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ARTICLE INFO ABSTRACT

Testing of microsatellite instability is not only used as a triage for possible Lynch syndrome, but also to predict
immunotherapy treatment response. The aim of this study was to assess the frequency of mismatch repair defi-
ciency (MMR-D)/microsatellite instability (MSI) in 400 cases of non-endometrioid ovarian tumors (high-grade
serous, low-grade serous, mucinous and clear cell), to compare different methodological approaches of testing,
and to assess the optimal approach for next generation sequencing (NGS) MSI testing. For all tumors, we evalu-
ated immunohistochemical (IHC) expression of MMR proteins and assessed microsatellite markers by PCR-based
method. Except for high-grade serous carcinoma, we correlated the findings of IHC and PCR with NGS-based MSI
testing. We compared the results with somatic and germline mutation in MMR genes. Among the whole cohort,
seven MMR-D cases, all clear cell carcinomas (CCC), were found. On PCR analysis, 6 cases were MSI-high and one
was MSS. In all cases, mutation of an MMR gene was found; in 2 cases, the mutation was germline (Lynch syn-
drome). An additional 5 cases with a mutation in MMR gene(s) with MSS status and without MMR-D were identi-
fied. We further utilized sequence capture NGS for MSI testing. Employing 53 microsatellite loci provided high
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tumor; MC, mucinous carcinoma; MMR, mismatch repair; MMR-D, mismatch repair deficiency; MMR-P, proficient mismatch repair; mSBT, micropapillary subtype of
serous borderline tumor; MSI, microsatellite instability; MSI-H, high microsatellite instability; mut/Mb, mutations per megabase; NGS, next generation sequencing;
PCR, polymerase chain reaction; PCR-FA, polymerase chain reaction and fragment analysis; TCGA, The Cancer Genome Atlas; TMAs, tissue microarrays; TMB, tumor
mutation burden
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sensitivity and specificity. Our study shows that MSI occurs in 7% of CCC while it is rare or absent in other nonen-
dometrioid ovarian neoplasms. Lynch syndrome was present in 2% of patients with CCC. However, some cases
with MSH6 mutation can evade all testing methods, including IHC, PCR, and NGS-MSI.

AT A GLANCE COMMENTARY
Héjkova N, et al.

Background

The significance of microsatellite instability testing in ovarian
tumors is increasing. This testing is not only used as a triage for
possible Lynch syndrome, but also to predict immunotherapy
treatment response. However, the optimal screening strategy to
identify patients with ovarian carcinomas associated with Lynch
syndrome or to detect microsatellite instable ovarian tumors has
not yet been determined.

Translational Significance

Precision assessment of the frequency of mismatch repair defi-
ciency and/or microsatellite instability in non-endometrioid ovar-
ian tumors. Comparison of different methodological approaches of
testing and assessing of the optimal approach for next generation
sequencing (NGS).

Introduction

Testing of colorectal and endometrial carcinomas for mismatch
repair (MMR) protein expression by immunohistochemistry (IHC) or for
microsatellite instability (MSI) by PCR is a well-established screening
method for Lynch syndrome (LS).'® Some ovarian carcinomas are also
associated with LS but the optimal screening strategy to identify LS in
ovarian cancer patients has not been determined, yet.>° Currently, the
significance of MSI testing is increasing in a broad spectrum of tumors.
MMR deficiency (MMR-D) and/or presence of high MSI (MSI-H) are pre-
dictors of a favorable response to immune checkpoint inhibitor therapy
in solid tumors.”® In parallel with predictive testing in the broad spec-
trum of solid tumors, the knowledge about noncanonical neoplasms
which can be associated with LS is increasing.’

Methods used for MSI testing have been mostly validated for screen-
ing purposes in colorectal and endometrial carcinomas. However, due to
technical or biological reasons there are challenges in MSI testing even
in colorectal and endometrial cancer. As such, immunohistochemical
testing of the mismatch repair machinery may give different results for a
given germline or somatic mismatch repair gene missense mutation.’%"!
However, in other tumors the value of different approaches is not clear.
The 3 main methods for MSI testing are immunohistochemistry (IHC),
PCR based approaches and NGS testing. According to the European Soci-
ety for Medical Oncology (ESMO) recommendation on MSI testing for
immunotherapy in cancer, the preferable method of testing in the first
line is IHC with 4 antibodies (MLH1, PMS2, MSH2, and MSH6).'* PCR
based approaches are for second line testing, in cases in which IHC is
not evaluable or the results are inconclusive. However, these recommen-
dations are for tumors belonging to the spectrum of cancer well-known
to be associated with LS, including colorectal, endometrial, small intes-
tine, urothelial, central nervous system and sebaceous gland neoplasms.
For other tumor types, there are insufficient data to inform a recommen-
dation. The ESMO comment on NGS MSI testing is that it has the poten-
tial to become the method of choice for all tumor types.

In contrast, a recent College of American Pathologists (CAP) guide-
line for testing for possible immunotherapy with immune checkpoint
inhibitors, considers IHC and PCR as equal and states that one of these
methods should be used for colorectal, small bowel and gastroesopha-
geal carcinoma.® This guideline states that for endometrial carcinoma,

IHC is favored over PCR testing while for other tumor types, the optimal
method of testing has not been established, so far. NGS may be used for
colorectal cancer, but a validated MSI NGS assay is needed. For small
bowel, gastroesophageal and endometrial carcinoma MMR-IHC, MSI-
PCR and MMR-IHC, respectively, should be preferred over NGS. NGS is
currently not the method of choice for primary isolated MSI testing.
However, MSI could be evaluated by NGS panel testing together with
the assessment of the mutation profile of the tumor and tumor mutation
burden (TMB). However, the set of microsatellite loci analyzed by NGS
have been established for colorectal and endometrial carcinomas and
can differ in other tumors. Therefore, the optimal NGS approach cover-
ing all solid tumors has not been assessed, yet. Despite the recommenda-
tion for IHC testing using all 4 antibodies, first-line testing for only 2
MMR proteins (PMS2 and MSH6) can be used, if required completed by
second-line testing of MLH1 and MSH2."?

A recently developed rapid digital PCR technique for microsatellite
instability has been successfully used for colorectal, endometrial and
gastric carcinomas and also a small number of ovarian carcinomas with-
out histological characterization. This novel technique is easy to handle
and fast and turned out comparable to other PCR based techniques and
immunohistochemistry.'*'®

According to the literature, MSI occurs in approximately 13% of
ovarian endometrioid carcinomas (EC).*'??' However, the published
literature concerning MMR-D/MSI-H frequency in non-endometrioid
ovarian tumors is equivocal.”?*?> The aim of our study was to assess
the frequency of MMR-D/MSI-H in a broad spectrum of non-endome-
trioid ovarian tumors, to compare different methodological approaches
for MSI testing, and to assess the optimal approach for NGS MSI testing
using 3 different sets of microsatellite markers. Our sample set consisted
of 400 primary ovarian epithelial tumors with serous, mucinous and
clear cell morphology. For all tumors, we evaluated IHC expression of 4
MMR proteins and assessed the stability of microsatellite markers by the
PCR-based method of 5 mononucleotides. Moreover, for all tumors
except high-grade serous carcinoma (HGSC), we correlated the findings
of IHC and PCR with NGS-based MSI testing. In all tumors in which NGS
was performed, the results were also compared with mutation status in
MMR genes. For tumors showing MMR-D/MSI-H status, non-neoplastic
tissue was tested by NGS parallel to tumor tissue to exclude the possibil-
ity of LS.

Materials and methods
Samples

The archives of participating pathology departments were searched
for cases diagnosed as low-grade serous carcinoma (LGSC), micropapil-
lary subtype of serous borderline tumor (mSBT), clear cell carcinoma
(CCC), mucinous carcinoma (MC) and mucinous borderline tumor
(MBT). The sample set represents part of the sample set used in our pre-
vious studies.”®>® About 296 selected samples were eligible for IHC,
PCR, and NGS testing. These cases included 100 CCC, 75 LGSC, 29
mSBT, and 92 mucinous tumors (29 MC, 49 MBT, and 14 cases equivo-
cal between MC and MBT as described in Dundr et al?®). Moreover, 104
tubo-ovarian high grade serous carcinomas (HGSC) were selected from
the archives of the Department of Pathology, 1st Medical Faculty and
General University Hospital in Prague. These cases were analyzed only
by IHC and PCR methods. All LGSC, mSBT, HGSC and CCC cases were
reviewed by at least 2 experienced pathologists and fulfilled the strict
morphological and immunohistochemical criteria. The classification of
mucinous tumors was based on the results of our previous study, which
focused on the interobserver agreement and molecular analysis of
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OCCC LGSC mSBT *mucinous tumors HGSC'
n. of samples n = 100 n=75 n =29 n =92 n = 104
Age mean (range) 60.2 (34-82) 52 (19-83) 48 (25-85) 52 (17-83) 59.9 (36—81)
FIGO
I 67 11 11 84 9
I 7 3 1 1 7
1II 16 42 11 5 64
v 1 2 0 1 22
NA 9 17 6 1 2

Abbreviations: HGSC, high-grade serous carcinoma; LGSC, low-grade serous carcinoma; mSBT, micro-
papillary variant of serous borderline tumor; OCCC, ovarian clear cell carcinoma.
FIGO classification was done according to WHO classification of female genital tumors.

* mucinous tumors comprise of 29 mucinous carcinoma, 49 of mucinous borderline tumor and 14
of cases equivocal between mucinous carcinoma and mucinous borderline tumor.

¥ HGSC cohort was tested only by MMR IHC and PCR-based method.

ovarian mucinous tumors.”® Clinicopathological characteristics of the
analyzed tumors are in Table I.

The study has been approved by the Ethics Committee of General
University Hospital in Prague in compliance with the Helsinki Declara-
tion (No. 2140/19 S-IV). The Ethics Committee waived the requirement
for informed consent, as according to the Czech Law (Act. no. 373/11,
and its amendment Act no. 202/17) it is not necessary to obtain
informed consent in fully anonymized studies.

Immunohistochemical expression of mismatch repair proteins

Immunohistochemistry was performed on tissue microarrays (TMAs)
using 4 um thick sections of formalin-fixed and paraffin-embedded
(FFPE) tissue. For construction of the TMAs, eligible areas of each tumor
were identified and 2 tissue cores (each 2.0 mm in diameter) were taken
from the donor block using the tissue microarray instrument TMA
Master (3DHISTECH Ltd., Budapest, Hungary).

Immunohistochemical analysis (IHC) was performed with antibodies
against MSH2 (clone FE11, ready-to-use, Dako, USA), MSH6 (clone
EP49, ready-to-use, Bio SB, USA), MLH1 (clone ESO05, ready-to-use,
Dako, USA), and PMS2 (clone EP51, ready-tu-use, Dako, USA) using
Dako Omnis (Agilent Technologies, Calif) with the EnVision FLEX
system.

Loss of MMR protein expression was defined as a loss of nuclear
staining in all tumor cells for any of the 4 MMR proteins with preserved
positive internal control (nuclear expression of endothelial cells, lym-
phocytes and/or stromal cells). Weak nuclear staining (weaker in com-
parison to the internal control) in less than 5% of tumor cells was
regarded as lost. Weak nuclear staining (weaker than the internal con-
trol) in more than 5% of tumor cells or negativity of both tumor cells
and internal control on the initial TMA sections were regarded as equiv-
ocal. All cases with an equivocal result on TMA, with loss of expression
of any MMR protein or with an MSI-H status detected by PCR and/or
NGS were immunohistochemically reanalyzed on whole tissue sections.
All immunohistochemical stains were scored by at least 2 experienced
pathologists (P.D., M.B., K.N.).

Microsatellite instability (MSI) testing by PCR and fragment analysis
(PCR-FA)

A pentaplex PCR reaction was performed with fluorescent labeled
primers for the set of 5 quasi monomorphic mononucleotide microsatel-
lite markers BAT-26, BAT-25, NR-21, NR-22, NR-24, followed by frag-
mentation analysis on ABI 3500 (ThermoFisher). Size of PCR products
was evaluated in GeneMapper Software (ThermoFisher). MSI-high (MSI-
H) phenotype was defined as the presence of 2 or more unstable

microsatellite markers. Cases with 1 unstable marker (MSI-low) were
included in a group of MSS tumors.

Capture DNA NGS

For the purpose of this study, samples used as a part of a large project
that focused on rare epithelial ovarian tumors were included. For all
samples (100 CCC, 75 LGSC, 29 mSBT and 92 mucinous tumors) the
NGS sequencing was part of our previous studies, the methodology is
detailed there.?® DNA was extracted also from the adjacent non-neoplas-
tic tissue (Magcore Genomic DNA FFPE One step kit; RBC Bioscience)
for sequencing analysis to rule out a potential germline origin of MMR
gene mutation in cases with detected MMR mutation in the tumor. The
NGS capture panel used in the current and previous studies included
727 genes or gene parts (2097 kbp; NimbleGen, Roche). In this study,
we focused only on detected mutations in mismatch repair genes MLH1,
PMS2, MSH2, MSH6, and on evaluation of microsatellite markers as
described below.

MSI testing by NGS approach

The set of NGS 17 loci included standard recommended Bethesda
markers BAT-26, BAT-25, NR-21, NR-22, NR-24, D55346,*° and micro-
satellite loci in cancer-related genes TGFBR2, BAX, IGF-IL. These are fre-
quently targeted by microsatellite instability and their inactivation may
contribute to tumor progression.’’ In addition, MONO-27, Penta-C,
ACVR2A, BTBD7, DIDO1, MRE11A, RYR3, SEC31A were included.
These are used in commercial kits for testing microsatellite instability in
different types of tumors, in particular, colorectal and endometrial can-
cer (Promega, Idylla).>! The NGS raw data were processed (including
trim reads, mapping reads to GRCh38 reference genome) by QIAGEN
CLC Genomics Workbench software (Qiagen). Loci track of our 17
microsatellite markers were imported to the module “Detect MSI status.”
Fifteen samples with optimal DNA quality and with known MMR (IHC)
and MSS (PCR-FA) status were used for creating a MSI-baseline. Default
setting of this module was used. The “Detect MSI Status” module meas-
ures the statistical variation of the length distribution of each microsatel-
lite locus and determines the stability of each locus by comparing the
statistical variation of the tested sample with the normal baseline
samples.

To increase the specificity of MSI detection in ovarian tumors, we
identified in our targeted custom panel (2097 kbp) all microsatellite
markers (1-5 bp in length and comprising 5 repeats or more) by com-
parison with a set of genome-wide microsatellite markers described by
Hause et al.> The algorithm for selection of ovarian-specific microsatel-
lite loci is shown in Fig 2. Out of 10,249 microsatellite loci identified
(with sufficient read depth) 36 ovarian-tumors specific loci were
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Fig 1. Examples of immunohistochemical staining for the MMR proteins. (For interpretation of the references to color in this figure legend, the reader is referred to the

Web version of this article.)

Table I
Spectrum of the most unstable markers in MSI rare EOCs

Locus coordinates (GRCh37) Nucleotide repetitive ~ gene (exon or adjacent

motif intron region)
chr.15:41803530-41803544 (C)5 LTK (exonic)
chr.17:30293145-30293168 (T)14 SUZ12 (intronic)
chr.10:27333117-27333138 (A)12 ANKRD26 (intronic)

chr.11:108141951-108141975 (M15
chr.11:112832387-112832410 (T)14

ATM (intronic)
NCAM1 (intronic)

chr.13:48954278-48954298 (D11 RB1 (intronic)

chr.15:41991032-41991056 (M15 MGA (intronic)

chr.2:48032736-48032758 (M13 MSHBS6 (intronic)

chr.3:138664706-138664720 (G)5 FOXL2 (exonic)

chr.8:30954240-30954284 (T)13c(T)6cttttgtttg WRN (intronic)
(D5

chr.9:8341276-8341304 (A)12gg(A)5 PTPRD (intronic)

There are shown selected unstable loci, which was detected in at least in 5 MSI-
high OCCCs.

selected. They were unstable in at least 4 out of 6 MSI-H samples in our
sample set (previously evaluated by PCR-FA), while stable in all MSS
and proficient mismatch repair (MMR-P) samples. The most unstable
microsatellite markers identified in >5 MSI-H tumors are summarized in
Table II.

Statistical analyses

All statistical tests were carried out using the program R (version
4.0.2, https://www.r-project.org/) and /or Statistica (TIBCO). Associa-
tion between age (continuous variable) and MSI/MSS status (dichoto-
mous variable) was evaluated using the Mann-Whitney U test. To
analyze the agreement among 3 methodical approaches (IHC, PCR-FA
and NGS), the methods of inter-rater reliability was implemented using
the package “irr” in the R program (available at http://CRAN.R-project.
org/package=irr). The level of agreement among 3 methods was
described using Fleiss Kappa coefficient (x). Consistent with prior litera-
ture on the level of agreement (Landis and Koch 1977), kappa coeffi-
cients were interpreted as poor (0.01—0.20), fair (0.21—0.40), moderate
(0.41-0.60), substantial (0.61—0.80) and almost perfect (0.81—1.00).
The package “cutpointr” implemented in R software (https://github.
com/thiele/cutpointr) was used for the evaluation of an optimal cut-
point value for sensitivity and specificity. All tests were 2-sided and a P-
value of less than 0.05 was considered as significant.

Results

Among the whole cohort of 400 tumors, 7 MMR-D cases were found
(Fig 1); 6 of these were MSI-H and 1 MSS on PCR analysis. All these
cases were CCC. In all these tumors, mutation of an MMR gene was
found. In 2 of these cases, the mutation was germline (MLHI and MSH6,
respectively) and in 5 cases, the mutation was somatic (in 2 cases each
MSH2 and MSH®6, in 1 case MLH1). In 5 of 7 cases, in which TMB was
evaluable, high TMB (range 2—86) was found. The case with the highest
TMB (TMB = 86) contained a concurrent POLE mutation. In addition,
there were 5 cases identified with mutation in MMR genes but with a
MSS status. Two of these cases showed a germline mutation of MSH6.
Two MMR proficient cases with a somatic mutation of an MMR gene
(1 case with MLH1 and concurrent PMS2 mutation, second case with
MSH2 mutation) showed high TMB, but both showed concurrent POLE
mutation. The results are summarized in Table III.

Thirteen cases (8 CCC, 3 LGSC, 2 mucinous tumors) were MSI-low by
PCR. These tumors were classified as MSS by using the NGS approach
and immunohistochemistry showed proficient expression for all MMR
proteins. The most frequently detected unstable microsatellite in these
cases was NR-21 (in 8 of 13).

Pathogenic mutation or likely pathogenic mutation in at least one
MMR gene was found in 12/296 (4 %) cases (10 OCC, 1 MBT, 1 LGSC;
Table IIT). Out of those, 7 cases were MMR-D, 6 cases were MSI-H and
6 cases were MSS. Three MSS samples with mutation in the MMR gene
had a concurrent mutation in the POLE gene and had also the highest
TMB (range 51—86 mut/Mb; mean 67.7). TMB in 6 MSI-H tumors
ranged between 2 and 26 mut/Mb (mean 17 mut/Mb).

The sequence capture NGS-based approach for MSI testing showed
higher sensitivity and specificity using 53 selected microsatellite loci,
based on the analysis of our MMR-D and MSS cases compared to using
17 microsatellite loci typical for colorectal and endometrial carcinoma
and to analyzing all microsatellite loci present in our NGS DNA panel
(Fig 2). Using the 17 microsatellite loci panel, the MMR-D cases showed
between 18% and 65% of unstable microsatellites (mean 30%). The cut-
off value for MSI-H status by this panel was 18% of unstable loci (sensi-
tivity = 1, specificity = 0.97, AUC = 0.996). Using the 53 microsatel-
lite loci panel the MMR-D cases showed 23%—79% of unstable
microsatellites (mean 51%). The optimal cut-off value for MSI-H status
by this panel was 23% of unstable loci (sensitivity = 1, specificity = 1,
AUC = 1). Analysis of all microsatellite loci (10,249) showed a cut-off
value of 5% for MSI-H (sensitivity = 1, specificity = 0.65, AUC =
0.807).
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Table III
List of cases with detected pathogenic mutation in MMR genes, including results of MMR IHC, PCR based method and NGS approach for evaluation of MMR-D/MSI
status
THC PCR NGS Mutation analysis
dg. age at dg. MLH1 PMS2 MSH2 MSH6 MMR-D/ MSI/ 53 loci MMR genes POLE gene TMB (mut/Mb)
MMR-P MSS ¢ Germline
% of positively stained nucleus S Somatic

CcC 44 98 95 0 0 MMR-D MSI 55% S MSHZ2:¢.2375_2378del,p.(N792fs) no NA

CcC 44 1 3 95 40 MMR-D MSI 45% G MLH1:c.116 +1G>A,p.? no 2

CCC 39 100 70 0 45 MMR-D MSI 66% S MSH2:¢.1386 + 1G>A,p.? no 14

CCC 45 1 1 100 920 MMR-D MSI 79% S MLH1:¢.1459C>T,p.(R487*) no 26

CcC 45 55 85 55 10 MMR-D MSI 55% S MSH6:¢.1610_1613del,p.(K537fs) no 25

CCC 59 100 100 90 5 MMR-D MSI 55% G MSH®6:¢.1238G>C,p.(W413S) no 18

CCC 66 100 85 920 5 MMR-D MSS 23% S MSH6:¢.1630G>T,p.(E544*) ¢.1376C>T,p.(S459F) 86

CcC 55 100 60 70 45 MMR-P MSS 0% S MLH1:c.1896 +1G>A,p.? and ¢.1366G>C,p.(A456P) 66’

s PMS2:¢c.1882C>T,p.(R628*)

CCC 68 90 95 25 55 MMR-P MSS 8% S MSH6:c. 1805C>G,p.(S602%) no 7

CCC 48 100 100 100 95 MMR-P MSS 6% S MSH2:¢.1447G>T,p.(E483*) ¢.1231G>C,p.(V411L) 51

MBT 41 90 80 90 20 MMR-P MSS 4% G MSH6:¢.2351_2352del,p.(N784fs) no 1

LGSC 46 80 20 90 35 MMR-P MSS 8% G MSH®6:¢.3226C>T,p.(R1076C) no 1

Abbreviations: CCC, clear cell carcinoma; dg, histological diagnosis; IHC, immunohistochemistry; LGSC, low-grade serous carcinoma; MBT, mucinous borderline
tumor; MMR, mismatch repair; MMR-P, proficent mismatch repair protein staining; MMR-D, deficient/loss of mismatch repair protein staining; MSI, microsatellite
instable; MSS, microsatellite stable; mut/Mb, mutation per megabase; NGS, Next generation sequencing; PCR-FA, Polymerase chain reaction and fragment analysis;

TMB, tumor mutation burden.
NA: data are not available.

reference sequences for MSH2: NM_000251.2; MLH1: NM_000249.3; MSH6: NM_000179.2; PMS2: NM_000535.5; NM_006231.2, POLE: NM_006231.2.

* termination codon.

¥ TMB in this samples could be higher because of the purity of tumors cell of the input DNA under 40%.

As the best result of both specificity and sensitivity was reached by
the 53-loci panel, this panel was selected for further analysis of methods
agreement.

The agreement between evaluation of MMR/MSI by different
methods (IHC/PCR-FA/NGS—53 loci panel) was almost perfect
(Kappa = 0.949, Z = 27.9, P < 0.001). Only 1 case showed discrepancy
in the PCR approach (MSS) vs NGS and IHC (MSI in both methods).

Clinicopathological correlations

The average age of MMR-D CCC patient was significantly lower com-
pared to MSS CCC patients (mean/median age 48.9/45 years versus
61.5/62 years, P < 0.05). All 7 MMR-D cases were FIGO stage I.

There was no significant difference for the onset of the disease
between patients with germline (n = 4) and somatic (n = 8) MMR gene
mutations (age 47.5 and 51.2, respectively, P = 0.610).

Discussion

It has been shown that 15%—25% of all ovarian carcinomas are
related to hereditary factors, of which 10%—15% are associated with
1.S.>*** For patients with LS, the estimated lifetime risk of developing
ovarian carcinoma is between 6% and 12% and up to 38% (10%—38%)
for those with germline MSH2 mutation.>>>>® Several studies have
shown that the ovarian tumor types associated with LS are mostly endo-
metrioid carcinoma followed by CCC, the latter accounting for about
12%—14% of ovarian carcinomas associated with LS.*>***” In HGSC,
germline pathogenic variants have been described in approximately
25% of cases, mainly in genes involved in the DNA damage response
pathway such as BRCA1, BRCA2, BRIP1, PALB2, RAD51, ATM, and
CHEK2.34’38

According to the literature, the frequency of MMR-D/MSI in ovarian
endometrioid carcinomas is lower compared to endometrioid endome-
trial carcinomas and occurs in about 12% of cases (range 0%
—22.9%).%420:21:39-42 The published literature concerning the frequency
of MSI in nonendometrioid ovarian tumors is equivocal. In low-grade
and high-grade serous carcinomas, the frequency of MSI is absent to

very low with a range of 0%—4.2% (average 0.3%)."*>*>*® The only
exception is a study by Segev et al*° on 504 serous carcinomas in which
13.7% of cases were found to be MSI-H using a PCR method. However,
the results could be potentially influenced by using a PCR based method
with 2 mononucleotides and 3 dinucleotide microsatellites. We think
that using dinucleotide microsatellites could overestimate MSI in ovar-
ian tumors, as it has been shown that a panel of 5 mononucleotide
repeats is more suitable.’® Our results support the low frequency of MSI
in ovarian serous tumors, low-grade and high-grade, as in our cohort of
208 tumors all were MSS. Only 2 other studies analyzed SBT (together
70 cases), all of them showing MSS, which is in concordance with the
results of our study.?>*® Concerning MC, MSI has been shown in the
range of 0%—27.3% (average 6.7%).%!%-2%25:43:45-47:50 1n most studies,
however, the frequency was 0%, with the highest frequency (27.3%) in
the above-mentioned study by Segev et al.”* One might speculate that in
the Segev study also seromucinous tumors were included which are
related to endometrioid tumors and were not studied by us. Our results
support the finding that MSI is rare in ovarian MC, as all our mucinous
tumors were MSS. For CCC, the published literature shows an MSI fre-
quency of 0%—25% (average 5.4%), which concurs with our finding of
7%.2,4,21,23,24,39,42,51—55

Altogether, we detected 12 patients with class 4/5 mutation of any
MMR genes, including 10 patients with CCC, 1 with LGSC and 1 with
MBT. Mutations were somatic in 8 and germline in 4 patients, including
2 CCC, 1 LGSC and 1 MBT. In 3 patients with somatic MMR gene muta-
tion (2 MSS, 1 MMR-D) a concurrent POLE mutation was found. All these
mutations in MMR genes were classified as pathogenic or likely patho-
genic (class 4/5) with the exception of 1 case with the germline MSH6
variant NM_000179.2:¢.1238G>C, p.(Trp413Ser). This variant is
assessed as a variant of uncertain significance, according to the ClinVar
database. However, our case with this variant was MMR-D/MSI-H, and
along with the findings of 1 previous study, which detected this variant
in 1 colorectal and 1 endometrial carcinoma associated with LS, this var-
iant should be considered likely pathogenic (class 4).%°

Our study showed a 100% specificity of MSI testing for the detec-
tion of MMR gene mutation. The sensitivity was rather low, as we
found MMR-D/MSI-H status in only 7 of 12 (58%) cases. The 5
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Fig 2. Design of NGS-based approach for the testing of microsatellite instability in ovarian tumors.
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PCR-FA, polymerase chain reaction and fragment analysis (5 mononucleotide markers); IHC MMR, immunohistochemical analysis of 4 mismatch repair protein
MLH1, MSH2, MSH6, and PMS2; NGS, next generation sequencing (capture DNA NGS, panel of 727 genes including MLH1, MSH2, MSH6 and PMS2); MSI, microsatel-
lite instability; MMR-D, deficient mismatch repair; MMR-P, proficient mismatch repair; MSS-baseline was calculated from randomly chosen set of MSS samples with
sufficient read depth for automated analysis in CLC Genomic Workbench software (Qiagen). (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)

discordant cases included a somatic mutation of MLH1 and concur-
rent PMS2 in 1 case and of MSHZ2 in the second case. Both occurred
in POLE mutant tumors. All remaining discordant cases were MSH6

mutated, 2 of them (LGSC and MBT) with germline mutation. Our

results are similar to others showing that MSI testing can be false

negative in up to half of MSH6-mutated cases and could lead to false-
negative screening tests for some LS patients with a MSH6
mutation.”® The only discrepant case between IHC and PCR testing
in our study was a case with a somatic MSH6 mutation showing
MMR-D, but a false negative result on PCR based testing.
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It has been demonstrated that an NGS approach for MSI testing
can be used as an alternative to IHC or PCR based methods, but one
should be aware that the spectrum of microsatellite loci can differ
among tumor types and different loci can be preferentially mutated
in different tumors.>*>”->% All previous studies focusing on unstable
microsatellite loci in different tumor types used data from The Cancer
Genome Atlas (TCGA). Some of these studies focused on the descrip-
tion of unstable loci occurring in stomach, colorectal and endometrial
carcinomas, but ovarian carcinomas were not included.>*°” One
study analyzed 32 different tumor types. Although the results were
promising, they failed to identify a set of unstable microsatellite loci
with sufficient sensitivity and specificity, which could be used in
ovarian and breast carcinoma.>® These results further suggested that
microsatellite loci are tumor specific and tissue-specific loci should
be used for optimal NGS MSI testing, which was confirmed by our
study. Comparing 3 sets of microsatellites, our study showed that 17
microsatellites typical for colorectal carcinoma and microsatellites
selected based on the results of our MSI testing by IHC and PCR)
have high sensitivity and specificity and could be used in routine
practice. However, we are aware of the limitations of our study. The
definition of an optimal microsatellite set for ovarian carcinomas
would require validation on a confirmatory sample set, but that was
not the goal of this study.

In conclusion, the results of our study show that MSI occurs in 7% of
ovarian CCC. Absence of MSI in other tumor types suggests that occur-
rence of MSI in these tumors is unusual, which is concordant with the
majority of the published literature. In our unselected population of
CCC, 2% of patients had LS. Our results confirm that in addition to ovar-
ian EC, also cases of ovarian CCC should be routinely tested for MSI as a
part of LS screening and to identify candidate patients for immunother-
apy. IHC testing of MMR protein expression seems to be superior to PCR
based testing. NGS-MSI could be used in practice, but validation of
microsatellite sets optimal for this testing in ovarian tumors is needed.
Finally, our results suggest that germline mutation of MMR genes and
possibly LS can rarely occur in ovarian tumors other than CCC and endo-
metrioid carcinoma. However, some of these cases, particularly, with
MSH6 mutation would be missed by all testing methods, including IHC,
PCR, and NGS-MSI.
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