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Chapter 5

ABSTRACT

High-grade serous ovarian cancer (HGSOC) is the most common histological subtype
of ovarian cancer. Prevalence of cancer predisposition syndrome in this specific
subtype is high (up to 24%, mainly BRCAT and BRCAZ2 pathogenic variants). Whether
mismatch repair (MMR) deficiency and Lynch syndrome are associated with HGSOC is
still a topic of discussion.

Immunohistochemical staining of the MMR proteins was performed in 54 HGSOC
to determine MMR deficiency status. Histopathological review was performed on all
included cases to confirm histological subtype. Furthermore, a systematic PubMed
search was performed to identify and evaluate recent literature on this topic.

All analysed HGSOC in our case series were MMR proficient. This observation was
further strengthened by literature, where we found a prevalence of MMR deficiency
and Lynch syndrome of 0 —0.4%, with the notable exception of one outlier (15.2% MMR
deficiency). However, the cases included in the latter study did not undergo central
pathology review according to current standards.

There was no association in our cohort between HGSOC and MMR deficiency. This
finding is corroborated by a review of recent literature, indicating that well documented
HGSOC should not be tested for MMR deficiency.
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INTRODUCTION

Ranking 7% in the list of most common cancers in females, ovarian cancer is not one of
the most frequent types of cancer." However, if ovarian cancer develops, mortality rates
are high (<45% 5-year survival).? A substantial proportion (up to 24%) of ovarian cancers
is caused by genetic predisposition syndromes, most commonly mutations in BRCAT
and BRCA2.3 Another genetic predisposition for ovarian cancer is Lynch syndrome,
caused by heterozygous pathogenic variants in one of four mismatch repair (MMR)
genes (MLH1, MSHZ2, MSHé6 or PMS2).4

Lynch syndrome-associated cancers are characterized by MMR deficiency, which
can either be demonstrated by expression loss of the MMR proteins through
immunohistochemical (IHC) staining or by determining microsatellite instability (MS)
status of the tumour.® These two techniques can be used as a pre-screening method
to identify patients with a high chance of having Lynch syndrome. If MMR deficiency
is present in the tumour, Lynch syndrome can be demonstrated (or ruled out) by
subsequent sequencing of the MMR genes in DNA isolated from non-neoplastic
tissue. It should be noted that the majority of MMR deficiency tumours (around two-
thirds in colorectal and endometrial cancer) is caused by epigenetic silencing of both
MLHT alleles or two somatic mutations in one of the MMR genes as a sporadic, non-
hereditary event.>¢

Identifying women with a higher risk of developing ovarian cancer is pursued so they
can be offered prophylactic bilateral salpingectomy.”® It is therefore recommended
that all women with high-grade serous ovarian cancer (HGSOC) are offered molecular
testing of the BRCA-genes.”'® Universal screening for Lynch syndrome in ovarian
cancers is more controversial. Although prevalence of MMR deficiency in unselected
ovarian cancer was around 10% in a systematic review published in 2011 by Murphy and
Wentzensen, there was high heterogeneity between included studies.” Furthermore,
after this review new classification guidelines have been published in 2014, which
have increased reproducibility of histopathological subtyping in ovarian cancer. This
is particularly relevant since it has been suggested that, similar to Lynch syndrome-
associated endometrial cancer, there is a predominance of endometroid and clear-cell
histological subtypes in Lynch syndrome-associated ovarian cancer.'> Some therefore
recommend universal testing for Lynch syndrome of only these histological subtypes
of ovarian cancer.'?*

Nonetheless, some controversy remains on whether these recommendations can
be justified based on currently available literature.” In a systematic review, 22% of

Lynch syndrome-associated ovarian cancers are reported to be of serous histology*
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and 25% of ovarian cancers from a Dutch cohort of ovarian cancers in patients with
Lynch syndrome was reported to be of high-grade serous histology.” Additionally, in
the aforementioned systematic review of Murphy and Wentzensen, prevalence of MSI
for serous ovarian cancers was 7.9%."" No distinction was made yet between low-grade
and high-grade ovarian cancers in this review.

Some say the reasons for finding MMR deficiency in serous ovarian cancer and, vice
versa, serous ovarian cancers in Lynch syndrome patients are 1) misclassification of
histological subtypes and 2) the occurrence of incidental serous tumours in patients
with Lynch syndrome.''"> Misclassification of histological subtypes is not uncommon
in ovarian cancer, particularly if histological sub classification is not up to current
standards (i.e. supported by biomarker analysis such as immunohistochemical analysis
of TP53 and WT1)."%181% This is particularly relevant in (research) cohorts that include
historical cases. Central pathology review by a dedicated gynaecology pathologist to
confirm histological subtyping, preferably by applying the world health organisation
guidelines of 2014 and supported by biomarker analysis, is therefore important in such
cohorts.

We present a series of centrally reviewed HGSOCs (n=54), which were immuno-
histochemically stained for the MMR-proteins. Additionally, recent literature was
searched for unselected HGSOC cohorts that were screened for MMR deficiency and/

or Lynch syndrome.

METHODS

LUMC case series

Our cohort consists of prospectively included ovarian cancer patients from seven
hospitals in the Netherlands and was described before as the COBRA cohort by de
Jonge et al.? Sixty-six women with ovarian cancer consented to the study and were
included without any preselection criteria (such as family history), 54 of these women
had HGSOC. Immunohistochemical staining of formalin-fixed paraffin embedded
(FFPE) sections was performed as described before ?' to determine MMR deficiency
status. MMR deficiency was defined as absent nuclear staining of at least one of the
MMR proteins. A two-antibody approach to immunohistochemical staining was applied
(staining PMS2 and MSH6 as a first step, followed by reflex staining of the protein
within the same heterodimer if either PMS2 or MSH6 showed aberrant staining).?
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Histopathology slides from all cases were centrally revised by an expert gynaeco-
pathologist (TB) according to the most recent (2014) World Health Organization
classification system.

The study was approved by the medical ethics committee of the LUMC (reference
number: P16.009).

Literature review

PubMed was searched for publications that report on unselected (i.e. no preselection
was made based on family history or other criteria that increase mutation detection
rates) serous ovarian cancer cohorts in which screening for MMR deficiency and/or
Lynch syndrome was carried out. Data from publications that report on the prevalence
of MMR deficiency in serous ovarian cancer and that were published after the release of
the latest WHO guidelines in 2014 extracted and summarised. Furthermore, because
histological subtyping is prone to interobserver variation, it was assessed whether
central pathology review was performed on the cohorts in included publications.
Additionally, data from all publications that report on DNA panel sequencing to detect
germline MMR variants were extracted.

The PubMed-search-strategy can be found in the supplementary materials and
resulted in 265 hits on April 1t 2020. Titles of publications were screened for relevance.
Subsequently, abstracts and, if necessary, content of possibly relevant manuscripts

were read to decide whether they contained relevant data.

RESULTS

LUMC case series
Immunohistochemical staining was performed on all 54 HGSOCs (mean age at diag-
nosis: 65.2 years, age range 46 — 89 years). None of the analysed samples showed

expression loss of any of the MMR proteins.

Literature review

Our literature search identified three relevant publications that screened serous
ovarian cancers for MMR deficiency, either through immunohistochemical staining
of the MMR proteins or through microsatellite instability analysis. Two of these
publications performed central pathology review to confirm the diagnosis of HGSOC.
Prevalence of MMR deficiency varied was 0% in two studies and 15.2% in the one

study that did not perform central pathology review (table 1). This latter study also did

95



Chapter 5

not differentiate between high-grade and low-grade serous ovarian cancer. Our own
cohort was included in the table as well (0% MMR deficiency).

Furthermore, three publications were identified that report on the prevalence of Lynch
syndrome as analysed by germline gene panel analysis in a cohort of serous ovarian
cancers. All three publications were published before or around the time of the release
of the WHO guidelines for histological subtyping. Only one of these publications
mentions central pathology review. Two out of three studies did not specify whether
their serous ovarian cancer cases were high-grade or low-grade. Regardless, the
prevalence of Lynch syndrome is very low in all three publications (0 — 0.4%, table 2).

In addition a publication by Chui et al.’? was identified as being of relevance. In
this publication 20 ovarian cancers from Lynch syndrome patients are revised. After
expert review, none of the twenty cases was of serous histology. Before review there
was one serous carcinoma and two carcinomas of mixed histology with also a serous
component, two of these tumours were classified as endometroid and in one mixed
tumour there was no serous component after revision, although it was still classified as

a mixed type.'?
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DISCUSSION

In our cohort of centrally revised HGSOCs, no cases with MMR deficiency were
identified. Furthermore, the prevalence of MMR deficiency in recently published
serous ovarian cancer cohorts that underwent central pathology review was extremely
low (0 —0.4%, Table 1 and 2).

There are several good arguments in favour of implementing universal MMR deficiency
screening in ovarian cancer. First of all, a Lynch syndrome diagnosis benefits the patient
and her family as it offers them the opportunity to begin colonoscopy surveillance
and/or undergo preventive surgery of the uterus and ovaries. Furthermore, MMR
deficiency, regardless of whether it has a sporadic or hereditary cause, is relevant for
treatment (immunotherapy) 22 and prognosis (MMR deficient tumours have been
associated with better survival).” Additionally, MMR deficiency status might aid in
histological subtyping (e.g. when discerning HGSOC from high-grade endometroid
ovarian cancer). Nonetheless, health funding should be spent wisely and efficiently
and screening for MMR deficiency should be reserved for those histological subtypes
with a reasonable a priori chance of a relevant outcome. Furthermore, it is of interest
for patients who already have a Lynch syndrome diagnosis to know whether they have
an increased risk of HGSOC, since this subtype has a relatively poor prognosis. It is
therefore important to establish whether or not an association exists between MMR
deficiency/Lynch syndrome and HGSOC.

Our cohort with centrally revised, HGSOCs adds further evidence to the existing
literature that the link between MMR deficiency and HGSOC is weak at best. These
results corroborate guidelines that suggest not to perform universal MMR deficiency
screening in HGSOC.">™ Recent literature on MMR deficiency prevalence in unselected
serous ovarian cohorts, as summarized in table 1 and 2, supports these guidelines
as well. Only one recent publication reports a high prevalence of MMR deficiency in
serous ovarian cancer. Considering that the results of this study are such an extreme
outlier, we believe that these results are incorrect due to lack of central pathology
review, possibly in combination with other factors that cannot be derived from the
manuscript.?> The fact that no differentiation is made between high-grade and low-
grade tumours within this study strongly suggests that the 2014 WHO guidelines for
histological subtyping are not followed.

An additional argument against a link between HGSOC and Lynch syndrome is the
lack of serous tubal intraepithelial carcinomas (STICs) in prophylactic gynaecologic
specimens from Lynch syndrome patients.?® As the majority of HGSOC originate in

the fallopian tubes, presence of a precursor lesions in the form of STICs would be
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expected in individuals with an increased risk of HGSOC (as observed in BRCA1/2-
mutation carriers).”?

The most important source of caution regarding subtype specific MMR deficiency
screening are publications of case series with ovarian cancer patients from Lynch
syndrome families where serous ovarian cancer is quite prevalent.*® This is likely
explained by the fact that high-grade endometroid ovarian cancer and HGSOC can be
hard to discern and, thus, histological misclassification. Another explanation could be
the coincidental occurrence of sporadic serous ovarian cancer within a Lynch syndrome
patient (in a minority of cases).”*®

As mentioned above, Chui et al.”? already published evidence suggesting that misclas-
sification of histological subtypes is at least part of the explanation. Unfortunately,
their cohort is the only publication to thoroughly revise a cohort of Lynch syndrome-
associated ovarian cancers. Future research efforts should therefore focus on gathering
larger cohorts of ovarian cancers from molecularly confirmed Lynch syndrome patients
and perform histological subtyping according to current standards. If there are truly
HGSOC cases in Lynch syndrome patients, then these should be analysed for signs
of MMR deficiency (i.e. loss of MMR staining, presence of MSI and/or a second,
somatic hit of the affected MMR protein) to see whether tumour development was a
consequence of the germline mutation.

Based on our finding of 0% MMR deficiency in centrally revised HGSOC, the low
prevalence of MMR deficiency in well-characterised HGSOC cohorts as published in
literature and the argumentation as provided in the discussion, an association between
HGSOC and MMR deficiency/Lynch syndrome is unlikely. These findings stress the
relevance of careful histological subtyping for pathologists and imply that universal
MMR deficiency testing is not required in HGSOC. Clinical geneticists can refrain from
requesting MMR deficiency analysis in well-documented (recently diagnosed) HGSOC.
In older cases histopathological review should be considered.
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SUPPLEMENTAL INFORMATION

Pubmed Search strategy:

("Colorectal Neoplasms, Hereditary Nonpolyposis”[mesh] OR “Hereditary Nonpolyposis
Colorectal Carcinoma”[ti] OR “Hereditary Nonpolyposis Colorectal Cancer”[ti] OR “Lynch
syndrome”[ti] OR “Lynch”[ti] OR “Lynch syndrome | (site-specific colonic cancer)” [Supplementary
Concept] OR "MLH1 protein, human” [Supplementary Concept] OR “MLH1"[ti] OR “MSH2"[ti]
OR "MLH 1"[ti] OR "MSH 2"[ti] OR “PMS2"[ti] OR "MSH6"[ti] OR “MSH 6"[ti] OR "“LS"[ti] OR
"HNPCC"[ti] OR “MutL Proteins”[mesh] OR “MutL"[ti] OR “MutS Homolog 2 Protein”[mesh] OR
“MutS”[ti] OR “MMR genes"[ti] OR “MMR gene"[ti]) AND (“Early Detection of Cancer”[Mesh] OR
“screening”[tw] OR “screened”[tw] OR “detecting”[tw] OR "detection”[tw] OR “detected”[tw]
OR "identification”[tw] OR “identifying”[tw] OR “identified”[tw] OR "identify”[tw] OR “IHC"[tiab]
OR “Immunohistochemistry”[tw] OR “immunocytochemistry”[tw] OR “immunofluorescence[tw]
OR “mismatch repair proteins”[tw] OR "MMR"[tiab] OR “Microsatellite Instability”[Mesh] OR
“microsatellite instability”[tw] OR “MSI"[tiab] OR “panel”[tw] OR “panels”[tw] OR “Genetic
Testing”[Mesh] OR “Genetic Testing”[tw] OR “Genetic Test”[tw] OR “Genetic Tests"[tw]
OR "Microsatellite Repeats”[Mesh] OR “Microsatellite Repeat”[tw] OR “Microsatellite
Repeats”[tw] OR "histology”[tw] OR "histological”[tw] OR “Histology”[Mesh]) AND (“Ovarian
Neoplasms”[Mesh] OR ((“Neoplasms”[Mesh:NoExp] OR “Neoplasm”[tw] OR “Neoplasms”[tw]
OR "tumor”[tw] OR “tumors”[tw] OR “tumour”[tw] OR “tumours”[tw] OR “cancer”[tw] OR
“cancers”[tw] OR “Carcinoma”[Mesh:NoExp] OR “carcinoma”[tw] OR “carcinomas”[tw]) AND
("Ovary”[Mesh] OR “Ovary”[tw] OR “ovaries”[tw] OR “ovarian”[tw]))) AND (“2011"[Date -
Publication] : “3000"[Date - Publication]) AND English[Language]
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Well documented high-grade serous ovarian cancers should not be tested for mismatch repair deficiency
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