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Purpose: To describe patient, tumor, and family histories of cancer in a hospital-based cohort of patients with

ovarian cancer and to identify the predictive value of these characteristics for (non)carrying a BRCA1 or BRCA2

mutation. Methods: Women diagnosed with invasive ovarian cancer between 1999 and 2003 in the west region

of The Netherlands and unselected for age at diagnosis or cancer family history were included. Information was

gathered on patient and tumor characteristics; p53; HER-2/neu, and KI-67 protein-expression; BRCA1/2 muta-

tions; and family histories of cancer. Prediction tests were constructed using multivariate analyses. Results: Our

study included 85 women (mean age at diagnosis, 57.6 years; standard deviation, 11.0 years). Six of these women

had been previously or concurrently diagnosed with another tumor. Of the ovarian cancers, 41 (48.2%) were in an

early stage (FIGO I or II). Five pathogenic mutations (6.1%) and six unclassified variants (7.3%) were identified in

BRCA1/2; when the total sensitivity of the mutation scanning was taken into account, it was estimated to reflect

seven pathogenic mutations (8.5%) and eight unclassified variants (9.8%). Sixty-nine women (81.2%) had at least

one relative with cancer. A personal history of breast cancer and a family history of breast, ovarian, or uterine/

endometrioid cancer were found to predict the presence of pathogenic mutations. Conclusion: As the combination

of a personal history of breast cancer and a family history of breast, ovarian, or uterine/endometrioid cancer had

good predictive value for the presence of a pathogenic BRCA1/2 mutation, the presented prediction test is a useful

instrument to identify those women eligible for DNA testing. Genet Med 2007:9(3):173–179.
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INTRODUCTION

Ovarian cancer is the sixth most common cancer in women,
accounting for 3 to 4% of all cancers in women. It represents
approximately 25 to 30% of all cancers of the female genital
organs1 and is the most frequent cause of death from gyneco-
logical cancer.1 In the general population, the incidence of
ovarian cancer is estimated at 1.5 per 1000 women per year,
with an average age at diagnosis of 60 years. The total lifetime
risk to develop ovarian cancer in the general population is 1 to
2%, and the risk of dying of ovarian cancer is estimated at
0.7%.1 Previous studies showed a crude overall 5-year survival
rate of 39%, with median survival of 32 months2 and crude
5-year survival rates of 82%, 57%, 28%, and 10% for women
with FIGO stage IC, II, III, and IV, respectively.3

Genetic factors may increase the risk of ovarian cancer con-
siderably. Mutations in the breast cancer susceptibility genes
BRCA1 and BRCA2 are associated not only with high breast
cancer risks, but also with increased risk of ovarian cancer.4 –7

Estimates of the lifetime ovarian cancer risk in women vary
from 22 to 51% for BRCA1 mutation carriers and from 4.1 to
18% for BRCA2 mutation carriers.6 Higher lifetime risks of
developing ovarian cancer have been reported in multiple case
families with breast and/or ovarian cancer and in Ashkenazi
Jewish women who are mutation carriers.4,5,7 It has been
shown that a pathogenic mutation in the BRCA1 or BRCA2
genes could be found in approximately 10% of all patients with
ovarian cancer,8 which indicates that no BRCA1/2 mutations
are identifiable in approximately 90% of patients with ovarian
cancer.

As BRCA1 and BRCA2 mutations are associated not only
with high ovarian cancer risks compared with the general pop-
ulation, but also with high risks of breast cancer,4 –7 it is impor-
tant to be able to select those patients who are likely to carry a
BRCA1/2 mutation to provide DNA testing. Results of these
tests are important not only for follow-up or surveillance strat-
egies for the patient herself, but also for her relatives, both
regarding breast cancer screening and possible preventive
strategies on breasts or ovaries. In the present study, 85 patients
with ovarian carcinoma unselected for age and family history
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of cancer were screened for the presence of BRCA1 and BRCA2
mutations. Our aim was to identify clinical or histopathologi-
cal factors or family characteristics that can predict whether a
patient with ovarian cancer is a carrier of a BRCA mutation.

PATIENTS AND METHODS
Patients

Patients with a primary diagnosis of epithelial ovarian can-
cer during the period of January 1999 to September 2003 were
included in this study. Every woman with a primary diagnosis
of ovarian cancer was asked to participate, but being diagnosed
with a borderline tumor was considered an exclusion criterion.
Eight different hospitals, all members of the Dutch Compre-
hensive Cancer Center West (IKW) and located in five cities in
the west of The Netherlands (Leiden, Den Haag, Zoetermeer,
Gouda, and Leidschendam) provided patients for this study.
All patients gave written informed consent. This study was
approved by the medical ethics committees of the participating
hospitals. The group of participants was compared with the
total population of the Dutch Comprehensive Cancer Center
West (IKW) registered in the same period, and no differences
in age, sex, and tumor characteristics were found. We may
therefore conclude that our cohort of women is a representa-
tive sample of all women diagnosed with ovarian cancer in the
same period.

Patient and tumor characteristics

As therapy, all patients underwent either a staging laparot-
omy according to the national guidelines or a debulking pro-
cedure, depending on the stage of disease. Surgical stage was
classified according to FIGO criteria.9 The epithelial tumors
were selected and classified following World Health Organiza-
tion guidelines: 1 � serous, 2 � mucinous, 3 � endometrioid,
4 � clear cell, 5 � undifferentiated, 6 � extra-ovarian. Patients
with unknown tumor type were excluded. After informed con-
sent, a blood sample was taken for DNA analysis. Information
concerning patient characteristics and family history of cancer
was collected by questionnaires. Information was gathered on
age at diagnosis, personal history of cancer, cancer among rel-
atives in the first- (parents, siblings, and children) and second-
degree (grandparents, siblings of the parents, and grandchil-
dren). If relatives had been diagnosed with cancer, their ages at
diagnoses were also determined if possible. If no information
was received on the presence of cancer in the family, the family
history was classified as being absent. The family history of
cancer was reported by the index patient only, without clinical
confirmation. DNA and tumor blocks of the index patients
were then analyzed.

Mutation scanning of BRCA1 and BRCA2

Genomic DNA was extracted from peripheral white blood
cells using a salting-out procedure.10 The entire coding se-
quences of BRCA1 and BRCA2 were investigated by confor-
mation-sensitive capillary electrophoresis (CSCE).11 Polymer-
ase chain reaction (PCR) fragments were designed to amplify

the coding exons plus 50 bp of intronic sequence at either end
of the exon. The maximal PCR fragment size was 400 bp, with
multiple fragments covering the larger exons with a minimum
of 100-bp overlap. One of the primers in each pair was labeled
with FAM, HEX, or NED fluorescent dye (Applied Biosys-
tems). The gene sequence of BRCA1 was divided into 31 PCR
fragments, and that of BRCA2 was divided into 48 fragments.
PCR products were analyzed on an ABI3100 automated se-
quencer under specified running conditions.11 The trace files
resulting from these runs were manually checked for the pres-
ence of aberrant peak patterns. In addition, all samples were
screened specifically for the presence of the two Dutch founder
gene rearrangements in BRCA1 by deletion junction PCR.12

When aberrant peak patterns were observed, the culprit gene
fragment was re-amplified and sequenced.

As part of the treatment policy, patients with a highly af-
fected family history were referred to the Department of Clin-
ical Genetics. For those patients (n � 5), mutation testing of
BRCA1 and BRCA2 was performed by the Laboratory of Clin-
ical Gene Analysis using a combination of full-sequence anal-
ysis and denaturing gradient gel electrophoresis, together cov-
ering the entire coding regions of both genes, and multiple
ligation-dependent probe amplification to detect large dele-
tions/duplications in BRCA1.13

Sequence traces were analyzed using Mutation Surveyor
2.02 (Soft Genetics Inc.) and Chromas software (Technely-
sium). The mutations found were compared with the Breast
Cancer Information Core (BIC) database and the Dutch mu-
tation database of the Department of Clinical Genetics, Leiden
University Medical Center.

The sensitivity of CSCE has been estimated to be approxi-
mately 80%.11 PCR failure rates averaged 10%; therefore, the
overall sensitivity of the entire mutation analysis procedure is
estimated at 72%.

Tumor tissue micro-array construction

The patient’s archival paraffin-embedded tumor blocks and
corresponding hematoxylin and eosin (H&E)-stained tissue
sections were collected from the participating hospitals. If tis-
sue sections were not available, fresh sections were cut from the
donor blocks and stained with H&E. The areas of highest tu-
mor density were selected on the respective H&E stained sec-
tions. Three tissue cores (0.6 mm in diameter) were punched
from the designated area using a biopsy needle and assembled
into the TMA.14,15

Immunohistochemistry

Immunohistochemical staining of the tumor tissue was per-
formed by using the streptavidin-biotin-peroxidase complex
method (DAKO, Glostrup, Denmark) with the heat-induced
antigen retrieval step. Control sections consisted of serial sec-
tions from the same blocks that were similarly processed dur-
ing the experiment. Counterstaining was performed with he-
matoxylin. Immunoreactivity of p53, HER-2/neu, and KI-67
was quantitatively estimated for intensity (1 � weak, 2 � nor-
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mal, 3 � strong) and for percentage of positive tumor cells
(1 � 0 –25%, 2 � 25–50%, 3 � 50 –75%, 4 � 75–100%).

Statistical analysis

Univariate analyses were performed using Pearson’s �2 tests
and Fisher’s exact test for the categorical variables and using t
tests for the continuous variables.

To determine factors or characteristics that may predict the
presence of a BRCA1/2 mutation, patients with pathogenic
mutation (PM) in BRCA1 or BRCA2 were compared with
those patients without such mutations (Comparison 1). As the
study population was relatively small, no difference was made
between carriers of a BRCA1 and carriers of a BRCA2 muta-
tion. As mutations of the unclassified variance (UV) type may
potentially be pathogenic, we re-performed the analyses com-
paring patients with a pathogenic mutation or an unclassified
variant in BRCA1/2 with patients without such mutations
(Comparison 2).

All characteristics that showed some association with muta-
tion status in the univariate analyses (P values �0.100) were
included into the multivariate stepwise logistic regression
analyses. In this way, two multivariate analyses were per-
formed.

Using the results of the multivariate regression analysis, we
developed a prediction test for the above-mentioned compar-
isons. Sensitivity, specificity, and positive and negative predic-
tive values of these tests were explored.

RESULTS
Patients

The study group consisted of 85 women diagnosed with
ovarian cancer. The characteristics of the patients are pre-
sented in Table 1. On average, the patients were 57.6 years (SD
11.0 yr; range, 29 – 83 yr) at diagnosis. Of all the patients, 17
women (20.0%) were younger than 50 years of age at diagnosis,
and 8 of these were younger than 40 years of age at diagnosis
(9.4% of total group). All women were Caucasian.

Patient and tumor characteristics

In six women, another tumor had been diagnosed previ-
ously or concurrently; three with breast cancer and three with
uterine/endometrioid cancer. Regarding the FIGO classifica-
tion of the tumors, 29 (34.1%) were classified as stage I, 12
(14.1%) as stage II, 38 (44.7%) as stage III, and 6 (7.1%) as
stage IV.

Tumors of all types were found (Table 1), but most were of
the serous type (n � 37; 43.5%), followed by the endometrioid
type (n � 22; 25.9%), then the mucinous type (n � 14; 16.5%).

Family history

In total, the 85 women reported 238 first- and second-de-
gree family members with any type of cancer (mean, 2.80;
range, 0 –11). Forty-six patients (54.1%) reported at least one
first-degree relative with cancer; 23 women (27.1%) had only
second-degree relatives with cancer. No relatives with cancer

were reported by only 16 women (18.8%). In total, 27 women
(31.8%) reported at least one first- or second-degree relative
with breast or ovarian cancer: 17 women (20.0%) had relatives
with breast cancer, 4 women (4.7%) had relatives with ovarian
cancer, and 6 women (7.1%) had relatives with breast cancer
and relatives with ovarian cancer. Almost three quarters of the
patients did not report relatives with breast or ovarian cancer
(n � 58; 68.2%).

Mutations in BRCA1 and BRCA2 genes

In the study group, five PMs (three in BRCA1 and two in
BRCA2) and six UVs (three in BRCA1 and three in BRCA2)
were identified (Table 2). In 36 women, no variations in the
BRCA1/2 genes were detected. In 35 patients, variations clas-
sified as polymorphisms were detected in the BRCA1/2 genes.
In three patients, no results of the DNA tests could be reported,
so these patients were excluded from these analyses. Taking the
sensitivity of the mutation analysis (72%) into account, one
might expect that the true mutation rate that could be found in
our study population should be seven PMs (8.5%) and eight
UVs (9.8%); i.e., five PMs divided by 72% makes seven PMs,
and six UVs divided by 72% makes eight UVs.

For analysis, the 5 patients with a PM were compared with
77 patients without such mutations. Additionally, the 11 pa-
tients with a PM or UV in BRCA1/2 were compared with the 71
patients without such mutations.

Prediction of mutation status

Comparison 1: pathogenic mutations versus
nonpathogenic mutations

We were unable to detect statistically significant associations
between the presence of a PM and age, FIGO staging, histolog-
ical type, or any of the tumor markers (p53, HER-2/neu, or
KI-67). Patients carrying a PM more often had a tumor of the
serous type compared with the patients without PMs (80.0%,
n � 4 vs. 41.6%, n � 32; P value 0.113), but this finding was not
statistically significant. Moreover, these patients never had a
tumor of the endometrioid histological type (0% vs. 27.3%;
P value not significant). Patients with a PM more often had a
personal history of breast cancer compared with patients with-
out a PM (P value 0.009). Regarding the family history of can-
cer, PM carriers more often had relatives with breast cancer
(60.0% vs. 22.1%; P value 0.091) and relatives with ovarian
cancer (40.0% vs. 9.1%; P value 0.090) compared with non-
carriers, but this was not statistically significant. PM carriers
more often had three or more relatives with breast or ovarian
cancer (40.0% vs. 3.9%, P value 0.028).

We found that the combination of four variables [i.e., a per-
sonal history of breast cancer (yes � 2, no � 0), breast cancer
in the family (yes � 1, no � 0), ovarian cancer in the family
(yes � 1, no � 0), and uterine/endometrioid cancer among
first-degree relatives (yes � 2, no � 0)] could best predict the
presence of a PM. Using a cutoff point of 2, this combination
led to a sensitivity of 80% (four of five mutation carriers would
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Table 1
Characteristics of patients with ovarian cancer unselected for age or family history of cancer

All PM non-PM PM or UV non-PM/UV
Nmax � 85 Nmax � 5 Nmax � 77 P value Nmax � 11 Nmax � 71 P value

Patient characteristics
Age at diagnosis (yr)

Mean (SD) 57.6 (11.0) 61.9 (4.7) 57.1 (11.3) NS 51.8 (13.1) 58.2 (10.6) �0.10
�50 yr 17 (20.0) 0 (0.0) 17 (22.1) NS 4 (36.4) 13 (18.3) NS

Tumor characteristics

FIGO stage

I 29 (34.1) 1 (20.0) 27 (35.1) NS 5 (45.5) 23 (32.4) NS
II 12 (14.1) 0 (0.0) 12 (15.6) 0 (0.0) 12 (16.9)
III 38 (44.7) 3 (60.0) 33 (42.9) 5 (45.5) 31 (43.7)
IV 6 (7.1) 1 (20.0) 5 (6.5) 1 (9.1) 5 (7.0)

Tumor type

Serous 37 (43.5) 4 (80.0) 32 (41.6) NS 6 (54.5) 30 (42.3) NS
Mucinous 14 (16.5) 0 (0.0) 13 (16.9) 3 (27.3) 10 (14.1)
Endometrioid 22 (25.9) 0 (0.0) 21 (27.3) 0 (0.0) 21 (29.6)
Clear cell 4 (4.7) 0 (0.0) 4 (5.2) 1 (9.1) 3 (4.2)
Undifferentiated 3 (3.5) 0 (0.0) 3 (3.9) 0 (0.0) 3 (4.2)
Extraovarian 5 (5.9) 1 (20.0) 4 (5.2) 1 (9.1) 4 (5.6)

Marker: p53

Mean (SD) 5.13 (2.01) 6.05 (1.71) 5.01 (2.04) NS 5.19 (2.08) 5.06 (2.04) NS
Her-2/Neu

Mean (SD) 5.55 (0.90) 5.83 (0.24) 5.54 (0.94) NS 5.81 (0.56) 5.52 (0.96) NS
KI-67

Mean (SD) 4.74 (1.17) 5.59 (1.44) 4.69 (1.16) NS 4.89 (1.32) 4.72 (1.17) NS
KI-67-cells

Mean (SD) 1.86 (0.99) 2.59 (1.44) 1.82 (0.97) NS 2.00 (1.18) 1.85 (0.98) NS
Personal history

Cancer

Yes 6 (7.1) 2 (40.0) 4 (5.2) �0.05 2 (18.2) 4 (5.6) NS
Breast cancer

Yes 3 (3.5) 2 (40.0) 1 (1.3) �0.01 2 (18.2) 1 (1.4) �0.05
Family history

Cancer

Mean (SD) 2.80 (2.51) 4.80 (3.49) 2.53 (2.33) �0.05 3.82 (2.89) 2.49 (2.35) �0.10
Cancer

Yes 69 (81.2) 4 (80.0) 62 (80.5) NS 9 (81.8) 57 (80.3) NS
Breast cancer

Mean (SD) 0.41 (0.78) 1.40 (1.52) 0.30 (0.63) �0.001 1.18 (1.33) 0.24 (0.52) �0.05
Breast cancer

Yes 23 (27.1) 3 (60.0) 17 (22.1) �0.10 6 (54.5) 14 (19.7) �0.05
Ovarian cancer

Mean (SD) 0.14 (0.41) 0.40 (0.55) 0.10 (0.35) NS 0.18 (0.41) 0.11 (0.36) NS
Ovarian cancer

Yes 10 (11.8) 2 (40.0) 7 (9.1) �0.10 2 (18.2) 7 (9.9) NS
Breast or ovarian cancer

Yes 27 (31.8) 3 (60.0) 21 (27.3) NS 6 (54.5) 18 (25.4) �0.10
Breast or ovarian or

uterine/endometrioid
cancer

Yes 36 (42.4) 4 (80.0) 29 (37.7) �0.10 7 (63.6) 26 (36.6) �0.10
Breast and prostate cancer

Yes 8 (9.4) 1 (20.0) 6 (7.8) NS 2 (18.2) 5 (7.0) NS

N � 85.
Values are n (%) unless stated otherwise.
Nmax, maximum number of patients; PM, pathogenic mutation BRCA1/2; UV, unclassified variant mutation BRCA1/2; NS, not statistically significant (P � 0.100).
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be found) and a specificity of 91% (70 of the 77 non-carriers
would not be selected for genetic testing) (Table 3). These data
show that a patient with a positive test outcome is 25 times
more likely to be carrying a PM compared with patients with a
negative test outcome (4 of 11 vs. 1 of 70). These data show
that, given a negative test outcome, the patient is unlikely to be
a mutation carrier (i.e., 1 of 70, thus 1.4%).

Comparison 2: pathogenic mutations and unclassified
variants versus non-carriers

Associations between the presence of a PM or UV and all
characteristics are shown in Table 1.

The combination of three variables [i.e., a personal history
of breast cancer (yes � 1; no � 0), the presence of breast cancer
in the family (yes � 1; no � 0), and a diagnosis age of 40 years
or younger (yes � 1; no � 0)] could best predict the presence
of a PM or UV. This combination led to a sensitivity of 82% (9
of 11 PM/UV carriers would be found) and a specificity of 80%
(57 of the 71 non-carriers would not be selected for genetic
testing) (Table 3). These data show that a patient with a posi-
tive outcome on this second test is almost 12 times more likely
to be carrying a PM or UV compared with patients with a
negative test outcome (9 of 23 vs. 2 of 59). These data also show
that, given a negative test outcome, a patient is unlikely to be a
carrier of a PM or UV (i.e., 2 of 59, thus 3.4%).

DISCUSSION

In this article, we describe a hospital-based cohort of pa-
tients with ovarian cancer unselected for age or family history.
We present characteristics of these patients and of their fami-
lies that are associated with the presence of mutations in the
BRCA1/2 genes. We found that a personal history of breast
cancer and the presence of breast and ovarian cancer or uter-
ine/endometrioid cancer in the family are highly predictive of
the presence of a PM, whereas a personal history of family
history of breast cancer or young age at diagnosis was highly
predictive for the presence of a PM or an UV in the BRCA1/2
genes. Although these characteristics are predictive for the
presence of BRCA1/2 mutations, it always remains a possibility
that a patient can have no personal or familial characteristics
associated with BRCA1/2 mutations and still carry such a PM
or UV. However, when the outcomes of the presented predic-
tion tests are negative, it is unlikely that the patient is a carrier
of a pathogenic mutation or UV in BRCA1/2 (varying from 1.4
to 3.4%).

We found that 6.1% (n � 5) of our patients were carriers of
a PM in the BRCA1/2 genes. The frequency of PMs in BRCA1
(n � 3; 3.7%) was higher than in BRCA2 (n � 2; 2.4%). A
difference in mutation prevalence is to be expected when look-
ing at the penetrance of ovarian cancer of pathogenic muta-
tions in BRCA1 versus BRCA2.6 In addition, we identified six

Table 2
Mutations found in the BRCA1 and BRCA2 genes

Exon/intron NT changea
Amino acid

change Variation type

BRCA1

Pathogenic mutation

11b 2138delA Frameshift

11 2804delAA Frameshift

Unclassified variant

8 655A�G Y179C Missense

11 3238G�A S1040N Missense

14 IVS13-10C�T Intronic variation

BRCA2

Pathogenic mutation

11 6648insA Frameshift

11 6785C�A S2186X Nonsense

Unclassified variant

18 8369A�G Q2714R Missense

18 8415G�T K2729N Missense

22 9079G�A A2951T Missense

NT, nucleotide change.
aAccording to the BIC nomenclature.
bThis mutation was identified twice in this study.

Table 3
Sensitivity, specificity, and positive and negative predictive values of combinations of variables to predict the presence or absence of a mutation

Prediction variables Cutoff value Se Sp PPV NPV

Comparison1: PM vs. non-PM Personal history of BC (yes � 2; no � 0) 2 or more 80% 91% 36% 99%

Presence of BC in family (yes � 1; no � 0)

Presence of OV in family (yes � 1; no � 0)

Presence of UT in first-degree relatives (yes � 2; no � 0)

Comparison 2: PM or UV vs.
non-PM/UV

Personal history of BC (yes � 1; no � 0) 1 or more 82% 80% 39% 97%

Presence of BC in family (yes � 1; no � 0)

Diagnosis age �40 yrs (yes � 1; no � 0)

N � 85.
PM, pathogenic mutation in BRCA1/2; UV, unclassified variant mutation in BRCA1/2; Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative
predictive value; BC, breast cancer; OV, ovarian cancer; UT, uterine/endometrioid cancer.
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UVs (three in BRCA1 and three in BRCA2), of which the rela-
tion with disease risk is unclear.

The mutation frequency of 6.1% for BRCA1/2 as identified
in our study seems to be an underestimation. This low estimate
is probably the result of the failure of the mutation screening of
some gene fragments and the sensitivity of the techniques. As
the sensitivity of CSCE has been estimated to be approximately
80%11 and the PCR failure rates were on average 10%, this
frequency should be approximately 8.5%. Furthermore, it
might be that some of the detected mutations, which were
classified as UV or polymorphisms, are of clinical relevance as
well. A meta-analysis of six studies16 –21 of an unselected series
of ovarian cancers indicated that 5.7% (70 of 1236) of all ovar-
ian cancers are associated with germline mutations of BRCA1,
whereas four such studies20 –23 indicated that 3.8% (28 of 738)
of all ovarian cancers are associated with germline mutations
in BRCA2.8 Our finding of an estimated mutation frequency of
8.5% is in the range of this meta-analysis. However, the com-
bined figure of 9.5% of the meta-analysis is likely to be an
underestimate, as all of the included studies utilized indirect
methods for mutation screening.8 This may be a problem in
the current study as well. In more recent studies, higher muta-
tion frequencies were found.6,24,25 Moreover, in our study, un-
der-reporting of mutation frequency may have taken place.
For instance, no DNA test results were available for three pa-
tients. These three patients all reported a family history of
breast cancer; one also a family history of ovarian cancer but no
personal history of cancer or family histories of uterine/endo-
metrioid cancer. Based on our own prediction model, one of
these three patients should receive BRCA mutation scanning,
leading to a 36% chance of finding a PM.

The mean age at diagnosis of our patients ranged from 29 to
83 years, with a mean of 57.6 years. This is comparable to other
studies.26 –28 The carriers of a PM had a slightly higher age at
diagnosis compared with the non-carriers (61.9 vs. 57.1 yr),
but this difference was not statistically significant. Similar re-
sults have been reported in previous studies, showing that the
mean age of onset for ovarian cancer was comparable in mu-
tation-positive and -negative families.21,29,30 Others have re-
ported a younger age at diagnosis for BRCA1 mutation fami-
lies, compared with families without a mutation, whereas no
difference was found for BRCA2 mutation carriers.31 In our
cohort, patients carrying an UV were significantly younger at
diagnosis compared with all other patients (43.4 vs. 58.5 yr,
P � 0.001).

We were unable to find any association between mutation
status and the expression of tumor markers such as p53,
Her2neu, and K-67. This result is comparable to those of pre-
vious studies.8,32 we also found no associations between FIGO
stage or histological type and mutation status, although most
PM carriers had a tumor of the serous type (80%). Previous
studies have reported that no mucinous tumors were found in
BRCA mutation-positive families.21,33 Others, however, found
some carriers of BRCA1/2 mutations to be diagnosed with mu-
cinous tumors.34 We found that 14 patients had a mucinous
tumor; 3 of these patients were carriers of UVs in BRCA1 or

BRCA2, but no patients with a mucinous tumor type were
found to be PM carriers.

We found that the presence of breast and/or ovarian cancer
clearly differed between the families of carrier and non-carri-
ers, especially for breast cancer. The average number of first-
and second-degree relatives with ovarian cancer was 0.40 for
carriers of a PM and 0.10 for the patients without such muta-
tions. The average number of relatives with breast cancer was
1.40 for PM carriers, 1.18 for PM/UV carriers, and 0.24 for the
remaining patients. From the literature, it is known that the
extent of family history of ovarian and breast cancer is strongly
predictive of a BRCA mutation,26,35 which is in line with our
PM prediction test. Studies have reported that no PMs were
detected among patients who reported only one first- or sec-
ond-degree relative with ovarian cancer.36 A large English fol-
low-up study reported the ovarian cancer relative risk for fam-
ilies with more than two cases of ovarian cancer in the first
degree to be 17.60 compared with the two-case only families.37

Furthermore, it has been proposed that testing for predispos-
ing mutations is likely to be justified for any family in which
two or more close relatives have epithelial ovarian cancer.38 In
our population, however, ovarian cancer was not always
present in the family of PM carriers. Our results show that a
positive family history of breast cancer, ovarian cancer, or uter-
ine/endometrioid cancer or a personal history of breast cancer
is a good predictor for the presence of a BRCA pathogenic
mutation. It must be noted, however, that the reported diag-
nosis of uterine/endometrioid cancer in relatives of the index
patients may be cases of misclassified ovarian cancer, as the
family history was only reported by the index patient without
clinical confirmation.

Mutations in the BRCA1/2 genes predispose women to he-
reditary breast and ovarian cancer syndrome and increase the
lifetime risk of developing breast and/or ovarian cancer.4 –7 It is
estimated that at least 10% of all epithelial ovarian cancers are
hereditary, with the BRCA genes contributing to at least 90%
of these cases and small percentages attributable to other genes,
like HNPCC39 and perhaps a yet to be discovered susceptibility
gene.8 As germline BRCA1/2 mutations are relatively uncom-
mon among patients with ovarian cancer in the general popu-
lation, it is very important to identify risk factors that can pre-
dict the likelihood of finding these mutations to identify
mutation carriers. These actions should be undertaken to
counsel mutation carriers and their high-risk family members
adequately and to offer DNA testing and surveillance to family
members.26,40 In this study, we propose a mutation prediction
test to identify those patients with a high probability of carry-
ing a pathogenic mutation or unclassified variant in the
BRCA1/2 genes (Table 3): a combined family history of breast
and ovarian cancer, or uterine/endometrioid cancer in first-
degree relatives, or a personal history of breast cancer provides
an 80% sensitivity of the presence of a pathogenic BRCA1/2
mutation. To be able to use the presented tests, it is necessary to
ask each patient for a complete cancer family history.

In summary, BRCA1 and BRCA2 germline mutations were
detected in 6.1% of the patients with ovarian cancer in this

Jacobi et al.
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study population, which is estimated to reflect a frequency of
8.5%. Because ovarian cancer is a serious disease and DNA
testing of all ovarian cancer patients is not cost-effective, it is
important to identify those women who have a high probabil-
ity of carrying a pathogenic BRCA1 or BRCA2 mutation. To
identify these patients, it is necessary to ask for a complete
cancer family history from every ovarian cancer patient. If the
patient has a personal history of breast cancer, or if she has
relatives with both breast and with ovarian cancer, or if she has
first-degree relatives with uterine/endometrioid cancer, she
should be offered DNA testing of BRCA1/2 mutations. When
studying a patient’s family history, it should be remembered
that ovarian cancer in combination with other tumors, such as
colon cancer, may suggest the presence of other types of mu-
tations, such as HNPCC.
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