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ABSTRACT

Background: Multiparity, young age at first childbirth, and breastfeeding are associated with
a reduced risk of breast cancer in the general population. The breast cancer predisposition
gene, BRCAI, has been shown to have a central role in regulating normal cell differentiation.
Reproductive factors may thus have an influence on breast cancer risk in BRCA1/2 carriers
since mammary gland cells undergo cell division and differentiation during pregnancy.
Methods: We performed a retrospective cohort study of 1601 women who carried a mutation
in BRCAlor BRCA2. Information on reproductive factors was obtained from a questionnaire
completed subsequent to genetic counseling. At censoring, 853 subjects were affected with
breast cancer. Data analysis was performed using a weighted cohort approach. All statistical
tests were two-sided. Results: There was no statistically significant difference in the risk of
breast cancer between parous and nulliparous women. Among parous women, an increasing
number of full-term pregnancies was associated with a statistically significant decrease in the
risk of breast cancer (Pyend = .008); risk was reduced by 14% (95% confidence interval [CI]=
6% to 22%) for each additional birth. This association was the same for carriers of mutations
in either BRCA1 or BRCA2 and was restricted to women older than 40 years. In BRCA2
mutation carriers, first childbirth at later ages was associated with a increased risk of breast
cancer compared with first childbirth before age 20 years (20-24 years, HR = 2.33 [95% CI =
0.93 to 5.83], 25-29 years, HR = 2.68 [95% CI = 1.02 to 7.07], 30 or later, HR = 1.97 [95%
CI = 0.67 to 5.81]), whereas in BRCA1 mutation carriers, first childbirth at age 30 or later
was associated with a reduced risk compared with first childbirth before age 20 (HR = 0.58
[95% CI = 0.36 to 0.94]). Neither history of interrupted pregnancies nor history of
breastfeeding was statistically significant associated with the risk of breast cancer.
Conclusions: The number of full-term pregnancies are associated with a reduced risk of

breast cancer among BRCA1/2 mutation carriers older than 40 years.
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INTRODUCTION

Breast cancer is the most commonly diagnosed cancer worldwide with nearly
1,000,000 new cases diagnosed per year and the second leading cause of cancer deaths in
women worldwide (1). Germline mutations in the breast cancer susceptibility genes BRCA1
and BRCA2 confer high risks of breast and ovarian cancer (2, 3). In a combined analysis of
22 studies of breast cancer patients who were not selected on the basis of a family history of
breast cancer,, the estimated risk of developing breast cancer was 65% by age 70 years
among women who carried a deleterious mutation in the BRCA1 gene and 45% among those
who carried a deleterious mutation in the BRCA2 gene (4). Up to 40% higher estimated risks
of breast cancer have been found in studies of breast cancer patients with a strong family
history of the disease (5, 6). The difference in these risk estimates suggests the existence of
genetic or shared environmental factors within families that modify the risk of breast cancer
(7).

BRCA1 and BRCA2 are tumor suppressor genes that are involved in multiple
processes, including DNA damage repair and recombination, cell cycle control, transcription,
and estrogen receptor-o. activity (8, 9). In addition, Thompson et al. (10) reported that
decreased levels of Brcal protein increased the growth of tumor cells, whereas increased
expression of the BRCA1 gene led to cell growth arrest and apoptosis. In vitro studies have
also shown that BRCA1 gene expression was increased in proliferating cells undergoing
differentiation especially during pregnancy and puberty. Control of cell proliferation
stimulated by increased levels of estrogen during puberty and pregnancies may be
compromised in BRCAI1/BRCA2 heterozygote breast cells (9, 14). Therefore, these
heterozygote breast cells may be more susceptible to genotoxic carcinogens than normal
breast cells during the period from menarche to first childbirth when breast cells are

undifferentiated (11-13). For all these reasons, the associations between the occurrence and



yduosnuew Joyine vH

=
0
@D
=
2
o
o
[
w
S]]
\I
(o]
©
<
@D
-
@,
o
=
[N

timing of reproductive events, like pregnancies or breastfeeding, and risk of breast cancer
may differ in the general population and in BRCA1/2 mutation carriers.

Many studies (e.g. 15) have established that women who had their first full-term
pregnancy at a young age before 25 years have a lower risk of breast cancer than nulliparous
women or women who had their first full-term pregnancy when they were above 30 years;
additional pregnancies are associated with even lower risks. Long-term breastfeeding is also
associated with a decreased risk of breast cancer in the general population (16). Neither
induced nor spontaneous abortion is associated with an increased risk of breast cancer (17). .
The few studies that have examined associations between reproductive history and the risk of
breast cancer among BRCA1/2 mutation carriers have produced inconsistent results. In some
studies (19,21,23), the authors observed a decreased risk of breast cancer among nulliparous
BRCA1/2 mutation carriers and an increased risk of breast cancer with increasing number of
full-term pregnancies; in other studies (18,20,22), breast cancer risk was not associated with
either the number of full-term pregnancies or young age at first full-term pregnancy. Only
two studies have examined associations between breastfeeding history and the risk of breast
cancer: one study found that breastfeeding was associated with a decreased risk among
BRCA2 mutation carriers (21), whereas the other study found that breastfeeding was
associated with a decreased risk of breast cancer among BRCA1 mutation carriers but not
among BRCA2 mutation carriers (24). One study reported that miscarriages or abortions
were not associated with an increased risk of early-onset breast cancer in BRCA1/2 mutation
carriers (19).

To provide a better assessment of the risk of breast cancer to individual carriers of
BRCA1 and BRCA2 mutations, we examined associations between reproductive history,
including the number of pregnancies, age at first pregnancy, and history of breastfeeding and

the risk of breast cancer in women who carried BRCA1 and BRCA2 gene mutations using
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data obtained from the International BRCA1/2 Carrier Cohort Study (IBCCS), which

includes most of the large population-based studies in Europe.

SUBJECTS AND METHODS
Study Group
The IBCCS was initiated in 1997 by the International Agency for Research on Cancer

to prospectively estimate the risks of breast, ovarian, and other cancers in BRCA1/2 mutation
carriers and to assess the lifestyle and genetic factors that may modify those risks. One of the
aims of the IBCCS was to assess the role of reproductive factors as potential modifiers of
cancer risks in BRCA1/2 mutation carriers. Details of the design and rationale of the IBCCS
have been previously described (25). Any woman who was known to carry a presumed
disease-predisposing mutation in the BRCA1 gene or the BRCA2 gene was eligible for
enrollment in the IBCCS, including those who had been diagnosed with cancer (at any site),
as well as those who were currently unaffected, if they were at least 18 years old , mentally
capable of giving informed consent to study participation, and had been counseled about their
mutation status. Subjects were ascertained from family cancer clinics, most of which required
at least a 10-20% prior probability of carrying a mutation in BRCA1 or BRCA2 for
performing mutation screening. The mutation screening strategy was similar across the
family cancer clinics of the IBCCS: the youngest living affected (i.e., diagnosed with breast
cancer) family member was tested first and, if a BRCA1/2 mutation was found, additional
affected and unaffected family members were offered testing.

Our retrospective analyses were based on 1601 eligible women, 1187 (74.1%) of
whom had BRCA1 mutations and 414 (25.9%) of whom had BRCA?2 mutations, who were
recruited into the IBCCS from January 1997 to December 2002. All of the women in our
study were European, except for 88 subjects from Quebec, Canada. Approximately two-

thirds (1064/1601) of subjects included in our study were participants in large ongoing
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national studies of BRCA1/2 mutation carriers in the United Kingdom and Eire (the
EMBRACE study), Netherlands (the GEO-HEBON study), and France (the GENEPSO
study). The 1601 women were members of 764 families with one participant, 192 families
with two participants; 67 families with three participants; 30 families with four participants;
11 families with five participants; three families with six participants; three families with
seven participants; and four families which have eight, nine, 10, and 11 participants each,
respectively .

A standardized questionnaire was administered to the study subjects either by mail, at
an in-person interview at the time of genetic counseling, or through a telephone interview,
depending on the study center. The questionnaire collected detailed information on
pregnancy history. Subjects who indicated that they had had at least one pregnancy were
asked to provide, for each pregnancy, the month and year when pregnancy started or was
terminated, its duration, and its outcome (live birth, still birth, miscarriage, induced abortion),
and the duration of breastfeeding, if applicable. The research protocol was approved by the
relevant ethics committees and all participants provided written informed consent.

Statistical Methods

Factors associated with breast cancer risk were analyzed using a modified Cox
proportional hazards regression model. We used a modified model instead of standard Cox
proportional hazards regression modeling, which might have led to biased estimates of the
hazard ratio because the women in this study were selected from high-risk families who
qualified for genetic testing for breast cancer susceptibility. The likelihood to opt for genetic
testing and being ascertained may be increased in women affected by breast cancer, leading
to an over-sampling of affected women. To eliminate this potential bias, the analyses were
performed using a weighted regression approach (26), in which case patients (affected
women) and control subjects (unaffected women) were differentially weighted such that the

observed breast cancer incidence rates in the study sample were consistent with the birth
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cohort-specific breast cancer risk estimates for BRCA1 and BRCA2 mutation carriers that
were reported by Antoniou et al. (4). In effect, the affected mutation carriers were
underweighted (weights <1) and the unaffected mutation carriers were overweighted (weights
> 1). The weights were applied to all person-years of each subject in the modified Cox
model.

Subjects were censored at the date of diagnosis, for women who were affected by any
cancer, or the date of interview, for unaffected women. Of the 879 women who had been
diagnosed with breast cancer at the time of their interview, only 853 were classified as
affected in this analysis because we excluded the 26 women who were diagnosed with breast
cancer after being diagnosed with another cancer (most were previously diagnosed with
ovarian cancer). The information on the histology of prevalent cases of breast cancer was not
available and therefore the proportion of invasive versus in situ carcinoma is unknown,
although a negligible number of BRCA1/2 carriers develops in situ carcinoma. The
remaining 748 women who had not been diagnosed with breast cancer at the time of their
interview were censored at: age at diagnosis of ovarian cancer (122 subjects); age at
diagnosis of cancer other than ovarian cancer (16 subjects); age at which they underwent
prophylactic bilateral mastectomy (31 subjects); or age at interview (579 subjects).

All analyses were performed using robust variance estimators which accounted for
correlations in the risk factors between family members (27). Analyses were conducted for
the entire cohort and separately for subjects with mutations in BRCA1 and BRCA2, as well
as by attained age (40 years or younger versus older that 40 years. This 40 years cutpoint was
chosen because, in the general population, the reduction in breast cancer risk associated with
increasing number of births has been observed to become apparent after age 40 years.

Parity and menopausal status changed over time; therefore, they were analyzed as

time-dependent covariates and therefore, accounted for any potential interaction with time.
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Because the duration of an individual breast-feeding period was usually less than 1 year, the
total duration of breast-feeding, which was calculated by summing up all breast- feeding
periods, was considered as a fixed variable from the age of the woman when she first breast-
fed until her age at censure. To avoid the potential bias due to breast cancer detected during a
pregnancy which may cause a bias either towards or away from the null depending on the
effect of pregnancy on the risk of breast cancer, pregnancies were only included if they
occurred at least 1 year before the age at censure. Thus, we excluded 23 pregnancies, 15
among affected women and eight among unaffected women, all of which occurred after a
full-term pregnancy. Menopausal status was defined by the subject’s menstruation status 2
years before her age at diagnosis or censure. Women who had undergone hysterectomy
without oophorectomy were classified as having an unknown menopausal status. All analyses
were stratified by the year of birth (before 1940, 1940-1949, 1950—-1959, 1960 or later) and
country of residence group (group 1: Austria, Belgium, Germany, Holland, and Hungary;
group 2: Iceland, Denmark, and Sweden; group 3: France, Spain, Italy, and Canada (Quebec);
group 4: United Kingdom and Eire). In addition, because early oophorectomy may
substantially modify the risk of breast cancer and thus be a potential confounder, all analyses
were adjusted for oophorectomy (yes/no) as a time-dependent variable. Other potential
confounders, such as oral contraceptive use, were examined and were not found to change the
results. Eighteen women (16 affected, two unaffected) who had missing values for age at
pregnancy were excluded from the analysis.

All statistical analyses were two-sided and were performed using the STATA

statistical package (version 7; Stata Corporation, College Station TX).
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RESULTS

Characteristics of the entire cohort and the distribution of reproductive variables are
presented in Table 1. The characteristics of the women were similar across countries. The
mean age (+ standard deviation) of the entire cohort at interview was 46.7 years (£12.0
years), ranging from 44 years (Austria) to 55 years (Iceland). The mean age at censure among
affected women was 41.6 years (£9.0 years), ranging from 39.3 years (The Netherlands) to
47.3 years (Iceland); the mean age at censure among unaffected women was 41.4 years
(x11.2 years), ranging from 38.6 years (Austria) to 44.5 years (Quebec). Among affected
women, the mean time from their diagnosis of breast cancer to the interview was 8.6 years
(£7.4 years), ranging from 7.2 years (Spain) to 12.2 years (Germany).

The mean age at censure for the 748 women unaffected by breast cancer was similar
to the mean age at diagnosis for the 853 women with breast cancer; however, the mean age at
interview of the women with breast cancer was substantially older than that of the unaffected
women. There was a total of 65,675 person-years of observation. The estimated risks of
breast cancer associated with parity, age at pregnancy, and history of abortion from the
weighted Cox regression analysis are summarized in Table 2, both for the entire cohort and
for BRCA1 and BRCA2 mutation carriers. We also analyzed all of these variables according
to attained age (40 years or younger versus older than 40 years) and present only the results
of analyses by attained age that showed statistically significant evidence of heterogeneity.
Overall, compared with nulliparous women, parous women had a slightly lower risk of breast
cancer (HR = 0.85, 95% confidence interval [CI] = 0.66 to 1.11). Similar results were
observed for all birth cohorts (data not shown). Among parous women, an increasing number
of full-term pregnancies was associated with a statistically significant decrease in the risk of

breast cancer (Pyena = .008). The reduction in risk was estimated to be 14% (95% CI = 6% to

10
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22%) for each additional birth. This association was restricted to women older than 40 years
(risk reduction per each additional birth =15%, 95% CI = 5% to 23%); among women who
were 40 years or younger, the risk of breast cancer per additional birth increased by 10%,
95% CI = -10% to 34% (P for interaction =.029). In particular, compared with having one or
two full-term pregnancies, having three or more full-term pregnancies was associated with
reduced risk of breast cancer for women older than 40 years (HR = 0.72, 95% CI = 0.54 to
0.96) but not for women 40 years old or younger (HR = 1.21, 95% CI = 0.80 to 1.84) . The
reduction in risk associated with parity was similar in mutation carriers of either BRCA1 or
BRCA2. We did not detect a transient increase in breast cancer risk either after the first full-
term pregnancy or after the most recent pregnancy (data not shown).

Among parous women, age at first full-term pregnancy was not statistically
significantly associated with breast cancer risk. However, there was a suggestion that the
association between age at first full-term pregnancy and breast cancer risk differed between
BRCA1 and BRCA2 mutation carriers (P = .07 for the interaction between mutant BRCA
gene and age at first full-term pregnancy as continuous covariate). For example, among
BRCA2 mutation carriers, there was some evidence that woman who had their first
pregnancy when they were 20 years or older had a higher risk of breast cancer than women
who had their first pregnancy when they were younger than 20 years. By contrast, among
BRCA1 mutation carriers, women who had their first pregnancy when they were 20 years or
older had a lower risk of breast cancer than women who had their first pregnancy when they
were younger than 20 years (HR for those who experienced their first pregnancy at age 30 or
later versus those who experienced their first pregnancy before age 20 = 0.58 [95% CI = 0.36
t0 0.94]; Pyena = .03).

We found no association between having an interrupted pregnancy (due to

miscarriage or an induced abortion) and the risk of breast cancer for women who carried a

11
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mutation in either BRCA gene. There was also no association between the timing of an
interrupted pregnancy with respect to the first full-term pregnancy and the risk of breast
cancer (Table 2).

After adjusting for parity, we observed no association between ever having breastfed
and breast cancer risk, either for the entire cohort or separately for BRCA1 or BRCA2
mutation carriers (Table 3). There was also no statistically significant association between
duration of breastfeeding and breast cancer risk. Compared to never having breastfed,
breastfeeding for more than 12 months was associated with a reduced risk for breast cancer in
the entire cohort (HR = 0.89, 95% CI = 0.62 to 1.27) and the association was also not
statistically significant in either BRCA1 or BRCA2 mutation carriers. Because whether and
how long a woman breast feeds may vary by calendar year and by her country of residence,
we performed the analyses according to birth cohort and country group as defined above and
found that the risk estimates did not change.

For comparison, we also performed a standard (i.e., unweighted) Cox regression
analysis of the data. The associations were generally in the same direction as those obtained
in the weighted analysis but were biased towards the null. For example, in the unweighted
analysis, the HRs associated with two, three, and four or more full-term pregnancies and
nulliparity compared with one full-term pregnancy were 0.84 95% CI = 0.72 to 1.05, 0.76,
95% CI = 0.61 to 0.95, 0.68, 95% CI = 0.51 to 0.91 and 1.01 95% CI = 0.81 to 1.26 and in
the weighted analysis, these HRs were 0.85, 95% CI = 0.65 to 1.13, 0.68, 95% CI = 0.49 to
0.95, 0.65, 95% CI=0.42 to 1.00, 0.97, 95% CI=0.70 to 1.33 .

To minimize any potential survival bias, we also performed analyses that were
restricted to women who were diagnosed or censored during the 5 years before their
interview, that is, including follow-up time accrued only in the last five years before

interview . This cohort, which we refer to as the “pseudo-incident cohort”, yielded risk

12
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estimates that were comparable to those obtained using the entire cohort except that the 95%
confidence intervals were usually wider (e.g., HR associated with parity for the pseuso-
incident cohort = 0.73 [95% CI = 0.48 to 1.12] versus HR for the entire cohort = 0.85 [95%

CI=0.66to0 1.11]

DiscussIiON

Our results indicate that the risk of breast cancer in parous BRCA1/2 mutation carriers
is not statistically significantly different from that in nulliparous mutation carriers. However,
in parous BRCA1/2 mutation carriers, the risk of breast cancer decreased by approximately
14% for each additional birth. This risk reduction, however, appeared to be restricted to
women older than 40 years. The protective effect associated with number of full-term
pregnancies appeared to be similar in BRCAl and BRCA2 mutation carriers, and was
roughly comparable to that seen for breast cancer in the general population ; in the largest
dataset analyzed, the estimated risk reduction, was 7.0% (SE 1.0%) with each additional
birth in women who had never breastfed (15) We found some evidence that the association
between age at first full-term pregnancy and breast cancer risk differed in BRCA1 and
BRCA2 mutation carriers. For BRCA2 mutation carriers, full-term pregnancy before the age
of 20 years was associated with a lower risk of breast cancer than later age at first pregnancy,
whereas in BRCA1 mutation carriers, later age at first pregnancy appeared to be associated
with a lower risk of breast cancer. Neither interrupted pregnancies nor history of
breastfeeding were associated with the risk of breast cancer in this cohort. However,
considering that the estimated relative risk reduction associated with  duration of
breastfeeding in the general population is quite modest (4.3% for every 12 months of
breastfeeding, according to the collaborative group on Hormonal Factors in Breast Cancer

[15]), our data can not rule out a risk reduction of this magnitude.

13
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Our study has several limitations. First, our results are based on retrospective
information obtained from women who opted for BRCA mutation screening and genetic
testing. And one assumption that underlies the method of weighting used in our analyses is
that the absolute disease risks are well estimated and ascertainment is not dependent on the
covariates of interest (26). This assumption would be violated if having children changed the
likelihood of women to opt for genetic testing. This was indeed observed in two studies,
including both affected and unaffected women, that the uptake of genetic testing was greater
in women with children than in nulliparous women (28, 29). Unfortunately the magnitude of
the potential bias when this assumption is violated has not been investigated. However, if
ascertainment was associated with high parity, the difference in the number of children
between affected and unaffected women would be reduced and weighting would lead to
results that were biased toward the null rather than results that overestimated associations.
Moreover, if parity was indeed associated with a reduced risk of breast cancer in BRCA1/2
mutation carriers, tested individuals with higher parity would, in effect, be susceptible to
lower breast cancer risks than the breast cancer risks used to compute the weights.
Consequently, the weights assigned to women with breast cancer would be too low thus
resulting in estimates which are biased toward the null as shown by the simulations in
Antoniou et al. (26). Bias could also arise if unaffected women are more likely to choose to
undergo testing when they have children and affected women are more likely to opt for a test
because of their diagnosis of breast cancer. We are unaware of any study that has assessed
whether uptake of genetic testing in women differs according to her breast cancer affection
status as well as the number of children she has borne and we cannot assess this potential bias
using available IBCCS data. However, this possible bias will be explored further by using
data from the GEO study being conducted in The Netherlands; this study is collecting

detailed information from women who opted for genetic testing for BRCA genes and from

14
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those who did not. Nevertheless, the influence of reproductive factors on genetic testing
might differ by country and this possibility warrants further study in other populations as
well.

Second, the difference in birth year between affected and unaffected women could be
another source of bias in our study, particularly if the reproductive patterns in our study
population have changed substantially across birth cohorts. For example, the unaffected
women were born an average of 7 years later than the affected women. To correct for this
potential bias, all of our analyses were performed stratified by the year of birth (in decades).
The method used for weighting, which was cohort-specific, also contributed to correcting this
potential bias. Moreover, we assessed this possible bias by analyzing the data by birth cohort
and found similar HRs for childbearing and breastfeeding for all birth cohorts.

Another possible bias that might have influenced our results is survival bias resulting
from the inclusion of affected women who survived long enough to participate in this study.
Thus, some of the observed associations might, in part, be related to the breast cancer
prognosis rather than to the risk of breast cancer. We therefore analyzed data from the
pseudo-incident cohort to evaluate the effect of such a bias on our findings. We cannot totally
exclude the possibility that a residual survival bias remained in the pseudo-incident cohort
because some women with early-onset breast cancer who had a poor prognosis may not have
still been alive 5 years later to participate in our study. However, the results based on the
pseudo-incident cohort were not substantially different from those based on the entire cohort,
suggesting that survival had negligible effect on our results.

In the general population, pregnancy is associated with a reduced risk of breast
cancer. However, there is a transient increase in breast cancer risk after each birth, which is
then followed by a reduced risk of breast cancer, so that the association between pregnancy

and a reduced risk of breast cancer only becomes evident in women who are older than 40 or

15
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50 years (30-32). The magnitude of the risk reduction associated with childbirth that we
observed in our cohort of BRCA1/2 mutation carriers is consistent with that observed in the
general population. However, we did not detect any transient increases in risk in our cohort.
The mechanisms responsible for the long-term association between a full-term pregnancy and
a reduced risk of breast cancer may differ between BRCA1/2 mutation carriers and the
general population. Most previous studies of BRCA1/2 mutation carriers have not found
statistically significant associations between childbearing and the risk of breast cancer (17,
19, 20). However, these studies were small and their estimated relative risks are, therefore,
imprecise. Only one study has reported an association between parity and a reduced risk of
breast cancer in BRCA1 mutation carriers (23). Our results are consistent with those of
Jernstrom et al. (19), who also found that the risk of breast cancer by age 40 years in
BRCA1/2 mutation carriers increased with the number of full-term pregnancies. However, in
that case—control study, women who were diagnosed with breast cancer after age 40 years
were also used as age-matched control subjects for case patients who were younger than 40
years at breast cancer diagnosis. Thus, Jernstrom et al. (19) might have overestimated the risk
of breast cancer associated with childbearing by age 40 years if childbearing was associated
with a reduced risk of breast cancer after age 40 years. More recently, the same group
published results of a case—control study that was based on a larger sample of 1,260 matched
sets and found that the risk of breast cancer increased with increasing parity, but only among
BRCA2 mutation carriers who were 50 years or younger (33). In this analysis, again, breast
cancer case patients were only included if they could be matched to a control subject. Thus,
the survival bias might have been even more exaggerated by excluding as control subjects all
women who had developed breast cancer at any time. It would be useful to evaluate how
much the matching strategy as well as the familial clustering of mutation carriers in that study

affected the results.
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In the general population, younger age at first birth is associated with decreased risk
of breast cancer (34). The association between high parity and a reduced risk of breast cancer
has been found to be particularly strong among women who first gave birth before the age of
20 years (35). In our study, we observed a reduced risk of breast cancer among BRCA?2
mutation carriers who had a full-term pregnancy before age 20. However, among BRCAI
mutation carriers, the risk of breast cancer was inversely related to the woman’s age at first
birth. Other studies of BRCA1 and BRCA2 mutation carriers that examined the effect of a
woman’s age at first birth found no decreased risk associated with a young age at first
childbirth (20,21). One of those studies (20) found that mothers of BRCA1/2 mutation
carriers who had their first full-term pregnancy after age 30 years had a lower risk of
developing breast cancer than mothers of BRCA1/2 mutation carriers who had their first full-
term pregnancy before age 25 years. These findings are compatible with our observations for
BRCA1 mutation carriers (18). Although the difference in the pattern of risk between
BRCA1 and BRCA2 mutation carriers that we observed might be due to chance, it might also
reflect real differences in the natural history of breast cancer in BRCAl and BRCA2
mutations carriers. In particular, BRCA1 mutations confer a much greater risk of breast
cancer at very young ages than do BRCA?2 mutations, and invariably predispose women who
carry such mutations to estrogen receptor-negative tumors (36).

The BRCAI gene is thought to play a key role in the normal proliferation and
differentiation of cells in the mammary gland. For example, in mice BRCA1 expression is
regulated during mammary gland development and increases during puberty and pregnancy,
possibly to limit proliferation and promote differentiation (37). Recent studies in cell lines
and in rats have shown that estrogens may increase expression of BRCA1, which decreases
the activity of estrogen receptor-o—mediated pathways, thereby suppressing cell proliferation

(9, 14, 38). In some experimental animal models, susceptibility to mammary cancer is
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strongly related to the proliferation of the mammary epithelial cells and inversely related to
the degree of differentiation (11). Pregnancy furthers the differentiation of the terminal end
buds and induces dramatic changes in the parenchyma-stroma ratio of breast tissue, thereby
conferring protection against the development of breast cancer (11). The lobular architecture
of the breast tissue in parous women who had a family history of breast cancer was found to
resemble that of nulliparous women without a family history rather than that of parous
women without a family history (39). Thus, it was postulated that the breast tissue from
women with hereditary breast cancer suffers from a disturbance of cell differentiation
following pregnancy and altered interactions between the epithelium and the stroma (39).
Nevertheless, a higher proportion of more differentiated lobular structures in the parous than
nulliparous women was also observed in women from hereditary breast cancer families (39).
These observations support the hypothesis that pregnancy is associated with a reduced risk
for breast cancer in BRCA1/2 mutation carriers, but also raise the possibility that the extent
and pattern of this protective effect may be different from that observed in the general
population.

In conclusion, our data provide evidence that multiple full-term pregnancies are
associated with a moderate reduction in the risk of breast cancer in BRCA1 and BRCA2
mutation carriers, which is only evident in women older than 40 years. This decrease in
breast cancer risk appears to be consistent with that found in the general population. Further
studies are needed to understand the mechanisms underlying the observed long term
protective effect of full-term pregnancies on breast cancer risk. Nevertheless, the decrease in
risk of breast cancer associated with multiple pregnancies might be used to revise the risk
estimates given to BRCA1/2 mutation carriers. The association of age at first full-term

pregnancy with breast cancer risk, however, were less consistent with that seen in the general
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population and might differ by gene. These findings may reflect differences in the

pathogenesis of cancers associated with the two genes and warrants further investigation.
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NOTES

Affiliations of the participating groups are as follows:

IBCCS Collaborating Group—Vienna, Austria: Teresa Wagner, Verena Korn; Odense,
Denmark: Anne-Marie Gerdes; Budapest, Hungary: Edith Olah; Reykjavik, Iceland: Jorunn
Eyford ; Milan, Italy: Paolo Radice; Madrid, Spain: Javier Benitez, Ana Osorio, Trinidad
Caldes, Miguel de la Hoya; Szczecin, Poland: Jan Lubinski; Stockholm, Sweden: Brita
Arver; Lund, Sweden: H. Olsson, Niklas Loman; Quebec, Canada: Jacques Simard
Brussels, Belgium: Catherine Sibille.

GEO-HEBON Collaborating Centers—Dept. of Clinical Genetics, Leiden University
Medical Center: Christi van Asperen; Dept. of Clinical Genetics, Erasmus Medical Center,
Rotterdam: Hanne Meijers-Heijboer; Dept. of Clinical Genetics, Nijmegen Medical Center,
Nijmegen: Nicoline Hoogerbrugge; Family Cancer Clinic, The Netherlands Cancer Institute,
Amsterdam: Senno Verhoef; The Netherlands Foundation for the detection of hereditary
tumours: Leiden, Hans Vasen; Dept. of Medical Genetics, University Medical Center
Utrecht, Utrecht: Margreet Ausems; Dept. of Clinical Genetics and Human Genetics, VU
University Medical Center, Amsterdam: Fred Menko; Dept. of Clinical Genetics, Maastricht
University Medical Center, Maastricht: Encarna Gomez-Garcia.

EMBRACE Collaborating Centers—Coordinating Centre, Cambridge: Susan Peock,
Margaret Cook, Anneli MacDonald; North of Scotland Regional Genetics Service, Aberdeen:
Neva Haites, Helen Gregory; Northern Ireland Regional Genetics Service, Belfast: Patrick
Morrison; West Midlands Regional Clinical Genetics Service, Birmingham: Trevor Cole,
Carole McKeown; South West Regional Genetics Service, Bristol: Alan Donaldson; East
Anglian Regional Genetics Service, Cambridge: Joan Paterson; Medical Genetics Services
for Wales, Cardiff: Jonothan Gray; St James’s Hospital, Dublin and National Centre for
Medical Genetics, Dublin: Peter Daly, David Barton; South East of Scotland Regional

Genetics Service, Edinburgh: Mary Porteus, Michael Steel; Peninsula Clinical Genetics
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Service, Exeter: Carole Brewer, Julia Rankin; West of Scotland Regional Genetics Service,
Glasgow: Rosemarie Davidson, Victoria Murday; South East Thames Regional Genetics
Service, Guys Hospital London: Louise Izatt, Gabriella Pichert; North West Thames
Regional Genetics Service, Harrow: HuwDorkins; Leicestershire Clinical Genetics Service,
Leicester: Richard Trembath; Yorkshire Regional Genetics Service, Leeds: Tim Bishop,
Carol Chu; Merseyside and Cheshire Clinical Genetics Service, Liverpool: Ian Ellis;
Manchester Regional Genetics Service, Manchester: Gareth Evans, Fiona Lalloo, Andrew
Shenton; North East Thames Regional Genetics Service, NE Thames: James Mackay, Anne
Robinson; Nottingham Centre for Medical Genetics, Nottingham: Susan Ritchie; Northern
Clinical Genetics Service, Newcastle: Fiona Douglas, John Burn; Oxford Regional Genetics
Service, Oxford: Sarah Durell; Department of Cancer Genetics, Royal Marsden Hospital: Ros
Eeles; North Trent Clinical Genetics Service, Sheffield: Jackie Cook, Oliver Quarrell; South
West Thames Regional Genetics Service, London: Shirley Hodgson; Wessex Clinical
Genetics Service, Southampton: Diana Eccles, Anneke Lucassen;

GENEPSO Collaborating Centers—Coordinating Center, Centre René Huguenin, Saint
Cloud: Catherine Nogues, Emmanuelle Fourme, Rosette Lidereau, Denise Stevens; Institut
Curie, Paris: Dominique Stoppa-Lyonnet, Marion Gauthier-Villars; Institut Gustave
Roussy, Villejuif: Agnés Chompret; Centre Paul Strauss, Strasbourg: Jean-Pierre Fricker;
Centre Léon Bérard, Lyon: Christine Lasset, Valérie Bonadona; Centre Frangois Baclesse,
Caen: Pascaline Berthet; Centre Alexis Vautrin, Vandoeuvre-les-Nancy: Elisabeth Luporsi;
Institut Paoli-Calmettes, Marseille: Hagay Sobol, Francois Eisinger, Laetitia Huiart; Institut
Claudius Regaud, Toulouse: Laurence Gladieff, Rosine Guimbaud; Angers, Centre Paul
Papin: Alain Lortholary, Nantes: Centre René Gauducheau and Centre Catherine de Sienne :
Alain Lortholary ;Centre Antoine Lacassagne, Nice: Marc Frénay; Hopital D'Enfants CHU,

Dijon: Laurence Faivre; Institut Bergonié, Bordeaux: Michel Longy; Institut Jean Godinot,
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Reims: Tan Dat Nguyen; CH Georges Renon, Niort: Paul Gesta; Centre Oscar Lambret,
Lille: Philippe Vennin, Claude Adenis; Hopital Charles Nicolle, Centre Henri Becquerel,
Rouen: Annie Chevrier, Annick Rossi; Centre Jean Perrin, Clermont-Ferrand: Yves-Jean
Bignon; Hopital Civil, Strasbourg: Jean-Marc Limacher; Centre Eugéne Marquis, Rennes:
Catherine Dugast;Polyclinique Courlancy, Reims: Liliane Demange; Hopital de la Timone,

Marseille: Héléne Zattara-Cannoni; Clinique Sainte Catherine, Avignon: Héléne Dreyfus;
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CHU Arnaud Villeneuve; Montpellier: Mehrdad Noruzinia; CHRU Dupuytren, Limoges:
Laurence Venat-Bouvet.

Investigator (associated center, location): Nadine Andrieu (INSERM Emi00-06/Service
de Biostatistiques, Institut Curie, Paris); Catherine Bonaiti (INSERM U535, Villejuif); Claire

Julian-Reynier (INSERM U379, Marseille); Florent de Vathaire (INSERM U605, Villejuif);
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Hagay Sobol (IPC, INSERM E-9939, Marseille).

This work was supported by NIH Award CA81203 to DG. DFE is a Principal Research
Fellow of Cancer Research U.K. AA is supported by Cancer Research U.K. The EMBRACE study
is supported by Cancer Research U.K. and The British Council and Health Research Board
Research Visits Scheme. DFE and DG received support for this work from the Canadian Institutes
of Health Research through the INHERIT BRCAs research program. The GENEPSO study is
supported by the Fondation de France and the Ligue Nationale Contre le Cancer; Marie-Lise
Manche-Thévenot and Claude Picard (Centre René Huguenin, Saint -Cloud, France) provided
technical assistance. The GEO-HEBON study is supported by Dutch Cancer Society grant NKI98-
1854. The authors gratefully acknowledge the technical assistance of Helene Renard, Colette
Bonnardel, and Othman Yaqoubi.
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