/dMMR mCRC.3¢

For patients with localized CRC MSI/dMMR

To date, there are no data on the use of adjuvant
ICIs for MSI/AMMR resected colon cancers
(CCs). Currently, only one phase II trial is evalu-
ating ICIs in this indication, the ATOMIC trial,
which is evaluating 6 months of FOLFOX =+ ate-
zolizumab for stage III MSI/dMMR CC.

On the other hand, data are accumulating regard-
ing the efficacy of neoadjuvant ICIs, with at least
two-thirds of patients in the different trials in
pathological complete response (pCR). In partic-
ular, the phase II NICHE?? study has initiated
this line of research. Among 21 patients with
MSI/dMMR CC treated with one dose of ipili-
mumab and two doses of nivolumab 4weeks
before surgery, the major pathologic response
rate (MPR; <10% viable residual tumor) was
95% and the pCR rate was 60%. These data are
confirmed by the results of NICHE-2 (integrating
data from the NICHE 1 trial), presented at the
ESMO 2022 Congress (N=112; 95% MPR;
67% pCR), with no distant relapse (median fol-
low-up of 13 months) and satisfactory safety data
(95% of surgeries performed on time, only 4% of
grade 3-4 immuno-mediated adverse events).38
To note, the pCR rate is high in the different tri-
als, whether patients are treated with anti-PD1
alone or combined with an anti-CTLA4, and
whether the duration of treatment is short or long
(Table 3), and is also similar to that observed for
MSI/dAMMR esogastric cancers.?® The ongoing
phase II IMOTHEP trial (NCT04795661) is
evaluating pembrolizumab as a neoadjuvant treat-
ment for resectable MSI/dAMMR digestive and
endometrial tumors. These data support the pos-
sibility of ‘watch and wait’ strategies, as evaluated
in a phase II trial for MSI/dMMR rectal cancer.%?
In this trial with dostarlimab (anti-PD1) every
3weeks for 6 months, patients with a complete
clinical response at the end of treatment were
monitored without additional treatment, radio-
chemotherapy or surgery. Of the first 12 patients
enrolled, all were in complete clinical response,
none had undergone surgery, and none had
relapsed after a median follow-up of 12 months.

These initial data on the use of ICIs in the neoad-
juvant setting and watch and wait strategies raise
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Table 3. Trials evaluating neoadjuvant ICls for MSI/dMMR CCR.

Study Population Duration of Exploringa  Experimental arm Number Pathological CCR rate
neoadjuvant surgical de- of patients complete response
period escalation included rate (%)
NICHE®? Colon cancers MSI/  4weeks No Nivolumab + ipilimumab 21 60 -
dMMR
NICHE-238 Colon cancers MSI/  4weeks No Nivolumab + ipilimumab 112 67 -
dMMR
PICC4 Colon cancers MSI/  12weeks No Noripalimab + celecoxib 17 88 -
dMMR
Toripalimab 17 65 -
MD Locally advanced 24 weeks Yes Pembrolizumab 35 71 12/22 (55%)
Anderson*2 CRC MSI/dMMR
MSKCC40 Rectal cancers 24 weeks Yes Dostarlimab 12 - 100%

MSI/dMMR

CCR, clinical complete response; CRC, colorectal cancer; dMMR, deficient mismatch repair; ICls, immune checkpoint inhibitors; MSI, microsatellite unstable.

a number of questions. On the one hand, it is dif-
ficult to assess the prognosis of the disease preop-
eratively, without knowing the pTN stage of the
tumor. It is important to mention that the perfor-
mance of computed tomography to predict pT4
or pN+ CC is mediocre,*3-%, especially for lymph
node involvement. Data concerning the existence
of signs of tumor regression at the lymph node
level on surgical specimens in NICHE-2 (26% of
tumors initially classified as ¢cN1 and 62% as
cN2) could partially answer this question, but
have not yet been reported. For ‘watch and wait’
strategies, the modalities of surveillance and deci-
sion of non-surgical management (endoscopic
follow-up, systematic biopsies, etc.) remain to be
specified. In addition, long-term data on the risk
of relapse and second cancers after ICIs treat-
ment for patients with Lynch syndrome are cur-
rently lacking, particularly in terms of how to
reconcile organ preservation strategies with sur-
gery to prevent the risk of second cancers. In an
MSKCC trial, 11-second post-ICIs cancers were
observed among 155 patients (7%) with Lynch
syndrome at 32 months of follow-up.

Perspectives

To date, there are three main challenges in the
management of patients with MSI/dMMR
mCRC. The first is the identification of predictive
factors of response to anti-PD (L)1 monotherapy,
whether biological, molecular, genetic, or clinical.
Therefore, the research and documentation of the
mechanism of acquisition of the MSI phenotype

is a major issue to constitute homogeneous
cohorts between a sporadic or constitutional
mechanism.

The second is the identification of patients for
which combination of anti-PD(L)1 + anti-
CTLA4 ICIs is more appropriate than anti-PD1
monotherapy. Finally, the third challenge is the
determination of the optimal duration of a treat-
ment with ICIs.

The results of the NICHE, NICHE-2, and
MSKCC trials open the way for neoadjuvant
immunotherapy in the management of patients
with MSI/JdAMMR CC and potentially lead to
curative strategies without the need for surgery.
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