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Abstract
Background: To evaluate the effect of the cumulative number of ovulatory cycles and its contributing
components on the risk of breast cancer among BRCA mutation carriers.
Methods: We conducted a matched case–control study on 2,854 pairs of women with a BRCA1 or BRCA2
mutation. Conditional logistic regression was used to estimate the association between the number of
ovulatory cycles and various exposures and the risk of breast cancer. Information from a subset of these
women enrolled in a prospective cohort study was used to calculate age-specific breast cancer rates.
Results: The annual risk of breast cancer decreased with the number of ovulatory cycles experienced (r ¼
0.69; P ¼ 0.03). Age at menarche and duration of breastfeeding were inversely related with risk of breast
cancer among BRCA1 (Ptrend < 0.0001) but not among BRCA2 (Ptrend  0.28) mutation carriers. The reduction in
breast cancer risk associated with surgical menopause [OR, 0.52; 95% confidence interval (CI), 0.40–0.66; Ptrend <
0.0001] was greater than that associated with natural menopause (OR, 0.81; 95% CI, 0.62–1.07; Ptrend ¼ 0.14).
There was a highly significant reduction in breast cancer risk among women who had an oophorectomy after
natural menopause (OR, 0.13; 95% CI, 0.02–0.54; P ¼ 0.006).
Conclusions: These data challenge the hypothesis that breast cancer risk can be predicted by the lifetime
number of ovulatory cycles in women with a BRCA mutation. Both pre- and postmenopausal oophorectomy
protect against breast cancer.
Impact: Understanding the basis for the protective effect of oophorectomy has important implications for
chemoprevention. Cancer Epidemiol Biomarkers Prev; 21(7); 1089–96. 2012 AACR.

Introduction
A woman’s reproductive history is important in determining her risk of developing breast cancer (1). Factors
which increase risk include early age at menarche, nulliparity, and late age at menopause. In contrast, breastfeeding, parity, and premenopausal oophorectomy confer
protection. It has been proposed that early menarche and
late menopause increase cancer risk via their effects on the
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lifetime number of ovulatory cycles (e.g., by increasing the
duration of exposure to and the cumulative dose of
ovarian hormones; ref. 2). The protective effects of pregnancy and breastfeeding on breast cancer risk may act
through differentiation of terminal breast lobules (3) or
through modifying endogenous hormones.
The role of reproductive factors on breast cancer risk is
unclear for women with a BRCA1 or BRCA2 mutation. A
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late age at menarche (4–6), breastfeeding (7), and high
parity (8, 9) have been reported to decrease the risk in
BRCA1 carriers, but age at first birth does not appear to
influence risk (10). The importance of reproductive factors
in the etiology of BRCA2-associated cancers is less clear (7,
8, 11). Surgical bilateral oophorectomy is often recommended to women with either type of mutation and has
been found to reduce the risks of both breast and ovarian
cancer (12). It has been assumed that the protective effect
of oophorectomy on breast cancer risk is a consequence of
reducing exposure to endogenous estrogens. If oophorectomy acts through modulating the number of ovulatory
cycles, then we would not expect surgical menopause and
natural menopause to have similar effects. Also, we
would not expect an oophorectomy in postmenopausal
women to reduce the risk of breast cancer.
The extent to which these reproductive factors act
through a common pathway by influencing the cumulative number of ovulatory cycles–-and exposure to endogenous ovarian hormones-–is of interest and may inform
cancer prevention strategies. We undertook a case–control
study to evaluate the effect of the cumulative number of
ovulatory cycles and each of the contributing components
on the risk of developing breast cancer among women
with a BRCA1 or BRCA2 mutation. We asked whether
there is protection associated with an oophorectomy if it
took place after a woman had entered menopause.

Materials and Methods
Study population and design
Eligible study subjects were identified among 70
participating centers in 12 countries. These women
sought testing for BRCA1 and BRCA2 mutations
because of a personal or family history of breast and/
or ovarian cancer. All study subjects [with the exception
of some of those from the University of Utah (Salt Lake
City, UT) and the University of California Irvine (Irvine,
CA)] received genetic counseling. The institutional
review boards of the host institutions approved the
study. All subjects provided written informed consent.
Mutation detection was conducted using a range of
techniques, but all nucleotide sequences were confirmed by direct sequencing of DNA. A woman was
eligible for the current study when the molecular analysis established that she was a carrier of a deleterious
mutation in the BRCA1 or BRCA2 gene.
All study subjects completed a baseline questionnaire
at the individual center at the time of a clinic appointment or at their home at a later date. The questionnaire
requested information on family and personal history of
cancer, reproductive and medical histories, including
preventive oophorectomy and mastectomy. Detailed
information about ages at menarche and menopause,
cause of menopause, pregnancy, breastfeeding, and
hormone use was also queried. In total, 12,106 women
were entered in the database and were eligible for
inclusion in the studies.
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Cohort study
A subset of these women (n ¼ 2,125 from 40 participating centers) were also enrolled in a prospective cohort
study of BRCA mutation carriers and completed biennial
follow-up questionnaires. These were either mailed to
each study participant to complete and return or were
administered over the phone by a genetic counselor or
research assistant at each center. A woman was eligible for
inclusion in the cohort study if she was between 25 and 75
years old at the time of completion of the baseline questionnaire, she had completed at least one follow-up questionnaire, and she did not have a mastectomy or a known
diagnosis of breast, ovarian, or other cancer at the time of
completion of the baseline questionnaire. Of 2,647 women
who were eligible, 522 women for whom follow-up information was not available were excluded. Information on
incident breast cancers was collected and pathology
records were reviewed.
Case–control study
Information on cancer status was available for a total of
12,106 women who carried a BRCA1 or BRCA2 mutation.
Case subjects were women with a diagnosis of invasive
breast cancer. Control subjects were women who never
had breast cancer and who were also carriers of a mutation
in BRCA1 or BRCA2. Potential subjects were excluded if
they had been diagnosed with ovarian cancer (n ¼ 1,243),
if information on menopausal status or age at menopause
was missing (n ¼ 1,685), or if other pertinent information
was missing (n ¼ 201). After exclusions, there were a total
of 8,977 eligible women, including 3,914 women with
breast cancer (potential case subjects) and 5,063 women
without breast cancer (potential controls). A single control
subject was selected for each case subject, matched according to mutation in the same gene (BRCA1 or BRCA2), year
of birth (within 1 year), and country of residence. A
control was eligible to be matched to a given case if the
date of interview or date of prophylactic mastectomy in
the matched control occurred at or after the year of breast
cancer diagnosis of the case. In total, 2,854 matched sets
were identified.
Menopause was classified as (i) natural, (ii) medicationinduced, (iii) surgical (e.g., bilateral salpingo-oophorectomy defined as both ovaries having been surgically
removed), (iv) radiation-induced, or (v) other/unknown.
Women who reported medication-induced menopause as
a consequence of the breast cancer diagnosis were coded
as premenopausal at diagnosis. Only those oophorectomies that took place before the diagnosis of breast cancer
(i.e., in different calendar years) were considered as exposures. Similarly, only oophorectomies that took place
before the age of diagnosis of breast cancer in the matched
case were considered to be an exposure for the control.
The cumulative number of ovulatory cycles for each
woman at a given age was estimated by using the following equations: (i) if premenopausal: ovulatory cycles ¼ 12
 [(current age  age at menarche  years of oral contraceptive use  parity  0.77  years of breastfeeding)];
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and (ii) if postmenopausal, current age was replaced with
age at menopause.
We also conducted a subanalysis to evaluate risk factors
for postmenopausal breast cancer. For this analysis, we
only included women who had experienced a natural
menopause and who did not have breast cancer before
menopause. We excluded 6,799 women who did not
undergo natural menopause. After exclusions, there were
a total of 1,153 eligible women, including 527 women with
breast cancer (potential case subjects) and 626 women
without breast cancer (potential controls). Similar matching criteria were used as listed above (mutation in the
same gene, year of birth, and country of residence). Women were also matched on age at menopause (within 1
year). In total, 203 matched sets were identified.

Annual risk of breast cancer (%)
Ovulatory cycles (100s)

Oophorectomy and Breast Cancer in BRCA Mutation Carriers
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Figure 1. Breast cancer incidence and cumulative number of ovulatory
cycles.

Statistical analysis
Cohort study
The purpose of the cohort study was to calculate agespecific breast cancer rates and to correlate these with the
cumulative number of ovulatory cycles. There were 178
incident cancers detected in the 2,125 women under
follow-up. For each interval, the number of observed
cancers was divided by the total number of person-years
at risk contributed by members of the cohort to that
interval. Cumulative ovulatory cycles were calculated for
each woman in the cohort for each age interval. The
Pearson correlation coefficient (r) was used to estimate
the correlation coefficient between cumulative ovulatory
cycles and breast cancer risk.
Case–control study
A matched case–control analysis was conducted to
evaluate associations between various reproductive and
surgical exposures and the risk of breast cancer. The
distributions of continuous and categorical variables
between cases and controls were compared using the
Student t test and c2 test, respectively. Conditional logistic
regression was used to estimate the univariate ORs and
95% confidence intervals (CI) for breast cancer associated
with various exposures. Only exposures in the control that
took place before the date of diagnosis in the matched
cases were considered in the analysis. A multivariate
analysis was conducted to control for potential confounders. All analyses were conducted using the SAS statistical package, version 9.1.3 (SAS Institute Inc.). All P
values were based on 2-sided tests and were considered
statistically significant if P  0.05.

Results
Cohort study
After a mean follow-up of 3.3 years, 178 new breast
cancers were diagnosed in the cohort of 2,125 women
(annual rate, 1.7%; 95% CI, 1.4%–1.9%; data not shown).
For members of the cohort, we calculated the mean number of ovulatory cycles achieved at the beginning of each
5-year interval. Figure 1 shows the average annual risk of
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breast cancer plotted against the mean number of cumulative ovulatory cycles for women in the cohort at the
beginning of the age group. As expected, the number of
ovulatory cycles increased steadily over a woman’s reproductive years, followed by a plateau as the women
achieved menopause. In contrast, the observed annual
risk of breast cancer was uniform between ages 25 and 54
(between 1.8% and 2.0%), declined to 0.6% between ages
55 and 59 and then increased slightly to 1.1% after age 60
(data not shown). There was a statistically significant
inverse correlation between the number of ovulatory
cycles experienced and the annual risk of breast cancer
(r ¼ 0.69; P ¼ 0.03).
Case–control study
A total of 2,854 matched case–control pairs were
identified (2,055 pairs with BRCA1 and 799 pairs with
BRCA2 mutations). The characteristics of the cases and
controls are presented in Table 1. On average, the controls experienced more ovulatory cycles than the cases
(mean, 242.9 vs. 248.0), but the difference was not significant (P ¼ 0.07).
Next, we evaluated the associations between the individual components used to estimate the cumulative number of ovulatory cycles and breast cancer risk (Table 2).
There was a significant inverse association between
increasing age at menarche and breast cancer risk among
BRCA1 mutation carriers (Ptrend  0.0001) but not among
BRCA2 mutation carriers (Ptrend ¼ 0.28). Compared with
women whose age at menarche was 11 years, BRCA1
carriers with menarche at or after 15 years had a 42%
decrease in the risk of breast cancer (OR, 0.58; 95% CI,
0.45–0.74). Similarly, there was a significant inverse
relationship between duration of breastfeeding and
breast cancer risk among women with a BRCA1 mutation
(Ptrend < 0.0001) but not among those with a BRCA2
mutation (Ptrend ¼ 0.68). Increasing parity was not a risk
factor for carriers of either mutation (Ptrend ¼ 0.11 and
0.49 for BRCA1 and BRCA2, respectively). In the unadjusted analysis, parity (vs. nulliparity) was not a risk

Cancer Epidemiol Biomarkers Prev; 21(7) July 2012

Downloaded from cebp.aacrjournals.org on June 16, 2021. © 2012 American Association for Cancer Research.

1091

Published OnlineFirst May 7, 2012; DOI: 10.1158/1055-9965.EPI-12-0201

Kotsopoulos et al.

Table 1. Baseline characteristics of breast cancer cases and controls with BRCA1 and BRCA2 mutations
Characteristic

Controls ( n ¼ 2,854)

Cases ( n ¼ 2,854)

Date of birth, mean (range)
Age at interview, mean (range), y
Age at diagnosis, mean (range), y
Mutation, n (%)
BRCA1
BRCA2
Country of residence, n (%)
United States
Canada
Israel
Poland
Other countries
Parity, n (%)
Parous
Nulliparous
Mean (range)
Months breastfed, mean (range)
Age at menarche, mean (range)
Menopausal, n (%)
No
Yes
Age at menopause, mean (range), y
Age at natural menopause, mean (range), y
Age at surgical menopause, mean (range),a y
Oral contraceptive use, n (%)
Never
Ever
Years used, mean (SD)
Cumulative ovulatory cycles, mean (range)b

1957.1 (1911–1982)
47.1 (21–85)
n/a

1957.0 (1911–1983)
46.8 (18–86)
40.4 (19–76)

2,055 (72.0)
799 (28.0)

Matched

992 (34.8)
804 (28.2)
99 (3.5)
724 (25.4)
235 (8.2)

Matched

2,241 (78.5)
613 (21.5)
1.81 (0–8)
9.6 (0–147)
13.03 (8–27)

2,286 (80.1)
568 (19.9)
1.77 (0–8)
7.5 (0–102)
12.91 (8–30)

2,361 (82.7)
493 (17.3)
44.2 (12–58)
47.90 (33–58)
40.2 (12–55)

2,446 (85.7)
408 (14.3)
45.3 (24–59)
48.05 (33–59)
41.0 (25–54)

1,042 (36.7)
1,796 (63.3)
3.91 (0–29)
242.9 (0–578)

1,002 (35.4)
1,832 (64.6)
4.14 (0.28)
248.0 (0–532)

P
0.71
0.19

0.14
0.30
<0.0001
0.005
0.002
0.01
0.71
0.27

0.29
0.11
0.07

Abbreviation: n/a, not applicable.
a
Among women who had surgical menopause (n ¼ 123 cases and n ¼ 213 controls).
b
Estimated among subjects who had no information missing for the components needed to calculate cumulative ovulatory cycles (n ¼
2,518 cases and n ¼ 2,567 controls).

factor for breast cancer for BRCA1 carriers (OR, 1.04; 95%
CI, 0.87–1.25); however, after adjusting for age at menarche, breastfeeding, and oral contraceptive use, we found
a modest and significant increase in breast cancer risk
for parous versus nulliparous women (OR, 1.36; 95% CI,
1.11–1.68). Parity was also a risk factor for BRCA2 mutation carriers (OR, 1.52; 95% CI, 1.12–2.06). We found no
significant relationship between ever use of an oral
contraceptive and breast cancer risk in either subgroup
(P  0.45).
We evaluated the relationships between the different
causes of menopause and the risk of breast cancer in
BRCA1 and BRCA2 carriers combined as compared with
premenopausal women (Table 3). A similar number of
cases and controls reported natural menopause; however, cases were much less likely to have had undergone
surgical menopause than controls. Natural menopause
was associated with a modest and nonsignificant
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decrease in breast cancer risk (OR, 0.81; 95% CI, 0.62–
1.07; P ¼ 0.14); however, women who underwent surgical menopause had a 48% decrease in the risk of
developing breast cancer (OR, 0.52; 95% CI, 0.40–0.66;
P < 0.0001). For every age group, surgical menopause
conferred a stronger degree of protection than menopause per se (Table 4).
Because of this unexpected finding, we evaluated the
effect of oophorectomy on the risk of breast cancer in
postmenopausal women. There were 1,159 BRCA mutation carriers who experienced natural menopause and
who did not have breast cancer before menopause. Using
the same matching criteria, we generated 203 matched
pairs (146 BRCA1 and 57 BRCA2 mutation carriers; data
not shown). There was a significant reduction in breast
cancer risk among women who had an oophorectomy
after menopause (univariate OR, 0.13; 95% CI, 0.02–0.54;
P ¼ 0.006; Table 5).
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Table 2. Relationship between various reproductive factors and risk of breast cancer among BRCA1 and
BRCA2 mutation carriers
BRCA1 ( n ¼ 1,847 pairs);
OR (95% CI)

P

BRCA2 ( n ¼ 714 pairs);
OR (95%CI)

P

1.00 (reference)
0.66 (0.52–0.84)
0.74 (0.59–0.92)
0.65 (0.51–0.84)
0.58 (0.45–0.74)
0.91 (0.86–0.96)

0.0005
0.007
0.0002
<0.0001
<0.0001

1.00
0.85
0.84
0.98
1.27
1.05

(reference)
(0.61–1.20)
(0.60–1.16)
(0.65–1.46)
(0.82–1.96)
(0.96–1.15)

0.36
0.28
0.90
0.28
0.28

1.00 (reference)
1.36 (1.03–1.80)
1.39 (1.07–1.82)
1.44 (1.06–1.95)
1.19 (0.82–1.74)
1.07 (0.99–1.15)

0.03
0.01
0.02
0.37
0.11

1.00
1.57
1.46
1.45
0.94
1.04

(reference)
(1.03–2.40)
(1.00–2.14)
(0.94–2.22)
(0.53–1.67)
(0.93–1.16)

0.04
0.05
0.09
0.84
0.49

1.00 (reference)
0.81 (0.66–1.00)
0.65 (0.50–0.85)
0.51 (0.35–0.75)
0.45 (0.30–0.68)
0.82 (0.75–0.89)

0.05
0.001
0.0006
0.0002
<0.0001

1.00
1.03
1.04
1.33
1.02
1.01

(reference)
(0.76–1.40)
(0.70–1.53)
(0.76–2.32)
(0.56–1.88)
(0.95–1.08)

0.85
0.86
0.31
0.94
0.68

1.00 (reference)
1.15 (0.90–1.47)
0.89 (0.65–1.22)
0.92 (0.66–1.27)
1.10 (0.82–1.34)
1.02 (0.97–1.07)

0.27
0.47
0.60
0.32
0.45

1.00
1.01
1.15
0.90
1.03
1.04

(reference)
(0.71–1.46)
(0.72–1.84)
(0.55–1.46)
(0.77–1.37)
(0.92–1.17)

0.93
0.56
0.66
0.86
0.54

a

Age at menarche, y
11
12
13
14
15
Trend
Parity (per birth)b
Nulliparous
1
2
3
4
Trend
Breastfeeding,c y
0
1
1–2
2–3
>3
Trend
Oral contraceptive use,d y
0
1
1–2
2–3
>3
Trend

NOTE: Only includes women who had no missing data for age at menarche (n ¼ 2,561).
a
Estimate adjusted for parity, breastfeeding, and oral contraceptive use.
b
Estimate adjusted for age at menarche, breastfeeding, and oral contraceptive use.
c
Estimate adjusted for age at menarche, parity, and oral contraceptive use.
d
Estimate adjusted for age at menarche, breastfeeding, and parity.

Discussion
It was proposed by Henderson and colleagues in 1985
that breast cancer incidence rates closely parallel the
lifetime number of ovulatory cycles, in support of
the hypothesis that endogenous estrogen and progesterone are important etiologic factors (2). We show here that
among BRCA mutation carriers, the cumulative number
of ovulatory cycles is not associated with risk. The mean
number of ovulatory cycles for the controls was in fact
greater (248) than it was for the cases (243), opposite to
what we would expect if risk was positively associated
with the number of cycles. The negative association
between ovulatory cycles achieved and breast cancer risk
is a reflection of the declining risk with age. Nevertheless,
a number of reproductive factors are important in BRCA1
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carriers including age at menarche, breastfeeding, and
oophorectomy, whereas only oophorectomy was protective in BRCA2 carriers.
The diminution of risk associated with a delay of
menarche by 1 year is approximately 9% and is greater
than the proportional diminution in the lifetime number
of ovulatory cycles by delaying ovulation by 1 year
(approximately 2%–3%). For each year of delay in the
age of menarche beyond age 11, we observed a decline
of 9% in the risk of breast cancer among BRCA1 carriers.
Our data more closely fit a model in which the lifetime
risk is proportional to the length of time from menarche
to the end of breast development (approximately age
18). This suggests that endogenous or exogenous exposures during this period may be hazardous. It is of
interest that the effect of a delayed menarche persists
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Table 3. Association between cause of menopause and risk of breast cancer
Exposure
Menopausal
No, n (%)
Yes, n (%)
Cause of menopause, n (%)
Natural
Medication-induced
Surgical (i.e., oophorectomy)
Radiation-induced
Other/unknown

Controls ( n ¼ 2,854)

Cases ( n ¼ 2,854)

OR (95%CI)a

P

2,361 (82.7)
493 (17.3)

2,446 (85.7)
408 (14.3)

1.00 (reference)
0.65 (0.53–0.79)

<0.0001

262 (64)
12 (3)
123 (30)
2 (1)
9 (2)

0.81 (0.62–1.07)
1.38 (0.56–3.40)
0.52 (0.40–0.66)
0.48 (0.09–2.64)
1.05 (0.44–2.72)

0.14
0.48
<0.0001
0.40
0.93

260 (53)
8 (1.6)
213 (43)
4 (0.8)
8 (1.6)

a

Estimates are univariate ORs.

into the postmenopausal period. Similar to our previous
report, we observed a significant inverse relationship
between age at menarche and breast cancer risk in
BRCA1, but not BRCA2, mutation carriers (4). Other
studies found no relationship between age at menarche
and breast cancer risk in carriers of either mutation
(6, 11, 13).
In our multivariate analyses, we found an increased
risk for parous compared with nulliparous women
with a BRCA1 or BRCA2 mutation; this is opposite to
what we would expect if ovulatory cycles per se were a
risk factor. In an earlier publication by our group,
multiparity (4 children) protected against BRCA1but increased the risk of BRCA2-associated breast cancers (8). These data extend that of our earlier publications, which included approximately one half of the
women enrolled in the current study (4, 7). Two other
studies found no association of breast cancer with
increasing parity (11, 14).
We also confirmed that breastfeeding for more than 1
year reduces risk among BRCA1, but not among BRCA2
mutation carriers (7). Another group found no association
with breastfeeding (15).

The magnitude of the protective effect associated with
an oophorectomy reported here is similar to what has
been previously reported for BRCA mutation carriers (16).
Of particular interest is our observation that the reduction
in risk associated with surgical menopause is much stronger than that associated with natural menopause. This
suggests that hormones that continue to be secreted by the
postmenopausal ovary have a cancer-promoting effect.
Hormonal changes in postmenopausal women include a
substantial decrease in circulating levels of estradiol and
estrone but only a small decline in androgen synthesis by
the ovaries and adrenal glands (17). Thus, androgens may
influence cancer risk directly by increasing cellular
growth and proliferation or indirectly through the aromatization to estrogens (18). It is not yet clear which
mechanism is responsible for the effect observed here
and both possibilities should be studied.
In the general population, studies have consistently
shown protective effects of both natural and surgical
menopause and subsequent breast cancer risk. In the
collaborative reanalysis of 51 epidemiologic studies, the
authors reported that the relationship between age at
menopause and risk was similar for women who

Table 4. Breast cancer risk, menopausal status, and history of bilateral oophorectomy, by age at diagnosis
Age at
diagnosis, y
30
31–35
36–40
41–45
46–50
50
All

Pairs (n)
276
567
711
607
384
309
2,854

Menopausala %
0.4
1.5
4.9
9.7
25.0
81.4
15.8

Menopausal
OR (95%CI)b

P

c

n/a
1.43 (0.54–2.74)
0.62 (0.37–1.02)
0.75 (0.52–1.09)
0.55 (0.39–0.79)
0.53 (0.33–0.88)
0.65 (0.53–0.79)

0.47
0.06
0.13
0.001
0.01
<0.0001

Oophorectomy (%)
0.2
0.5
3.0
4.5
9.1
17.0
4.9

Oophorectomy;
OR (95%CI)b

P

c

n/a
1.00 (0.20–4.96)
0.23 (0.10–0.51)
0.36 (0.20–0.66)
0.35 (0.20–0.60)
0.46 (0.29–0.72)
0.38 (0.29–0.50)

1.00
0.0004
0.001
0.0002
0.0006
<0.0001

a

Menopausal includes natural, surgical, medication- and radiation-induced menopause, cases and controls combined.
Estimates are univariate ORs.
c
n/a ¼ estimates could not be generated because there were too few individuals who were menopausal (n ¼ 2) or had an oophorectomy
(n ¼ 1) for age at diagnosis  30.
b
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Table 5. Association between various reproductive, hormonal, and surgical exposures and risk of
postmenopausal breast cancer among women who underwent natural menopause

Exposure
Oophorectomy, ever/never
Parity, per birth
Breastfeeding, per monthc
Oral contraceptive use, ever/never
Age at menarche, per yearc

Univariate OR
(95%CI)
0.13 (0.02–0.54)
0.97 (0.83–1.13)
0.99 (0.97–1.01)
0.77 (0.46–1.27)
0.91 (0.81–1.03)

Multivariate OR
(95%CI)

P
0.006
0.70
0.16
0.30
0.14

a

P

0.13 (0.03–0.57)
0.97 (0.83–1.13)b

0.007
0.69

0.89 (0.52–1.50)d

0.66

a

Estimate adjusted for parity (per birth) and oral contraceptive use (ever/never).
Estimate adjusted for oophorectomy (ever/never) and oral contraceptive use (ever/never).
c
Two of the 3 cases that had an oophorectomy had missing data on breastfeeding and one case had missing data on age at menarche
and thus were excluded from the multivariate model for these exposures.
d
Estimate adjusted for oophorectomy (ever/never) and parity (per birth).
b

experienced natural menopause and for women who had
surgical menopause (19). They estimated a 2.9% and 2.4%
increase in the risk of breast cancer for each year of delay of
menopause by surgical and natural menopause, respectively. Other groups have shown that the protective effect
of early surgical menopause is stronger than that for
natural menopause (20, 21).
Interestingly, we observed that the protective effect of
an oophorectomy persists after a woman experiences
natural menopause. The stronger effect of surgical menopause than natural menopause may be due to the reduction in circulating androgen levels in oophorectomized
women. Oophorectomy was associated with an 87%
reduction in the risk of postmenopausal breast cancer
among women who experienced natural menopause;
however, the number of women in this subgroup was
small and the confidence limits were wide.
The postmenopausal ovary secretes testosterone and
androstenedione, which can be converted to estradiol and
estrone by aromatization in the breast and other tissues
(22). In the general population, there is epidemiologic
evidence to support an etiologic role of androgens for
postmenopausal breast cancer (23). It is also important to
determine whether androgen has a direct effect on breast
cancer risk in BRCA1 mutation carriers (i.e., without
conversion to estrogen). In favor of the androgenic
hypothesis, hormone replacement therapy with estrogen
alone, or with a combination of estrogen and progesterone, does not seem to counteract the protective effect of
oophorectomy in BRCA1 carriers (24, 25). Interestingly,
one article reported that aromatase expression is
increased in the breast adipose and ovarian tissue of
BRCA1 mutation carriers, compared with noncarrier controls (26). We reported that BRCA1 carrier women experienced a decline in sexual functioning with oophorectomy, even if the oophorectomy was done after menopause
(27), presumably, due to diminishing circulating androgens. These data support a model whereby a small
amount of circulating estrogen is necessary to promote

www.aacrjournals.org

breast carcinogenesis in BRCA1 mutation carriers. The
reduction in estrogen exposure associated with a postmenopausal oophorectomy is sufficient to reduce the risk.
We speculate that a further reduction in estrogen levels by
the use of an aromatase inhibitor could further reduce the
risk. Studies directly quantifying levels of androgens,
estrogens, and aromatase activity in both the pre- and
postmenopausal breast tissue will help elucidate a role of
endogenous hormones.
In summary, our data challenge the prevailing hypothesis that the risk of breast cancer in a woman can be
predicted by her lifetime number of ovulatory cycles, at
least in women with a BRCA mutation. Reproductive risk
factors, such as age at menarche and breastfeeding, are
important in BRCA1 carriers, but it is likely that these act
through mechanisms other than through affecting endogenous hormone levels (e.g., expanding the breast stem cell
population or inducing terminal differentiation in ductal
cells). The observation that a postmenopausal oophorectomy protects against breast cancer suggests that circulating hormone levels in women after menopause are
important in predicting risk. This is consistent with either
a direct carcinogenic activity of ovarian androgens or
through aromatization of androgen to estrogen. It is
important to distinguish between these 2 possibilities
because of the different implications and options for
chemoprevention.
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