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Abstract A high proportion of ovarian cancers from
women who carry germline mutations in mismatch repair
(MMR) genes demonstrate microsatellite instability (MSI).
The utility of pre-screening ovarian cancer specimens for
MSI to identify potential patients for germline screening
for MMR mutations is uncertain. 656 women with malig-
nant ovarian cancer underwent both MSI testing and ger-
mline mutation testing for large rearrangements in three
MMR genes, MLHI, MSH2 and MSH6. Germline DNA
sequencing data for the same genes was available. Among
the 656 women, only four (0.6%) carried a clearly patho-
genic MMR mutation. All four cancers from patients with
mutations had loss of two or more microsatellite markers
(MSI-high). Eighty-four of 652 (13.0%) women without a
mutation had MSI-high ovarian cancers. Using MSI-high
as a prescreening criterion, the sensitivity of MSI testing to
identify germline MMR gene mutations was 100% and the
positive predictive value was 4.5%. Germline mutations in
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MLH1, MSH2 and MSH6 are rare among unselected cases
of ovarian cancer. Patients with germline mutations often
will have MSI-positive cancers and pre-screening of ovar-
ian cancer specimens may be an efficient way of identifying
patients with Lynch syndrome.
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Introduction

As many as one quarter of cases of ovarian cancer may be
inherited. BRCAI and BRCA2 mutations account for more
than one-half of these [1]. A small proportion of ovarian
cancers are found in women from families with Lynch syn-
drome, an autosomal dominant syndrome of cancer predis-
position arising from germline mutations in the mismatch
repair (MMR) genes. We have estimated that about 1%
of ovarian cancer are attributable to MMR mutations [2].
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Women with Lynch syndrome are at high risk for cancers
of the ovary, colon and endometrium. The lifetime risk of
ovarian cancer among carriers of MMR gene mutations
is estimated to be approximately 12% [3] and preventive
oophorectomy is an option for these women.

One of the hallmarks of impaired MMR gene function
is the presence of microsatellite instability (MSI) in tumor
cells [4]. Microsatellites are short, polymorphic sequences
of DNA between one and five base pairs that are repeated
15-30 times and occur across the genome [5]. Inactiva-
tion of the MMR system leads to the accumulation of
mutations, particularly in these highly repeated sequences
(microsatellites), leading to MSI [6]. In 1997, the National
Cancer Institute (NCI) developed criteria to classify MSI in
colorectal cancer [7]. Five specific markers for microsatel-
lite analysis in colorectal cancer were recommended: two
mononucleotide repeats (Bat25 and Bat26) and three dinu-
cleotide repeats (D2S123, D5S346 and D17S250). Tumors
are classified as having high levels of MSI (MSI-H) if two
or more of the five markers exhibit variations in microsat-
ellite sequence length and low level MSI (MSI-L) if one
marker has variations.

Evaluation of MSI in a tumour specimen has been
proposed to be a sensitive and cost-effective strategy to
identify colon cancer patients for whom germline MMR
gene testing is indicated [8—10], but the paradigm has not
been applied to ovarian cancer. Further, the costs of DNA
sequencing are much lower now than they were a dec-
ade ago and it is not clear if there are savings to made by
using MSI as a prescreening test prior to panel based DNA
sequencing. The objectives of the current study were: (1)
to estimate the frequency of point mutations and chromo-
somal rearrangements in three MMR genes which been
implicaitons in MLHI, MSH2, and MSH6 among unse-
lected patients with ovarian cancer, and (2) to assess the
utility of MSI analysis as a prescreening test for women
with ovarian cancer prior to screening germline DNA for
mutations in the MMR genes.

Materials and methods
Participants

Data for this study were drawn from three population-
based studies of epithelial ovarian cancer: the Familial
Ovarian Tumor Study (FOTS) in Toronto [11], the Tampa
Bay Ovarian Cancer Study (TBOCS) at the Moffitt Cancer
Center [12], and the North Carolina Ovarian Cancer Study
(NCOCS) at Duke University [13]. Details about study
design, populations, and data collection methods have been
published previously. The study protocol was approved by

@ Springer

the institutional review board at each center, and written
informed consent was obtained from all participants.
Eligibility criteria for study enrollment included diagno-
sis of incident, pathologically confirmed primary epithelial
ovarian cancer, either borderline or invasive, at age 20 years
or above in whom an ovarian tumor sample was collected.
Participants completed a questionnaire posted to them by
mail to collect demographic, clinical, and family history
information. Medical and pathology records were collected
and reviewed to determine tumor histopathology. Specimen
collection included blood for DNA extraction and analysis.

Gene mutation screening

A multiplex ligation-dependent probe amplification
(MLPA) test was used for detecting large rearrangements
in these genes. MLPA assay P003 (MRC-Holland Inc.,
Amsterdam, Netherland) was used for the screening of
MLH1 and MSH2 genes and MLPA assay P248 was used
for confirming the mutations identified in POO3 assay. For
screening the MSH6 gene for large rearrangements, the
MLPA assay PO72 was used. For confirming the identi-
fied MSH6 exonl deletion identified by MLPA in some
patients, a TagMan CNV Assay (Assay ID: Hs01984403-
cn, Life Technologies Inc, Grand Island, NY, U.S.A) was
employed. The RNase P gene was used as a control for the
TagMan CNV assay. The germline DNA sequencing data
on the three MMR genes including MLH1, MSH2 and
MSHG6 were obtained from our other study published previ-
ously [2].

Haplotype analysis

Genome-wide genotype data for the eight patients carry-
ing the MSH6 exonl deletion as well as of four non-carrier
patients were obtained using the Illumina HumanCoreEx-
ome microarray chip. The chromosome 2 haplotypes were
estimated by Beagle software version 3.3.2 [14] using the
microarray genotype data.

MSI analyses

Tumor DNA extracted from deparaffinized cells was
analyzed by polymerase chain reaction (PCR), using the
five standardized microsatellite markers developed by
the National Cancer Institute (NCI) for colorectal can-
cer [7] with germline DNA as the normal control. The
standardized markers consisted of two mononucleotide
repeats (Bat25 and Bat26) and three dinucleotide repeats
(D2S123, D5S346 and D17S250) [7]. Tumors were clas-
sified according to shifts in allelic bands as follows: (1)
Microsatellite Instability-high (MSI-H) if two or more of
the five biomarkers were discrepant between tumour and
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germline DNA; (2) Microsatellite Instability-low (MSI-
L) if one of the 5 biomarkers was discrepant between
tumour and germline DNA; and (3) Microsatellite stable
(MSS) in all other instances.

Statistical analyses

Participant characteristics were summarized using
descriptive statistics, including means and standard
deviations for continuous variables and frequencies and
proportions for categorical variables. After dividing par-
ticipants into three groups based on MSI status (MSI-H,
MSI-L, and MSS), descriptive statistics were calculated
to allow demographic and clinical comparisons across
groups. The frequency of germline mutations was deter-
mined by dividing the number of participants with iden-
tifiable mutations by the total number of participants.
MSI-H and mutation status were cross-classified in order
to calculate sensitivity, specificity, and positive predic-
tive value (PPV).

Results

Among the 656 ovarian cancer patients in the study, the
mean age at diagnosis was 57.1 years (range 20 to 79
years). Demographic and clinical details of the participants
are summarized in Table 1.

Germline genetic testing of the coding regions of MLH]I,
MSH?2, and MSH6 identified four clearly pathogenic muta-
tions (0.6%), including one in MLHI, one in MSH2, and 2
in MSH6 (summarized in Table 2). All four of the women
with a mutation had MSI-high tumors (Table 2). Of the 644
women without a mutation, 84 had an MSI high tumour
(13%). The sensitivity of using MSI-high as a prescreening
test was 100%, but this was based on only four cases. The
specificity was 87.0% and the positive predictive value was
4.5%.

Discussion

Our study suggests that a germline mutation in one of
three MMR genes is present in approximately 0.6% of

Table 1 Demographic and clinical variables by microsatellite instability testing status

Patient characteris- MSI-H (n=90) MSI-L (n=168) MSS (n=398)
tics (N=656)
Mean age at diagnosis (SD) 57.1 (11.4) 56.2 (12.2) 58.1 (11.7) 56.9 (11.1)
Race, n (%)
Caucasian 597 (91.0) 83 (92.2) 156 (92.9) 358 (89.9)
African American 21 (3.2) 5(5.6) 4(2.4) 12 (3.0)
Asian 36 (5.5) 2(2.2) 8(4.8) 26 (6.3)
Other 2(0.3) 0 0 2(0.5)
Cancer type, n (%)
Serous, n (%) 389 (59.3) 59 (65.6) 111 (66.1) 219 (55.0)
Non-serous, n (%) 297 (40.7) 31 (34.4) 57 (33.9) 179 (45.0)
Clear cell 57 4 11 42
Endometrioid 115 13 20 82
Mucinous 34 5 5 24
Other? 61 9 21 31
Stage, n (%)
3B and lower 354 (54.0) 41 (45.6) 84 (50.0) 229 (57.5)
3 C and higher 299 (45.5) 49 (54.4) 84 (50.0) 166 (41.7)
unknown 3(0.5) 0 0 3(0.8)
Family history, n (%)°
# (%) of subjects with relatives with colorectal cancer 120 (18.3) 20 (22.0) 30 (17.9) 70 (17.6)
# (%) of subjects with relatives with endometrial cancer 25 (3.8) 3(3.3) 10 (6.0) 12 (3.0)
# (%) of subjects with relatives with any HNPCC cancer® 208 (31.7) 33 (36.6) 52 (31.0) 123 (30.9)

2Other includes the following histologies: Carcinoma, unspecified (41), Mixed cell (18), Peritoneal (1), and Transitional cell carcinoma (1)

bFamily history used the following relatives: Mother, Father, Sister, brother, aunt, uncle, grandmother, grandfather, half-siblings, nieces, neph-

ews

“The HNPCC cancer sites included colorectum, endometrium, other gastrointestinal tract, urinary tract, ovary and brain
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Table 2 Characteristics of individuals with germline MMR gene mutations diagnostic of Lynch syndrome (LS)

Gene Mutation Ageat  Stage Histology MSI status  Ethnic Meets LS diag- Family his- Family history
diagno- back- nostic criteria tory colon  endomet-rial
sis ground [18] Ca Ca

MLHI c.1852_1854delAAG,p. 42 1 Endometrioid MSI-H White Yes Yes Yes®

Lys618del®

MSH2 ¢.2038C > T,p.Arg680Ter" 40 1C Serous MSI-H White No Yes No

MSH6 c¢.2731C>T,p.Arg911Ter" 49 3C Serous MSI-H Black No No No

MSH6 ¢.1636G > T,p.Glu546Ter" 46 2 Endometrioid MSI-H White No No No

*Previously published mutation [2]

®Personal but no family history of endometrial cancer

ovarian cancer patients. Prior reports have been based on
smaller samples [15, 16], have not included testing for
large rearrangements [15, 16], or have restricted testing
to early-onset cases [15]. Recently, a single-institution
report of 360 unselected ovarian cancer cases tested for
12 genes through next-generation sequencing. MSH6
mutations were detected in two individuals [1]. Our find-
ings are consistent with a clinic-based study of 67 MLH]I,
MSH2 and MSH6 mutation carriers that included ten
women with ovarian cancer, six of which occurred in
MSHG6 carriers [17]. None of our families with an MSH6
mutation met clinical diagnostic criteria for Lynch syn-
drome [18].

Furthermore, our findings suggest there may be utility
to using MSI screening to identify those women for whom
germline testing for Lynch syndrome mutations should
be performed. All women with a Lynch mutation had an
MSI-high tumour. If this finding were confirmed in other
data sets, it might be justified to offer pre-screening of
tumours with MSI. However, the cost of genetic sequenc-
ing has declined greatly since this study was initiated and
at present MSI is equally expensive as testing for a panel of
cancer susceptiblity genes. Also the costs of retrieval of the
tumour specimen and processing DNA for MSI analysis is
restrictive. Several genes can now be tested simultaneously
and at a relatively low cost. For example, mutations in 12
ovarian cancer predisposition genes were evaluated through
next-generation sequencing in a study of 360 women with
primary ovarian, peritoneal, or fallopian tube carcinoma
[1]. Results indicated germline loss of function mutations
in 24%, including 18% in BRCAI and BRCA2, and 6% in
the other inherited cancer predisposition genes (including
two in MSH6.) These findings, together with the current
study, suggest that it may be reasonable to consider ger-
mline genetic testing for a wide panel of genes for all unse-
lected cases of ovarian cancer, regardless of family history
of cancer. It is important that panel testing should be able
to detect large rearrangements, since many of the current
next-generation sequencing platforms currently on offer do
not detect this kind of mutation.
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The issue of screening for ovarian cancer among
women with mutations in the MMR genes is matter of
clinical importance. Studies have estimated the risk
of ovarian cancer among carriers of the mutations to
between 8%, or five times higher than expected [19, 20].
At this level of risk, many unaffected carrier women may
conclude that preventive bilateral salpingo-ophoreotmy is
warranted [19]. At present there is little clinical evidence
to support annual screening with CA125 and/or ultra-
sound [21].

The strengths of the current study include the large
sample size, the population-based design, and the com-
prehensive mutation analysis. Some limitations should be
noted. We did not test for PMS2 [19] and EPCAM [20]
mutations; testing for these genes whose mutations may
predispose to Lynch syndrome has more recently become
available but mutation frequencies are very low.

In summary, we estimate that approximately 0.6% of
unselected ovarian cancer patients have mutations in the
MMR genes. This estimate is much lower than the previ-
ous estimate of Walsh et al. [1], but it is not clear if the
patients in that study were unselected for family history.
The majority of the ovarian cancers from Lynch syn-
drome patients are MSI-high but we do not not support
tumor screening through MSI analysis in ovarian can-
cer patients to identify those in whom to offer germline
MMR gene testing because of cost considerations and
because the frequency of these mutations in unselected
cases is below one percent. Based on the total frequency
of mutations in women with ovarian cancer we currently
recommend direct sequencing in all cases of ovarian can-
cer for BRCA1 and BRCA2 [12, 21] and given the small
additional costs, it may be appropriate to add MSH2,
MLHI1, and PMS2 to the genetic test panel as well.
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