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Background: DNA mismatch repair system deficiency (AIMMR) is found in 15% of colorectal cancers (CRCs). Two
methods are used to determine dMMR, immunohistochemistry (IHC) of MMR proteins and molecular testing of
microsatellite instability (MSI). Only studies with a low number of patients have reported rates of discordance
between these two methods, ranging from 1% to 10%.

Materials and methods: Overall, 3228 consecutive patients with CRCs from two centers were included. Molecular
testing was carried out using the Pentaplex panel and IHC evaluated four (MLH1, MSH2, MSH6, and PMS2; cohort
1; n = 1085) or two MMR proteins (MLH1 and MSH2; cohort 2; n = 2143). The primary endpoint was the rate of
discordance between MSI and MMR [HC tests.

Results: Fifty-one discordant cases (1.6%) were initially observed. Twenty-nine out of 51 discordant cases were related
to IHC misclassifications. In cohort 1, after re-reading IHC and/or carrying out new IHC, 16 discordant cases were
reclassified as nondiscordant. In cohort 2, after the addition of MSH6/PMS2 IHC and re-examination, 13 were
reclassified as nondiscordant. In addition, 10 misclassifications of molecular tests were identified. Finally, only 12
discordant cases (0.4%) remained: 5 were proficient MMR/MSI and 7 were dMMR/microsatellite stable.
Conclusions: Our study confirmed the high degree of concordance between MSI and MMR [HC tests. Discordant cases
must be reviewed, and if needed, tests must be repeated and analyzed by an expert team.

Key words: colorectal cancer, microsatellite instability, deficient mismatch repair, immunohistochemistry, molecular
biology

INTRODUCTION

Microsatellite instability (MSI) is detected in ~15% of all
colorectal cancers (CRCs); 3% of them are associated with
Lynch syndrome (LS) and the remaining 12% are sporadic
mostly due to hypermethylation of the MLH1 gene pro-
moter, although other sporadic mechanisms exist.> MSI is
due to a DNA mismatch repair system deficiency (dMMR).

Determination of MSI has a major impact on CRC man-
agement, notably in screening for LS. The dMMR/MSI
phenotype has been shown to confer good prognosis in
patients with nonmetastatic CRC, whereas stage || dMMR/
MSI CRCs present resistance to 5-fluorouracil.>® While
dMMR/MSI is found in ~5% of metastatic CRCs (mCRCs), its
impact on prognosis and chemosensitivity remains unclear.
Nevertheless, immune checkpoint inhibitors (ICls) are highly
effective in patients with dMMR/MSI mCRC.”

Two methods are available to detect dMMR/MSI
phenotype: (i) expression of MMR proteins (MLH1, MSH2,
MSH6, and PMS2) in tumor tissue by immunohistochem-
istry (IHC) and (ii) MSI tumor DNA molecular testing by PCR.
Commonly, a tumor is called dMMR if it presents complete
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nuclear loss of expression of at least one MMR protein, in
contrast to pMMR tumor (proficient MMR). MMR [HC
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presents sensitivity between 85% and 100% and specificity
between 85% and 92%.'%'" The MMR status can be
established based on the analysis of either two MMR pro-
teins (MHL1 and MSH2 or MSH6 and PMS2) or four MMR
proteins (MLH1, MSH2, MSH6, and PMS2), though IHC of
the four MMR proteins is favored.>*®> MMR function re-
quires two by two protein heterodimerization, where MSH2
combines with MSH6 and MLH1 combines with PMS2.
MSH2 and MLH1 are essential to their respective hetero-
dimers and their loss leads to degradation of their respec-
tive partners, MSH6 and PMS2.

MSI molecular testing using PCR determines the level of
instability of microsatellite markers.* Two panels of five
consensus nucleotide repeats exist: the Bethesda panel and
the Pentaplex panel."** Sensitivity of MSI testing ranges
between 67% and 100% and specificity between 61% and
92% using the Bethesda panel,’® but is improved using
the Pentaplex panel (specificity 98.7% and sensitivity
95.8%)." /'

Some studies have shown discordance between MMR [HC
and MSI molecular testing, ranging from 1% to 10%."%** All
of these studies used relatively old techniques for MMR/MSI
determination (fewer than five microsatellite markers) and/
or were conducted with a low number of patients (<1000
with CRCs). Failure in determining the MMR/MSI status has a
major impact on therapeutic strategy, especially on eligibility
for ICI treatment.*?>?® Indeed, a recent study from Cohen
et al,?’ showed that one cause of resistance to ICl in mCRC
can be related to an error in the determination of the MMR/
MSI status, whereas other reports show responses to ICl
despite MSI misdiagnosis.”®

In a large French bicentric series, we evaluated the rate
of discordance between MMR IHC and MSI molecular
testing in CRC patients. We also examined the conse-
qguences of analyzing four versus two MMR proteins by IHC.
Finally, we tried to better understand the causes of these
discordances in view of improving the diagnosis of dMMR/
MSI CRC.

MATERIALS AND METHODS

Study population

This retrospective multicenter study included all consecu-
tive CRC cases with MSI testing in the Poitiers University
Hospital (Poitiers) between January 2013 and December
2018 and MMR IHC testing in the Saint-Antoine University
Hospital (Paris) between January 2006 and December 2014
(n = 3228). Inclusion criteria were histologically proven CRC
with both molecular MSI testing and IHC of MMR proteins
carried out on the same specimen (biopsy or surgical
specimen).

Two cohorts, with different strategy of MMR/MSI testing,
were combined. In cohort 1, from the Poitiers University
Hospital, CRCs with MSI testing were identified by the
Poitiers molecular genetic platform and subsequently
included MSI cases for which the four MMR proteins were
tested by IHC. In cohort 2, from the Saint-Antoine University
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Hospital, both MSI testing and IHC for MLH1 and MSH2
proteins were frequently carried out.

Nonprimary CRCs, CRCs with IHC or molecular testing
failure, or CRCs with only one test (MMR IHC or MSI testing
alone) were excluded (Figure 1). The study was approved by
our institution’s Ethics Committee (DC-2008-565).

MSI molecular testing and expression of MMR proteins

MSI was determined on tumor DNA using the five
consensus mononucleotide repeats called Pentaplex panel
(BAT-25, BAT-26, NR-21, NR-24, and NR-27), as recom-
mended.™ Tumor DNA was extracted from formalin-fixed
paraffin-embedded tissue using the DNeasy Blood and Tis-
sue DNA isolation kit (Qiagen, Hilden, Germany).

The size of the microsatellite markers was analyzed on
ABI PRISM 3100 genetic analyzer (Applied Biosystems,
Foster City, CA) and compared with their expected sizes. A
tumor was considered MSI if three or more markers were
found unstable according to the Bethesda guidelines.”
Using a mononucleotide panel, no comparison with non-
tumor tissue was necessary, as recommended.™® If none or
one marker was found to be unstable, the tumor was
classified microsatellite stable (MSS). However, if two
markers were unstable, new testing was carried out on both
tumor and nontumor tissue to ascertain the result.

For cohort 1, MMR IHC was carried out using four anti-
bodies directed against MLH1 (M1 Ventana clone ready for
use and Optiview kit revelation, Tucson, AZ), MSH2 (clone
G219-1129 Ventana ready to use; Optiview kit revelation),
MSH®6 (44 BD Biosciences clone and ultraView kit revelation,
Meylan, France), and PMS2 (clone EPR3947 Ventana ready
for use; Optiview kit revelation with amplification) proteins
on the BenchMark XT device (Ventana Medical Systems).
For cohort 2, MLH1 and MSH2 expression was evaluated
using an antibody against MLH1 (clone G168-728; Phar-
Mingen, San Diego, CA) and an antibody against MSH2
(clone FE11; Calbiochem, Cambridge, MA) and the analysis
carried out using the Bond max platform (Leica Micro-
system, Nanterre, France).

MMR protein loss was defined by the absence of IHC
staining in the nucleus of tumor cells while normal cells
remained stained, ensuring the technical validity of the
experiment. Loss of nuclear expression of at least one
protein was sufficient to establish dMMR status; otherwise,
the tumor was considered pMMR. The four staining pat-
terns observed were combined MLH1/PMS2 loss, combined
MSH2/MSHG6 loss, isolated PMS2 loss, and isolated MSH6
loss. It is worth noting that the physicians carrying out the
initial testing were not aware of the results of the test
carried out by the other technique. Both expert centers
carried out MSI and MMR [HC tests, whenever possible, on
a sample prior to any chemotherapy or radiotherapy.

For all cases with discordant results between MSI and
MMR IHC tests, re-examination of the molecular MSI profile
and the MMR IHC staining was carried out by experts. When
only two MMR proteins had been tested (cohort 2), a new
experiment was carried out with two additional MMR
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Cohort 2: CRC patients
diagnosed at Saint-Antoine

Cohort 1: Tumors with an
MSI test at Poitiers

Hospital University Hospital Excluded patients:
n=2563 n= 3236 - 13 analyses cancelled
- 803 tests for a non-CRC
cancer
- 39 analyses on colorectal
adenomas
- 123 duplicate tests on the
! same tumor
Cohort 1: Patients with an

Excluded MSI tesj g(;r;g CRC

patients: "=

- 420 with no

MSI test
- 1129 tumors with no
MMR THC tests

| - 44 noninterpretable
MMR THC tests
Cohort 2 : CRC patients with Cohort 1: CRC patients with
an MSI and MMR THC tests an MSI and MMR THC tests
n=2143 n=1085
Total cohort 1 and 2 :
n=3228
MSI MSS
n=495 n=2733
MSI pMMR : MSI dMMR : MSS dMMR : MSS pMMR :
n=19(6+13) n =476 (225 + 251) n=32(19+13) n=2701 (835 + 1866)

Figure 1. Flowchart.
Bold and Grey refers to the cohort 2 and 1 respectively.

CRC, colorectal cancer; dMMR, DNA mismatch repair system deficient; IHC, immunohistochemistry, MSI, microsatellite instability, MSS, microsatellite stable, pMMR,

DNA mismatch repair system.

proteins MSH6 (clone 44; Becton Dickinson, Lexington, NC)
and PMS2 (clone A16-4; BD PharMingen, Le Pont de Claix,
France); then, if the two tests remained discordant, new
MSI and MMR IHC tests were carried out on different tumor
areas (provided that tumor material was sufficient).

Patient and tumor characteristics

Patient and tumor characteristics, as well as MLH1 pro-
moter hypermethylation, were collected. Determination of
sporadic dMMR/MSI versus suspected germline (LS) cases
was based on MMR protein expression, family history
(Amsterdam I criteria®®), BRAF status (exclusion of LS if
BRAF mutated), and MLH1 promoter methylation status
(exclusion of LS if MLH1 promoter hypermethylation). When
available, information on germline exploration to confirm LS
status was collected.

Statistical methods

Continuous variables were described with mean, median,
minimum, maximum, and standard deviation. Qualitative
variables were described with frequency and percentages.
Comparison was carried out with the Mann—Whitney test
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for continuous variables and the chi-square test or Fisher’s
exact test for qualitative variables. A P value <0.05 was
considered statistically significant. All statistical tests were
two sided. All analyses were carried out using StatView
software (SAS Institute, Cary, NC).

RESULTS

Patient and tumor characteristics

Considering cohort 1, 3236 patients had an MSI test on
their tumor tissue at the Poitiers University Hospital. Among
these, 2258 had a confirmed diagnosis of CRC (Figure 1).
After excluding CRCs with no MMR IHC, 1085 were finally
included in cohort 1. Mean age at diagnosis was 64.2 +
13.1 years and there were 44.1% of women (Table 1).

Considering cohort 2, 2563 CRCs diagnosed between
January 2006 and December 2014 at the Saint-Antoine
Hospital were routinely screened for MMR IHC. Because
of missing MSI testing (n = 420), 2143 were finally included
in cohort 2. Mean age at diagnosis was 66.0 + 13.8 years
and there were 43.9% of women. Patients were significantly
older in cohort 2 with more frequent rectal tumors (33.7%
versus 18.2%).

https://doi.org/10.1016/j.esmoop.2021.100120 3
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Table 1. Patient and tumor characteristics
Characteristics Cohort 1 Cohort 2 P value
(N = 1085) (N = 2143)
Age (years), mean £ SD 64.2 £ 131 66.0+ 13.8 <0.001
Sex, n (%) 0.92
Female 479 (44.1) 941 (43.9)
Male 606 (55.9) 1202 (56.1)
Tumor site, n (%) <0.001
Right colon 430 (39.6) 585 (27.3)
Left colon 411 (37.9) 697 (33.7)
Rectum 198 (18.3) 697 (33.7)
Transverse colon 25 (2.3) 88 (4.2)
Colon of unknown site 21 (1.9) 2 (0.1)
Missing data 0 74
Tumor stage, n (%) <0.001
0 9 (1.8) 23 (1.1)
| 38 (7.6) 392 (18.6)
I 144 (29.0) 547 (26.0)
i 134 (27.0) 492 (23.4)
Y 172 (34.6) 651 (30.9)
Missing data 588 38
MSI status, n (%) <0.001
MSlI 231 (21.3) 264 (12.3)
MSS 854 (78.7) 1879 (87.7)
MMR IHC status, n (%) <0.001
pMMR 841 (77.5) 1879 (87.7)
dMMR 244 (22.5) 264 (12.3)
Lynch status in dMMR/MSI CRCs <0.001
(N = 476), n (%)
Confirmed Lynch syndrome 7 (3.1) 80 (33.7)
Suspected Lynch syndrome 43 (19.1) 4 (1.7)
Sporadic cases 144 (64.0) 153 (64.6)
Missing data 31 14

CRC, colorectal cancer; dMMR, DNA mismatch repair system deficient; IHC, immu-
nohistochemistry; MMR, mismatch repair; MSI, microsatellite instability; MSS, mi-
crosatellite stable; pMMR, DNA mismatch repair system proficient; SD, standard
deviation.

Initial results of microsatellite instability and
immunohistochemistry of mismatch repair proteins

Most CRCs presented MSS status (n = 2733, 84.7%). MSI
was more frequently detected in cohort 1 (21.3%) than in
cohort 2 (12.3%) (P < 0.001). IHC of the four MMR proteins
(cohort 1) identified 22.5% dMMR CRCs, whereas only
12.3% were detected by IHC of only two MMR proteins in
cohort 2 (P < 0.001; Table 1). Among the dMMR/MSI CRCs,
there were 3.1% of confirmed LS and 19.1% of suspected LS
in cohort 1 as compared with 33.7% and 1.7% in cohort 2.

In the overall cohort, among the MSI CRCs (n = 495), 19
tumors were pMMR (6 in cohort 1, 13 in cohort 2; Figure 1
and Supplementary Tables S1 and S2, available at https://
doi.org/10.1016/j.esmoop.2021.100120), scoring at a 0.6%
MSI/pMMR rate of discordance (n = 19/3228). Among the
MSS CRCs (n = 2733), 32 tumors were dMMR (19 in cohort
1, 13 in cohort 2), which represents a discordance rate of
1.0% dMMR/MSS (n = 32/3228). Therefore, the initial overall
discordance rate reached 1.6% (n = 51/3228), 2.3% (n = 25)
in cohort 1 and 1.2% (n = 26) in cohort 2 (Figure 1).

Control immunohistochemistry of mismatch repair proteins
tests

In cohort 1, the review of all initial MMR IHC tests and, if
necessary, new MMR IHC tests by expert pathologists of the
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25 discordant cases enabled reclassification of 16 cases
(64.0%; Supplementary Table S2, available at https://doi.
org/10.1016/j.esmo0op.2021.100120). The main  mis-
classifications were related to a pathologist’s misinterpre-
tation (case numbers 6, 7, 8, 9, 14, and 16) and poor
antibody-binding quality (case numbers 1, 2, 10, 12, 15,
and 21). Two pMMR/MSI cases with a first MMR IHC test
carried out on biopsy were corrected by the MMR IHC test
on the surgical specimen (dAMMR; case numbers 20 and 22).
Two cases presented tumor heterogeneity with two distinct
PMMR and dMMR populations (case numbers 5 and 18).

In cohort 2, all 13 pMMR/MSI cases, using only MLH1 and
MSH2 MMR [HC tests, were subsequently tested for PMS2
and MSH®6 expression by IHC. Nine (69.2%) were reclassified
dMMR/MSI as they presented PMS2 (n = 2) or MSH6
(n = 7) isolated loss (Supplementary Table S2, available at
https://doi.org/10.1016/j.esmoop.2021.100120; case numbers
39-47). In addition, human errors explained four other
misclassified cases related to multiple simultaneous tumors
(case numbers 27, 32, 33, and 34). All the remaining
discordant cases in this cohort, dMMR/MSS and pMMR/
MSI (n = 13), were reviewed by expert pathologists and, if
necessary, new MMR IHC tests were carried out. No other
error of MMR [HC tests was identified.

Overall, control MMR [HC tests successfully identified 29
misclassifications (56.9%; 16 in cohort 1 and 13 in cohort 2)
among the 51 initially discordant cases.

Control of microsatellite instability molecular tests

In cohort 1, review of all initial MSI tests and, if necessary,
new MSI tests (n = 11) by expert biologists of the 25
discordant cases enabled reclassification of 6 cases (24.0%)
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2021.100120). Indeed, three initial dMMR/
MSS cases were reclassified as dMMR/MSI on testing of
new tumor areas (case numbers 4, 11, and 13). Two cases
presented tumor heterogeneity with two distinct pop-
ulations, one dMMR/MSI and one pMMR/MSS (case
numbers 5 and 18). Heterogeneity was suspected for one
case but could not be ascertained due to exhaustion of the
tumor material (case number 25).

In cohort 2, review of all initial MSI tests and, if neces-
sary, new MSI tests (n = 8) by expert biologists of the 26
discordant cases enabled reclassification of 6 cases (23.1%)
(Supplementary Table S2, available at https://doi.org/10.
1016/j.esmoop.2021.100120). Indeed, five cases initially
classified as dMMR/MSS due to sampling difficulties for the
molecular biology test (tumoral cells inferior to 10%) were
reclassified as dMMR/MSI on testing of new tumor areas
(case numbers 26, 29, 30, 35, and 36) and one pMMR/MSI
case was reclassified as pMMR/MSS (case number 49).

Overall, control of MSI tests identified 12 mis-
classifications (23.5%; 6 in cohort 1 and 6 in cohort 2)
among the initially 51 discordant cases and 10 mis-
classifications among the 22 remaining discordant cases
after the control of MMR IHC tests. Therefore, 12 cases
(23.5%) remained discordant after reviewing (5 in cohort 1
and 7 in cohort 2).
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Table 2. Characteristics of discordant cases
Characteristics Overall cohort of  Cohort 1 (Poitiers) Cohort 2 (Saint Antoine)
discordant cases - - - -
n = 12) Nondiscordant cases  Discordant cases P Nondiscordant cases  Discordant cases P
(n = 1080) (n=75) (n = 2136) (n=7)
Age (years), mean £+ SD 59.82 £+ 17.49 64.15 + 13.09 65.46 + 13.64 0.99 66.07 + 13.76 55.79 + 19.78 0.10
Sex, n (%) 0.39 0.10
Female 2 (16.7) 478 (44.3) 1 (20.0) 940 (44.0) 1 (14.3)
Male 10 (83.3) 602 (55.7) 4 (80.0) 1196 (56.0) 6 (85.7)
Location, n (%) 0.70 0.46
Right colon 6 (50.0) 428 (39.6) 2 (40.0) 581 (28.2) 4 (57.1)
Left colon 4 (33.3) 408 (37.8) 3 (60.0) 696 (33.7) 1 (14.3)
Rectum 2 (16.7) 198 (18.3) 0 (0) 695 (33.7) 2 (28.6)
Transverse colon 0 (0) 25 (2.3) 0 (0) 88 (4.3) 0 (0)
Colon of unknown site 0 (0) 21 (2.0) 0 (0) 2 (0.1) 0 (0)
Missing data 0 0 0 74 0
BRAF“®%%¢ status, n (%) 0.58 0.38
Mutated 0 (0) 164 (22.3) 0 (0) 218 (13.2) 0 (0)
Wild type 9 (100) 570 (77.7) 4 (100) 1434 (86.8) 5 (100)
Missing data 3 346 1 484 2
KRAS status, n (%) 0.99 0.49
Mutated 2(22.2) 294 (38.4) 1 (25.0) 729 (34.6) 1 (20.0)
Wild type 7 (77.8) 472 (61.6) 3 (75.0) 1380 (65.4) 4 (80.0)
Missing data 3 314 1 27 2
NRAS status, n (%) 0.99 —
Mutated 0 (0) 21 (4.2) 0 (0) — 0 (0)
Wild type 6 (100) 476 (95.8) 2 (100) — 4 (100)
Missing data 6 583 3 3
Hypermethylation of MLH1 gene N = 225 0.09 N =251 0.08
promoter, n (%)
Presence 1(16.7) 80 (71.4) 0 (0) 153 (70.5) 1 (25.0)
Absence 5 (83.3) 32 (28.6) 2 (100) 64 (29.5) 3 (75.0)
Missing data 6 113 3 34 3
Tumor stage, n (%) 0.08 0.77
0 0 (0) 9 (1.8) 0 (0) 23 (1.1) 0 (0)
I 2 (18.2) 38 (7.7) 0 (0) 390 (18.6) 2 (28.6)
I 6 (54.5) 140 (28.4) 4 (100) 545 (26.0) 2 (28.6)
1 2 (18.2) 134 (27.2) 0 (0) 490 (23.3) 2 (28.6)
v 1(9.1) 172 (34.9) 0 (0) 650 (31.0) 1(14.2)
Missing data 1 587 1 38 0
Lynch syndrome, n (%) N = 225 0.01 N =251 0.27
Confirmed LS 5 (55.6) 7 (3.6) 1 (33.3) 80 (33.7) 4 (66.7)
Suspected LS 2(22.2) 43 (22.2) 2 (66.7) 4 (1.7) 0 (0)
Sporadic unstable CRCs 2 (22.2) 144 (74.2) 0 (0) 153 (64.6) 2 (33.3)
Missing data 3 31 2 14 1

CRC, colorectal cancer; LS, Lynch syndrome; SD, standard deviation.

Remaining discordant cases

The final overall discordance rate after control tests was
0.4% (n = 12/3228), with five pMMR/MSI and seven
dMMR/MSS cases. Among the dMMR/MSS CRCs, two had
an isolated loss of MSH6, two a loss of MSH2 + MSHS6, two
a loss of MLH1 £ PMS2, and one an isolated loss of PMS2.

There were 10 men (83.3%) and 2 women (16.7%) among
discordant cases (Table 2), and their mean age was 59.82 +
17.49 years. The tumors were mainly located in the right
colon (n = 6, 50.0%). No tumor harbored a BRAF®°% mu-
tation and one had a hypermethylation of the MLH1 pro-
moter. Seven patients had suspected or confirmed LS,
including two patients with PMS2 germline mutation and one
patient with MSH2 germline mutation. No case had prior
chemotherapy or radiotherapy on the samples used for MSI
and MMR IHC tests.
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MMR immunohistochemistry test with two versus four
proteins

In cohort 1, 22 MSI cases and 12 MSS cases had an iso-
lated loss of PMS2 or MSH6. If only two MMR proteins
(MHL1 and MSH2) had been initially tested for IHC
determination, 12 dMMR/MSS discordant cases would
have been missed and classified wrongly as pMMR/MSS.
Moreover, 22 cases would have been classified wrongly as
pMMR/MSI discordant cases. Overall, if MMR IHC with
MLH1 and MSH2 antibodies was carried out alone, 3.1%
dMMR cases would have not been identified (n = 34/
1085).

MMR IHC testing with only MSH6 and PMS2 proteins
could have been another strategy for MMR exploration.>" If
only two MMR proteins (PMS2 and MSH6) had been initially
tested in cohort 1, four cases with isolated loss of MLH1 and
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seven cases with isolated loss of MSH2 would have been
missed and wrongly classified as pMMR (1.0%).

Comparison of MMR immunohistochemistry versus
microsatellite instability testing

Focusing on whether to carry out one or two tests, MMR
IHC and/or MSI tests, we determined the rate of mis-
classified cases, as well as the sensitivity and specificity of
each test. In the overall cohort, if only MSI testing had been
carried out, 495 MSI CRCs would have been identified but
32 dMMR/MSS CRCs (1.0%) would have been ignored
(Figure 1). By contrast, if only MMR IHC had been carried
out, 508 dMMR CRCs would have been identified but 19
pMMR/MSI CRCs would have been ignored (0.6%).

In cohort 1, after excluding discordant cases and cases
with tumor heterogeneity, sensitivity and specificity of MSI
testing were 98.7% (n = 228/231) and 99.9% (n = 848/
849), respectively (Supplementary Table S3, available at
https://doi.org/10.1016/j.esmoop.2021.100120). Sensitivity
and specificity of MMR IHC testing were 98.7% (n = 228/
231) and 98.7% (n = 838/849), respectively. In cohort 2,
after excluding discordant cases, sensitivity and specificity
of MSI testing were 96.6% (n = 260/269) and 99.9% (n =
1866/1867), respectively. Sensitivity and specificity of MMR
IHC test were 96.6% (n = 260/269) and 100% (n = 1867/
1867), respectively.

DISCUSSION

Our study combines two large cohorts from expert centers
in an attempt to evaluate the discordance between IHC of
MMR proteins and MSI molecular testing by Pentaplex, the
objective being to correctly identify dMMR/MSI CRC. The
rate of discordant cases of 1.6% is relatively low but has
major consequences at the individual level (i.e. missed LS or
eligibility for ICl). Our results showed that dual screening
with both MSI testing and MMR IHC with a four-antibody
panel should be carried out to avoid having CRC patients
with undetected MSI and/or dMMR status. Indeed, when
double testing is carried out, discordances can be revealed
and rechecked, enabling significant reduction of wrongly
classified cases. After re-reading, 76.5% of discordant cases
in our study were reclassified as nondiscordant. Finally, only
0.4% of cases remained discordant. This strategy aimed at
identifying dMMR/MSI CRC had previously been applied
only in relatively old series with a low number of patients.
In addition, our results provide significant new data that
can help to identify true dMMR/MSI mCRC cases for ICI
treatment.

Discordance rate in our study is slightly lower than that in
other series, which analyzed fewer patients with older MSI
testing techniques. In a cohort of 1144 CRCs, while Lindor
et al."”? reported a discordance rate of 2.36%, MSI testing
was carried out using multiple techniques/panels and IHC
explored only two MMR proteins, MLH1 and MSH2.
Analyzing 1003 CRCs, Watson et al.?° found a low 1%
discordance rate, which was rather surprising insofar as
they did not use recommended panels (Bethesda or
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Pentaplex) for MSI testing but BAT-26 microsatellite alone.
Besides, IHC of the four MMR proteins was carried out only
on MSI CRCs and not on the whole cohort, leading to
probable underestimation of the number of discordant
cases. Chen et al.?* studied fewer CRCs (n = 569) and found
a higher rate of discrepancy (8.08%). They compared IHC of
the four MMR proteins with MSI testing using the Bethesda
panel. Their limitation was due to the fact that the Bethesda
panel is less sensitive and specific than the Pentaplex
panel.’”"'®3? Cohen et al.”” carried out a study using IHC of
the four MMR proteins and Pentaplex tests on a low
number of patients (n = 92). They found a higher rate of
discrepancy (9.8%) but did not provide any explanations,
other than that the tests were re-done in a more experi-
enced reference center. Finally, Jaffrelot et al.? reported a
1.1% discordance rate in a large cohort of 2528 different
cancers, using IHC of the four MMR proteins and Pentaplex
tests. The rate of discordance was equivalent to our study
even though molecular MSI testing is known to have lower
performances in malignancies other than CRC.>*** Finally,
although the rate of discordance is low in the literature, it
varies depending on the panel used for MSI testing and on
whether two or four MMR proteins are studied by IHC.

In our study, reanalysis and expert reviews disclosed the
presence of 39 ‘false’ discordant cases. In the literature,
multiple factors explaining discordant cases have been
identified, and they were confirmed by our study. These
factors include tumor heterogeneity with a dual tumor
contingent (PMMR/MSS and dMMR/MSI),*>*° the expertise
of pathologists and molecular biologists,*’*® the quality of
the tissue sampling used and the quality of tissue fixation,”
polymorphisms of BAT-25 and BAT-26 in African patients,>’
low rates of tumor cells (<30%),"° inactive mutant proteins
which remain detected by IHC,** and inflammatory tumors
with lymphocyte-rich stroma that can interfere with IHC
interpretation.”>** In our study, the most frequent causes
of ‘false’ discordance cases were attributed to the
following: tumor sampling bias, experience of the patholo-
gists, antibody-binding quality, and IHC using only two MMR
proteins in the Saint-Antoine cohort. Heterogenous MMR
protein staining has previously been thoroughly described,
and is often due to lack of tissue fixation.**® To diagnose
dMMR CRC, full disappearance of immunostaining in the
nucleus of the tumor cells should be observed with sus-
tained labeling of normal tissue (stroma and normal mu-
cosa). In our series, while we did not quantify cases with
heterogeneous MMR protein staining, all of them were
analyzed by expert pathologists aware of these patterns. It
is worth noting that prior chemotherapy or radiotherapy on
samples used for MMR IHC or MSI tests did not explain the
discordant cases in our cohort.

After identifying these misclassified cases, 0.4% (12
cases) remained discordant between MSI and MMR IHC
tests without any established explanations. Similar profiles
have been described in the literature, especially isolated
loss of PMS2 or MSH6 and MSS status. In our study, two
dMMR/MSS cases presented isolated loss of MSH6, which
could be explained by partial redundancy of MSH6 and
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MSH3 protein function. When the MSH®6 protein is mutated,
the MSH2/MSH3 heterodimer still operates and DNA
mismatch errors are partially corrected.”” By analogy with
isolated loss of MSH®, isolated loss of PMS2 (n = 1) can
eventually be explained by a functional redundancy of the
proteins PMS2 and PMS1. In addition, MLH1-mutated LS is
known to have a more aggressive phenotype than MSH2/
MSH6 mutated LS, confirming the weaker impact of MSH2/
MSH6 impairment on MMR function.*® As in our study, rare
MSI cases with the presence of all four proteins in IHC have
been described in the literature.”>”*** A recent work
showed that ~6% of MSI cases retained mismatch repair
protein expression and that these would be missed by IHC-
based testing, thereby hindering patient access to immu-
notherapy.”® The majority of these cases harbor germline or
somatic mismatch repair gene missense mutations; conse-
quently inactive mutant proteins remain detected by IHC.**

Most discordant cases were dMMR/MSS with loss of
expression of PMS2, MSH6, or MSH2, but no loss of MLH1
expression. It has been suggested that hypermethylation of
the MLH1 promoter completely inhibits MLH1 transcrip-
tion and causes complete loss of MLH1 protein expression
and unambiguous MSI status.” Isolated loss of one MMR
protein (PMS2, MSH2, or MSH6) with a weaker impact of
impairment on MMR function (dMMR/MSS status), in
addition to germline missense mutations (pMMR/MSI
status), may explain the high percentage of discordance
cases observed in LS.>* Consequently, most discordant
cases were confirmed or suspected LS (7 cases). Double
somatic inactivation of one MMR gene could be the
mechanism underlying MMR inactivation in suspected LS
with no germline MMR mutation, as has been reported for
MSH6.>”

Some discordant cases may arise from the MSI test that is
used. Indeed, the Pentaplex panel is largely used worldwide
as it has higher sensitivity than the Bethesda panel (95%
versus 85%-89%).>” Future advances could determine MSI
status using the next-generation sequencing (NGS) method
with a large panel of several microsatellites to avoid false-
positive and false-negative results.”*** Indeed, NGS per-
mits parallel high-throughput sequencing of a high number
of microsatellites and genes, and it may consequently
identify MSI, tumor mutation burden as well as other
targetable molecular alterations. ESMO guidelines present
NGS as an alternative molecular test to assess MSI."*
However, NGS is more expensive than PCR or IHC ap-
proaches, many hospitals have limited access to NGS, and
some challenges need to be considered. First, the micro-
satellite markers used should be chosen carefully to obtain
a pan-cancer panel with high sensitivity and specificity for
MSI detection. Second, the method used should present a
low limit of detection for possible application in samples
with few tumor cells.””

Another source of discordance highlighted in our study
was the use of two MMR proteins for IHC instead of four.
Shia et al.>* showed that MMR IHC testing with MSH6 and
PMS?2 proteins yielded similar results as compared with four

Volume 6 m Issue 3 m 2021

MMR proteins. Nevertheless, interpretation of MSH6 and
PMS2 staining is sometimes complex and rare cases with
isolated loss of MSH2 expression are not detected.™® As in
our study, IHC with only the two MLH1 and MSH2 proteins
is less sensitive (80%-90%) than IHC with the four MMR
proteins tested (85%-95%).%%2%>°

One current issue that remains is the use of only one of
the two techniques (IHC or molecular MSI test). In our
study, aside from the cost and the time required to carry
out these tests, the completion of only one test would have
ignored ~1% of dMMR/MSI CRCs, which could have led to a
risk of underdiagnosis of LS and ineffective treatment with
ICI. In stage IV CRC, it has been shown that 30%-60% of
tumors with primary resistance to ICI were in fact
discordant.”’

The key strengths of our study are its multicentric nature
and, to our knowledge, the largest series with both MMR
IHC and MSI testing up until now. Our methodology enabled
us to evaluate not only the impact of MMR IHC test with
two or four MMR proteins, but also the impact of the re-
reading of MMR IHC and MSI tests. It is worth noting that
LS is more frequent in cohort 2 because it is a tertiary
center where some young patients with a dMMR/MSI CRC
(i.e. LS cases and not elderly sporadic cases) are referred to
be included in trials with ICI, and it is an expert center in
Paris for CRC management. Nevertheless, discordant rates
in both cohorts are similar before and after re-reading. In
addition, MMR IHC and MSI tests have been carried out in
expert centers with possibly different results in centers with
less experience. According to ESMO guidelines, both MSI
and MMR [HC tests should be carried out for all mCRC, if
possible.*> MSI and MMR IHC tests should be avoided on
small endoscopic biopsies except if it is mandatory for pa-
tient management. One alternative is to carry out first MMR
IHC and then PCR. The gold standard remains both MMR
IHC and Pentaplex, awaiting validation for MSI tests using
NGS.53'54

To conclude, our study shows a low rate of discordance
between MSI and MMR IHC tests when Pentaplex and IHC
of four MMR proteins are used. An IHC panel of four anti-
bodies should be preferred to two-antibody panels to avoid
missing out dMMR cases, and both the MSI and the MMR
IHC tests should be carried out. Discordant cases should be
re-read to detect ‘common’ errors, for example, due to poor
quality of tissue sampling and/or poor quality of tissue
fixation and staining. If discordance remains unexplained,
the tests should be repeated and analyzed by an expert
team. Discordance is a major issue in the selection of pa-
tients for ICI treatment. The limits of MMR IHC and MSI
tests must be known by physicians to avoid misinterpreta-
tion, which may lead to clinical management errors, espe-
cially use of ICI.
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