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H I G H L I G H T S

• Ovarian cancer in women with LS develops at an early age, with a wide age-range of onset and at an early stage.
• These LS associated ovarian cancers most often has an endometrioid or serous type histology with a good overall survival.
• The early stage of ovarian cancer, in women with LS, could not be attributed to annual gynecological surveillance.
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Objective. To describe clinical characteristics of Lynch syndrome associated ovarian cancer and the efficacy of
surveillance in the early detection of these ovarian cancers.

Methods. All Lynch syndrome associated ovarian cancer cases identified in either the Dutch Lynch syndrome
registry (DLSR) between 1987 and 2016, and/or the cohort at the University Medical Center Groningen (UMCG)
between 1993 and 2016 were included. Clinical data on age at diagnosis, mutation type, histological type, FIGO
stage, treatment, follow-up and gynecological surveillance were collected.

Results. A total of 46/798 (6%) women in the DLSR and 7/80 (9%) in the UMCG cohort were identified as LS
associated ovarian cancer patients. The median age at ovarian cancer diagnosis was 46.0 years (range
20–75 years). The most frequently reported histological type was endometrioid adenocarcinoma (40%; n =
21) and serous carcinoma (36%; n = 19). Most tumors (87%; n = 46) were detected at an early stage (FIGO I/
II). Forty-one of 53 (77%) patients were diagnosed with ovarian cancer before LS was diagnosed. In the other
12/53 (23%)women, ovarian cancer developed after starting annual gynecological surveillance for LS; three ovar-
ian cancers were screen-detected in asymptomatic women. Overall survival was 83%.

Conclusion. Ovarian cancer in women with LS has a wide age-range of onset, is usually diagnosed at an early
stage with predominantly endometrioid type histology and a good overall survival. The early stage at diagnosis
could not be attributed to annual gynecological surveillance.

© 2018 Published by Elsevier Inc.
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1. Introduction

Hereditary predisposition accounts for approximately 5% of endo-
metrial cancers and up to 24% of epithelial ovarian cancers [1,2]. LS is
an autosomal dominant tumor syndrome, caused by a germline muta-
tion in one of the DNA mismatch repair (MMR) genes, which, after a
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loss of function mutation of the normal allele, leads to microsatellite in-
stability (MSI) and increased cancer risk. It accounts for most inherited
endometrial cancers and a minority of inherited ovarian cancers,
whereas a germline mutation in a BRCA1 or BRCA2 gene accounts for
most inherited ovarian cancers [3–6]. In women with LS, endometrial
cancer is after colon cancer the most common tumor type, [7,8] with a
cumulative lifetime risk of 15–60% and a mean age at diagnosis of
55–60 years, (range 30–80 years) depending onwhich gene is mutated
[7,9–11]. The cumulative lifetime risk of ovarian cancer in LS varies be-
tween 6 and 12% with a reported mean age at diagnosis of around
45 years [7,11–15]. Endometrial surveillance by transvaginal ultrasound
and endometrial sampling can be effective in diagnosing endometrial
cancer at a pre-invasive or early stage [9,16,17]. The value of surveil-
lance for ovarian cancer in LS has never been established and is under
debate [9,14,18]. Ovarian cancer surveillance has not been proven effec-
tive in the general population and among women with a BRCA1/2 gene
mutation [19–24]. Most sporadic and BRCA-associated ovarian cancers
are diagnosed at an advanced stage and interval ovarian cancers can
present shortly after surveillance visits. In only a few surveillance stud-
ies a small number of women with LS are included, the information
about clinical and histopathological characteristics of ovarian cancer in
women with LS is therefore scattered and unclear [15,25–27].

The aim of this study was to analyze the clinical and histopatholog-
ical characteristics of LS associated ovarian cancer and to investigate the
role of surveillance in the early detection of these ovarian cancers.

2. Materials and methods

For this study, data of two prospective cohorts of ovarian cancer pa-
tients were used. The first cohort was derived from the Dutch Lynch
Syndrome Registry (DLSR) between 1987 and 2016. The second cohort
was from the Family Cancer Clinic at the UniversityMedical Center Gro-
ningen (UMCG) between 1993 and 2016. The DLSR was started in 1987
and embedded in The Netherlands Foundation for the detection of He-
reditary Tumors, which was established in 1985 [28]. Data managers
of the Netherlands Foundation for the detection of Hereditary Tumors
registry prospectively collect information on surveillance and cancer di-
agnosis in families with genetic cancer syndromes. All patients regis-
tered in the DLSR have given written informed consent before their
medical information was collected in the DLSR.

The second cohort consists of all women with LS from the Family
Cancer Clinic of the UMCG. All women gave written informed consent
before their medical informationwas collected in the UMCG LS registry.

Protection of a patient's identity was guaranteed by assigning study
specific unique patient numbers. The Medical Research Involving
Human Subjects Act (Dutch: WMO) is not applicable to this study
since it is a study using anonymized data from medical records. There-
fore, the study was exempted from being approved by the Institutional
Review Board.

2.1. Inclusion criteria

Women with LS associated ovarian cancer (i.e. proven carrier of a
pathogenic mutation in either MLH1, MSH2, MSH6 or PMS2 or with a
family history fulfilling the Amsterdam criteria)who developed ovarian
cancer before or after the diagnosis of LS within the fore mentioned
study period, were included in this study. There were no LS associated
ovarian cancer patients who also carried a BRCA 1/2 mutation.

2.2. Data collection

For all womenwith LS associated ovarian cancer in both cohorts, the
following data was extracted: the age at diagnosis of ovarian cancer,
type of gene mutation, histopathology report of the ovarian cancer
(from the DLSR, from the UMCG or from the hospital in the
Netherlands where the patient had been treated), primary treatment
as well as adjuvant treatment (chemotherapy, radiotherapy, hormonal
therapy), the occurrence of synchronous and metachronous cancer,
the number and date of a recurrence and the disease specific survival.
Pathology review has not been performed. Only patients who gave per-
mission for registration in the DLSR cohort or the UMCG database were
included.

Data about surveillance was extracted from the patient files;
whether or not the woman was under annual surveillance for LS before
ovarian cancer was diagnosed, whether the ovarian cancer was screen-
detected or an interval cancer and the presence and type of symptoms
at time of ovarian cancer diagnosis. All women with LS who underwent
gynecological surveillance prior to diagnosis of ovarian cancer
underwent annual transvaginal ultrasound, and measurement of
CA125. According to the Dutch guideline on hereditary colon cancer,
(2008, revised in 2015), it was also advised to perform standard endo-
metrial sampling during gynecological surveillance in women with LS
[29].

If data about the histopathology of ovarian cancer or surveillance
were not available in the DLSR, this data was obtained from the hospi-
tals in the Netherlands in which the surveillance and/or the treatment
of the ovarian cancer were performed. If a woman with LS was regis-
tered in both databases (n = 42), she was counted in the DLSR only
and not counted twice.

2.3. Data analysis

In this study, the median age at diagnosis of ovarian cancer was de-
scribed and also the mean age, to be able to compare these data with
other studies, which mostly report the mean age at diagnosis. Differ-
ences (in stage, histological type, treatment, and outcome) between
screen-detected ovarian cancers and ovarian cancers found by symp-
toms were studied. Statistical analysis was performed by chi-square
testing or Mann-Whitney U testing, depending on the type of variables.
Overall survival was defined as the interval from the date of ovarian
cancer diagnosis to the date of dead of disease. The Kaplan-Meier
method was used to create overall survival curves. The data analysis
was performed with SPSS statistics version 20.

3. Results

The DLSR contained 798 female LS carriers. The mean age of this co-
hort was 58 years with amedian age of 58 years (range 23–98 years), at
time of study entry. In this registry 241 (30%) women were carrier of a
MLH1 gene mutation, 276 (35%) of a MSH2, 237 (30%) of a MSH6, 41
(5%) had a PMS2 gene mutation and for three women, (who were in-
cluded in the early days from families fulfilling the Amsterdam criteria)
the type of mutation was not recorded. (Table 1) The cohort of the
UMCG consists of 80 female LS carriers with a mean age of 49 years
(range 28–75 years) and a median age of 48 years at ovarian cancer di-
agnosis. In 27 (36%) women a MLH1 gene mutation was present, 18
(24%) had a MSH2, 18 (24%) a MSH6, 13 (17%) a PMS2 mutation and
for four women the type of mutation is not known. (Table 1) In total
878 female LS women were included in this study of which only pa-
tients with LS associated ovarian cancer are analyzed.

Forty-six of 798 women (6%) of the DLSR had LS associated ovarian
cancer and seven of 80 (9%) of the UMCG cohort. (Table 2) The mean
age at ovarian cancer diagnosis in these 53 patients was 46 years, with
a median age of 46 years (range 20–75 years). Twenty-five percent of
the women with LS associated ovarian cancer were diagnosed before
the age of 40. (Table 2 and Fig. 1) Of both cohorts 4,9% of all LS carriers
had developed ovarian cancer by age 50 and 8.5% by age 70. (Table 1) In
48/53 women with LS associated ovarian cancer, the mutation status
was known and consisted of 12 MLH1, 18 MSH2, 16 MSH6 and 2 PMS2
gene mutation carriers. (Table 2) In five cases LS was diagnosed based
on family history fulfilling the Amsterdam criteria, however the type
of mutation had not been noted.



Table 1
Baseline characteristics of women with LS in the two cohorts (n = 878).

Women in the Dutch Lynch syndrome registry (n = 798) Women in the UMCG registry (n = 80) Both registries (n = 878)

Age at study entry, mean (SD) in yearsa 58.0 (14.1) 49.4 (10.7) 57.2 (13.9)b

Age at study entry, median (range) in yearsa 57.9 (23–98) 48.0 (28–75) 56.6 (23–98)b

Gene mutation
MLH1 241 (30%) 27 (36%) 268 (31%)
MSH2 276 (35%) 18 (24%) 294 (34%)
MSH6 237 (30%) 18 (24%) 255 (29%)
PMS2 41 (5%) 13 (17%) 54 (6%)

Type unknown 3 4 7
LS associated ovarian cancer in both cohorts 46 (6%) 7 (9%) 53 (6%)
% diagnosed with ovarian cancer
by age 50 (4.9%)
by age 70 (8.5%)

a 1.1.2016 was taken as year of study entry.
b For fifteen patients this information was not available, as they were not alive at 1.1.2016.
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The mean age of diagnosis of ovarian cancer was 46 years (median
45 years; range 39–53 years) in MLH1 gene mutation carriers,
41 years (median 40 years; range 20–58 years) inMSH2, 46 years (me-
dian 50 years; range 27–57 years) in MSH6 carriers and the two PMS2
carriers were respectively 44 and 47 years old. There was no significant
difference between the MLH1, MSH2 and MSH6 gene mutation carriers
and the age of diagnosis of ovarian cancer (p values N 0.05). (Table 2).

Histological types and FIGO stages are shown in Table 2. The most
frequent histopathological types were endometrioid (n = 21; 40%)
and serous carcinoma (n = 19; 36%). Of the latter, 13 patients were
Table 2
Clinical characteristics of patients with LS associated ovarian cancer (n = 53).

Characteristics N (%)a

Age at study entry, mean (SD) in years 46.1 (9.9)
Age at study entry, median (range) in
years

46.0 (20–75)

Age at diagnosis (in years)
20–29 3 (6%)
30–39 10 (19%)
40–49 20 (38%)
50–59 16 (30%)
60–59 3 (6%)
70–79 1 (2%)

Gene mutation
MLH1 12 (25%)
MSH2 18 (38%)
MSH6 16 (33%)
PMS2 2 (4%)
Type unknown 5

Age at diagnosis and gene mutation, mean (median & range) in years; p value
MLH1 46 (45 & 39–53) MLH1 vs MSH2: 0.08
MSH2 41 (40 & 20–58) MSH2 vs MSH6:

0.78
MSH6 46 (50 & 27–57) MSH6 vs MLH1: 0.12
PMS2 44 and 47

Histopathology
Endometrioid carcinoma 21 (40%)
High grade serous carcinoma 13 (25%)
Low grade serous carcinoma 6 (11%)
Clear cell carcinoma 3 (6%)
Mucinous carcinoma 1 (2%)
Other epithelial 3 (6%)
Non epithelial 2 (4%)
Borderline tumor 3 (6%)
Unknown 1

FIGO stage
Stage I 38 (72%)
Stage II 8 (15%)
Stage III 7 (13%)
Stage IV –

a Unless specified otherwise.
diagnosed with high grade serous carcinoma, (five FIGO stage I, three
FIGO stage II and four FIGO stage III carcinoma) and six with low
grade serous carcinoma (all FIGO stage I carcinoma). Themajority of pa-
tients (n = 46; 87%) were diagnosed at an early stage (FIGO stage I/II).
Seven patients were diagnosed with advantaged stage (FIGO stage III)
ovarian cancer.

Table 3 shows the clinical course of all patients with LS associated
ovarian cancer. Regarding the surveillance after diagnosis of ovarian
cancer: all LS associated ovarian cancer patients underwent oncological
follow up at least twice a year. Themean follow-up period after ovarian
cancer diagnosis was 136 months (median 114; range 1–517 months).
Fifty of 53 ovarian cancer patients were diagnosed through symptoms,
mostly abnormal vaginal bleeding (n = 15; 30%) and/or abdominal
pain (n= 15; 30%). Other reported symptoms were abdominal disten-
sion (n= 9; 18%) and pelvic organ prolapse (n= 1; 2%). For ten (20%)
patients the presenting type of symptoms was unspecified. (Table 3).

For 48 (91%) of these LS associated ovarian cancer patients, ovarian
cancer was the first cancer in their life. In 17 of these patients ovarian
cancerwas diagnosed synchronouslywith a (pre)malignancy of the en-
dometrium or colon (Table 3). Seventeen (32%) women developed a
metachronous second cancer after the diagnosis of ovarian cancer,
mostly (n= 8) colon cancer. Survival data are available for 46 patients.
Nine (19%) patients developed recurrent ovarian cancer with a mean
time to recurrence of 49 months (median 38; range 3–120 months)
and eight women with LS associated ovarian cancer (17%) died of the
disease (Table 3). The overall survival of LS associated ovarian cancer
in this study was 83%.

Only 12 of the 53womenwere identified as being a LS carrier before
ovarian cancer diagnosis and underwent annual gynecological ovarian
cancer surveillance consisting of transvaginal ultrasound, endometrial
sampling and measurement of CA125. (Tables 4 and 5) During a total
of 37 surveillance years, one interval ovarian cancer was diagnosed in
a 41-year-old woman who presented with abdominal pain five months
after a negative surveillance (FIGO stage IC). Of the other 11 patients
with LS associated ovarian cancer, three were diagnosed during surveil-
lance (screen-detected) because of an abdominal mass at TVU (two
FIGO stage IA, one stage IC). The other eight women reported abnormal
vaginal bleeding during a surveillance visit. All 12 ovarian cancers in pa-
tients who underwent annual surveillance were detected at an early
stage; 10 FIGO stage I and two FIGO stage II (Tables 4 and 5). There
were no significant differences in FIGO stage at diagnosis between the
patients who underwent surveillance and those who did not (p =
0.31). The other 41womendevelopedovarian cancer before the diagno-
sis of LS. (Table 4).

4. Discussion

This study included53 LS associated ovarian cancer patientswhich is
one of the largest reported cohort. The mean and median age of the



Fig. 1. Age at ovarian cancer diagnosis (n = 53) in women with LS-associated ovarian cancer.
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ovarian cancer diagnosis was 46 years, with a wide age range of
20–75 years. A total of 25% of the women were under 40 years of age at
diagnosis of LS associated ovarian cancer. Histopathological presentation
wasmost often an endometrioid or serous type andmost ovarian cancers
were diagnosed at an early stage (87% FIGO stage I/II) with a relatively
goodfive year survival (78%). Data about surveillance before ovarian can-
cer diagnosis was available for 12/53 patients and Three of 12 were
screen-detected ovarian cancers, all FIGO stage I. Six of 12 screened pa-
tients were diagnosed with a (pre)malignancy of the endometrial tissue
for which they received surgery which led to ovarian cancer diagnosis.

In this study, the mean age of LS associated ovarian cancer diag-
nosis was 46 years with a wide age range. This is comparable with
the age at diagnosis in 551 ovarian cancer patients with LS described
in a recent review of the literature, with a mean age of 45.3 years
(range 19–92 years), and with a recently published cohort study of
53 ovarian cancers in LS with a mean age of 51 years (range
24–70 years) [14,15]. As a hereditary cause of ovarian cancer is
more often suspected in young women with ovarian cancer, an
over-presentation of testing young women for LS (and BRCA muta-
tion) might have occurred in this study, which is probably also the
case in other published studies [14]. This may have introduced a
bias in age at diagnosis of those LS associated ovarian cancers in
these studies. LS associated ovarian cancer seems to occur approxi-
mately 15–20 years earlier than sporadic and BRCA2 gene mutation
related ovarian cancer [23,25,26,30–32] and 5–10 years earlier than
in women with a BRCA1 gene mutation [20,32,33].

In none of the studies, nor in our study, the age at diagnosis of LS as-
sociated ovarian cancer was significantly different between the muta-
tion types [15,34].

For 48 (91%) patients, LS associated ovarian cancer was the first can-
cer in their life and for 17 of these another malignancy was diagnosis at
the same time (synchronously). This high percentage is explained by
the fact that LS associated ovarian cancer was the inclusion criterion
and the starting point of this study.

The distribution of histological types of ovarian cancer in women
with LS in this study is different from sporadic cases. In this study 65%
of the ovarian cancers were of non-serous type. This has also been de-
scribed in smaller studies in women with LS associated ovarian cancer
and in a recent systematic review about ovarian cancer in women
with LS [14,26,35]. In sporadic and BRCA1/2 cases the majority of ovar-
ian cancers are of the high-grade serous type [20,23,30].

Most ovarian cancers (87%) in this study were diagnosed at an
early stage (FIGO I/II). These ovarian cancers have a five-year sur-
vival rate of above 80% as published before in smaller series
[14,27,30]. This contrasts with sporadic and BRCA1-2 gene related
cases in which 60–70% of ovarian cancers are diagnosed at FIGO
stage III-IV, with a 10-year survival rate of b40% [20,32,36]. There
was no significant difference in FIGO stage at diagnosis between
the patients who underwent surveillance (n = 12) and those who
did not (n = 41).

As only 3/12 cases were truly screen-detected (diagnosed during
screening in asymptomatic women), the early stage of ovarian cancer in
LS in this series and the good overall survival are most probably not re-
lated to surveillance but to the biological behavior of these ovarian can-
cers. To our knowledge, six other studies described the results of
gynecological surveillance in women with LS (n = 674). Of a total of
674 LS carriers under surveillance, 22 (3%) developed ovarian cancer,
mostly detected at an early stage with a good overall survival. Only 7/22
(32%) of these ovarian cancers were detected during surveillance, the
other 15 were interval cancers [9,14,16,18,37–39]. Of the 12 women
whounderwent annual surveillance in our study, eightwomenpresented
with symptoms of abnormal uterine bleeding. In six of these women



Table 3
Clinical course of LS associated ovarian cancers; overall and stratified by FIGO stage (n
= 53).

Characteristics N (%)a N (%)b N (%)c

Overall
N = 53

FIGO
stage
I/II N =
46

FIGO
stage
III/IV N
= 7

Follow-up, mean (SD) in months 136
(121)

151
(123)

43 (40)

Follow-up, median (range) in months 114
(1–517)

132
(5–517)

42
(4–122)

Under surveillance
No 41 (77%) 34

(74%)
7
(100%)

Diagnosed with symptoms 41
(100%)

34
(100%)

7
(100%)

Yes 12 (23%) 12
(26%)

–

Diagnosed with symptoms 9 (75%) 9 (75%) –
Symptoms during diagnosis 50 (93%) 43

(93%)
7
(100%)

Blood loss 15 (30%) 14
(33%)

1 (14%)

Abdominal pain 15 (30%) 14
(33%)

1 (14%)

Abdominal distension 9 (18%) 5 (12%) 4 (57%)
Pelvic organ prolapse 1 (2%) 1 (2%) –
Unspecified 10 (20%) 9 (21%) 1 (14%)

First cancer
Ovarian cancer only 31 (58%) 26

(57%)
5 (71%)

Ovarian cancer and synchronous endometrial
cancer

14 (26%) 13
(28%)

1 (14%)

Ovarian cancer and synchronous complex
atypical hyperplasia

2 (4%) 2 (4%) –

Ovarian cancer and synchronous colon cancer 1 (2%) – 1 (14%)
Colon cancer 3 (6%) 3 (7%) –
Endometrial cancer 1 (2%) 1 (2%) –
Breast cancer 1 (2%) 1 (2%) –

Metachronous cancer during follow up after LS
associated ovarian cancer
No 36 (68%) 31

(67%)
5 (86%)

Yes 17 (32%) 15
(33%)

1 (14%)

Colon cancer 8 (47%) 8 (53%) –
And urothelial cell cancerb 1 (6%) 1 (7%) –
And sarcomab 1 (6%) – 1 (50%)
And pancreas cancer 1 (6%) 1 (7%) –

Breast cancer 3 (18%) 3 (20%) –
Appendicular cancer 1 (6%) 1 (7%) –
Mediastinal cancer 1 (6%) 1 (7%) –
Endometrial cancer 1 (6%) – 1 (50%)

Recurrence of ovarian cancer (n = 51)c

No 42 (82%) 37
(84%)

5 (71%)

Yes 9 (18%) 7 (16%) 2 (29%)
Time to recurrence, mean (SD) in months 49 (42) 56 (48) 23 (2)
Time to recurrence, median (range) 38

(3−120)
40
(3–120)

23
(21–24)

Died of ovarian cancer (n = 46)d

No 38 (83%) 35
(90%)

3 (43%)

Yes 8 (17%) 4 (10%) 4 (57%)

a Unless specified otherwise.
b This was metachronous cancer diagnosed after colon cancer.
c For two cases with FIGO stage I/II, this was unknown.
d For seven cases with FIGO stage I/II, this was unknown.

Table 4
Characteristics of LS associated ovarian cancer of women who underwent annual surveil-
lance (n = 12) and those who did not (n = 41).

Characteristics N (%)a N (%)

Surveillance
group n
= 12 (23%)

Non-surveillance
group
n = 41 (77%)

Age at diagnosis, mean (SD) in years 48.0 (6.6) 45.6 (10.6)
Age at diagnosis, median (range) in years 46.5 (41–65) 45.0 (20–75)

Histopathology
Endometrioid carcinoma 8 (67%) 13 (33%)
High grade serous carcinoma 2 (17%) 11 (28%)
Low grade serous carcinoma – 6 (15%)
Clear cell carcinoma 1 (8%) 3 (7%)
Mucinous carcinoma – 1 (2%)
Other epithelial tumor 1 (8%) 1 (2%)
Non epithelial tumor – 2 (5%)
Borderline tumor – 3 (7%)
Unknown – 1

FIGO stageb

Stage I 10 (83%) 28 (68%)
Stage II 2 (17%) 6 (15%)
Stage III – 7 (17%)
Stage IV – –

Ovarian cancer and synchronous
Endometrial cancer 4 (33%) 10 (24%)
Complex atypical hyperplasia
endometrial tissue

2 (17%) –

Colon cancer – 1 (2%)

Died of ovarian cancer (n = 46)c

No 12 (100%) 26 (76%)
Yes 0 - 8 (24%)

a unless specified otherwise.
b FIGO stage surveillance vs non surveillance: p:0.31.
c For seven cases with FIGO stage I/II, this was unknown.
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ovarian cancer was detected synchronously with an endometrial (pre)
malignancy and in the other two no endometrial abnormalities
were found. The high level (10–25%) of synchronous cancers, (mostly en-
dometrial cancer), in women with LS associated ovarian cancer has been
reported earlier [15,26]. It might be difficult for the pathologist to discern
endometrioid ovarian cancer from an ovarianmetastasis of endometrioid
endometrial cancer, although endometrial premalignancies will not give
ovarian metastases and this is also very scarce in early stage endometrial
cancers [15,25].

The early diagnosis of LS associated ovarian cancer may in part be
explained by symptoms such as vaginal bleeding, resulting in endome-
trial (pre)cancer diagnosis and treatment and discovery of an occult,
synchronous ovarian cancer during surgery. The latter was the case in
half of the screened women. However this phenomenon could not be
studied in the women who were diagnosed with ovarian cancer before
LS was diagnosed.

Another explanation for the favorable outcome might be a different
biological characteristics of these tumors as histopathology differs from
sporadic and BRCA1/2 cases.More information on themolecular biology
of these tumors is needed to explain the early stage at diagnosis and the
relative good prognosis of LS associated ovarian cancer when compared
to sporadic and BRCA associated cases.

The results of this study have a clinical utility in case of counseling
about (dis)advantages and timing of preventive surgery in women
with LS. Although preventive surgery is very effective in preventing gy-
necological cancers in LS, the wide age range, the very young age at di-
agnosis in part of the patients with LS associated ovarian cancer,
together with the development of mostly early stage cancers with a
good prognosis make it difficult to formulate an advise for timing the
optimal age for preventive surgery in thesewomen [40]. Also premature
menopause and its side effects should be taken into account and indi-
vidualization of preventive strategies is preferable.

The strength of this study is the longitudinal database, the proven
mutation status of almost all ovarian cancer patients and the relatively
large cohort of 53 LS associated ovarian cancers. A limitation of this
study is the long period of time leading to some missing data and the



Table 5
Characteristics of LS associated ovarian cancer in women who underwent annual surveillance (n = 12).

No Age at
ovarian
cancer
diagnosis

Start
survei-llance

Year
ovarian
cancer

Symptoms Screening results ovaries &
endometrium (by TVU# in
mm thickness) and
histopathology by
endometrial sampling

CA
125
Level
(kU/l)

FIGO## stage &
histopathology
ovaries

FIGO stage &
histopa-thology
endome-trium

Dead
of
disease

1 55 2001 2005 Postmenopausal bleeding Adnexal
mass

6 mm,

SamplingCAHa

213 IB,
Endome-
trioid

–
CAHa

no

2 46 1999 2001 Irregular bleeding Normal
ovaries

10 mm,

SamplingEAb

grade 1

418 IA,
Endome-
trioid

IB,
Endometrioid

no

3 51 2005 2009 Postmenopausal bleeding Normal
ovaries

7 mm,

Sampling
EAb grade 1

Un
known

IIA,
Endome-
trioid

IA, Endometrioid no

4 66 1996 1998 Postmenopausal bleeding Adnexal
mass

Unknown

Samplingnormal

66 IIB,
High grade
serous

–
Uterine metastasis of
ovarian cancer

no

5 45 2013 2014 Irregular bleeding Normal
ovaries

15 mm,

SamplingEAb

grade 1

38 IA, Endome-trioid IA, Endometrioid no

6 47 2011 2013 None Adnexal
mass

13 mm,

Samplingnormal

34 IA
Intestinal type
adenocarci-
noma

– no

7 47 2013 2013 Irregular bleeding Normal
ovaries

4 mm,

SamplingCAHa

8 IA, Endome-trioid –,
Complex atypical
hyperplasia

no

8 44 2009 2011 Irregular bleeding Normal
ovaries

Unknown

SamplingEAb

grade 1

141 IA,
Endome-trioid

IIA,
Endometrioid

no

9 49 2005 2014 None Adnexal
mass

8 mm,

Sampling
normal

39 IC,
Endome-trioid

– no

10 44 1999 2000 Menorraghia Adnexal
mass

9 mm,

Samplingnormal

Un
known

IC,
Clearcell

– no

11 41 2012 2015 Abdominal pain, 5 months, after
negative surveillance
Interval OC

Adnexal
mass and
ascites

7 mm,

Samplingnormal

25 IC,
High grade
serous

– no

12 42 1999 2005 None Adnexal
mass

4 mm,
Samplingnormal

61 IA,
Endome-trioid

– no

The significance of bold represents the women in which ovarian cancer was found by surveillance and one with an interval carcinoma.
# TVU: transvaginal ultrasonography.
## FIGO 1991.

a CAH: complex atypical hyperplasia.
b EA: endometrioid adenocarcinoma.
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small number of LS carriers who underwent annual surveillance before
ovarian cancer was diagnosed. Another limitation is that no revision of
the pathology reports was performed. In five cases in this study, in
which women developed ovarian cancer many years ago when DNA
analysis or mismatch repair (MMR) deficiency was not available, the
diagnosis of LS was based on the Amsterdam criteria. As in these cases
no DNA analysis was performed, it cannot be ruled out that some of
these five are sporadic ovarian cancer cases. However, as in these
women (n = 5) the families fulfilled the Amsterdam criteria for LS the
chance that they are not a LS associated ovarian cancers is limited. An-
other limitation of this study design is that wewere not able to estimate
the penetrance of the several LS-related mutations, as all 53 patients
with ovarian cancer were selected because they had LS-associated ovar-
ian cancer. Not the LS carrier ship but the LS-associated ovarian cancer
was the starting point of this study. Therefore this study design is not
appropriate to estimate the cumulative risk of ovarian cancer in LS
carriers.

In conclusion, ovarian cancer in women with LS may develop at a
young age, with a wide age-range (20–75 years) of onset, a mean and
median age at diagnosis of 46 years and is most often diagnosed at an
early stage, not attributable to surveillance. LS associated ovarian cancer
often has an endometrioid or serous histology with a relatively good
overall survival.
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