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cancer risks conferred by the two high-risk genes BRCA1 and BRCA2 using the maximum
likelihood method. The focus of this thesis is to examine the variation in breast and
ovarian cancer risks found within and between BRCA1/2 families in the Netherlands
(HEBON study), and to examine in an international study whether hormonal risk factors
modify these risks among women carrying a mutation in BRCA1 or BRCA2 (IBCCS study).
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General introduction
Breast cancer is the most common malignancy in women in developed countries. In the
Netherlands approximately 13,000 new cases are diagnosed each year 1 .This makes the
incidence of breast cancer in the Netherlands among the highest in Europe, affecting one
in eight females (12%) during their lifetime. The incidence of breast cancer has increased
substantially in the past 30-40 years, while breast cancer mortality rates began to decline
around the nineties. Breast cancer is, however, the most common cause of death for women
aged between 35 and 50 years and the Netherlands is among the countries with the
highest breast cancer mortality rate in Europe. Ovarian cancer is the most frequent cause of
death from gynaecological malignancies in the Western world. In the Netherlands the
incidence shows a slight decline after 1992 2 and the estimated cumulative risk is 1.5% at
age 75. But with a five-year survival of 25-35% the prognosis of this malignancy is poor.

I 9

Altogether, it appears that the known high-risk genes can only account for less than 20–
25% of the familial clustering of breast cancer 22;25 . The residual genetic variance is likely
to be due to rare variants in DNA repair genes conferring moderate risks (denoted as
moderate risk genes such as CHEK2 26 , ATM 27 , PALB2 28;29 or BRIP1 30;31 ), or common variants
associated with a low risk increase (denoted as low risk genes), as depicted in Figure 1.

Relative risk

10
Breast and ovarian cancer are complex or multifactorial diseases with both genetic and
environmental factors involved in the development of the diseases. Although hormonal and
lifestyle risk factors for breast and ovarian cancer have been identified as major contributors to the diseases, having a family history of breast or ovarian cancers is one of the
strongest risk factors 3 . Familial clustering of breast and/or ovarian cancer indicated that
these malignancies have a strong genetic component. In 1994 and 1995, two major genes
for breast and ovarian cancer, BRCA1 and BRCA2 were identified 4;5 . Mutations in these genes
confer increased risks of breast and ovarian cancer, but risks have been found to vary across
studies and populations. Therefore, the main focus of this thesis is to quantify the variation
in cancer risks found within and between BRCA1 and BRCA2 families, and to evaluate the
determinants of the variation in risks. In the introduction the major features of BRCA1 and
BRCA2 are described and the heterogeneity of risk reviewed.
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Genetic susceptibility to breast and ovarian cancer
Breast cancer has long been recognized as running in families 6;7 and having a positive
family history of breast and/or ovarian cancer is one of the strongest risk factors for the
disease 8-10 . However, since breast cancer is a common disease, familial clustering of breast
cancer may still occur either by chance only, or by shared hormonal and lifestyle factors.
First-degree relatives of breast cancer patients have an estimated two-fold increased risk of
breast cancer 3;11 . The risk increases with increasing number of affected relatives and lower
ages at diagnosis 3;10-13 and most of these excess familial breast cancer risks are likely to be
caused by genetic factors rather than shared environment 14;15 .
Hereditary breast cancer has been characterized by an early age of onset, bilateral breast
cancer, and the presence of breast and/or ovarian cancer in multiple generations transmitted in an autosomal dominant pattern 12;16-18 . Linkage studies using multiple-case families
have led to the identification of several susceptibility high-risk genes, including BRCA1,
BRCA2, TP53 (Li-Fraumeni syndrome) and PTEN (Cowden syndrome). However, mutations in
these genes are rare, and account for less that 5-10% of breast cancer in the general
population 11;19 . Genetic linkage studies in families have indicated that it is unlikely that
other high risk genes will be found 20;21 . This has led to the hypothesis that susceptibility to
breast cancer is polygenic, thus driven by many different genetic variants 22-24 .

1%

30%

50%

Risk allele frequency

Figure 1. Breast cancer susceptibility loci according to the approximate magnitude of their
associated relative risk (per risk allele) and frequency of the risk allele in the general population
(adapted from Clin Cancer Res. 2008; 14(24): 8000–8009)

The major genes BRCA1 and BRCA2
In 1993 and 1994 the BRCA1 and BRCA2 susceptibility genes for breast cancer were
mapped through genetic linkage to chromosome 17q12-21 and 13q12-13 and subsequently
identified by positional cloning methods 4;5;32-36 . BRCA1 has been found to contain 24 exons
that encode a protein of 1,863 amino acids. BRCA2 is a large gene with 27 exons that encode a protein of 3,418 amino acids. Both BRCA1 and BRCA2 have a large exon 11 and translational start site is located in exon 2. BRCA1 and BRCA2 appear to act as tumor suppressor
genes according to the Knudson’s two-hit model for carcinogenesis 37 . According to this
model, the first hit would be a germline mutation in familial cancers and a somatic mutation in sporadic cancers. The second hit would be a loss of the wild-type allele in both cases.
Several studies have shown that BRCA1 and BRCA2 are very rarely mutated in sporadic
breast cancer 38-42 . However, there is increasing evidence that down-regulation of BRCA1
protein expression may play a role in sporadic breast and ovarian tumors, which may result
from methylation of the gene 43-45 . It has been estimated that approximately 10% to 15%
of the sporadic breast cancers have BRCA1 promoter methylation. While targeted therapies
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have been suggested for tumors with loss of BRCA1 or BRCA2 protein expression 46 . As tumor
suppressor genes, BRCA1 and BRCA2 appear to be involved in important cell functions, including homologous DNA repair, genomic stability, transcriptional regulation, and cell cycle
control 47;48 .
In the international Breast Cancer Mutation Data Base (BIC) approximately 2,000 distinct
mutations and sequence variations in BRCA1 and BRCA2 have been described 49 . In the
Netherlands at least 89 distinct BRCA1 and BRCA2 mutations are reported, of which at least
45% are recurrent or founder mutations (this thesis). The majority of the deleterious mutations are frameshift mutations, nonsense base substitutions, or splice-site mutations leading to a prematurely truncated protein and/or loss of important functional domains of the
gene. In addition, large genomic alterations such as translocations, inversions, or large deletions or insertions are reported 50;51 . For recurrent mutations unique population-specific
founder mutations were determined 52;53 . In Ashkenazi Jews two common founder mutations in BRCA1 (185delAG and 5382insC) and one in BRCA2 mutation (6174delT) have been
reported 54 . Other known founder mutations are the Icelandic BRCA2 mutation (999del5) accounting for nearly all hereditary breast cancer in this population 55 , and the BRCA1 545236del510 and 2804delAA mutations in the Netherlands 56-58 . These common founder
mutations are important for effective testing and increase the likelihood of having a BRCA
mutation from one in 400 to 800 individuals (coinciding with an allele frequency between
0.002 and 0.0005) in the general population to 1 to 40 among Ashkenazi Jews 59;60 . Besides
founder populations, familial, personal and tumor characteristics influence the
likelihood of having a BRCA mutation, including having breast cancer diagnosed at an early
age, bilateral or male breast cancer, having triple negative breast tumors (breast cancer
that does not express the genes for estrogen-receptor (ER), progesterone-receptor (PR) or
Human Epidermal Growth Factor Receptor 2 (HER-2) and the number of breast and/or ovarian cancer cases in the family 61-63 . In the early years of testing (1997-2005), in 20-25% of
all probands who underwent genetic testing, a disease-causing mutation was detected.
Nowadays this proportion is less than 16%, illustrating that criteria for testing have broadened over the years. Thus, the majority of the probands will receive an inconclusive test result 64 . These families will be defined as non-BRCA1/2 families. It has been
estimated that 10-15% of these families have a variant of unknown significance in BRCA1
or BRCA2 65- 67 . For genetic practice, it is now a challenge to accurately counsel BRCA1
mutation carriers, BRCA2 mutation carriers, the probands of non-BRCA1/2 families and
probands carrying a variant of unknown significance.
Tumor characteristics associated with BRCA1/2 mutations
Breast cancer is a heterogeneous disease with distinct tumor subtypes. The classification of
these subtypes are important, because they may reflect differences in etiology and have the
potential to improve predictive genetic testing, better predict prognosis and response to
therapy 67-71 . Evidence suggests that BRCA1-associated breast cancers have specific pathological and biological characteristics including higher frequencies of medullary histology,
high histologic grade, high mitotic index, and frequent TP53 mutations 72-79 . Furthermore, it
appears that BRCA1 breast tumors are more often estrogen-receptor (ER) negative (65%),
progesterone-receptor (PR) negative (79%) and HER2-neu negative (97%) 70;76;80;81 . In contrast, BRCA2-associated breast tumors tend to be ER- and PR-positive and HER2-neu negative. So far, there is inconclusive evidence for differences in clinical outcome and overall
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survival between BRCA1 and BRCA2 associated breast cancer and sporadic breast cancer
(van den Broek and Schmidt et al, submitted) 72;82;83 .
In a large collaborative study of the Breast Cancer Linkage Consortium (BCLC), the histopathological features of ovarian cancers in BRCA1/2 mutation carriers were compared to
age-matched population-based ovarian cancers. The BRCA1/2 tumors were more likely to
be invasive serous adenocarcinomas and unlikely to be borderline or mucinous tumors.
Tumors in BRCA1 carriers were of higher grade, had a higher percentage solid component,
indicating poor differentiation, and a higher frequency of strong p53 staining. The distribution of pathological features in BRCA2 carriers was similar to that in BRCA1 carriers 84 .
Breast and ovarian cancer risks in BRCA1/2 mutation carriers
Numerous studies have estimated breast and ovarian cancer penetrance in BRCA1 and BRCA2
mutation carriers. Initial studies, based on multiple-case families selected by the Breast
Cancer Linkage Consortium (BCLC) to identify high-risk loci 34;85-87 , found cumulative risks
up to age 70 of 85% for BRCA1 and 84% for BRCA2 mutation carriers 34;88;89 .
Lower risk estimates were obtained from the meta-analysis of 22 population-based studies
with index cases unselected for family history (65% for BRCA1 and 45% for BRCA2) 90 . In a
subsequent meta-analysis Chen et al. reported cumulative breast cancer risks to age 70 of
57% for BRCA1 and 49% for BRCA2 mutation carriers 91 . The reported cumulative risks of
ovarian cancer by age 70 varies between 30-60% for BRCA1 and 5-20% for BRCA2 mutation
carriers. Although the relative risks (RR) of breast cancer decline with age more in BRCA1
than in BRCA2 mutation carriers 90 , the lifetime risks of both breast and ovarian cancer are
consistently estimated to be higher in BRCA1 than in BRCA2 mutation carriers. The variation
in risks hampers the counselling of individual BRCA1/2 carriers. Therefore, the focus of this
thesis is to quantify the variation in cancer risks found within and between BRCA1 and
BRCA2 families in the Netherlands, representing a population with a large proportion of
founder mutations.
Variation in cancer risks in BRCA1/2 mutation carriers
The wide range in penetrances found between and within BRCA1 and BRCA2 families
relates to methodological issues, such as differences in study design, study populations
(including mutation frequencies, mutation spectrum, family histories), or real determinants
such as genetic or non-genetic risk factors. Segregation analysis among breast cancer
families demonstrated that the familial aggregation of breast cancer can be adequately
explained by the effects of BRCA1, BRCA2 and a polygenic component 23;92 . This model
allows for a component that includes unknown genetic and non-genetic factors. It shows
that family history determines the extent of the risk of BRCA1/2 mutation carriers due to
shared genes and/or non-genetic factors, which was also suggested by others 23;93-96 .
In addition, among mutation carriers breast cancer risks may increase with more recent
birth cohorts 90;97;98 . This may reflect changes in the hormonal/lifestyle risk factors-profile,
though part of this difference may be due to screening. Altogether these observations
indicate that cancer risks in BRCA1 and BRCA2 mutation carriers are modified by genetic or
non-genetic factors or both. An important aim of this thesis is to examine the impact of
family history and birth cohort effects on the penetrance of breast and ovarian cancer, and
to examine whether established hormonal/lifestyle risk factors modify cancer risks in
BRCA1/2 mutation carriers.
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Genotype-phenotype correlations
Genotype-phenotype correlation studies have been performed to examine whether the
location of the mutation in BRCA1 and BRCA2 is associated with differences in cancer risks.
In studies conducted by the BCLC significant genotype-phenotype correlations have been
identified in both BRCA1 and BRCA2 families. In the BRCA2 gene, an ovarian cancer cluster
region in exon 11 between nucleotides 3,035 and 6,629 was identified 99 . Mutations within
this region were found to be associated with an increased risk of ovarian cancer and a
decreased risk of breast cancer as compared to mutations outside this region 100 . A lower risk
of breast cancer was also found in BRCA1 families for mutations in the central region
(nucleotides 2,401–4,190). However, the ovarian cancer risk was significantly reduced for
mutations localized at the 3’ of the gene 101 . To date, these results are not confirmed by
others and are not used for genetic counselling. In this thesis these genotype-phenotype
correlations were further examined in the Dutch BRCA1 and BRCA2 families.
Genetic modifiers
In 1995 the HRAS gene was identified as the first potential genetic modifier of ovarian
cancer risk among BRCA1 mutation carriers 102 . With association studies and genotyping of
large numbers of cancer cases and controls, single nucleotide polymorphisms (SNPs) could
be identified as potential susceptibility loci for breast cancer. First, the candidate gene
approach was used to identify a limited numbers of moderate risk genes (CHEK2, ATM, PALB2
or BIRP2) 103 . Subsequent genome wide scans provided the possibility to type many SNPs
simultaneously and to evaluate associations without prior knowledge of location or function
(GWAS) 104 . The international Breast Cancer Association Consortium (BCAC) identified several
common genetic variants conferring low risks of breast cancer in the general population
(minor-allele frequency (MAF)>0.13 and per allele odds ratio or OR<1.30) with clear statistical evidence (P<10 -7 ) (see Figure 1) 22;24;105;106 . It appeared that many of these SNPs were
stronger associated with ER positive than ER negative breast cancer tumors, suggesting that
several of these loci predispose to specific subtypes of breast cancer 107 . However, in a predictive model for risk of breast cancer in the general population the contribution of the
common variants still proved to be limited when established hormonal or lifestyle factors
were taken into account 108 . The Consortium of Investigators of Modifiers of BRCA1/2
(CIMBA) found evidence that some common low risk variants were associated with breast
cancer risk in BRCA1 and/or BRCA2 mutation carriers such as RAD51 109 , CASP8 110 ,
TOX3/TNRC9 111 , 2q35 107 , 8q24 107 . Thus a start has been made to unravel the polygenic
factor.
Non-genetic modifiers
Breast and ovarian cancer have a gonadal hormone-related etiology. Most of the established
hormonal/lifestyle risk factors in the general population are associated with the exposure
to endogenous and exogenous gonadal hormones. An overview of the established nongenetic risk factors of breast and ovarian cancers in the general population are listed in
Table 1. An important question is whether these established hormonal/lifestyle risk factors
also modify cancer risks in BRCA1/2 mutation carriers. The International BRCA1/2 mutation
Carriers Cohort Study (IBCCS) and others found that a younger age at menarche and later age
at menopause may increase the risk of breast cancer in BRCA1/2 carriers as they do in the
general population 112-114 .
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Table 1. Established risk factors for breast and ovarian cancer in the general population.

Risk factor

Breast cancer
Relative risk

Ovarian cancer
Relative risk

Number of first-degree family members
with breast cancer
1
2
3
Bilateral salpingo oophorectomy
Number of children, per child
Age at menarche, >13 y
Age at menopause, >54 versus <45 years
Mammographic density, >75% versus <25%
Personal history of breast cancer
Duration of breastfeeding, per 12 months
Age at first birth first child, per year earlier than 30y
Use of oral contraceptives, current use versus never
Use of HRT, current use (> 5 year) versus no use
Use of DES, ever versus never
Tubal ligation (yes versus no)
Alcohol consumption, per glass/day
Ionizing radiation, > 38 versus < 4 Gy
Physical activity, per hour/week
Overweight; postmenopausal breast cancer,
BMI > 25 versus BMI 20-24 kg/m2
Adult body weight change per 5 kg increase
eight, > 1.70 m versus < 1.70 m

1.8
2.9
3.9
0.50-0.80
0.93
1.2
2.0
3.0-4.0
2.0-5.0
0.95
0.97
1.24
1.35
1.3
0.63
1.08
3.5
0.92-0.97
1.3-1.4
1.08
1.20-1.25

0.10
0.81

0.73
0.64
1.5

1.2-1.3

Modified with permission from chapter 2 of Wobbes Th, Nortier JWR & Koning CCe. Mammacarcinoom 2007;
De Tijdstroom, Utrecht.

Having more children was found to be protective 112;115;116 , while breast feeding and a
younger age at first full pregnancy may reduce the risk of breast cancer in mutation carriers.
However, findings on these reproductive risk factors are not consistent due to methodological differences between the studies and low power in most studies 117;118 . The IBCCS study
reported that BRCA1/2 mutation carriers were found to have increased risks of breast
cancer after diagnostic ionizing radiation at a young age 119;120 . Lifestyle factors such as
smoking 121 , elevated physical activity 122 , low mammographic density 123 and low/normal
body weight after menopause, seem to decrease the risk of breast cancer 124 . Among both
BRCA1 and BRCA2 mutation carriers a significant reduction in breast and ovarian cancer has
been found after bilateral salpingo oophorectomy 125-127 . This observation suggests that hormones influence the risk of breast cancer, despite the fact that BRCA1 tumors are predominantly estrogen-receptor negative. Several studies on BRCA1 mutation carriers reported that
the use of oral contraceptives reduced the risk of ovarian cancer with increasing duration of
use further reducing the risk 128-130 . For use of oral contraceptives and the risk of breast cancer findings are inconsistent. Some studies reported an increased risk of breast cancer after
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oral contraceptive use, but others did not observe such an association 131-135 . Studies on the
effect of hormone replacement therapy among BRCA1/2 mutation carriers are scarce. A first
study showed an inverse effect of HRT use on the risk of breast cancer among natural
menopausal female BRCA1 mutation carriers 136 . However, this protective effect was not
reported by others. An important aim of this thesis is to examine the use of oral contraceptives and hormonal replacement therapy as potential hormonal risk modifiers of breast
cancer risk among BRCA1/2 mutation carriers.
Risks for cancers other than breast or ovary
The first BCLC studies investigating risks of cancers other than breast and ovarian cancer,
reported that BRCA1/2 mutations confer increased risks of cancers at other sites as
well 87;137 . BRCA1 mutations have been associated with an increased risk of pancreatic,
uterus, cervical and prostate cancer at a young age 137 . BRCA2 mutations have been
associated with a wider tumor spectrum with particularly increased risks found for prostate
and pancreatic cancer 87 . Other cancers associated with BRCA2 mutations include melanoma,
bile duct cancers, gall bladder, stomach and head and neck cancers. Male breast cancer has
also been associated with BRCA mutations, particularly with mutations in BRCA2 138 .
Overall, risk estimates for other cancers appeared to be modest, but further studies are
necessary.
Study design and population
This thesis is based on studies conducted in female BRCA1/2 mutation carriers
within the framework of the HEBON study (Hereditary Breast and Ovarian cancer study the
Netherlands), and the International BRCA1/2 Carrier Cohort Study (IBCCS).
HEBON study design and population
The HEBON study is an ongoing nationwide retrospective cohort study with a prospective
follow-up among members of all families with a BRCA1/2 mutation, who were tested after
genetic counselling in the Netherlands. The HEBON study was initiated in 1998 by the
Departments of Epidemiology and Pathology of the Netherlands Cancer Institute which is a
collaborative study of all Clinical Genetic Centers of the nine Academic Medical Centers in
the Netherlands and the Foundation for the Detection of Hereditary tumours (STOET).
Figure 2 depicts the timeline of the HEBON and IBCCS study. The general purpose of the
original study was to investigate gene-environment interactions in BRCA1/2 and nonBRCA1/2 families with breast and/or ovarian cancer, i.e., to examine the separate and joint
effects of distinct breast cancer predisposing genes and epidemiologic risk factors on the
age-specific risks of breast and ovarian cancer.

Figure 2. Timeline of the HEBON and IBCCS studies
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To estimate cancers risks, a nationwide registry of families was initially created including
both BRCA1/2 and non-BRCA1/2 typed families through the ten centres. Full pedigree
information was collected including dates of birth and death, dates of genetic counselling,
dates and types of cancer diagnoses, confirmation by pathology report, dates and types of
prophylactic surgery, mutation carrying status (carrier, non-carrier, not tested), type of mutation and date of testing. In addition, coded identifiers were collected to link with databases such as the Netherlands Pathology Database (PALGA), the Netherlands Cancer Registry
for information on cancer history, and prophylactic surgery (PALGA), and municipal
registries for information on deaths (see Chapter 2, 3 and 4). After approval of all medical
ethics committees of the participating centres in 1998, family members of high risk
families were invited to participate in the study. Female family members were eligible if
they met the following criteria: (a) no personal history of breast and/or ovarian cancer at
January 1, 1960, or born after 1960; (b) first- or second-degree relative of an individual
diagnosed with breast and/or ovarian cancer and/or typed carrier (male or female); (c)
age 18 or older at study entry. A self-administered baseline risk factor questionnaire on
known and suspected breast and ovarian cancer risk factors was mailed to eligible family
members from 1999 onwards. Family members who had been counselled by the Clinical
Genetic Centers were invited to participate in the study by their clinical geneticist.
All other eligible family members were invited through a so-called ‘contact-person’ of their
family. All participants signed an informed consent form. If an eligible individual was mentally or physically unable to complete the questionnaire or had died, a close relative was
asked to complete the questionnaire for this individual. This so called ‘proxy questionnaire’
was a shorter version of the standard baseline questionnaire. The first part of the HEBON
study (1995-2005) resulted in a cohort of 816 BRCA1/2 families and 1,756 non-BRCA1/2
typed families. During this period, a total of 566 families was visited and the selfadministered baseline questionnaire was received from 3,354 family members (including
726 carriers and 541 non-carriers of BRCA1/2 mutations) and 1,881 family members of,
respectively, 390 BRCA1/2 and 176 non-BRCA1/2 families.
IBCCS study design and population
To examine whether established risk factors of breast and ovarian cancer in the general
population also modify cancer risks in BRCA1/2 mutation carriers, the International
BRCA1/BRCA2 Carriers Cohort Study (IBCCS) was initiated and coordinated by Dr. D.E. Goldgar at the International Agency for Research on Cancer (IARC) 139 . The present retrospective
analyses are based on a sample of female carriers with proven BRCA1 and BRCA2
mutations that were recruited into the IBCCS study during the period 1997-2005. In this
study women from 13 European centers and Quebec and Canada collaborated. About twothirds of the subjects were participants in large ongoing national studies of BRCA carriers
in the United Kingdom and Ireland (EMBRACE, N=1,045), France (GENEPSO, N=817) and the
Netherlands (GEO-HEBON, N=556). A standardized questionnaire was administered to each
participant, primarily (~85% of subjects) by mail. The research protocol was approved by the
relevant ethics committees, and all participants provided written informed consents.
BRCA1/2 mutation carriers were eligible for the study and preferably included soon after the
genetic test. In this thesis we examined the association of oral contraceptive use and risk
of breast cancer among 1,601 BRCA1 (1,187, 74%) and BRCA2 (414, 26%) mutation carriers
(Chapter 5). In a later phase of the IBCCS-study we investigated the association of
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hormonal replacement therapy and breast cancer in an extended dataset of 3,364 BRCA1
(2,314, 69%) and BRCA2 (1,050, 31%) mutation carriers (Chapter 6).
Aims and outline of this thesis
The specific aims of this thesis are:
1. to characterize BRCA1 and BRCA2 families in the Netherlands with respect to age specific
penetrance of breast and ovarian cancer (HEBON study, Chapter 2);
2. to examine the variation in breast and ovarian cancer risks in BRCA1 and BRCA2
families in relation with birth cohort, family history, and location of the mutation
within the two genes (HEBON study, Chapter 2);
3. to examine the risks of cancers other than breast and ovary in BRCA1 (HEBON study,
Chapter 3) and BRCA2 families (HEBON study, Chapter 4);
4. to examine the associations of use of exogenous hormones with the risks of breast
cancer in BRCA1/2 mutation carriers including the use of oral contraceptives (IBCCS
study, Chapter 5) and use of hormonal replacement therapy (IBCCS study, Chapter 6).
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Abstract
Background: BRCA1 or BRCA2 mutations confer increased risks of breast and ovarian cancer,
but risks have been found to vary across studies and populations.
Methods: We ascertained pedigree data of 582 BRCA1 and 176 BRCA2 families and studied
the variation in breast and ovarian cancer risks using a modified segregation analysis model.
Results: The average cumulative breast cancer risk by age 70 years was estimated to be
45% (95%CI= 36-52%) for BRCA1 and 27% (95%CI= 14-38%) for BRCA2 mutation carriers.
The corresponding cumulative risks for ovarian cancer were 31% (95%CI 17-43%) for BRCA1
and 6% (95%CI 2-11%) for BRCA2 mutation carriers. In BRCA1 families, breast cancer
relative risk (RR) increased with more recent birth cohort (P heterogeneity =0.0006) and
stronger family histories of breast cancer (P heterogeneity <0.001). For BRCA1, our data
suggest a significant association between the location of the mutation and the ratio of
breast to ovarian cancer (P <0.001). In contrast, in BRCA2 families no evidence was found
for risk heterogeneity by birth cohort, family history or mutation location.
Conclusion: BRCA1 mutation carriers conferred lower overall breast and ovarian cancer risks
than reported so far, while the estimates of BRCA2 mutations were among the lowest.
The low estimates for BRCA1 might be due to older birth cohorts, a moderate family history,
or founder mutations located within specific regions of the genes. These results are important for a more accurate counselling of BRCA1/2 mutation carriers.
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Introduction
Germline mutations in the breast cancer genes BRCA1 and BRCA2 confer increased lifetime
risks of developing breast and ovarian cancer 1;2 . Initial risk estimates were based on highlyselected families ascertained through the Breast Cancer Linkage Consortium (BCLC) to
identify disease loci. Risk of breast cancer at age 70 years for women carrying BRCA1 or
BRCA2 mutations appeared to be as high as 85%, whereas ovarian cancer risk was 64% for
BRCA1 and 27% for BRCA2 3-5 . Since these studies were based on multiple-case families,
the reported risks may overestimate the risks in carriers with a more modest family history
which are nowadays mostly seen for genetic testing. Indeed, subsequent population-based
studies provided lower risk estimates using data from breast cancer cases less selected for
strong family history 6-14 . In a meta-analysis using data from 22 population-based studies including 280 BRCA1 and 218 BRCA2 families, the mean cumulative risk of breast cancer by
age 70 was estimated to be 65% for BRCA1 and 45% for BRCA2. The corresponding risks of
ovarian cancer were 39% for BRCA1 and 11% for BRCA2, respectively 15 . This study and
others reported that breast and ovarian cancer risks in BRCA1/2 families may vary according
to the location of the mutation, as well as the origin of he mutation, and birth
cohorts 14-20 . In addition, there was evidence that risks vary between families, suggesting
that genetic and non-genetic factors influence breast cancer risk among BRCA1/2 mutation
carriers 15;21;22 consistent with recent findings that common breast and ovarian cancer
susceptibility alleles modify cancer risks in mutation carriers 23-26 .
The aim of this study was to investigate breast and ovarian cancer risks in the largest
series of Dutch BRCA1/2 typed families taking into account the breast cancer incidence in
the Dutch population. This is the highest in Western countries and has been steadily
increasing over time 27 . Families were ascertained according to clinical referral guidelines in
the Netherlands. In this population BRCA1/2 mutations were found in approximately 16%
of the tested families 28 . Moreover, strong founder effects for a substantial proportion of
mutations in BRCA1/2 have been identified in the Netherlands 29-31 . We further investigated whether breast and ovarian cancer risks in these families differ according to birth cohort,
degree of family history and mutation position.
Subjects and methods
Families and mutation testing
Families were recruited through departments of clinical genetics in eight (of the nine)
academic centers in the Netherlands during the period 1995-2005. Mutation screening was
performed if an index case or family fulfilled one of the following criteria: 1) families with
three or more first-degree relatives with breast and/or ovarian cancer in two successive
generations, 2) bilateral breast cancer, 3) two first-degree relatives diagnosed with breast
cancer including at least one case diagnosed before the age of 50, 4) two affected first
degree relatives consisting of one case diagnosed with premenopausal breast cancer under
the age of 50 and another with ovarian cancer, 5) a single woman with breast cancer and
ovarian cancer and breast cancer diagnosed before the age of 60, 6) breast cancer before
the age of 36, 7) a male individual diagnosed with breast cancer, or 8) two first-degree
relatives diagnosed with ovarian cancer regardless of age. During the 10 years period of
genetic testing the proportion of families with a pathogenic BRCA1/2 mutation decreased
from 30% to 16%. reflecting that the most severely affected families were referred in the
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initial phase of genetic testing. The proband was the first family member who was
counselled at the family cancer clinic, while the index carrier was the first mutation carrier
identified in the family, which was mostly the youngest breast cancer or ovarian cancer
patient. However, other scenarios occurred as well e.g., if there was no breast or ovarian
cancer case available for testing, presymptomatic mutation screening was offered to the
proband. Once the index carrier was identified, mutation testing was offered to other family
members. This resulted in the identification of carriers and non-carriers of the disease
causing pathogenic mutation in the family.
Each laboratory used a variety of techniques to screen the complete coding regions of BRCA1
and BRCA2 including a combination of PTT, DGGE, DHPLC, direct sequencing, mutation
specific PCR and MLPA to detect large genomic deletions and amplifications in the BRCA1
gene 38;32-34 . With these techniques the probability of finding a disease causing mutation
was more than 90%. Families with double heterozygosity for BRCA1 or BRCA2 and families,
in which unclassified variants were detected, were excluded. All mutations were checked
and standardised on nomenclature according to the Breast cancer Information Core (BIC).
The study was approved by the medical ethical committee of each participating centre.
Data collection
At all centres, a pedigree of each family was drawn and full pedigree information was
electronically transferred to a local MsAccess database. For each family member information
was collected on date of birth and date of death when applicable, date of genetic counselling, dates of cancer diagnoses and types of cancer, confirmation by pathology report, dates
and types of prophylactic surgery, genetic status (carrier, non-carrier, not tested), type of
mutation and date of testing. After pooling the local databases into a nationwide database,
overlap of family data within and between centres was examined using date of birth, type
of mutation, pedigree structure and, if necessary, first four letters of the last name as known
in the local registry. Among the 816 mutation positive families overlaps were identified
between 58 families (7%), resulting in 758 unrelated unique families available for the risk
analyses. All pedigrees were checked for inconsistencies in the pedigree structure using the
PedCheck program 35 . Missing dates of birth (54%) were imputed from the known birth dates
of the sibs or were estimated from average age differences between generations within
each family as was described before 36 . Missing dates of diagnosis for deceased individuals
with known cancer sites and date of death (53%) were imputed from sex, site- and
calendar-year-specific median survival rates in the general population derived from the
Netherlands Cancer Registry and the Comprehensive Cancer Centre South. Missing dates at
diagnosis for living family members with known cancer sites were imputed by using mean
sex- , site-, calendar-year-specific ages at diagnosis derived from the Netherlands Cancer
Registry, including 31% female breast and 27% ovarian cancer cases.
Statistical analysis
The average age-specific breast and ovarian cancer risks up to age 70 for female family
members were estimated simultaneously using modified segregation analysis implemented
in the pedigree analysis software MENDEL as described elsewhere 4;5;15;37 . Female family
members (N=20,405) were considered to be at risk from birth until the first of the following
events: first breast cancer diagnosis (N=2,789), ovarian cancer diagnosis (N=700), other
cancer diagnosis (N=1,056), prophylactic mastectomy (N=120) or oophorectomy (N=190)
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or both interventions simultaneously (N=80), death (N=1,970), last contact with the study
centre, last DNA test of a family member and 70 th birthday (N=13,500). Thus, only the first
breast or ovarian cancer was considered as an event in the analysis and, therefore, the risk
estimates should be interpreted as the risk of breast or ovarian cancer, whichever occurred
first.
A single autosomal dominant model and a mutation frequency of 0.001 for both genes were
assumed. The incidences of breast and ovarian cancer at age λ(t) were assumed to follow
a Cox proportional hazards model: λ(t)= λ 0 (t) exp[G(t)]. The function λ 0 (t) is the baseline
age-specific incidence rates for non-carriers and exp[G (t) ] the relative hazard at age
t (HR 4;5;15;37 ) for carriers compared to non-carriers. Non-carriers were assumed to develop
breast and ovarian cancer according to the age-, and cohort-specific incidence rates in the
Netherlands. The latter were derived from the Eindhoven Cancer Registry from the period
1978 till 1990 and Netherlands Cancer Registry from 1990 onwards.
The models were parameterized in terms of the age-specific log relative hazard for breast
and ovarian cancer estimated using maximum likelihood. To adjust for ascertainment we
followed the sequential ascertainment rules described by Cannings and Thompson (1977) 38 .
Because family ascertainment was through multiple affected individuals, we maximized the
conditional likelihood of observing the phenotypes and genotypes for all individuals in each
pedigree given all phenotypic information in the family and the genotypic information
of the index carrier. This means that the index carrier was excluded in the analysis.
Parameter variances were obtained by inverting the observed information matrix as was
described before 15 .
Extended model
To evaluate the influence of other factors and to estimate the relative risk (RR) for
subgroups, the model was extended to include an additional subgroup parameter:
λ(t)= λ 0 (t) exp[(g(t)+c i) )], where exp(c i ) is the relative risks of breast and ovarian cancer
for individuals belonging in category i compared to the reference category. A likelihoodratio test was used to test for differences between the extended and the restricted models.
We fitted models in which breast and ovarian cancer risks were allowed to vary with birth
cohorts (including categories: <1920, 1920-1940, >1940, or born before or after 1940) and
family history of breast cancer (<3 breast cancer cases, 3-4 breast cancer cases and 5 or
more breast cancer cases). To enable to compare our results with other studies 13;39;40 , the
year 1940 was used for stratification. As the majority (83%) of the families had less than
three ovarian cancer cases, stratified analysis on family history of ovarian cancer was not
performed to avoid imprecise estimates. BRCA1 and BRCA2 mutations were subdivided into
three regions i.e., the central ovarian cancer cluster region (OCCR) between nucleotide 2401
and 4190 for BRCA1 and between nucleotide 3059/4075 and 6503/6629 for BRCA2 as were
previously defined by Gayther et al. and Thompson et al. 16;17;20;41 and the two surrounding
regions 5’ end and 3’ end of the two genes (see Figures 1a and 1b). Genotype-phenotype
correlations were analysed by counting the number of breast and ovarian cancer cases
within each gene region and by comparing the difference in the ratio of breast to ovarian
cancer over the regions (see table 4). We fitted separate models to estimate cancer risks for
mutations located in the three regions and to evaluate mutation specific risks for two Dutch
BRCA1 founder mutations. A Dutch founder mutation was recognized, when a common

OCCR = ovarian cancer cluster region
Exon 11 was arbitrarily divided due to its large size
34
OCCR between nucleotides 3059 and 6629

Figure 1b. Distribution and location of the distinct germline mutations in BRCA2 with vertical bars showing the number of families in which
mutation was identified
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OCCR = ovarian cancer cluster region
Exon 11 was arbitrarily divided due to its large sizen
37
OCCR between nucleotides 2401 and 4190

Figure 1a. Distribution and location of the distinct germline mutations in BRCA1 with vertical bars showing the number of families in
which a mutation was identified
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founder of the mutation could be identified or when the mutation was only reported in the
Netherlands. Risk heterogeneity according to mutation location was evaluated without
ascertainment correction to maximize power. The distribution of breast and ovarian cancers
by mutation location was evaluated using the Kruskal-Wallis test for heterogeneity and
Pearson chi-squared test. For all statistical tests, results were considered significant at the
0.05 threshold and all P-values were two-sided. Statistical analyses were performed using
STATA program version 10 (StataCorp, College Sation, TX).
Results
Mutation spectrum
A total of 582 BRCA1 and 176 BRCA2 families were included in this study. The overall
distribution of the detected mutations and number of families identified for each mutation
are illustrated in figures 1a and 1b. In total, 89 distinct mutations were distributed throughout each gene. There were no regions of mutation clustering in either genes. The known
Dutch founder mutations 42 comprised 48% of the BRCA1 mutations and 16% of the BRCA2
mutations. The vast majority of the mutations included frameshift, nonsense and splicesite mutations, large genomic rearrangements categorized as pathogenic by the Breast
Cancer Information Core (BIC) database http://research.nhgri.nih.gov/bic/. However, the
Dutch distribution by mutation type for BRCA1 differed significantly from that reported in the
BIC registry, demonstrating fewer frameshift and more IVS mutations (P<0.001). Compared
to the BIC data, a higher proportion of mutations in exon11 was observed for BRCA1, but not
for BRCA2 (43% versus 36% for BRCA1, and 68% versus 63% for BRCA2).
Families
The characteristics of the BRCA1 and BRCA2 families are summarised in Table 1. In total,
there were 2,546 carriers and 2,221 non-carriers of the pathogenic mutation found in the
758 BRCA1/2 families. The mean age at diagnosis of all female breast cancer cases in the
BRCA1 families was 45 years and in proven BRCA1 mutation carriers 40 years, which was
significantly lower than in the BRCA2 families and BRCA2 mutation carriers (48 years and
44 years respectively, both P<0.001). The mean age at ovarian cancer diagnosis in both
BRCA1 families and proven BRCA1 mutation carriers was 52 years, which was significantly
lower than in BRCA2 families and proven BRCA2 mutation carriers (54 years, P=0.047 and
55 years, P=0.045, respectively). Male breast cancer was found in both BRCA1 (mean age
57 years) and BRCA2 families (mean age 56 years), but was predominantly prevalent in
BRCA2 families.
Age-specific risks of breast and ovarian cancer
The estimated age-specific hazard ratios (HRs) of breast and ovarian cancer for BRCA1 and
BRCA2 mutation carriers, respectively, as compared with the general population are shown
in Table 2. The age-specific breast and ovarian cancer HRs were lower in BRCA2 mutation
carriers than in BRCA1 mutation carriers. Among BRCA1 mutation carriers the estimated HRs
for breast cancer decreased with increasing age (P for trend =0.009), whereas the HRs for
ovarian cancer increased with age, but this trend was not significant (P=0.189).
No evidence was found for an increasing or decreasing trend with age in the breast or
ovarian cancer HR estimates for BRCA2 mutation carriers. Among BRCA2 carriers agespecific breast or ovarian cancer risks remained increased up to 70 years. But risks of
breast cancer seemed to be constant after age 40, which is consistent with other reports.
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The average cumulative risks by age 70 years among BRCA1 mutation carriers were
estimated at 45% (95%CI=36-52%) for breast cancer and 31% (95%CI=17-43%) for ovarian
cancer (see figure 2a). The corresponding risks for BRCA2 mutation carriers were 27%
(95%CI=14-38%) for breast cancer and 6% (95%CI=2-11%) for ovarian cancer (see Figure 2b).
Table 3a summarises the results for models allowing for cohort specific cancer risks in
excess of the birth cohort effects in the general population at large. There was significant
evidence that the breast and ovarian cancer risks for BRCA1 mutation carriers varied by birth
cohort (likelihood ratio test for heterogeneity comparing the extended with the baseline
model (P heterogeneity =0.0006). Compared to mutation carriers born before 1920, BRCA1
mutation carriers born after 1940 had a relative risk (RR) for breast cancer of 2.6
(95%CI=1.4-4.9). An increased risk for mutation carriers born after 1940 was also observed
for ovarian cancer (RR=3.7, 95%CI=0.9 -15.8), but this was not statistically significant.
To estimate cohort specific cumulative risks we used an extended model allowing for age
specific HRs for individuals born prior to and after 1940, separately. Figure 2c shows the
cumulative breast cancer risk at age 65 estimated to be 66% (95%CI=46-78%) for BRCA1
mutation carriers born after 1940 and 32% (95%CI=22-41%) for BRCA1 mutation carriers
born before 1940 (see Figure 2c). The corresponding estimated cumulative ovarian cancer
risks for BRCA1 mutation carriers born after and before 1940 were 45% (95%CI= 5-71%)
and 29% (95%CI=13-42%), respectively. We did not find a varying breast and ovarian
cancer risk by birth cohort among BRCA2 mutation carriers (P heterogeneity = 0.459), whereas
the number of ovarian cancer cases among BRCA2 mutation carriers born after 1940 was too
small for a reliable estimation.
Variations in risk by degree of family history were investigated by fitting a model with log
HR parameters reflecting the number of known breast cancer cases in the family (<3
breast cancer cases, 3-4 breast cancer cases and 5 or more cases, see Table 3b). We found
evidence for a variation in risk by family history among BRCA1, but not among BRCA2
families (P heterogeneity <0.001 for BRCA1, P heterogeneity =0.601 for BRCA2). In the combined
analysis, BRCA1 mutation carriers from families with three or more cases had a statistically
significant higher risk of breast cancer as compared to carriers from families with a moderate family history of less than three breast cancer cases (RR= 2.1, 95%CI=1.1-4.1).
Separate analyses were performed to evaluate whether the risks of breast and ovarian
cancer differed according to the location of the mutation within the two genes. For BRCA1,
the breast to ovarian cancer ratio, defined as the number of breast cancer cases divided by
the number of ovarian cancer cases, was significantly associated with mutation location
(P<0.001, see Table 4). The lowest breast to ovarian cancer ratio was observed for
mutations within the OCCR and the highest ratio at the 3’end of the gene (2.6 and 4.5,
respectively). There was no evidence that the ratios of breast to ovarian cancer cases
differed by mutation position among the BRCA2 families (P=0.665, data not shown). RR of
ovarian cancer for BRCA1 mutations in the central region as compared to mutations in the
two other regions was 1.8 (95%CI=0.8-1.7), the corresponding RR of breast cancer was
0.9 (95%CI=0.5-1.7) (see table4). RRs of ovarian cancer for 5’and 3’ BRCA1 mutations as
compared to mutations in the central region were slightly decreased (RR=0.68 (95%CI=0.530.87) and RR=0.63 (95%CI=0.50-0.79), respectively), while the RRs of breast cancer were
slightly increased (RR=1.10 (95%CI=0.94-1.28) and 1.26 (95%CI=1.09-1.45), respectively).

45.0
40.4
52.1
51.7

Mean age at breast cancer diagnosis overall (sd)**
Mean age at breast cancer diagnosis carriers only (sd)**
Mean age at ovarian cancer diagnosis overall (sd)
Mean age at ovarian cancer diagnosis carriers only (sd)
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N=Number, HR=Hazard Ratio, CR= Cumulative Risk, CI= confidence interval
HR = ratio of the observed breast and ovarian cancer in the families as compared to age, cohort and period specific
incidence rates in the Dutch population.
1
Shown are the total number of female family members at risk after excluding the index carrier comprising 19, 670 women.
-- HR not available, because no cases or mutation carriers were observed in this age range.

Total
Test for trend

566
521
686
921
777
1,101

1,540

Total
15,098
Test for trend
BRCA2
<20
20-29
30-39
40-49
50-59
60-69

0
93
361
568
356
162

2,108
1,738
2,588
2,743
2,756
3,165

BRCA1
<20
20-29
30-39
40-49
50-59
60-69

(95%CI)

Breast Cancer
N cases HR

N1

Age groups

Table 2. Age-specific breast and ovarian cancer hazard ratios (HR) and cumulative risks (CR) in BRCA1/2 mutation carriers

N=number, sd= standard deviation, BPO=bilateral prophylactic oophorectomy, BPM=bilateral prophylactic mastectomy
* Based on the number of female breast cancers and ovarian cancers at censoring.
** Female breast cancer only.
*** The difference between number of females from BRCA1 and BRCA2 families by birth cohort.

5,411

Females born before 1940 (%)

15,668

45.0

Mean age BPO (sd)

Total number female family members at risk (%)

36.5

1,763

Non-carriers (%)
Mean age BPM (sd)

1,983

Carriers (%)

26.9 (22)

1.0 (1)

Mean number ovarian cancer cases/family* (median, range)
Mean number of females/family (median, range)

3.8 (3)

582

Mean number breast cancer cases/family* (median, range)

Total families (%)

BRCA2
N

I

BRCA1
N

Tabel 1. Characteristics of the 582 BRCA1 and 176 BRCA2 families in the Netherlands
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19,670

total

1,540

Ncases
447
511
582

RR (95% CI)
1 (ref)
1.0 (0.5-2.0)
2.6 (1.4-4.9)
463

Ncases
139
209
115

RR (95% CI)
1 (ref)
1.8 (0.6-5.6)
3.7 (0.9-15.8)

Ovarian cancer

438

Ncases
125
171
142

RR (95% CI)
1 (ref)
1.8 (0.6-5.9)
1.2 (0.4-3.8)

Breast cancer

55

Ncases
14
29
12

758

total

19,670

4396
6013
9261
1,540

139
404
997

Ncases

1 (ref)
2.4 (1.4-5.1)
1.9 (1.0-3.8)

RR (95% CI)

463

170
124
169

Ncases

1 (ref)
1.3 (0.4-4.8)
1.6 (0.6-4.6)

RR (95% CI)

Ovarian cancer

BRCA1

438

37
111
290

Ncases

Breast cancer

1 (ref)
2.0 (0.6-7.1)
1.5 (0.5-4.8)

1 (ref)
0.8 (0.1-6.1)
1.6 (0.2-15.0)

RR (95% CI)

181 (31)
3.8
3.7
1.0
26.4
1.10 (0.94-1.28)
0.68 (0.53-0.87)

137 (24)
2.6
3.3
1.3
23.9
1 (Ref)
1 (Ref)

Mutations located
within OCCR

264 (45)
4.5
4.2
0.9
28.8
1.26 (1.09-1.45)
0.63 (0.50-0.79)

Mutations located
3’ of OCCR

582
3.7
3.8
1.1
26.9

Overall

<0.001
0.011*
0.006*
0.091*
<0.001**

P-value

BRCA1 Ovarian Cancer Cluster Region (OCCR) between nucleotide (nt) 2401 and 4190;
Ref= mutations located in OCCR as reference group; RR=relative risk.
a
13 BRCA1 mutation carriers diagnosed with both breast and ovarian cancer were excluded from this analysis.
* Test: Equality of populations (Kruskal-Wallis test).
** P value from comparing the extended model with the baseline model.
1
= Risks associated with 5’ (below nt 2401) and 3’ (above nt 4190) were estimated relative to mutations in the OCCR using an extended MENDEL
model without ascertainment correction.

BRCA1
Families N (%)
a
Ratio breast cancer to ovarian cancer cases
Mean number of breast cancer cases/family
Mean number of ovarian cancer cases/family
Mean number of females/family
1
RR breast cancer (95%CI)
1
RR ovarian cancer (95%CI)

Mutations located
5’ of OCCR

Table 4. Family history and relative risks of breast and ovarian stratified according to the location of the BRCA1 mutation

55

12
21
22

Ncases

Ovarian cancer

BRCA2

RR (95% CI)

N=Number, bc=breast cancer cases, RR=Relative Risk, CI= confidence interval
P values from comparing the extended model with the baseline model as in table 2; BRCA1: P<0.001, BRCA2:P=0.601.

253
262
243

N
N family
families members

<3 bc
3-4 bc
5 bc or more

Family history

Breast Cancer

Table 3b. Relative risk of breast and ovarian cancer in BRCA1/2 mutation carriers according to family history

RR (95% CI)
1 (ref)
3.0 (0.2-42.7)
0.4 (0.0-11.5)

Ovarian cancer

BRCA2

N=Number, RR=Relative Risk, CI= confidence interval
P values from comparing the extended model with the baseline model as in table 2; BRCA1: P=0.0006, BRCA2: P=0.459.

N
3,780
3,183
12,707

Birth cohort
<1920
1920-39
>1940

BRCA1

I

Breast Cancer

Table 3a. Relative risks of breast and ovarian cancer in BRCA1/2 mutation carriers according to birth cohort
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cumulative risk

Figure 2a. Cumulative breast and ovarian cancer risks in BRCA1 mutation carriers

age group

cumulative risk

Figure 2b. Cumulative breast and ovarian cancer risks in BRCA2 mutation carriers

age group

cumulative risk

Figure 2c. Cumulative breast cancer risk for BRCA1 mutation carriers born before and after 1940

age group
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Mutation-specific cancer risks were estimated for three BRCA1 founder mutations including
the 185delAG Ashkenazi Jewish population at the 5’end of the gene, and the Dutch
founder OCCR mutations 2804delAA in the OCCR and the IVS21-36del510 mutation at the
3’end of the gene. The cumulative risks of ovarian cancer by age 70 associated with these
mutations were 27%, 56% and 15% and the corresponding risks for breast cancer were
53%, 34% and 58%, respectively.
Discussion
To our knowledge, this study comprises the largest consecutive series of clinically
ascertained BRCA1/2 families reported so far. The spectrum of mutations in these families
is characterised by a high proportion of recurrent Dutch founder mutations. The average
cumulative cancer risks both for breast and ovarian cancer by age 70 years in BRCA2 mutation carriers is substantially lower than previously reported. We confirm the lower overall
risk estimates for BRCA1 mutation carriers compared to earlier data obtained from highlyselected families, although the risks remained within the boundaries of data of the metaanalysis 15 and other studies 43;44 . Our results provide evidence that a more recent birth
cohort and a strong breast cancer family history are both associated with higher risks of
breast cancer in BRCA1 carriers, which was not observed in BRCA2 carriers.
Numerous studies have estimated the cumulative cancer risks for BRCA1 and BRCA2
mutation carriers. However, estimating penetrance using retrospective study designs
without well-defined family ascertainment criteria is susceptible to various sources of bias
such as ascertainment and testing bias. In this respect, it has become clear that one overall penetrance curve for all mutation carriers may not exist. Risks for a mutation carrier may
vary by population and by exposure to other genetic and non-genetic factors. A number of
attempts have been made to understand the extent and the nature of the risk variation in
more detail 15;17;20;22;44 . We estimated breast and ovarian cancer risks using the maximum
likelihood method. The advantage of the likelihood-based approach is that it incorporates
all available genotypic and phenotypic information in the families, taking into account the
age- and period-specific incidence rates in the Dutch population and adjusting for
ascertainment bias due to sampling families with multiple affected family members.
We adjusted for ascertainment bias by conditioning on the index case and all family
phenotypes, but this process also reduced the amount of available information in the
estimation process. As the mean age of breast cancer diagnosis of the index case was significantly lower than of other family members with breast or ovarian cancer, the ascertainment adjustment on this case may result in underestimation of the risk of breast and ovarian
cancer. Therefore, we conducted a sensitivity analysis in which the index case was randomly
selected among all mutation carriers. No difference in cumulative risk of breast cancer at
age 70 in BRCA1 families was found (46% versus 45% at age 70). If we were to perform the
analysis without any ascertainment correction the estimated breast and ovarian cancer risks
would be much higher i.e., 76% and 58%, respectively, instead of the ascertainmentadjusted risks of 45% and 31% at age 70 (data not shown). This could explain the higher
estimates found in previous studies that did not adjust for ascertainment and populationspecific incidences to account for birth cohort and calendar-specific effects 13;39;40 .
Our method was also used by Milne et al. to estimate population-specific penetrance of
Spanish BRCA1/2 mutation carriers 44 . Also essentially the same method was used as in the
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meta-analysis by Antoniou et al 15 , with the exception that family ascertainment in the
meta-analysis was through an otherwise unselected breast cancer case diagnosed below
age 50 and required conditioning only on this proband’s genotype and phenotype rather
than all family phenotypes as in the present and Milne’s study. In addition, only first-degree
relatives were used in the meta-analysis. Although the estimated cumulative breast cancer
risks for BRCA1 and BRCA2 mutation carriers are lower than previously reported 15;43-45 , our
BRCA1 point estimate is within the 95% confidence limits of the meta-analysis 15 and earlier studies 43;44 , whereas the BRCA2 point estimates are outside these limits.
The main reason for our lower estimates as compared with the literature might be the
inclusion of older birth cohorts and families with a relatively weak family history of breast
cancer and potential founder effects. Our study confirms earlier findings that breast cancer
risks are higher for BRCA1 mutation carriers from more recent birth cohorts 14;15;44 . By using
age-, calendar-, and cohort-specific population incidence rates as reference, our study
suggests that the risk of breast cancer in BRCA1 carriers is increased in recent birth cohorts
as compared to older ones, and to a greater extend than that in the general population.
Breast and ovarian cancer cumulative risks to age 65 years for BRCA1 mutation carriers born
after 1940 were estimated to be 66% (95%CI=46-78%) and 45% (95%CI=5-71%) similar to
the average breast and ovarian cancer risks of 65% and 39% reported in the metaanalysis 15 . Thus, the difference in breast and ovarian cancer risks found in our study and the
meta-analysis might be explained by a difference in birth cohorts. The index carrier selected for the meta-analysis were women alive and recently diagnosed with breast cancer before the age of 50 years. Therefore, it is likely that the meta-analysis represents a younger
birth cohort than the present study, which may explain the higher risk estimates.
In contrast with other studies, we found no significant evidence for a birth cohort effect in
excess to the general population among BRCA2 mutation carriers 15;44 . One consideration in
our analysis is that the families were selected in the period 1995-2005 and the majority of
the family members included in our analysis born after 1940 would be too young to have
experienced the risks for the entire age range (20-70). This might have a larger impact for
BRCA2 than BRCA1 given the age-specific incidence patterns in BRCA2 mutation carriers
(stable with increasing age) and the later age at onset of cancer in BRCA2 mutation carriers,
larger numbers and a longer follow-up time would be needed to obtain more precise estimates for the younger birth cohorts.
We found evidence among BRCA1 mutation carriers that breast cancer risk increases with
increasing number of family members affected with breast cancer among BRCA1 mutation
carriers. The variation of risk by degree of family history is consistent with recent findings
that common breast cancer susceptibility alleles also modify cancer risks in carriers 23-26 .
The stratification for family history of breast cancer was independent of the estimated
hazard ratio, because the ascertainment correction includes the phenotype of the family
and the number of relatives. The estimated breast cancer risk by age 70 in BRCA1 mutation
families with less than three breast cancer cases was 29%, which was substantially lower
than the overall estimated risk of 45%. This supports the idea that BRCA1 mutation carriers
from families with a weak or moderate family history of breast cancer should be counselled accordingly. However, for ovarian cancer this effect remains unclear, possibly due to
small numbers.
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For BRCA1, the ratio of breast to ovarian cancers appeared to be significantly associated
with location of the mutation. Our findings support previous reports suggesting that
mutations located toward the 3’end of the BRCA1 gene are associated with lower ovarian
cancer risks 16;20;46 . However, in contrast with others, our results indicate a lower ovarian
cancer risk for both 5’ and 3’ mutations compared to mutations in the central region,
whereas breast cancer risk was increased for mutations at the 3’ end of the BRCA1 gene.
Furthermore, there was some evidence for variability in risk with mutation position.
The large genomic rearrangement of exon22 in BRCA1 (IVS21-36del510) and one of the
common Dutch founder mutations 28 conferred lower ovarian cancer and higher breast
cancer risks. In contrast, higher ovarian and lower breast cancer relative risks were
observed for the Dutch founder mutation 2804delAA in exon11 of the BRCA1 gene. As 63%
of the person-years comes from recurrent BRCA1 mutations (see figure 1a), mutationspecific risks may affect the overall breast and ovarian cancer risks. However, because of
limited power it is too early to conclude that increased frequencies of founder mutations
could explain the low breast and ovarian cancer risks in our study. The relation between
mutation position and cancer risks in BRCA1 and BRCA2 families remains an important issue
for future studies.
In conclusion, when estimating the risk of breast and ovarian cancer in BRCA1/2 mutation
carriers, it is important to take the heterogeneity of risk into account. Our results suggest
that BRCA2 mutations may confer lower average risks of breast and ovarian cancer than
previously reported, while only for BRCA1 mutation carriers cancer risks varied with birth
cohort, family history and mutation position. These findings deserve incorporation in
genetic counselling on cancer risks and, consequently, in risk management strategies of
BRCA1/2 mutation carriers in the Netherlands. We provided further evidence that a single
penetrance estimate for mutation carriers does not exist. Ongoing efforts to identify
genetic and non-genetic modifying factors of the risks will enable to provide more personalized cancer risk predictions, which may lead to a more accurate counselling advice for
BRCA1/2 mutation carriers in the future.
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Abstract
Background: Among BRCA1 mutation carriers increased risks for cancers at sites other than
breast and ovary have been reported, but so far results are not consistent.
Methods: In 517 Dutch families with a pathogenic BRCA1 mutation the risks of other
cancers were estimated based upon a cohort of family members with a 50% prior probability of being a carrier (N=6,585). Relative risks (RR) were calculated by comparing the
observed cancer incidences in this cohort with the expected site-, sex-, and period-specific
population incidence rates.
Results: In total, 667 cancers at sites other than breast and ovary were observed
(RR=1.39; 95% confidence interval (CI)=1.28-1.50) with histological verification available
for 43% of these tumors. BRCA1 mutation carriers were at increased risks for cervical
(RR=4.41; 95%CI=2.77- 6.68), pharyngeal (RR=3.56; 95%CI=1.54-7.02), endometrial
(RR=2.77; 95%CI=1.83-4.04), stomach (RR=2.59; 95%CI=2.01-3.28), and colon cancer
(RR=2.51;95%CI=2.02-3.07). An increased risk of lung and colorectal cancer was observed
in women only, while an inverse risk was found in men. This indicated that the risk
increase may be due to misreporting of breast and ovarian cancer. Risks of prostate and
pancreatic cancer were not increased. Reduced risks were found for several sites, including
rectal cancer (RR=0.22; 95%CI=0.10 - 0.45), melanoma (RR=0.47; 95%CI=0.21- 0.89) and
kidney cancer (RR=0.26; 95%CI=0.13-0.47).
Conclusions: This study confirms increased risks of cervical, endometrial and possibly
stomach cancer in BRCA1 mutation carriers. In contrast to some previous studies, no
increased risks were observed for prostate and pancreatic cancer.
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Introduction
Germline mutations in the BRCA1 gene confer substantially elevated risks of breast and
ovarian cancer 1 . It is, however, still less clear whether mutations in this gene are
associated with increased risks of cancers at sites other than of breast or ovary. In 1994,
based on 33 BRCA1 linked families, the Breast Cancer Linkage Consortium (BCLC) observed
significantly increased risks for colon and prostate cancer 2 . In a larger set of 699 BRCA1
typed families, the BCLC study group confirmed a two-fold risk of colon cancer (relative risk
(RR)=2.03; 95%CI=1.45-2.85) among BRCA1 carriers but found no overall increased risks for
colorectal and prostate cancer 3 . Instead, significantly elevated risks were observed for
pancreatic (RR=2.26; 95%CI=1.26-2.06), cervical cancer (RR=3.72; 95%CI=2.26-6.10) and,
in men, prostate cancer below the age of 65 years (RR=1.82; 95%CI=1.01-3.29). Increased
cumulative risks of cancers of the colon, prostate, pancreas, stomach and fallopian tube
were suggested in a family-based study by Brose et al 4 . Since cancer risks may be overestimated by multiple-case family studies, subsequent population-based studies were
conducted to estimate cancer risks in carriers unselected for family history 5-7 . The results so
far showed that if BRCA1 mutations are associated with an elevated risk of other cancers,
the risk increase is likely to be small and could therefore easily be missed 8 . Based on a
nationwide database of breast/ovarian cancer families counselled at clinical genetic
departments in the Netherlands, we estimated cancer risks for sites other than breast and
ovary in 517 families with a pathogenic BRCA1 mutation in comparison with background
rates in the general population. To minimize the effect of sampling through high-risk
families with multiple cancers in which cases are more often tested than non-cases, we
selected a cohort of family members with a 50% a priori probability of being a carrier.
Methods
The present study is part of an ongoing nationwide study in the Netherlands on risk
assessment and gene-environment interactions in breast and/or ovarian cancer families
(the HEBON study). A total of 517 BRCA1 families were ascertained through eight clinical
genetic centres in the Netherlands. All families were referred for clinical genetic
counselling and mutation testing during the period of 1995 to 2004. The HEBON study was
approved by the medical ethical committee of each participating center. Families were
eligible if they had a history of breast and/or ovarian cancer and included at least one
family member with a pathogenic BRCA1 mutation. The nationally agreed criteria for DNA
testing in breast and/or ovarian cancer families were rather broad, implying that
moderately high-risk families were also included in our cohort. Families were tested for
BRCA1/2 in case of clinically presumed hereditary breast and/or ovarian cancer with a
mutation detection rate of about 10% or higher 9 .
Pedigree information was digitalized. Information collected at each clinical genetic department for each member in this cohort included: birth date, ages at all cancer diagnosis,
cancer site, confirmation of the cancer diagnosis by pathology report, age at DNA test, age
at last contact or death. Generally, this information originated from the family members
that were counselled. Families segregating two distinct BRCA1 mutations, BRCA2 mutations
or unclassified variants of unknown significance were excluded. Each laboratory used several
techniques to screen the complete coding regions of BRCA1. These included PTT, DGGE,
DHPLC, direct sequencing, specific PCR for deletions exon 13 and 22 of BRCA1 and MLPA.
Subsequently, individuals from all eligible families were linked on birth date, type of
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mutation, first four letters of surname and pedigree structure. In this way 54 partly overlapping families were identified and combined.
Segregation of the mutation was inferred on the test results or on the pedigree information
following the clinical rules of autosomal dominant inheritance of breast cancer. As a result
3,551 individuals of non-informative branches were excluded, resulting in a population of
22,217 family members eligible for the study. Missing birth dates (28%) were imputed from
the known birth dates of the sibs or estimated from average age differences between
generations within each family as was described before 10 .
Cancers other than breast and ovary
All cancers were coded according to the International Classification of Diseases, revision 9.
Whenever possible, cancer diagnoses were medically and/or historically confirmed by
pathology reports and clinical records. Furthermore, the study cohort was linked with the
Dutch Network and National Database for Pathology (PALGA) especially for this analysis.
However, this was only partly successful as for many family members data to link with the
databases was not available. Missing dates of diagnosis for individuals who died from cancer at a known site with a known date of death, were estimated from sex, site-, and calendar period-specific median survival rates in the general population derived from the
Netherlands Cancer Registries and the Comprehensive Cancer Centre South (61%). In addition, missing dates of site-specific diagnosis of affected individuals were based on site-specific mean ages at diagnosis of cancer in the general population derived from the
Comprehensive Cancer Centre Amsterdam and the Netherlands Cancer Registries (39%).
Selection of family members into the analytic cohort
Since analyses restricted to data of typed carriers could result in biased estimates, we
selected within each family a cohort of family members that had a prior probability of being
a carrier of 50% using a kin-cohort approach as earlier reported by Struewing et al. 5 and Van
Asperen et al 10 . First, in each family the carrier was identified with the most recent date of
birth. Second, the ancestors of the mutation carrier and their sibs and the sibs of the
mutation carrier were selected irrespective of their carrier status. Thus, the analytic cohort
definition was not based on typed carriers, except for the identification of the youngest
carrier, but on a cohort of family members with a 50% prior probability of being a carrier.
The analytic cohort of 50% presumed mutation carriers comprised 7,961 family members.
Statistical analysis
To estimate cancer risks we restricted the analytic cohort to individuals who were alive and
free of cancer in 1960, or born after 1960. Follow-up started in 1960 because earlier population cancer incidence rates were not available. For individuals with breast or ovarian
cancer as their first cancer diagnosis, follow-up started at the date of breast or ovarian
cancer diagnosis or on January 1, 1960, whichever occurred later. For all individuals followup ended at the date of the first cancer diagnosis other than breast or ovary, date of death,
date of last contact or last DNA test in the family or at the age of 80 years, whichever
occurred first. After excluding 1,376 individuals who were censored before 1960, the
analytic HEBON cohort consisted of 6,585 individuals, comprising more than 163,000 person
years at risk, including 2,843 women (43%) and 3,742 men (57%) (see Table 1). We calculated the standardized incidence ratio (SIR) as the ratio of observed cancers in the cohort
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to expected cancers derived from the age-, sex-, calendar period- and site-specific cancer
population incidence rates. RRs of each cancer type among carriers were directly derived
from 50% presumed carriers according to the formula RR carriers = (2(SIR 50%carriers- 1))+1, as
was described by Van Asperen et al 10 . Two-sided statistical significance levels for the RRs
were estimated and 95% confidence intervals (CI) calculated under Poisson distribution of
the observed frequencies. RR analyses were performed for each individual cancer site and
for major cancer diagnostic categories. Stratified analyses were performed according to gender, age, mutation type and family history. However, when performing stratified analyses
by age only the SIR was estimated, because the 50% carrier probability may not be valid
when stratifying on attained age. Furthermore, differences in cancer risks were evaluated
for mutations inside and outside the Ovarian Cancer Cluster Region (OCCR) as originally
reported by Thompson et al. 11 , with nucleotide boundaries between 2401 and 4190 and for
specific founder mutations. Cumulative risks by age t, F(t) and corresponding confidence
intervals were calculated using the RR estimated from this study and age-specific incidence
rates from the Netherlands.
Results
In the set of 517 BRCA1 families, a total of 77 distinct pathogenic BRCA1 mutations were
observed. Recurrent BRCA1 mutations accounting for the larger number of families were
IVS21-36del510 (exon 22: 65 families), IVS20+1G>A (exon 20: 54 families) and 2804delAA
(exon11: 38 families). Other mutations that were observed more than 20 times were IVS121643del3835 (n=33), 2312del5 (n=30), 1411insT (n=27), 185delAG (n=25), 185insA (n=24)
and 5382insC (n=21). All other mutations occurred in 14 or fewer families. Table 1 summarizes the selection procedure and the general characteristics of the analytic cohort. In our
cohort there were 1,152 (18%) typed carriers, 553 (8%) typed non-carriers and 4,880 (74%)
untested relatives (see table 1). In total, 1,300 relatives (20%) were first diagnosed with
either breast cancer or ovarian cancer. The original families ranged in size from 5 to 444
family members at risk.

Table 1. General characteristics of the 517 BRCA1 families
Characteristic

N (%)

Total number of eligible family members
Selected cohort of 50% presumed mutation carriers
Analytic cohort
Number of person years
BRCA1 carriers
BRCA1 non-carriers
Untested relatives
Male
Female
Number of females with breast or ovary as first diagnosed cancer site
Number of cancer other than breast and ovary
Known ICD-code

22,217
7,961 (35%)
6,585 (83%)
163,278
1,152 (18%)
553 (8%)
4,880 (74%)
3,742 (57%)
2,843 (43%)
1,300 (20%)
667
606 (91%)

Number of histologically confirmed other cancers

262 (43%)
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Among the 667 family members diagnosed with cancers at sites other than breast or ovary,
606 cancers (91%) had a known primary site and, of these, 262 cancers (43%) were
pathologically confirmed. The observed and expected numbers of cancers at sites other than
breast or ovary together, estimated Relative Risks (RR), 95% confidence intervals and number of histologically confirmed cancers per site are summarized in Table 2. The overall
estimated risk of cancer in BRCA1 mutation carriers at sites other than breast or ovary was
increased (RR=1.39; 95%CI=1.28-1.50)). Statistically significantly increased risks were found
for pharyngeal (RR=3.56; 95% Confidence interval (CI)=1.54-7.02), stomach (RR=2.59;
95%CI=2.01-3.28), colon (RR=2.51; 95%CI=2.02-3.07), liver (RR=8.24; 95%CI=4.50-13.83),
cervical (RR=4.41; 95%CI=2.77-6.68), endometrial (RR=2.77; 95%CI=1.83-4.04) and brain
cancer (RR=4.96; 95%CI=3.11-7.51). The risk of rectal cancer was significantly decreased
(RR=0.22; 95%CI=0.10 - 0.45). When combining colon and rectal cancers, the risk of
colorectal cancer was still somewhat increased (RR=1.29; 95%CI=1.05-1.57). We could not
confirm earlier reported elevated risks of pancreatic and prostate cancer among BRCA1
mutation carriers (RR=1.42; 95%CI=0.83-2.27 and RR=0.76; 95%CI=0.54-1.04, respectively).
Apart from rectal cancer, significant reductions of risk were observed for lung cancer
(RR=0.83; 95%CI=0.69 -1.00), melanoma (RR=0.47; 95%CI=0.21- 0.89), kidney cancer
(RR=0.46, 95%CI=0.13-0.47) and Non-Hodgkin Lymphoma (RR=0.58; 95%CI=0.31-0.99).
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Table 3. shows cancer risks among BRCA1 mutation carriers by gender. Overall, an increased risk of cancers other than breast and ovary was found among female, but not among
male mutation carriers (RR=2.76; 95%CI= 2.46-3.10 and RR=0.89; 95%CI=0.80-0.99 for female and male carriers, respectively, P for difference < 0.001). Among female BRCA1 carriers
risk of lung cancer was significantly increased (RR=1.95; 95%CI=1.11-3.16), but risk was
significantly decreased among male carriers (RR=0.73; 95%CI=0.60-0.89) with P for difference
=0.07). This risk difference for lung cancer by gender may partly explain the overall difference in risk between male and female BRCA1 carriers. Regretfully, we did not have information on smoking behaviour to examine this finding in more detail. In both female and
male BRCA1 carriers we found significantly increased risks of stomach cancer (RR female =2.94
and RR male =2.44 ) and brain cancer (RR female =6.04 and RR male =4.49). Among female
BRCA1 carriers, risk of colon cancer was found to be significantly higher than among male
BRCA1 carriers (RR=3.43; 95%CI=1.70-3.21 and RR=1.72; 95%CI=1.22-2.32, respectively, P for
difference =0.03). A statistically significantly increased risk of colorectal cancer was observed
in women (RR=2.20; 95%CI=1.67-2.83), while a significantly decreased risk of colorectal
cancer was found in men (RR=0.65; 95%CI=0.46-0.88). Risk of pharyngeal cancer was increased among male carriers only (RR=4.95; 95%CI=2.13-9.75), while risk of Hodgkin lymphoma was significantly increased in female carriers (RR=4.71; 95%CI=1.27-12.07).
Table 3. Gender-specific risk estimates of other cancers in BRCA1 mutation carriers

Table 2: Relative risk of cancers other than breast and ovary in BRCA1 mutation carriers
Cancer site (ICD-9)

O

E

RR

95%CI

Pa (%)

All cancers
Buccal cavity and pharynx (140-9)
Pharynx (146-149)
Esophagus (150)
Stomach (151)
Colon (153)
Rectum (154)
Colorectal (153-154)
Liver (155)
Pancreas (157)
Larynx (161)
Lung (162)
Bone (170)
Connective tissue (171)
Melanoma (172)
Cervix (180)
Uterine body (182)
Prostate (185)
Kidney (189)
Brain (191)
Non-Hodgkin’s disease (200)
Hodgkin’s disease (201)
Leukemia (204-8)

667
12
8
9
69
93
8
101
14
17
11
121
3
3
9
22
27
39
11
22
13
6
11

558.55*
12.17
3.51
6.68
38.47
53.06
34.96
88.02
3.03
14.07
9.10
131.95
1.42
3.76
12.25
8.13
14.31
44.34
17.43
7.38
16.48
3.64
13.45

1.39
0.97
3.56
1.70
2.59
2.51
0.22 a
1.29
8.24
1.42
1.42
0.83
3.23
0.60
0.47
4.41
2.77
0.76
0.26
4.96
0.58
2.30
0.64

1.28-1.50
0.50-1.70
1.54-7.02
0.77-3.22
2.01-3.28
2.02-3.07
0.10-0.45
1.05-1.57
4.50-13.83
0.83-2.27
0.71-2.54
0.69-1.00
0.65-9.45
0.12-1.75
0.21-0.89
2.77-6.68
1.83-4.04
0.54-1.04
0.13-0.47
3.11-7.51
0.31-0.99
0.84-5.00
0.32-1.14

262
5 (42)
4 (50)
3 (33)
17 (25)
38 (41)
8 (100)
46 (46)
6 (42)
8 (47)
2 (18)
39 (32)
1 (33)
3 (100)
6 (66)
14 (64)
16 (59)
14 (35)
5 (45)
7 (32)
6 (46)
6 (100)
1 (10)

ICD = International Classification of Disease, O= observed; E= expected; RR= Relative risk; CI=confidence interval,
Pa=number and proportion of histologically confirmed cancers, RR carriers = (2(SIR 50%carriers -1))+1 see method section.
* Overall expected,was estimated after excluding expected number of breast and ovarian cancer cases;
a
For rectum cancer, the SIR was used because of the risk ratio close to 0.

Cancer site

male
O

female
E

RR

95%CI

O

P-value
for
E

RR

95%CI

difference*

2.33-2.94

1.11-3.16
2.89-11.11

<0.001
0.20
0.74
0.66
0.03
<0.001
0.72
0.79
0.61
0.07
0.65

1.27-12.07

0.32

All cancers
Pharynx
Esophagus
Stomach
Colon
Colorectal
Liver
Pancreas
Larynx
Lung
Brain

368
8
6
46
39
41
9
9
10
105
12

393.50
2.69
5.13
26.78
28.67
49.83
2.18
8.31
8.48
121.08
4.54

0.87
4.95
1.34
2.44
1.72
0.65
7.26
1.17
1.36
0.73
4.29

0.78-0.96
2.13-9.75
0.49-2.91
1.78-3.25
1.22-2.35
0.46-0.88
3.31-13.78
0.53-2.21
0.65-2.50
0.60-0.89
2.21-7.49

299
0
3
23
54
60
5
8
0
16
10

165.05*
0.82
1.54
11.68
24.38
37.51
0.84
5.76
0.64
10.86
2.84

2.62
2.90
2.94
3.43
2.20
10.92
1.78
1.95
6.04

Hodgkin

2

2.23

0.79

0.09-2.87

4

1.40

4.71

0.58-8.46
1.86-4.41
2.58-4.48
1.67-2.83
3.52-25.48
0.77-3.50

O= observed; E= expected; RR= Relative risk; CI=confidence interval; RR carriers = (2(RR 50%carriers -1))+1.
* Overall expected was estimated after excluding expected number of breast and ovarian cancer cases.

To examine whether therapy for breast or ovarian cancers or distant metastases of these
cancers could influence the estimated risks, separate analyses were performed by excluding women with a prior history of breast or ovarian cancer. Statistically significantly
increased cancer risks were still found for colon (RR=2.69; 95%CI=2.14-3.32), colorectal
(RR=1.34; 95%CI=1.07-1.65), stomach (RR=2.94; 95%CI=2.26-3.76), liver (RR=9.68;
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95%CI=5.15-16.56), cervical (RR=4.33; 95%CI=2.47-7.03) and brain cancer (RR=4.04;
95%CI=2.43-6.30). Endometrial cancer risk was stronger elevated among women with a history of breast cancer than among women without such a history (RR =4.27; 95%CI=1.84-8.42
and RR=1.83; 95%CI=1.03-3.03, respectively) suggesting that the risk of endometrial
cancer was modified by treatment of the previously diagnosed breast cancer.
In a separate analysis by attained age the estimated SIRs for all malignancies together was
significantly greater for those younger than 65 years than for those 65 years old or older
(Table 4) (P for difference <0.001). In contrast a significantly increased risk for stomach cancer
was observed for those with an attained age of 65 or older (SIR=2.65; 95%CI=2.00-3.45),
but was close to expected among the younger age group (SIR=0.97; 95%CI=0.53-1.62)
(P for difference <0.001). Significantly increased risks were found in both age groups for
malignancies of the colon (age <65 SIR=2.15; 95%CI=1.58-2.87; age >65 SIR=1.52;
95%CI=1.12-2.03), liver (age <65 SIR=4.14; 95%CI=1.34-9.65; age >65
SIR=6.25;
95%CI=2.86-11.87), and cervix (age <65 SIR=2.73; 95%CI=1.56-4.43; age >65 SIR=3.08;
95%CI=1.13-6.70). Excess risks of brain and endometrial cancer were observed in both age
groups, but were only significantly increased for those younger than 65 years (age<65
SIR=3.19; 95%CI=1.92-4.99 and SIR=2.09; 95%CI=1.26-3.27 for brain and endometrial
cancer, respectively). No significantly increased risks by attained age were found for
prostate and pancreatic cancer.
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inside the OCCR (RR=0.85; 95%CI=0.72-1.01) compared to mutations outside the OCCR
(RR=1.10; 95%CI=1.01-1.20). However, a lower risk of lung cancer (RR=0.43; 95%CI =0.270.66) and a higher risk of pancreatic cancer among female carriers only (RR=5.5;
95%CI=1.47-14.0) were found for BRCA1 mutations inside the OCCR region.
Because of the high proportion of recurrent BRCA1 mutations (53% of the total amount of
person years), the variation in cancer risks with mutation position was examined. The overall estimated risks of cancer did not differ by mutation type (data not shown). However, for
the BRCA1 2804delAA Dutch founder mutation a decreased risk of lung cancer was found
(RR=0.18; 95%CI=0.06-0.42) and an increased risk of colon cancer (RR=3.23; 95%CI=1.187.04). Furthermore, the 2804delAA founder mutation conferred a significantly higher risk of
stomach cancer (RR=19.84; 95%CI=5.34-50.80), as compared to mutations in the rest of the
gene (RR=2.58; 95%CI=1.29-3.99, P for difference <0.001). The estimate was, however, based on
only four stomach cancer cases of which two were histologically confirmed.
Discussion
Our results confirm that pathogenic germline mutations in BRCA1 confer increased risks for
a variety of cancers at sites other than breast and ovary. Among BRCA1 mutation carriers
significantly increased risks of stomach, colon, liver, brain, endometrial and cervical cancer
were observed. We found an additional increased risks of pharyngeal cancer. We could not
confirm earlier reported increased risks of prostate and pancreatic cancer.

Table 4. Risk estimates of other cancers in BRCA1 mutation carriers by attained age

Cancer site

age ≥ 65

age < 65
O

All cancers 354
Stomach
14
Colon
46
Colorectal
50
Liver
5
Pancreas
9
Lung
56
Brain
19
Cervix
16
Endometrium 19
Prostate
8

E

SIR

95%CI

O

E

SIR

95%CI

P-value
for
difference*

252.01
14.47
21.36
36.72
1.21
5.83
54.58
5.95
5.86
9.07
10.61

1.40*
0.97
2.15
1.36
4.14
1.54
1.03
3.19
2.73
2.09
0.75

1.26-1.56
0.53-1.62
1.58-2.87
1.01-1.80
1.34-9.65
0.71-2.93
0.78-1.33
1.92-4.99
1.56-4.43
1.26-3.27
0.33-1.49

313
55
47
51
9
8
65
3
6
8
31

306.54*
20.76
30.85
49.60
1.44
8.54
70.5
2.39
1.95
5.71
40.45

1.02
2.65
1.52
1.03
6.25
0.94
0.92
1.26
3.08
1.40
0.77

0.91 -1.14
2.00 -3.45
1.12 -2.03
0.77 -1.35
2.86-11.87
0.41-1.85
0.71-1.18
0.26-3.68
1.13-6.70
0.61 -2.76
0.52 -1.09

<0.001
0.001
0.144
0.158
0.458
0.305
0.556
0.134
0.802
0.341
0.968

O= observed; E= expected; SIR= standardized incidence ratio; CI=confidence interval.
* Overall expected was estimated after excluding expected number of breast and ovarian cancer cases.

It has been suggested that mutations in the OCCR region of the BRCA1 may be associated
with a variation in breast and ovarian cancer risks 11 . Therefore, explorative analyses were
performed to determine the variation in other cancer risks by mutation location. Overall,
there were no differences in risks of cancers other than breast and ovary for mutations

So far, risks of other cancers than breast and ovary have been estimated in family-based
studies by comparing the observed and expected cancer cases in family members and
population-based case-control studies, mainly in Ashkenazi Jews, by comparing the
frequency of founder mutations in cases and their controls. In the present family-based
study, BRCA1 families were ascertained through their breast and ovarian cancer family history. Although it is less likely that for the ascertainment of these families other cancers
were taken into account, this cannot fully be ruled out, since family members diagnosed
with an other cancer might opt for a test more likely than relatives without a history of
cancer. Therefore, our analysis is not based on tested individuals only, but uses pedigree information in combination with the youngest typed carrier to select a kin-cohort to minimize potential testing bias.
To date, there is no consensus regarding the increased risks of colon and rectal cancer in
BRCA1 mutation carriers. The first BCLC family-based study reported a fourfold excess risk
of colon cancer in BRCA1 mutation carriers 12 . In a second and larger BCLC study, a twofold
excess risk of colon cancer was reported (RR=2.03 95%CI=1.45-2.85), but no increased risk
was found for colorectal cancer (RR=1.25; 95%CI=0.91-1.72), while a decreased risk of
rectal cancer was found 3 . These findings were supported by other 3;13;14 , but not all 5;15-17
family-based studies. In contrast, case-control studies among unselected Ashkenazi Jewish
colon cancer cases did not find increased rates of BRCA1 mutations as compared to controls 7;18;19 . But a hospital-based study among 1,098 female Ashkenazi Jews with breast and
ovarian cancer reported a fourfold increased risk of colon cancer 20 . The present study confirms the increased risk of colon cancer in BRCA1 mutation carriers (RR=2.51; 95%CI=3.023.07) and decreased risk of rectal cancer as was reported in the two BCLC studies 3;21;22 .
However, like in the BCLC studies the number of rectal cancers was markedly, suggesting
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that some rectal cancers have been incorrectly reported as colon cancers. Moreover, the
statistically increased risk of colorectal cancer found only in women suggests that part of the
increased risk of colon cancer in BRCA1 mutation carriers may be due misdiagnosis of
ovarian cancer as colon cancers. Thus, we believe that it is not likely that colon cancer is part
of the BRCA1 phenotype, although further studies are needed with a higher confirmation
rate of colon cancers.
The observed increased risks of brain and liver cancer might be explained as distant metastases from breast, ovarian and colorectal cancer. However, the analysis restricted to
females without a history of breast and ovarian cancer, still showed the excess risk of brain
and liver malignancies, suggesting that misclassification of distant metastases did not fully
explain the increased risks.
The statistically significantly increased risk of cervical cancer observed in our study remained significant if we restricted the analysis to pathologically confirmed cases only
(RR=2.45; 95%CI=1.34-4.11). For this site pathology confirmation is especially important
because a self-reported cervical cancer may not be very reliable due to misclassification of
in situ lesions for cervical cancer 23 . So far, only the BCLC 3 and the present study have
reported an association between BRCA1 and cervical cancer. However, if HPV infections also
contribute to the cervical cancer risks among BRCA1 carriers, as they do in the general
population, population differences in the prevalence of HPV infections might be attributable to the inconsistent findings on cervical cancer risks in BRCA1 carriers among various
studies.
We observed a statistically significantly increased risk of endometrial cancer in BRCA1
mutation carriers (RR=2.77; 95%CI=1.83-4.04). The excess risk of endometrial cancer is
supported by a family-based study among Ashkenazi Jewish women with ovarian cancer 16
and the BCLC family-based study (RR=2.65; 95%CI=1.69-4.16) 3 . However, in a populationbased series of 200 Ashkenazi Jews with endometrial cancer, prevalence of BRCA1
mutations was not increased 24;25 . Recent studies suggested that the increased risk of
endometrial cancer among BRCA1 carriers was mainly attributable to tamoxifen treatment
for previously diagnosed breast cancer 26;27 . When we conducted a stratified analysis among
women without a history of breast cancer, risk of endometrial cancer was lower, but still
significantly increased (RR=1.83; 95%CI=1.03-3.03); this risk increase was substantially
higher among women with prior breast cancer (RR=4.27; 95%CI=1.84-8.42). This suggests
that tamoxifen treatment elevates the already increased risk of endometrial cancer among
BRCA1 mutation carriers.
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Table 1.) makes interpretation of this result difficult. In the present study the risk of stomach
cancer seemed to be associated with the 2804delAA BRCA1 founder mutation,
suggesting a variation in stomach cancer risk according to specific mutations within the
BRCA1 gene. However, due to the low numbers and low confirmation rate further studies are
needed to confirm this finding. The estimated lifetime risk of stomach cancer for all BRCA1
carriers was up to 5.0% and for 2804delAA BRCA1 mutation carriers up to 32.2%, which
was substantially higher than the 0.5-1.3% lifetime risks known in the general population.
We did not find evidence for a difference in risk of other cancers for other founder mutations or for mutations inside or outside the known OCCR region of the BRCA1 gene. There
were some potential differences for site-specific cancer risks including a decreased risk of
lung cancer for mutations inside and increased risk of pancreatic cancer for mutations outside the OCCR region. However, due to the low number of pancreatic cancers and the lack
of smoking data further studies are needed.
To date, susceptibility to prostate cancer in male BRCA2 mutation carriers has been clearly
identified, but the association between prostate cancer and BRCA1 is less obvious. Based on
33 BRCA1 families, the early reports from the BCLC study showed an increased prostate
cancer risk (RR=3.33; 95%CI=1.78-6.20). In the second and larger BCLC study (699 BRCA1 families) the risk increase was only found among male carriers younger than age 65 (RR=1.82
95%CI=1.01-3.29). Population-based prostate cancer studies among Ashkenazi Jews and
other founder populations have not been consistent, but showed that the risk may vary
with the position of the mutation 30 -32 . A recent UK study among 913 men with prostate
cancer reported four deleterious mutations of BRCA1 with a mutation frequency of 0.45%.
Using the frequencies of BRCA1 mutations in the general population, it was estimated that
these BRCA1 mutations may confer an increased relative risk of prostate cancer of
3.75; 95%CI=1.02-9.60 33 . In our study prostate cancer risk did not appear to be increased
among all male BRCA1 mutation carriers (RR=0.76; 95%CI=0.54-1.04), neither for those
younger than 65 years old (RR=1.31; 95%CI=0.56-2.58). Thus the role of BRCA1 in elevating
prostate cancer risk remains controversial and may depend on mutation-specific effects.
Differences in findings between various studies may also depend on international differences in screening practices in the general population.

The estimated lifetime risks of cervical and endometrial cancer were 3.5% and 4.1% for
female BRCA1 mutation carriers, which were higher than the 0.6% and 1.4% lifetime risks
as was reported in the general population. The increase of the lifetime risk of endometrial
cancer of 2.7% does not seem to be large enough to advice a combined prophylactic
bi-lateral oophorectomy with a hysterectomy.

Pancreatic cancer has been thought to be associated with BRCA1 as was supported by the
large BCLC study (RR=2.26; 95%CI=1.26-2.06) and a recent prospective study among female
BRCA carriers (RR= 2.55; 95%CI=1.03–5.31) 3;34 . However, no evidence was found for such an
association by other family-based and population-based studies 17;28;35;36 . The nonsignificantly increased relative risk of pancreatic cancer as was found in the present study
(RR=1.42; 95%CI=0.83-2.27) is in line with reports suggesting a moderately increased risk
of pancreatic cancer in BRCA1 mutation carriers as compared to the risk in BRCA2 mutation
carriers 10;17;37 . Moreover, studies of unselected pancreatic cancer cases reported a higher
proportion of BRCA2 than of BRCA1 in these cases 36;38-40 , confirming the higher impact of
BRCA2 on this type of cancer.

We found a twofold increased risk of stomach cancer. This association was supported by the
study of Moran et al. (RR=2.4; 95%CI=1.2-4.3) 28 . However, the tendency to report abdominal cancer as stomach cancer 29 and the low proportion confirmed cancers of 25% (see

Our study design has several limitations that could potentially affect our results. First, we
assumed that families were ascertained independent of the occurrence of any cancer type
other than breast or ovarian cancer. When other cancers might have played a role in the
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ascertainment, it might be stronger in families with a weaker family history of breast of
ovarian cancer. However, similar or even somewhat higher relative risks of other cancer
were found in families with a stronger family history of breast or ovarian cancer as compared to families with a weaker family history. Therefore, no evidence was found that our
estimated risks of other cancers were biased by ascertainment. Second, imputed dates of
cancer diagnosis were based on mean age at cancer diagnosis and survival rates in the
general population, which may have resulted in somewhat conservative risk estimates.
Third, misclassification bias may have occurred because of the inaccuracy in reporting of
some cancers by family members and the limited number of cancers that could be pathologically confirmed due to a lack of data to enable the linkage. Thus depending on the site
a true effect could be missed or overestimated or underestimated 29 .
In conclusion, this family-based study is after the BCLC study by far the largest to date to
examine risks of cancer at sites other than the breast and ovary in BRCA1 typed families
counselled at the Dutch Clinical Genetic Departments. Our study confirms that BRCA1
mutation carriers are at increased risks for endometrial, cervical and possibly stomach
cancer. Knowing the risks for these cancers is clinically important for BRCA1 mutation
carriers, since risk reducing strategies and screening practices may be relevant for these
cancer types. The results provide further evidence that BRCA1 and BRCA2 have a distinct
phenotype. It seems that BRCA1 mutations are associated with gynaecological cancers,
whereas prostate and pancreatic cancer appear to be part of the BRCA2 phenotype.
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Abstract
Background: In the general population hormonal replacement therapy (HRT) starting around
menopause increases the risk of breast cancer. However, for women with a mutation of the
BRCA1 or BRCA2 genes the relationship is unclear.
Methods: Breast cancer risk was estimated using a weighted time-dependent proportional
hazard model to adjust for the oversampling of breast cancer cases. Potential survival bias
was taken into account by excluding cases diagnosed >5 years prior to data collection.
Results: Among 224 BRCA1/2 mutation carriers with a natural menopause, ever HRT use
was not associated with risk of breast cancer (adjusted HR=1.42, 95%CI=0.68-2.96), while
use within 5 years since natural menopause was associated with an increased risk
(adjusted HR=2.78, 95%CI=1.21-6.38).
Conclusions: Before deciding on HRT use BRCA1/2 mutation carriers should be informed
that, given the mutation, safety of HRT use cannot be guaranteed.
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Introduction
Women carrying a Breast cancer gene 1 (BRCA1) or Breast cancer gene 2 (BRCA2) mutation
have high lifetime risks of breast and ovarian cancer 1;2 . However, the substantial variation
in age at onset among carriers in successive generations and the finding that a riskreducing salpingo-oophorectomy (RRSO) has a protective effect on the risk of breast cancer
suggest that other, hormonal risk factors may influence cancer risk in BRCA1/2 mutation
carriers. In the general population hormone replacement therapy (HRT) is known to be
associated with the risk of breast cancer 3-6 . In a meta-analysis of data from 51 observational studies a relative risk (RR) of breast cancer of 1.35, (95% Confidence Interval
(CI)=1.21-1.49) was found for current users who had used HRT for 5 or more years 7 . The risk
increase was higher for users of combined therapy (estrogen and progestagen) than for
users of estrogen only. In the Women's Health Initiative (WHI) randomized trial, an
increased risk was observed for 5.2 years of combined therapy (RR=1.26; 95%CI=1.00-1.59),
but the risk was decreased for 6.8 years of therapy with estrogen alone (RR=0.77;
95%CI=0.59 -1.01) 8 . Findings of observational studies and WHI proved to be more
consistent if the gap time between start of menopause and start of HRT was taken into
account 9-11 .
So far, the association of HRT with risk of breast cancer for women carrying a BRCA1 or a
BRCA2 mutation has been investigated in few studies, with inconsistent results. In a
consecutive series of Jewish breast cancer cases ever HRT use was 3.6 times higher in 28
BRCA1/2 mutation carriers than in the remaining group of 357 cases, suggesting a stronger
association between HRT use and risk of breast cancer among carriers 12 . In contrast, in a
study of 236 prevalent cases and their matched controls, Eisen et al. reported that ever use
of HRT was associated with a decreased risk of breast cancer for postmenopausal BRCA1
mutation carriers (Odds Ratio (OR)=0.58, 95%CI=0.35- 0.96) 13 . In addition, a prospective
cohort study of 155 BRCA1/2 carriers with a RRSO indicated that short-term HRT use did not
alter the breast cancer risk reduction following surgery 14 . The main aim of the present study
was to examine the risk of breast cancer in relation to HRT use after natural menopause in
the International BRCA1/2 Carrier Cohort Study (IBCCS) taking into account potential testing
and survival bias.
Material and methods
Study design
The International BRCA1/2 Carrier Cohort Study was set up to estimate risks of breast,
ovarian and other cancers in BRCA1 and BRCA2 mutation carriers and to examine the
influence of environmental risk factors on cancer risks in BRCA1 and BRCA2 mutation
carriers 15 . The associations between HRT use after natural menopause and RRSO were
analyzed in a retrospective cohort of 3,364 women comprising 2,314 BRCA1 (69%) and
1,050 BRCA2 (31%) mutation carriers recruited into the IBCCS study from 1997 to 2006.
A standardized questionnaire on reproductive and lifestyle factors was administered which
included age at start and total duration of use for each period of HRT use.
Statistical Methods
As HRT use may be related with prognosis 16-18 , the proportion of HRT users among the
prevalent cases might differ from that in newly diagnosed cases. Therefore, we performed
analyses using breast cancer cases recently diagnosed, within the last five years before

82

I

Chapter 6

interview, to adjust for the potential survival bias. This analysis cohort was denoted as the
pseudo-incident cohort comprising 2,117 carriers and 8,944 person-years of follow-up.
Risks of breast cancer were estimated by calculating hazard ratios (HRs) using Cox proportional hazards models. Preferably, a woman with breast or ovarian cancer is the first family
member tested in a high risk family within a clinical genetic setting. As a result breast
cancer cases may be oversampled in a cohort of BRCA1/2 mutation carriers ascertained
through clinical genetic centers. To correct for this potential ‘testing bias’, the analyses were
performed using the weighted regression approach described by Antoniou et al. 19 and
others 20-24 in which women with breast cancer and unaffected women were differentially
weighted such that the breast cancer incidence rates in the study cohort were consistent
with age-, birth cohort, and gene-specific breast cancer risk estimates for non-selected
BRCA1 and BRCA2 mutation carriers reported by Antoniou et al. 1 . In the pseudo-incident
cohort approach the unweighted cohort analysis resembled a case-control study design
using all available data, while the weighted pseudo-incident cohort analysis may result in
more unbiased risk estimates.
To determine the risk of breast cancer, in the cohort analysis the primary endpoint was the
first diagnosis of breast cancer. All women were unaffected at start of follow-up.
Follow-up started five years before interview and ended at age at diagnosis of breast
(N=633, 30%), ovarian (N=133, 6%) or other cancer (N=11, 1%), age at which they
underwent prophylactic bilateral mastectomy (N=81, 4%), or age at questionnaire completion (N=1,259, 59%), whichever occurred first. In the cohort analysis age was the time
scale and we adjusted for starting age. All analyses were stratified for gene and birth
cohorts (<1939, 1940-1949, 1950-1959, >1960). Countries were roughly grouped based on
geographic location or cultural background (group 1: Austria, Belgium, Germany, Holland,
Hungary; group 2: Iceland, Denmark, Sweden; group 3: France, Spain, Italy, Quebec; group
4: United Kingdom/Ireland). Hazard ratios were calculated using a robust variance approach
to account for familial correlations in the risk factors among carriers from the same family 25 .
There was no evidence of non-proportionality of the hazards over time within the pseudoincident cohort risk models (global test of proportional hazards assumption P=0.54).
All data on HRT and confounders were analysed as time-varying variables and restricted to
the period before censoring. All analyses were adjusted for time since menopause and the
number of full-term pregnancies (0, 1, 2, 3, 4+). For each year of observation, use of HRT,
duration of HRT use and time since last HRT use was defined. Duration of HRT use was
determined by adding up the number of years of HRT use in the preceding years, while time
since last use was calculated by adding up the number of years since last use. Women who
used HRT for less than a year were considered as non-users in the analysis.
Age at natural menopause was defined as one year older than the reported age of last
menstrual period. In the analyses, a woman was classified as premenopausal during
premenopausal ages, and, if applicable, she was defined as postmenopausal during ages
after menopause. Using this approach, we analyzed the postmenopausal and premenopausal person years as separate categories in the cohort analyses. Women who
became postmenopausal or who had undergone prophylactic oophorectomy switched in the
time-dependent analysis from pre- to the postmenopausal status at their age of menopause
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or age of prophylactic oophorectomy. All women were kept in the analyses because weights
could be calculated birth cohort, age- and gene-specifically, but they could not be calculated for postmenopausal women only. The research protocol was approved by the relevant
ethics committees, and all participants provided written informed consent.
Results
In the pseudo-incident cohort of 2,117 BRCA1/2 mutation carriers, 355 women (17%) were
classified as postmenopausal with a known age at menopause and 182 women (9%) had
ever used HRT before censoring (see table 1). The mean age at censoring was 41.3 years
(standard deviation=10.9 years). To estimate the effect of HRT within the natural menopausal women, the following categories were defined: (1) natural menopause, no HRT
(reference category, N=148), (2) natural menopause and HRT user (N=76), (3) premenopausal women (N=1,682), (4) women with non-natural menopause (because of
surgery, chemotherapy, radiation or other reasons) (N=137), (5) unknown menopause or
unknown age at menopause (N=74) (see table 2). Among the naturally menopausal
BRCA1/2 mutation carriers, ever use of HRT was not associated with the risk of breast
cancer (hazard ratio (HR)=1.42, 95%CI=0.68-2.96). No increasing trend was evident with
longer duration of use, nor with use that ended more recently. In contrast, the HR estimate
for past use was higher than for current use, although the difference was not statistically
significant (HR=3.02, 95%CI=0.77-11.83 versus HR=1.16, 95%CI=0.55-2.46 for past and
current use, respectively, P=0.17). No difference in HR was found for HRT use that had
started before or after 1990. However, we observed a significantly increased risk for
BRCA1/2 carriers who started HRT use within 5 years after natural menopause (HR=2.78,
95%CI=1.21-6.38, P= 0.02, see table 2). For gene-specific analyses power was low (see
Appendix).
Among ninety carriers in our cohort who had RRSO before censoring, 37 women had used
HRT following their RRSO (41%, see table 3). As compared to premenopausal women with
ovaries in situ and without HRT use (N=1,647), RRSO without HRT use was associated with
a significant reduction of the risk of breast cancer (HR noHRT = 0.25, 95% CI = 0.07- 0.88).
However, the risk reduction was attenuated if the surgery was followed by HRT use
(HR HRT = 0.65, 95%CI = 0.23-1.84, P for heterogeneity = 0.20).

84

I

Chapter 6

Chapter 6

Table 1. Characteristics of the BRCA1/2 mutation carriers in the pseudo-incident IBCCS cohort

Number of carriers
Gene
BRCA1
BRCA2
Cohort
<1940
≥1940-49
≥1950-59
≥1960
Country group a
Group 1
Group 2
Group 3
Group 4
HRT use (%)
Never
Ever
Menopause
Never
Yes
Missing**
Menopause and HRT use
Natural menopause, no HRT use
Natural menopause and HRT use
Menopause other reasons
Premenopausal
Missing

N (%)

Pyrs

Breast Cancer (%)

2,117

8,944

633 (30)

1,451 (69)
666 (31)

6,137
2,807

416 (66)
217 (34)

126 (6)
289 (14)
590 (28)
1,112 (52)

477
1,144
2,369
4,954

41 (6)
98 (16)
224 (35)
270 (43)

553 (26)
191 (9)
725 (34)
648 (31)

2,354
834
2,998
2,758

132 (21)
62 (10)
250 (39)
189 (30)

1,935 (91)
182 (9)

8,351
593

576 (91)
57 (9)

16,88 (80)
355 (17)
74 (3)

7,470
1,187
287

515 (81)
93 (15)
25 (4)

148 (7)
76 (4)
137 (7)
1,682 (79)
74 (3)

531
224
432
7,470
287

40 (6)
26 (4)
27 (4)
515 (82)
25 (4)

N=number, Pyrs= person years of follow-up;
* Censoring based on the first cancer diagnosis with breast cancer coded as affected. a: Group 1: Austria, Belgium,
Germany, Netherlands, Hungary, Poland, Group 2: Denmark, Sweden,
Group 3: France, Italy, Quebec, Spain, Group 4: UK and Eire
** unknown age at menopause i.e., postmenopausal women with missing age at menopause.
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Table 2. HRT use and risk of breast cancer among 224 BRCA1/2 mutation carriers with a natural
menopause
HRT variable 1
HRT use
Never
Ever
Time since last use
Never
Current use (stopped <1 yr ago)
Past (stopped >1 yr ago)
Total duration of HRT use
Never
< 4 years
>= 4 years
Start HRT use before or after 1990
Never
<1990
>1990
Years since menopause at start HRT use
Never
< 5 years
> 5 years

N

Pyrs

N(BC)

HR 1

95%CI

P-value

148
76

531
224

40
26

1
1.42

0.68-2.96

0.36

148
51
25

531
165
59

40
17
9

1
1.16
3.02

0.55-2.46 0.70
0.77-11.83 0.11

148
35
41

531
98
126

40
12
14

1
1.48
1.35

0.57-3.84
0.57-3.20

0.42
0.49

148
17
59

531
55
169

40
7
19

1
1.51
1.40

0.24-9.49
0.66-2.96

0.66
0.38

148
27
49

531
73
151

40
13
13

1
2.78
1.00

1.21-6.38
0.46-2.16

0.016
0.99

N=number, Pyrs= person-years of follow-up; N(BC)= number of breast cancer cases; HR=Hazard ratio, CI=confidence
interval.
1
HRT variable: (1) natural menopause, no HRT (reference category); (2) natural menopause, ever HRT; (3) women
with non-natural menopause;, (4) premenopausal women (5) unknown menopause or unknown age at menopause;
Hazard Ratios based on a weighted time-dependent proportional hazard model adjusted for family clustering, age at
start follow-up, time since menopause, number of children and stratified for gene, birth cohort and country.

Table 3. HRT use after risk-reducing oophorectomy and risk of breast cancer among BRCA1/2 mutation
carriers
HRT use 2

N

Pyrs

N(BC)

HR 1

95%CI

Premenopausal, no RRSO and no HRT
RRSO and never HRT

1647
53
37

7321
174
122

499
6
9

1
0.25
0.65

0.07-0.88 0.030
0.23-1.84 0.414

RRSO and ever HRT

P-value

N=number, Pyrs=person-years of follow-up; N(BC)= number of breast cancer cases; CI=confidence interval; HR=hazard
ratio, RRSO= risk-reducing salpingo-oophorectomy.
1
HRT variable: (1) premenopause, no HRT (reference category), (2) RRSO no HRT, (3) RRSO, ever HRT, (3) natural and
other artificial menopause, (4) unknown menopause or unknown age at menopause; (5) premenopause, ever HRT
Hazard Ratios based on weighted time-dependent proportional hazard model adjusted for family clustering, age at
start follow-up, time since menopause, number of children and stratified for gene, birth cohort and country.
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Discussion
After adjusting for potential testing and survival bias the results in this study suggest that
ever use of HRT is not associated with an elevated risk of breast cancer among BRCA1/2
mutation carriers with a natural menopause. No trend was observed for recency of use or
duration of use. However, risk was increased for HRT use that started within five years after
natural menopause.
To date, the association between HRT use and risk of breast cancer among BRCA1/2
carriers has been described in a few small studies only. In a consecutive series of Jewish
breast cancer cases Sade et al. 26 found that ever HRT use was 3.6 times more frequent in
28 BRCA1/2 carriers than in the remaining group of 357 cases. Assuming that HRT use was
not associated with family history in the general Jewish population, this case-case study
suggested that HRT use is more strongly related with risk of breast cancer among BRCA1/2
carriers than among the general population. Though the carriers were unselected, the number was small and the analyses were adjusted for age only in broad categories and not for
type of menopause, such as a potential RRSO for those who might have been aware of their
carrier status. In a subsequent case-control study among 236 BRCA1 mutation carriers with
a natural menopause Eisen et al. 27 found that ever use of HRT was inversely associated with
risk of breast cancer. Our HR estimate was slightly increased, although not statistically
significantly so (HR=1.42, 95%CI=0.68-2.96). In the general population the relative risk of
breast cancer was increased for current but not for past HRT use (>3 years ago). Among
BRCA1/2 carriers we found no association for current use. Instead, breast cancer risk seemed
to increase rather than to decrease with longer time since last use. The same occurred in
the study of Eisen et al. but in the opposite direction: with a longer time since last use the
protection was stronger. How to explain these discordant findings? In retrospective studies
among BRCA1/2 carriers several biases may occur, such as survival bias and selection bias
caused by clinical testing (‘testing bias’). In the present study mean survival time was 2.5
years, whereas a mean survival of 5.6 years was reported in Eisen’s study giving more time
for survival bias to arise. In addition, testing bias might occur in a retrospective study of
BRCA1/2 carriers due to non-random sampling for mutation testing as the first family member tested may be selected because of their disease. We adjusted for this bias in the
weighted analysis, while Eisen et al. excluded cases at older ages as potential controls,
which may result in bias away from zero. Lastly, as all retrospective studies, our study may
be prone to potential recall bias. However, in a meta-analysis of observational studies no
heterogeneity for the association between use of HRT and breast cancer risk was found
between prospective cohort studies and case-control studies 28 . If this result can be
extrapolated to carriers, recall bias in our study is unlikely. Thus, bias may explain part of
the differences between the study of Eisen et al. and ours, but it is not very likely that bias
can fully explain a change in the direction of the risk estimate.
We observed a significantly increased risk for BRCA1/2 carriers who started HRT use within
5 years after natural menopause (HR=2.78). Our findings are in line with more recent reports
from the Women's Health Initiative study indicating that if prior use and time since menopause were taken into account, the trial and observational results were remarkably consistent 29;30 . For combined therapy stronger than for estrogen only, an increased risk of breast
cancer was found if HRT use started soon after menopause. Only with a longer gap between
start of menopause and start of HRT use estrogen only therapy started to be protective 31;32 .
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Thus, our findings among BRCA1/2 mutation carriers are in line with those in the general
population. Differences in type of HRT and timing of HRT after menopause may explain the
discordant direction in findings between Eisen’s and our study.
In the present study we observed a significant breast cancer risk reduction after RRSO among
carriers who never used HRT, whereas the risk reduction was smaller and less evident for
carriers who used HRT after RRSO. Both Rebbeck et al. and Eisen et al. reported that the
protective effect of RRSO on the risk of breast cancer among BRCA1 mutation carriers was
not modified by HRT use 33;34 . However, the small number of cases that used HRT after surgery and the short duration of use (less than 12 incident cases with a mean duration of 2.9
years in Rebbeck’s study, 23 prevalent cases with a mean duration of 4.0 years in Eisen’s
study of use and 9 pseudo-incident cases with a mean duration of 3.6 years of use in the
present study) illustrate that more power and longer duration of use is needed before that
it can be concluded that HRT use does or does not attenuate the protective effect of RRSO.
Strong points are the relatively long durations of HRT use after natural menopause (mean
duration of 6 years of use) and our pseudo-incident weighted cohort approach to correct for
important limitations of a retrospective cohort design among carriers. This accuracy comes
at the expense of reduced power, but we preferred bias correction above precision of
potentially biased estimates.
The fact that the majority (75-80%) of the breast cancers in BRCA1 mutation carriers are
estrogen receptor negative led initially to the suggestion that hormones are not relevant for
the biologic pathway involved in tumor development. However, the risk reduction found
after RRSO among BRCA1/2 mutation carriers suggests that estrogens are important in the
development of BRCA1 associated breast cancer 35-38 . Furthermore, in vitro studies indicated
that loss of the wild type allele of the BRCA1 gene during neoplastic development modulates the estrogen receptor expression 39. This had led to the hypothesis that in BRCA1 mutation carriers breast cancer follows a pathway in which estrogen stimulation is required
early, followed by loss of estrogen receptors later on. Recently, two common variants
closely located at the ESR1 (encoding for estrogen receptor alpha) were associated with
breast cancer risk in BRCA1 mutation carriers, while the estrogen receptor beta (ESR2) is
expressed in breast cancer of BRCA1 mutation carriers 40 . Thus, according to a mechanism yet
unknown, HRT may influence the development of breast cancer in BRCA1 mutation carriers.
In conclusion, no association was found between ever use of HRT after natural menopause
and risk of breast cancer among BRCA1/2 carriers. However, we confirmed recent findings
in the general population that timing of HRT use after natural menopause may be important
for the association with risk of breast cancer. Among BRCA1/2 carriers HRT use and risk of
breast cancer proved to be positively related if the start of HRT use was closer to the onset
of menopause. Hence, we could not confirm the inverse association of ever HRT use after
natural menopause among BRCA1 carriers as was suggested in the largest study so far 41 . It
is far too early to conclude that HRT does not influence the risk of breast cancer as long durations of HRT use and preparation-specific use remain to be evaluated among BRCA1/2
mutation carriers, preferentially in prospective studies. In addition, for BRCA1/2 carriers
that consider HRT use after natural menopause it is important to know that in the general
population an increased risk of ovarian cancer has been found 42;43 , while no studies have
been conducted in BRCA1/2 carriers so far. Therefore, before deciding on HRT use, BRCA1
and BRCA2 carriers should be informed about the benefits, but also the potential risks.

N=number, Pyrs= person-years of follow-up; N(BC)= number of breast cancer cases; 1 HR=Hazard ratio, CI=confidence interval.
HRT variable: (1) natural menopause, no HRT (reference category), (2) natural menopause, ever HRT, (3) premenopausal women, (4) women with artificial menopause,
(5) women with unknown menopausal status; also for the other HRT variables premenopausal women and women with artificial or unknown menopause were classified in three
separate categories*
1
Hazard Ratios based on weighted time-dependent proportional hazard model adjusted for family clustering, age at start follow-up, time since menopause, number of children
and stratified for birth cohort and country.

0.42-19.75
0.32-2.83
19
3
7
1.01-6.85
0.39-3.05
320
54
73
89
19
27

21
10
6

1
2.63
1.08

59
8
22

211
19
78

1
2.90
0.95

0.15-3.65
0.49-4.72
19
3
7
0.62-15.42
0.62-3.58
320
21
106
89
7
39

21
4
12

1
3.10
1.49

59
10
20

211
34
63

1
0.74
1.53

0.19-9.16
0.40-3.67
19
4
6
0.59-4.23
0.70-5.29
320
69
58
89
25
21

21
8
8

1
1.58
1.93

59
10
20

211
29
68

1
1.34
1.22

0.42-4.19
0.19-6.30
1
1.32
1.10
19
6
4
211
60
37
0.55-3.08
1.39-19.27
320
105
22
89
33
13

21
11
5

1
1.30
5.17

59
18
12

19
10
211
97
0.77-3.91
320
127

HRT use
Never
Ever
Time since last HRT use
Never
Current use (stopped <1 yr ago)
Past (stopped >1 yr ago)
Total duration of HRT use
Never
1-4 years
>4 years
Start HRT use before or after 1990
Never
< 1990
> 1990
Years since menopause at start HRT use
Never
< 5 years after menopause
> 5 years after menopause

89
46

21
16

1
1.73

59
30

N(BC)

1
1.25

0.45-3.48

Chapter 6

Pyrs
HRT variable

N

Pyrs

N(BC)

HR

1

95%CI

N

BRCA2

HR

1

95%CI

Chapter 6

BRCA1

I

Appendix HRT use and risk of breast cancer among BRCA1 and BRCA2 mutation carriers with a natural menopause in the pseudo-incident cohort according to
gene
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