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Abstract

Objective—Patients with Lynch Syndrome are at an increased risk for a variety of malignancies,
including ovarian cancer. Ovarian cancers associated with Lynch Syndrome are predominantly
clear cell or endometrioid in histology. Lynch Syndrome is characterized by germline mutations in
mismatch repair (MMR) genes. The current study aims to assess the prevalence of loss of MMR
expression in patients with endometrioid and clear cell ovarian carcinoma.

Methods—A retrospective review identified 90 patients with endometrioid and/or clear cell
carcinomas. Slides made from tumor tissue microarray blocks were evaluated using
immunohistochemical stains with antibodies against MLH1, PMS2, MSH2, and MSH®6. Statistical
analysis was performed.

Results—Seven of the 90 cases (7.8%) had loss of MMR expression. The mean age of patients
with loss of MMR expression (47 years) was significantly younger than those with retained MMR
expression (p = 0.014). Loss of MMR expression was present in 20% of patients under the age of
53 with clear cell or endometrioid cancers. Genetic studies found that 3 of the 5 patients with loss
of MMR expression carried mutations consistent with Lynch Syndrome; acquired
hypermethylation of MLH1 was noted in one patient. Six of 7 patients (86%) whose tumors lacked
MMR expression had synchronous or metachronous primary malignancies, a significantly greater
prevalence than those with retained MMR expression (p < 0.001).

Conclusion—Patients under the age of 53 with clear cell or endometrioid ovarian carcinomas
are at a clinically significant risk for loss of MMR expression and Lynch Syndrome; routine
screening with immunohistochemical staining should be considered.
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Introduction

Methods

The role of genetic evaluation in patients with ovarian cancer has historically focused on
BRCA testing in patients with serous cancers of the ovary [1,2]. Women with Lynch
syndrome (hereditary non-polyposis colorectal carcinoma), however, are also at increased
risk of ovarian cancer [3]. Commonly associated with an increased risk of colon and
endometrial cancer, Lynch syndrome may also be associated with ovarian, urothelial, and
pancreatic malignancies [4,5]. The risk of ovarian cancer in women with Lynch Syndrome is
estimated at 7-12% [6,7]. These malignancies are primarily non-serous in histology, and the
majority are clear cell or endometrioid [8-15]. Lynch syndrome is characterized by loss of
expression of mismatch repair (MMR) genes. The four clinically significant MMR genes are
MSH6, MSH2, MLH1, and PMS2 [16-18]. Immunohistochemical staining can be
performed on fixed tumor tissue to assess for loss of MMR expression [19-22]. Although
women with serous ovarian cancers are often referred for BRCA testing, women with clear
cell or endometrioid ovarian cancers are not routinely screened for Lynch Syndrome [23].
The current study was undertaken to assess the prevalence of Lynch Syndrome in patients
with clear cell and endometrioid cancers of the ovary. A high prevalence of MMR
deficiency in this population would support routine screening for Lynch Syndrome.

This is a retrospective review of cases at the Queens Medical Center in Honolulu diagnosed
between January 1, 1995 to April 12, 2013 with clear cell cancer and endometrioid cancer of
the ovary. The study was approved by the Institutional Review Board. Patients were
identified through the hospital tumor registry and the Pathology Department database.
Ninety cases were identified for inclusion. All paraffin-embedded tissue blocks were
retrieved for immunohistochemical analysis and patient charts were reviewed for
clinicopathologic variables.

A gynecologic pathologist (DS) reviewed hematoxylin and eosin-stained whole-slide
sections of the selected cases. Upon confirmation of tumor histologic type per World Health
Organization (WHO) guidelines [24], formalin-fixed, paraffin-embedded tissue microarray
blocks were constructed from 2.0 mm cores of representative tumor samples. In cases
demonstrating mixed endometrioid and clear cell histology, representative areas from each
histologic type were selected. Synchronous primary ovarian and endometrial carcinomas
were verified as independent primaries using criteria outlined by the WHO [24].

Antigen retrieval was performed with EnVision FLEX Target Retrieval Solution, High pH
(Dako, Carpinteria, CA) at 97 degrees C for 20 minutes. Evaluation of MMR protein
expression was performed on 4-um sections of the tissue microarray blocks using antibodies
to MLH1 (clone G168-15, 1:75 dilution, Biocare Medical, Concord, CA), PMS2 (clone
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A16-4, 1:300 dilution, Biocare Medical), MSH®6 (clone BC/44, 1:100 dilution, Biocare
Medical) and MSH2 (clone FE11, 1:100 dilution, Biocare Medical). Detection was obtained
using the MACH 3 Mouse HRP-Polymer Detection Kit (Biocare Medical). Chromogenic
detection was achieved with diamniobenzidine (Dako) and sections were counterstained
with hematoxylin (Dako).

Results were evaluated by a gynecologic pathologist experienced in MMR protein
immunohistochemical interpretation. Staining of any tumor nuclei was interpreted as
positive, with expression by lymphocytes and/or stromal cells considered a positive internal
control. Ten tissue microarray results without nuclear staining were then validated with
whole-slide sections of the tumor by the aforementioned staining and interpretative
procedure. Seven of these cases had validated and confirmed MMR loss of expression.

Clinicopathologic data were obtained via review of electronic medical records, paper charts,
and the institutional cancer registry. For all cases, variables collected included age at
diagnosis, tumor grade, International Federation of Gynecology and Obstetrics (FIGO)
stage, synchronous or metachronous primary malignancies, vital status, disease status, and
date of last contact. For cases demonstrating loss of MMR protein expression, results of
germline testing DNA sequence analysis, if available, were also obtained (Ambry Genetics,
Aliso Viejo, CA; Myriad Genetic Laboratories, Salt Lake City, UT). One case exhibiting
loss of MLH1 expression was sent to a reference laboratory for MLH1 promoter
hypermethylation PCR analysis (Mayo Medical Laboratories, Rochester, MN).

Statistical analyses were performed using the two sample t-test and Fisher’s exact test as
appropriate for continuous and categorical variables. Overall survival was assessed and a
Kaplan-Meier curve constructed. A p value of <0.05 was considered statistically significant.

At Queen’s Medical Center, Honolulu, 438 cases of epithelial ovarian cancer were identified
between January 1, 1995 and April 12, 2013. Ninety (20%) had clear cell or endometrioid
histology; 53 endometrioid tumors, 33 clear cell tumors, and 4 with mixed clear cell and
endometrioid histology. Seven (7.8%) of the tumors demonstrated confirmed loss of MMR
expression. Clinical and pathologic characteristics are summarized in Table 1. The mean age
of patients with MMR protein loss of expression was 47 years, significantly younger than
those with normal expression (p = 0.014). Within the subgroup of patients under the age of
53, 7 of 35 (20%) demonstrated loss of MMR expression. A majority of patients with loss of
MMR expression (86%) were diagnosed with a synchronous or metachronous primary
malignancy, significantly more than those with normal MMR expression (p < 0.001).
Differences in histology, grade, stage, and overall survival were not statistically significant.

Clinicopathologic characteristics of the 7 patients with MMR protein loss of expression are
displayed in Table 2. Five of the 7 patients with MMR deficient tumors underwent
subsequent genetic analysis. Three of these patients were found to carry a deleterious MMR
gene mutation consistent with Lynch Syndrome; one patient had hypermethylation of the
MLH1 promoter region, and another patient was found to have an MSH®6 variant of
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uncertain significance. Two patients with loss of MMR expression did not have germline
testing, as one woman declined and the other was lost to follow-up.

All endometrial second primary cancers were diagnosed synchronously with the ovarian
cancer; all were of endometrioid histology. Two patients had metachronous malignancies;
the colorectal cancer was diagnosed prior to the ovarian cancer, and the pancreatic cancer
was diagnosed following the diagnosis of ovarian cancer.

Discussion

Although there has been considerable research on the genetic aspects of ovarian cancer,
most of the literature is focused on BRCA mutations. Much of the literature regarding Lynch
Syndrome has focused on cancers of the endometrium and colon with relatively less
attention given to the association of ovarian cancer with Lynch Syndrome. Although ovarian
cancer is the fourth most common primary cancer in women with Lynch Syndrome, this still
appears to be a relatively uncommon event [5,7]. Previous investigators report that 2-10%
of unselected patients with ovarian cancer demonstrate loss of MMR expression [9,25-28].
Lynch Syndrome associated ovarian cancer appears to be mostly of clear cell or
endometrioid histology [8-15]. In our institution, 90/438 (21%) of the epithelial ovarian
cancers registered over the past 18 years were clear cell or endometrioid carcinomas. The
present study found loss of MMR expression in 7 of the 90 (7.8%). All 7 of the MMR
deficient ovarian endometrioid and clear cell carcinomas were in patients under the age of
53 years. Thus, the prevalence of MMR deficient ovarian endometrioid and clear cell tumors
in patients under the age of 53 was 7/35 (20%); and the 47 mean years of patients with loss
of MMR expression was significantly younger than the 58 mean years of patients with
retained MMR expression (p = 0.014). Besides an earlier age of diagnosis in patients with
ovarian endometrioid or clear cell carcinoma with loss of MMR expression compared to
those with normal expression, we found no other unique clinical or pathological
characteristics. Jensen et al. reported that patients with ovarian cancers demonstrating loss of
MMR expression presented with early stage tumors [26], but this was not confirmed in our
small study.

Three of the five relatively young patients with loss of MMR expression in their
endometrioid or clear cell carcinomas underwent further genetic analysis and were found to
have MMR gene mutations consistent with Lynch Syndrome. This suggests that women
with MMR deficient endometrioid and/or clear cell carcinomas may be appropriately
selected for cancer genetic counseling to consider testing for possible germline mutations.
While the present study found MLH1 hypermethylation in the youngest patient in the MMR
deficient cohort, a 39 year-old woman with endometrioid carcinoma, the role of acquired
hypermethylation of MLH1 in ovarian carcinogenesis remains unclear. Zauber et al. found
that 62% of patients with endometrial cancer and loss of MMR expression under the age of
50 had unmethylated tumors, consistent with a germline mutation. Only 17% of similar
patients over the age of 50 had unmethylated tumors [29]. This suggests that epigenetic
silencing of MLH1 increases with increasing age for endometrial cancer, and that this is a
significant factor in endometrial carcinogenesis for older patients. Conversely,
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hypermethylation of MLH1 appears to be relatively uncommon in clear cell and
endometrioid carcinomas of the ovary.

A number of studies have reported on microsatellite instability (MSI) in ovarian cancer
[12,30-32]. Microsatellites are short repetitive sequences of DNA distributed throughout the
genome and are susceptible to replication errors. With loss of MMR function, these errors
accumulate and result in MSI [33]. The National Cancer Institute outlines a panel of five
mononucleotide and dinucleotide microsatellite markers, which can be detected by
polymerase chain reaction [34]. The current study did not specifically address MSI testing in
clear cell and endometrioid tumors. Previous studies, however, have demonstrated excellent
correlation between MSI and MMR protein loss of expression by immunohistochemistry for
ovarian malignances [15,25]. Immunohistochemical staining for loss of MMR expression is
readily available and relatively inexpensive, and for most pathology laboratories will be
preferable to MSI testing as a screen for Lynch Syndrome [35].

Previous studies regarding young patients with ovarian cancer have noted a possible role for
conservative surgery and fertility preservation [36]. Zanetta et al. reported that a
conservative approach might be feasible for young patients, even in the presence of high-
grade tumors [37]. The current study found that four of seven patients with loss of MMR
expression had synchronous primary endometrial cancers. Aysal et al. found five of seven
patients with MMR deficient endometrioid ovarian cancer presented with a primary MMR
deficient endometrial cancer [38]. This would suggest that young ovarian cancer patients
with loss of MMR expression are not acceptable candidates for fertility preservation. Again,
consideration should be given to routine screening for MMR expression in young patients
with clear cell or endometrioid ovarian cancer. Unlike BRCA testing, screening for MMR
expression can be readily performed on fixed tumor tissue [19-22]. Those demonstrating
loss of expression can then be referred for germline testing or genetic counseling [35].

In conclusion, 20% of patients under the age of 53 with clear cell or endometrioid cancers of
the ovary have MMR deficient tumors. Of the five patients with MMR deficient tumors who
had genetic testing, three were found to carry germline mutations consistent with Lynch
Syndrome. There is a significant risk of a second synchronous or metachronous primary
malignancy in this population. Immunohisto-chemical staining for MMR expression is
recommended for all patients under the age of 53 with endometrioid or clear cell carcinomas
of the ovary. Patients with MMR deficient tumors are candidates for cancer genetics
counseling to consider germline testing and careful surveillance for second primary
malignancies.

The biostatistician collaborator was partially supported by grants from the National Institute
on Minority Health and Health Disparities U54MD007584 and G12MD007601 from the
National Institutes of Health. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the NIH.
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Clinocopathologic characteristics of ovarian endometrioid and clear cell carcinomas with and without MMR

protein loss of expression (LOE).

MMR LOE (n=7)

Normal MMR (n = 83)

P value

Age at diagnosis 47y (39-53y)
Incidence under age 53

<53y 100% (7)

>54y 0% (0)
Synchronous or metachronous malignancy

Other primary malignancy 86% (6)

No other primary malignancy 14% (1)
Histology

Clear cell 14% (1)

Endometrioid 86% (6)

Mixed 0% (0)
Tumor grade

1 29% (2)

213 71% (5)
FIGO stage

1 71% (5)

[ Y] 29% (2)
Five year overall survival rate 50%

58y (38-84y)

34% (28)
66% (55)

13% (11)
87% (72)

38% (32)
57% (47)
5% (4)

20% (17)
80% (66)

72% (60)
28% (23)
57%

0.014

<0.001

<0.001

n.s.

n.s.

n.s.

n.s.
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