
European
www.ejconline.com

European Journal of Cancer 41 (2005) 143–150

Journal of

Cancer
Prevalence and clinical correlations of BRCA1/BRCA2
unclassified variant carriers among unselected primary ovarian

cancer cases – preliminary report

Ewa J. Majdak a,b,*, Geertruida H. De Bock c,1, Izabela Brozek d,
Magdalena Perkowska d, Karolina Ochman d, Jaroslaw Debniak a, Tomasz Milczek a,
Cees J. Cornelisse e, J. Jassem f, Janusz Emerich a, Janusz Limon d, Peter Devilee b,*

a Department of Gynecology, Medical University of Gdansk, ul. Kliniczna 1A, Gdnask, Poland
b Human and Clinical Genetics Department, Leiden University Medical Center, P.O. Box 9503, 2300 RA Leiden, The Netherlands

c Department of Medical Decision Making, Leiden University Medical Center, The Netherlands
d Department of Biology and Clinical Genetics, Medical University of Gdansk, Poland

e Pathology Department, Leiden University Medical Center, The Netherlands
f Department of Oncology and Radiotherapy, Medical University of Gdansk, Poland

Received 28 June 2004; received in revised form 10 September 2004; accepted 12 October 2004
Abstract

The objective of this study was to determine the prevalence of BRCA1 and BRCA2 gene mutations in unselected ovarian

cancer patients, and to analyse clinical and pathological features of ovarian cancer unclassified variant mutation carriers in

comparison with BRCA1 pathogenic mutation carriers and sporadic cases. A consecutive sample of 205 women with primary

ovarian cancer was screened for mutations in the BRCA1 and BRCA2 genes using a direct test for small deletions and inser-

tions, conformational sensitive gel electrophoresis and direct sequencing. Data regarding medical and familial history were col-

lected using questionnaires. Clinical and pathological data were extracted from medical records. Unclassified variants and

polymorphic mutations accounted for 8% (n = 16) and 6% (n = 13) of all cases, respectively. BRCA1 pathogenic mutations were

found in 18 (9%) patients. None were found in BRCA2. The mean age of onset for BRCA1–associated tumours was 43.1 years

(standard deviation (SD: 7.3) whereas in the patients with an unclassified variant, polymorphism, or no detectable gene

changes, the mean age of onset ranged from 49.5–56.4 years. The most significant predictors for pathogenic or unclassified var-

iant changes in BRCA1 in ovarian cancer patients were a younger age of onset and a history of hyperthyroidism and infertility.

Except for infertility and hyperthyroidism, unclassified variant-linked ovarian tumours share features with sporadic tumours

rather than with BRCA1 pathogenic mutations.
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1. Introduction

Ovarian cancer is the leading cause of cancer death

among gynaecological malignancies. Because the onset

of this tumour is generally asymptomatic, most patients

present with advanced stages (III/IV). The 5-year
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survival rates for cases with these stages are estimated to

be approximately 20–25% [1].

Pathogenic mutations in the BRCA1 or BRCA2 genes

are found in approximately 10% of primary epithelial

ovarian tumours. Half of the reported mutations in

breast cancer information core (BIC) database are path-
ogenic mutations. These are frame-shifting, nonsense or

splice-site alterations that lead to premature truncation

of the protein upon translation and approximately

60% are unique to each family (http://research.nhgri.-

nih.gov/bic/). The other half accounts for missense alter-

ations and intronic variants with unknown disease

relevance. They are classified as benign polymorphisms

or variants of uncertain clinical significance (unclassified
variants; UV). However, recent studies have demon-

strated that some of these mutations might affect

mRNA processing (by changing the consensus splice

and branch sites), or alter the function of the encoded

protein product due to unfolding or extrusion caused

by a single amino acid change [2–9].

Estimates of the lifetime ovarian carcinoma risk in wo-

men who carry BRCA mutations vary from 10% to 60%,
as opposed to estimated rates of 1–2% in the general pop-

ulation [10,11]. The factors that affect penetrance appear

to be both clinical and molecular in nature. It has been

shown that BRCA1-related ovarian carcinomas have

slightly different clinical and pathological characteristics

to sporadic cases [12–22]. The goal of our study was to

investigate the prevalence and clinical features of

BRCA1/2 unclassified variant carriers in comparisonwith
BRCA1 pathogenic mutations and sporadic tumours.
2. Patients and methods

Between 1994 and 2002, we evaluated a total of 207

consecutive cases of primary epithelial ovarian cancer

patients at the Department of Gynecology at the Medi-
cal University of Gdansk. The treating physician was

asked to give a detailed explanation of the purpose of

the study. Two patients did not wish to participate in

the study and one did not wish to know the results of ge-

netic testing. Consequently, 205 patients agreed to par-

ticipate in the study. The protocol was approved by

the Medical Ethical Committee.

All patients with invasive tumours were treated with
primary radical or debulking surgery via laparotomy

from a midline incision, followed by chemotherapy.

The primary tumour site (ovary or peritoneal) was con-

firmed by a review of the pathological reports. The sur-

gical stage was classified according to the International

Federation of Gynecology and Obstetrics (FIGO) stan-

dards and was determined from the patient�s medical

history records, surgical and pathological reports [23].
All patients who participated in the study underwent a

‘‘second-look’’ operation (SLO). Complete pathological
remission (CPR) was defined on the basis of negative

histological findings on SLO. Patients who had residual

disease on SLO underwent second-line chemotherapy. If

the diameter of residual changes was smaller than 1 cm,

patients were eligible for intraperitoneal chemotherapy.

If residual changes were bigger than 1 cm, patients re-
ceived intravenous (i.v.) chemotherapy. Response to

second-line chemotherapy was defined by negative

third-look surgery, regression of measurable disease,

or a decrease in the CA 125 level (<35 U/ml) on two

consecutive tests. Tumour recurrence was defined as

an elevation of the CA 125 level (>35 U/ml) on two

consecutive tests, the appearance of measurable lesions

on clinical examination or radiological imaging, or
pathological evidence of recurrent disease.

Clinical and pathological data were extracted from

the medical records. Patients with regular menstrual cy-

cles at their diagnosis of ovarian cancer were classified

as premenopausal. Postmenopausal women were those

whose periods had ended naturally before the diagnosis

was established. In cases of surgical menopause, the age

of menopause was defined by the date of the ovarian
resection. A family history of cancer in patients with

ovarian cancer comprised relatives with breast, ovarian,

prostate, colorectal, uterus and fallopian tube cancers.

Ovarian tumours in patients with no family history of

cancer and no BRCAmutation were defined as sporadic.

Data regarding patients� medical and family history of

cancer were assessed using a questionnaire. Patients with

unknown data with regard to their family history of can-
cer due to loss of contact with their families or adoption

or descendence from families with a small number of rel-

atives (no siblings) were defined as patients with an un-

known family history of cancer.
3. DNA extraction and mutation analysis

All patients were eligible for genetic testing forBRCA1

and BRCA2 mutations. High molecular weight DNA

was extracted using the Promega Wizard Kit from the

whole blood of 137 patients. The lysis of erythrocytes

was performed by absorbing to ammonium ions in red-

blood-cell lysis buffer. The white blood cells were isolated

and digested by buffer (consisting of NaCl and ethylene

diamine tetraacetic acid (EDTA)), 100 ll of 20 mg/ml
proteinase K, 4 ll of 1 U/ml ribonuclease A, and 250 ll
of 20% sodium dodecyl sulphate (SDS). DNA from 68

patients was isolated from 50 lm sections of frozen ovar-

ian tumour tissue using the PromegaWizard kit. 600 ll of
NLS solution and 17.5 ll of 20 mg/ml proteinase K were

added to each sample and samples were incubated over-

night at 55 �C. On the next day, 3 ll of RNase solution

was added to the nuclear lysate and mixed gently by
inverting the tube and incubating it for 15–30 min at

37 �C. At the room temperature, 200 ll of protein precip-
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itation solution was then added and the tubes centri-

fuged. The precipitated protein formed a tight white pel-

let. The supernatant containing the DNA was carefully

removed and added to 600 ll of isopropanol kept at room
temperature. After centrifuging at 13000–16000g, super-

natant was removed and 600 ll of 70% ethanol kept at
room-temperature was added to the white DNA pellet.

The solution was then centrifuged and the ethanol was

aspirated away. 100 ll of DNA dehydration solution

was added to the DNA and the samples were incubated

at 65 �C for 1 h.

Mutation scanning methods included detection of

small deletions and insertions (DSDI) and fluorescent

conformation-sensitive gel electrophoresis (F-CSGE).
DSDI comprises 17 amplimers in the coding regions of

both genes – 10 in BRCA1 and 9 in BRCA2 (Table 1).

All 17 fragments were amplified by standard polymerase

chain reaction (PCR) amplification protocols, and PCR

products were size-fractionated using an ABI 3700 ma-

chine. The analysis was performed using Genescan and

Genotyper software, resulting in a peak at the position

of the expected fragment-size. Deletions and insertions
were identified by the presence of an additional peak.

Altered fragments were reamplified from the genomic

DNA, using primers with a M13 tail on the forward

and reverse ends, and sequenced on an ABI PRISM

Big Dye Terminator Cycle.

F-CSGE resolves the various conformations that

double-stranded DNA can adopt in mildly denaturating

polyacrylamide gel matrices [4]. The gel matrix consists
of 0.5· MDE and 15% deionised formamide. After fil-

tration through a 0.22 lm nitrocellulose filter (Milli-

pore) and degasing for 10 min, 125 ll 10% APS and

17.5 ll TEMED were added. Polymerisation was al-

lowed to occur overnight at 4 �C.
The entire coding region of BRCA1, BRCA2 and 15–

50 bp of each flanking intron was subdivided into 83

segments – 33 for BRCA1 and 50 for BRCA2. All primer
sequences were selected outside of the Alu-repeat se-

quences, which are particularly abundant in the introns
Table 1

The type and location of BRCA mutation

Mutation BRCA gene Exon Number of cases F

5382insC 1 ex20 13 2

3199 A > G 2 ex11D 9 1

4956 A > T 1 ex16B 7 1

4486 G > T 2 ex11J 7 1

3624 A > G 2 ex11F 3

185insC 1 ex2 2

300 T > G 1 ex5 1

3405 C > T 1 ex11 1

IVS 22+5 G > A 1 ex22 1

3111 G > A 2 ex11D 1

5075 A > G 1 ex16B 1

1186 A > G 1 ex11beta 1

a F, frameshift; M, missense; UV, unclassified variant; P, polymorphism.
of BRCA1. The ‘‘forward’’ primers were fluorescently

labelled with FAM, HEX or TET. The 83 fragments

were amplified in 48 mono- or duplexPCRs (1–2 ampli-

mers each). Using a 96-well microtitre plate, a 14 ll
reaction mixture was prepared in each well, containing

10 pmol primers, 1· PCR buffer (50 mM KCL, 10
mM TRIS–HCl pH 8.4, 2.5 mM MgCl2, 0.2 mg/ml

bovine serum albumin (BSA), 0.2 mM deoxyadene-

sine triphosphates (dNTPs)) and 0.1 U Goldstar Taq-

polymerase. Subsequently, 1 ll of each DNA sample

(50 ng/ll) was added to the reaction mixtures. PCR

was performed for 40 cycles consisting of 30 s at 94

�C, 30 s at 58 �C, and 30 s at 72 �C. After PCR, reaction

mixtures were pooled per DNA-sample into a 96-well
microtitre plate in a HEX:FAM:TET ratio of 3:2:2

(end volume of 24 ll), in a total of 8 pools for each

DNA sample. To allow gel loading, 7 ll of this mixture

was sampled into a fresh plate and heat/air-dried by

exposing it to 45 �C for 1 h. The fragments were dis-

solved in 2.5 ll of pink loading dye, to which 0.25 ll
GeneScan – 500 TAMRA size-standard and 0.25 ll
loading buffer were added for 15 min on ice. Using an
8-channel loading device, 1.5 ll of this mixture was

loaded onto a F-CSGE gel, which was pre-run for 15

min. The samples were subjected to electrophoresis

through these gels for 4.5 h at 1680 V at 30 �C. Gels

were analysed using GeneScan and Genotyper software.

Upon detection of a CSGE-variant, the segment of the

gene was reamplified from the DNA-sample with the

M13 tail on both the reverse and forward ends (FWD:
5 0-TTG TAA AAC GAC GGC CAG T; REV: 5 0-

GGA AAC AGC TAT GAC CAT G). Sequencing

was performed using universal primers and an ABI

PRISM Big Dye Terminator Cycle.
4. Statistical analysis

The mutation status of the 205 patients (i.e., carrier

of a proven pathogenic mutation, unclassified variant,
requency N = 47 (100%) Type of alterationa Predicted defect

8% F Stop1829

9% P Asn > Asp

5% UV Ser > Gly

5% UV Asp > Tyr

6% P Lys > Lys

4% F Stop 39

2% M Cys61Gly

2% Stop Gly > stop

2% Splice–site Stop 1803

2% UV Gln > Gln

2% UV Met > Ile

2% P Gln > Arg
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known polymorphism, or no mutation detected) was

compared with their clinical and pathological character-

istics. For categorical variables, Pearson�s v2 tests were

used. For continuously distributed variables, an analysis

of variance test (ANOVA) was performed. Differences

between patients with a pathogenic mutation, unclassi-
fied variant, polymorphism or those without a detected

gene change were analysed by univariate analysis, using

the following comparisons:

1. Pathogenic mutation carriers versus those with

unclassified variants, polymorphic variants or no

gene changes.

2. Carriers of unclassified variants versus those with
polymorphisms or no gene changes.

To address which clinical and pathological features

could characterise carriers of a BRCA1 mutation, or

unclassified variant, a multivariate analysis was per-

formed. Because there were more than two outcomes

(BRCA1-mutation status, unclassified variant status,

polymorphism status, no mutation status) the analysis
was performed by using a multinominal regression. In

the first step, all clinical and pathological variables

from Tables 2 and 3 were included in one model.

The variables that contributed significantly at a 5% le-

vel in the overall model were included. In the next

step, the main effects were estimated using Odds Ra-

tios (OR) including their 95% Confidence Intervals

(CI) for all variables for patients with pathogenic
mutations, unclassified variants and polymorphisms

using patients without any mutation as a reference

group. Age of onset was included as a continuous

variable.

Because in this model patients with a polymor-

phism did not differ significantly from patients without

any gene changes, a second model was constructed in

which carriers of a polymorphism were considered in
the same group as patients without a detectable gene

change. For the model construction, the same proce-

dure was repeated. Only this model is presented here.

Statistical analyses were performed with the statistical

package for the social sciences (SPSS)-10 computer

program.
5. Results

In total 47 of 205 (23%) of primary ovarian cancer

patients carried changes in BRCA1 or BRCA2 (Table

1). Eighteen of these represented pathogenic mutations

in the BRCA1 gene and 29 (14%) were defined as either

polymorphism (n = 13; 6%) or unclassified variant

(n = 16; 8%). The most frequent change was 5382insC,
a well-established Polish founder mutation (Table 1)

[25,26], and the second most frequent change present
in the BIC database. Two novel pathogenic mutations,

not reported in Poland before, were identified – 3405

C > T in exon 11 and IVS 22 + 5 G > A in exon 22 of

BRCA1 gene. Unclassified variants were evenly distrib-

uted between the BRCA1 and BRCA2 genes (8 cases

each).
Two patients carried more than one variant: one car-

ried 3624 A > G (polymorphism in BRCA2 exon 11) to-

gether with 4486 G > T (unclassified variant in BRCA2

exon 11), and the other carried – 4956 A > T (unclassi-

fied variant in BRCA1 exon 16), 3199 A > G (polymor-

phism in BRCA2 exon 11) with 3624 A > G

(polymorphism in BRCA2 exon 11).

We subgrouped the patients into those with patho-
genic mutation (N = 18), those with unclassified variant

(n = 16), those with either a known polymorphism

(n = 13) or no detectable changes (‘‘sporadic’’ cases)

(n = 158). We first compared mutation carriers with

the latter two groups combined (Table 2). The mean

age of onset for tumours in patients carrying a patho-

genic BRCA1 change was 43.1 years (SD: 7.3), whereas

in the other 2 groups the mean age of onset ranged from
49.5–56.4 years. The age of onset of ovarian cancer in

pathogenic BRCA1 carriers was more often below 50

years (P < 0.001) (Table 2), compared with non-carriers.

Ovarian cancer in BRCA1 pathogenic mutation carriers

occurred more often before the menopause (P = 0.002),

and was also more often of grade 3 compared with

unclassified variant carriers or sporadic cases

(P < 0.001).
Finally, a history of hyperthyroidism, infertility,

and a family history of breast or ovarian cancer were

all significantly more frequent among those carrying

pathogenic BRCA1 changes versus those that did

not (Table 2). In contrast, the occurrence of a family

history of breast and/or ovarian cancer in those carry-

ing an unclassified variant was not significantly differ-

ent from sporadic cases (Table 3). Infertility and
hyperthyroidism were the only variables that remained

associated with the unclassified variant status com-

pared with patient polymorphisms and sporadic cases.

Univariate analysis did not reveal any differences in

FIGO stage, histology, residual changes on SLO pres-

ent, and pathological remission status between patho-

genic mutation carriers and others. Only the

unclassified variant group showed a tendency to pres-
ent without residual disease on SLO in comparison to

sporadic cases (P = 0.027) (Table 3).

In the multivariate model of clinical factors studied,

age of onset, hyperthyroidism, and infertility were char-

acteristics related to pathogenic mutation and UV sta-

tus, using patients without a mutation or with

polymorphism as a reference group (see Table 4). Grad-

ing of the tumour was related to pathogenic mutation
status, but not to unclassified variant status. The wide

CIs may be due to small numbers involved.



Table 2

Clinical, pathological and epidemiological characteristics of BRCA1 pathogenic mutation carriers

Variable BRCA1 pathogenic mutation carriers

(n = 18; 9%)

UV; polymorphisms; sporadic cases

(n = 187; 91%)

Statistical significance v2

Age of onset (years)

<50 83.3% (15) 34.8% (65) P = 0.001

>50 16.7% (3) 65.2% (122)

FIGO

I and II 11.1% (2) 12.8% (24) P = 0.834

III and IV 88.9% (16) 87.2% (163)

Grading

G1 50% (9) 90.9% (170) P = 0.001

G3 50% (9) 9.1% (17)

Pathology

Papillary serous 83.3% (15) 63.1% (118) P = 0.86

mucinous 16.7% (3) 36.9% (69)

Involvement of the ovaries P = 0.183

Unilateral 11.1% (2) 25.1% (47)

Bilateral 88.9% (16) 74.9% (140)

SLO findings

No residual disease 16.7% (3) 38.7% (72) P = 0.125

Residual disease

<1 cm 61.1% (11) 50% (93)

>1 cm 22.2% (4) 50% (93)

+ Complete pathological remission (CRP) 16.7% (3) 35.8% (67) P = 0.095

Persistent (PR) 83.3% (15) 64.2% (118)

Premenopausal ovarian cancer 66.7% (12) 31.0% (58) P = 0.002

Postmenopausal ovarian cancer 33.3% (6) 69.0% (129)

+ Infertility

Yes 66.7% (12) 6.0% (11) P = 0.0001

No 33.3% (6) 94.0% (176)

Hyperthyroidism

Yes 22.2% (4) 7.5% (14) P = 0.035

No 77.8 (14) 92.5% (173)

Family history of cancer

Yes 55.6% (10) 20.3% (38) P = 0.001

No or unknown 44.4% (8) 79.7% (149)

Family history of breast cancer

Yes 44.4% (8) 7.0% (13) P = 0.0001

No or unknown 55.6% (10) 93.0% (174)

Family history of ovarian cancer

Yes 27.8% (5) 8.0% (15) P = 0.007

No or unknown 72.2% (13) 92.0% (172)

SLO, second-look operation; FIGO, International Federation of Gynecology and Obstetrics.

+, Some data are missing.
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6. Discussion

We report the prevalence and spectrum of BRCA1

pathogenic mutations, unclassified variants and poly-

morphisms in unselected ovarian cancer series. No study

addressing the clinical characteristics of unclassified
variants has been performed to date. We characterised

a group of ovarian cancer patients with unclassified vari-

ants in BRCA1/2 regarding their clinical, pathological

and epidemiological data. Our preliminary findings

comprise a relatively small series. Indeed, the small size
of two of the three categories studied (N = 16 unclassi-

fied variant cases and N = 18 pathogenic mutation

cases) is a limitation in this study. However, this is a pre-

liminary report, and the first to publish data on the clin-

ical correlations of BRCA1/BRCA2 unclassified variant

carriers amongst unselected primary ovarian cancer pa-
tients, which strengthens the value of this study. Fur-

thermore, molecular methods used for the detection of

BRCA1/BRCA2 alterations had a high sensitivity of

up to 95%, therefore the bias of false-negative groupings

is likely to be minimal. Further, all of the patients were



Table 3

Clinical, pathological and epidemiological characteristics of unclassified variant carriers

Variable UV (n = 16; 8%) Polymorphisms; sporadic cases (n = 171; 83%) Statistical significance v2

Age of onset (years)

<50 43.8% (7) 33.9% (58) P = 0.430

>50 56.3% (9) 66.1% (113)

FIGO

I and II 18.8% (3) 12.3% (21) P = 0.459

III and IV 81.3% (13) 87.7% (150)

Grading

G1 81.3% (13) 91.8% (157) P = 0.160

G3 18.8% (3) 8.2% (14)

Pathology

Papillary serous 68.8% (11) 62.6% (107) P = 0.624

Mucinous 31.3% (5) 37.4% (64)

Involvement of the ovaries

Unilateral 6.3% (1) 26.9% (46) P = 0.069

Bilateral 93.8% (15) 73.1% (125)

SLO findings

No residual disease 53.3% (8) 37.4% (64) P = 0.027

Residual disease

<1 cm 20% (3) 52.6% (90)

>1 cm 26.7% (4) 9.9% (17)

Complete pathological remission (CRP) 53.3% (8) 35.1% (60) P = 0.159

Persistent (PR) 46.7% (7) 64.9% (111)

Premenopausal ovarian cancer 43.8% (7) 29.8% (51) P = 0.250

Postmenopausal ovarian cancer 56.3% (9) 70.2% (120)

+ Infertility

Yes 25% (4) 4.1% (7) P = 0.001

No 75% (12) 95.9% (164)

Hyperthyroidism

Yes 31.3% (5) 5.3% (9) P = 0.0001

NoAC 68.8% (11) 94.7% (162)

Family history of cancer

Yes 31.3% (5) 19.3% (33) P = 0.256

No or unknown 68.8% (11) 80.7% (138)

Family history of breast cancer

Yes 6.3% (1) 7.0% (12) P = 0.908

No or unknown 93.8% (15) 93.0% (159)

Family history of ovarian cancer

Yes 12.5% (2) 7.6% (13) P = 0.490

No or unknown 87.5% (14) 92.4% (158)

+, Some data are missing.
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treated in a single institution, with standardised treat-

ments based on one protocol. Therefore, there is no bias

in estimating the prognostic value of the treatment

methods.
The relative contributions of BRCA1 and BRCA2 ap-

peared to be unequal. All pathogenic mutations (18

cases) were found in BRCA1. The spectrum of patho-

genic mutations in BRCA1 is consistent with other stud-

ies [13,14]. The unclassified variants were evenly

distributed between both BRCA genes, while the vast

majority (84%) of polymorphic variants were found in

BRCA2. This suggests that BRCA2 mutations are less
likely to cause a substantial proportion of ovarian can-
cer cases in Poland, in keeping with the low reported

cumulative ovarian cancer risks for BRCA2.

Our data regarding clinical and pathological features

of BRCA1-associated ovarian tumours supports the
hypothesis that BRCA1-linked hereditary ovarian can-

cers have a distinct clinical behavior. Unclassified vari-

ant-linked ovarian tumours did not differ significantly

from sporadic cases and benign polymorphisms. Age

at diagnosis for the hereditary cases has important

implications with regard to genetic counselling. In our

series, the age of onset of BRCA1-linked ovarian tu-

mours was approximately 11 years younger than spo-
radic cases and 9 years younger than unclassified



Table 4

Multivariate model comparing patients with pathogenic mutations and

unclassified variants using patients without any mutations as a

reference group

Variable Pathogenic

mutation

(n = 18)

Unclassified

variant

(n = 16)

No mutation

(n = 171)

Age of onset: mean (SD) OR= 0.85; OR = 0.93; 1

0.78–0.93 0.87–0.99

Hyperthyroidism OR = 8.77; OR = 8.02; 1

1.31–58.61 2.04–31.49

Grading OR = 4.28; OR = 2.01; 1

1.81–10.12 0.93–4.34

Infertility OR = 41.43; OR = 6.39; 1

8.21–209.1 1.41–28.88

SD, standard deviation; OR, Odd Ratio; 95% confidence interval (CI).
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variants. Younger age of onset in BRCA1-linked ovar-

ian tumours is consistent with other studies [12,27–32].

In our study, the age of onset in unclassified variants

was 2 years younger compared with sporadic cases.

Our study confirms, other findings with regard to

BRCA1-linked ovarian tumours, namely high grade

(G3), bilateral ovarian involvement and family history

of breast or ovarian cancer [12]. Most hereditary ovar-
ian tumours comprise primary invasive adenocarcino-

mas of the serous type [24,27–30].

Interestingly, in our series, women with BRCA1

pathogenic mutations and unclassified variants re-

ported hyperthyroidism and infertility in anamnesis

more often than sporadic cases. It has been shown that

hyperthyroidism is associated with an increased ovar-

ian cancer risk in the general population [33,34]. Skjol-
debrand and colleagues [34] have shown that

ultrasound images of the ovaries of patients with

hyperthyroidism resembled those of patients with poly-

cystic ovary syndrome. Underlying causes of these find-

ings might include direct influence of thyroid hormones

on the ovaries, impaired androgen action on the ovar-

ian microenvironment resulting from an elevation in

steroid hormone binding protein (SHBG) in hyperthy-
roid patients, or both. In vitro studies showed that thy-

roid hormones had an stimulating influence on ovarian

and breast epithelium [34]. Thyroid hormone receptors

are located in the nucleus. Upon binding T3, complex

hormone-receptors modulate the transcription of

mRNA of genes encoding enzymes and structural pro-

teins associated with thyroid hormone action e.g. syn-

thesis of Na+/K+ ATPase in order to increase
oxidative metabolism. However, the mechanism by

which thyroid hormones might trigger ovarian carcino-

genesis remains unclear. Recently, a new hypothesis

was introduced: that inflammation plays a role in ovar-

ian cancer risk [35]. Hyperthyroidism may be associ-

ated with the inflammatory responses of the ovarian
epithelium [36]. Therefore patients with a genetic pre-

disposition to ovarian cancer (BRCA1 pathogenic or

unclassified variant mutation) may have a higher risk

of developing tumour when exposed to hyperthyroid-

ism. The pathogenic role of BRCA unclassified variants

remains unclear. Clinically, unclassified variant-linked
ovarian tumours do not differ significantly from spo-

radic cases. The higher frequency of hyperthyroidism

and infertility in patients with unclassified variant

mutations than in sporadic cases might suggest a hor-

monal background for ovarian carcinogenesis observed

in this subgroup. This finding warrants further

confirmation.
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