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Oral contraceptives, salpingo-oophorectomy and hormone

replacement therapy in BRCA1–2 mutation carriers
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. Introduction

Germline mutations in BRCA1 or BRCA2 genes
redispose to hereditary breast and ovarian cancers.
he estimated lifetime risk of breast cancer in BRCA1
utation carriers ranges from 50% to 80%, while the

stimated lifetime risk of ovarian cancer ranges from
0% to 65%. Although breast cancer risk is similar in
omen who inherit BRCA2 mutations, the lifetime risk
f ovarian cancer is approximately 20% [1–3].

In the general population reproductive factors (such
s parity, age at menopause, use of exogenous steroid
ormones as contraceptives or after menopause) influ-
nce the risk of breast and ovarian cancer. In BRCA
utation carriers, these issues are much more compli-

ated and not completely understood. Nonetheless, a
rowing number of data show that estrogens may mod-
late the risk of breast cancer in women with BRCA
utations. In these women estrogens may increase the

robability of mutation due to enhanced proliferation
nd direct genotoxic effects of estrogen metabolites [4].

Women carrying BRCA1 and BRCA2 mutations
ace difficult decisions during the reproductive life.
n the younger age period, they may be reluctant to
sing oral contraceptives (OCs) for the possible influ-

nce of these compounds on breast cancer incidence.
fter completion of childbearing, they may be offered

he option of prophylactic oophorectomy, that is asso-
iated with a strong reduction of cancer risk, but also
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mone replacement therapy; Salpingo-oophorectomy

ith the early onset of menopausal symptoms and the
ong-term consequences of estrogen deprivation.

. OCs use and ovarian cancer risk in BRCA
/2 mutation carriers

Several epidemiological studies have confirmed that
Cs are protective against ovarian cancer in the general
opulation. The risk reduction is related to the duration
f use, ranging from 40% for the first year to more than
0% after 5 years or longer use. A lower incidence of
varian cancer has been observed even 15 years or more
fter cessation of OCs use [5,6].

A recent metanalysis of data from 45 epidemiolog-
cal studies substantiated that the reduction in ovarian
ancer risk is proportional to the duration of OCs use.
onetheless, the risk reduction per 5 years of OCs use

eemed to be attenuated over years as it was 29% (95%
I 23–34%) for use that had been interrupted less than
0 years previously and only 15% (95% CI 9–21%)
or use that had ceased 20–29 years previously. Ovar-
an cancer incidence and mortality were reduced from
.2 to 0.8 and from 0.7 to 0.5 per 100 users, respec-
ively. It was therefore estimated that for every 5000

oman—years of use, about two ovarian cancers and
ne death from the disease before age 75 are prevented.
hough the risk reduction associated with OCs did not
how significant changes according to the histotype,

rved.

dx.doi.org/10.1016/j.maturitas.2008.03.004
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Cs use appeared to have only a little impact on the
ncidence of mucinous tumors [7].

Several studies seem to suggest that OCs may also
educe the risk of hereditary ovarian cancer (Table 1)
he first study by Narod in 1998, enrolling 207 women
ith hereditary ovarian cancer and 161 of their sisters

s controls, showed that the relative risk of ovarian can-
er was 0.5 (95% CI 0.3–0.8) with any past use of OCs.
he risk reductions did not vary when the authors sep-
rated the carriers by type of mutation (BRCA1 vs.
RCA2). The risk decreased as the duration of use

ncreased, with a 60% reduction of risk for 6 or more
ears of use [8].

These results have been subsequently confirmed by
hree studies [9–11]. In the case–control study by Whit-
emore on 451 BRCA1 or BRCA2 carriers, the relative
isk of ovarian cancer associated with OCs use was

.85 (95% CI 0.53–1.36), while the risk decreased to
.62 (0.35–1.09) for more than 6 years of use with a
isk reduction of 5% (1–9%) per year [9]. The study
y McGuire compared 36 BRCA1 mutation carriers

able 1
ral contraceptives (OCs) use and risk of ovarian cancer in BRCA
/2 mutation carriers

uthor (year) OCs use OR (Odds
ratio)

95% CI*

cLaughlin (2007) Ever use 0.53 0.43–0.66
0–1.0 years 0.67 0.50–0.89
1.1–3.0 years 0.63 0.46–0.86
3.1–5.0 years 0.36 0.25–0.53
>5.0 years 0.47 0.35–0.62

hittemore et al. (2004) Ever use 0.85 0.53–1.4
1–2 years 1.5 0.82–2.90
3–5 years 0.69 033–1.40
≥6 years 0.62 0.35–1.10

cGuire et al. (2004) Ever use 0.54 0.26–1.13
1–2 years 1.18 0.50–2.75
3–6 years 0.46 0.16–1.28
≥7 years 0.22 0.07–0.71

odan et al. (2001) 0.1–1.9 years 1.14 0.67–1.94
2.0–4.9 years 0.77 0.41–1.44
≥5 years 1.07 0.63–1.83

arod et al. (1998) Ever use 0.5 0.3–0.8
<3 years 0.8 0.4–1.4
3–6 years 0.4 0.2–0.9
≥6 years 0.4 0.2–0.7

* 95% CI: confidence interval.
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iagnosed with invasive epithelial ovarian cancer and
81 noncarriers cases with 568 random controls who
ere matched for age and race/ethnicity. In both carri-

rs and noncarriers ever use of OCs was associated
ith a relative risk of ovarian cancer of 0.54 (95%
I 0.26–1.13) and 0.55 (95% CI 0.41–0.73), respec-

ively. The protection was also associated with duration
f use, reaching a risk reduction of 78% (95% CI
.07–0.71) for more than 7 years of use [10]. Only in
he study by Modan, a population-based study focused
n Israeli Jewish women positive for the Ashkenazi
ounder mutations, OCs use did not influence the risk
f ovarian cancer among BRCA mutations carriers,
hereas a significant decrease of the risk was found

mong patients without mutations, particularly in long-
erm users [11]. Nonetheless, the null findings of this
tudy may have occurred because the controls were
lder than the carrier cases. As a result, the controls
ad less opportunity for long-term exposure to OCs,
hich became widespread after 1960 [9].
A recent large case–control study on 3223 women

rom 10 countries, comparing 799 BRCA mutation car-
iers with a history of invasive ovarian cancer and 2424
arriers without ovarian cancer who did not undergo
ilateral oophorectomy, confirmed the protective effect
f OCs on the ovaries. The use of OCs significantly
educed the risk of ovarian cancer in both BRCA1
OR = 0.56; 95% CI 0.45–0.71) and BRCA2 mutation
arriers (OR = 0.39; 95% CI 0.23–0.66). A significant
rend pointing towards higher protection with increas-
ng duration of use was also observed, with a 53%
ecrease of ovarian cancer risk (95% CI 0.35–0.62)
or more than 5 years of use [12].

. OCs use and breast cancer risk in BRCA 1/2
utation carriers

OCs have been consistently associated with a mod-
st increase of breast cancer risk in general population
13].

In a comprehensive metanalysis of 54 studies,
ncompassing about 90% of the epidemiological data
vailable at that time, the relative risk of diagnosing

reast cancer in women currently assuming OCs was
.24, while the risk was doubled for young women who
sed OCs within the past 5 years and who were under
0 years of age at first use. Conversely, breast cancer
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isk was not increased in women who stopped taking
Cs 10 or more years before enrolling in the study [14].
The association between OCs use and breast cancer

isk in BRCA mutation carriers is still controversial.
he estimated magnitude of the risk is crucial because
reast cancer risk is particularly high in BRCA carriers
t a young age, when OC are generally prescribed.

Only a few studies have assessed the effect of OCs
mong BRCA1/2 mutation carriers with inconsistent
esults. (Table 2) The definition of risk in this group
f women appears particularly difficult because the
esign of studies suffer from testing, information and
urvival bias and results are confounded by prophylac-
ic surgery. Furthermore, some studies are not enough
nformative due to the small sample size and because
RCA1/2 carriers were compared with controls who
re likely to be noncarriers, but were not tested for
utations.
The study by Milne, for example, compared 1.156

ncident cases of invasive breast cancer diagnosed
efore age 40 stratified for BRCA mutations (includ-
ng 47 BRCA1 and 36 BRCA2 mutation carriers) and
15 unrelated population-based controls not tested for
utation [15]. The authors reported a protective effect
f OCs use for BRCA1 (OR = 0.22; 95% CI 0.1–0.49)
nd essentially no effect in women carrying BRCA2
utation (OR = 1.02; 95% CI 0.34–3.09). Interestingly,

he protective effect of OC among BRCA1 mutation

t
1
t
t

able 2
ral contraceptives (OCs) use and risk of breast cancer in BRCA 1/2 mutat

uthor (year) OCs use

rohet et al. (2007) Ever use
1–3 years
4–8 years
>9 years

aile et al. (2006) Ever use
<1 year
1–4 years
≥5 years

ilne et al. (2005) Ever use

arod et al. (2002) Ever use
0–4 years
5–9 years
10–14 years
15–30 years

* OR (95% CI): odds ratio (95% confidence interval).
s 60 (2008) 71–77 73

arriers was observed only for OC use after 1975;
onversely, the older OCs use was associated with an
ncreased breast cancer risk, although not significant,
oth in BRCA1 and BRCA2 mutation carriers [15].
he first important study addressing this issue was pub-

ished by Narod in 2002 and found a modest, though
ignificant, increase in breast cancer risk for ever use of
Cs (OR = 1.20; 95% CI 1.02–1.40, P = 0.003). Com-
ared with BRCA1 mutation carriers who never used
Cs, those who used OCs for at least 5 years had an

ncreased risk of breast cancer (OR = 1.33, 95% CI
.11–1.60), as did those who used OCs before age 30
OR = 1.29; 95% CI 1.09–1.52), and those who first
sed OCs before 1975 (OR = 1.42; 95% CI 1.17–1.75).
onger duration of use was associated with a higher risk
nly in BRCA1 carriers; indeed, the risk was found to
e increased by about 30% after 5 or more years of
se [16]. Opposite results were reported by Haile in
smaller case–control study on 497 BRCA1 and 307
RCA2 mutation carriers. It was not found a signif-

cant association between breast cancer risk and OCs
se in BRCA1 mutation carriers, independently from
he duration of use. Conversely, breast cancer risk in
RCA2 mutation carriers showed a significant associa-
ion with OC use for at least 5 years (OR = 2.06; 95% CI
.08–3.94). The risk of women carrying BRCA2 muta-
ions increased with ≥4 years of OC use before first full
erm pregnancy (OR = 3.46; 95% CI 2.10–5.70) and for

ion carriers

BRCA1 OR (95% CI)* BRCA2 OR (95% CI)

1.47 (1.13–1.91) 1.49 (0.8–2.70)
1.36 (0.99–1.88) 1.23 (0.64–2.35)
1.51 (1.10–2.08) 2.27 (1.10–4.65)
1.63 (1.17–2.29) 1.47 (0.66–3.28)

0.77 (0.53–1.12) 1.62 (0.90–2.92)
1.00 1.00
0.68 (0.43–1.08) 1.16 (0.58–2.34)
0.80 (0.54–1.18) 2.06 (1.08–3.94)

0.22 (0.1–0.49) 1.02 (0.34–3.09)

1.20 (1.02–1.40) 0.94 (0.72–1.24)
1.10 (0.92–1.31) 0.90 (0.67–1.20)
1.36 (1.11–1.67) 0.82 (0.56–1.91)
1.27 (0.99–1.64) 1.16 (0.75–1.78)
1.30 (0.91–1.87) 1.35 (0.71–2.56)
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4 years of OC use before age 30 (OR = 2.2; 95% CI
.26–3.85) [17].

There could be different explanations for the con-
rasting results obtained from the studies by Narod and
aile [16,17]. For instance, although both studies share
similar design, in the study by Narod the 52 centers
istributed over 11 countries did not use the same stan-
ardized set of questions for recalling data. In addition,
he interviews were conducted on average after 8 years
rom breast cancer diagnosis, while in the study by
aile most of women were interviewed after 3 years.
More recently, a large retrospective study from the

nternational BRCA1/2 Carrier Cohort Study (IBCCS)
n 1.593 BRCA1/2 mutation carriers confirmed that
Cs use is associated with an increased breast cancer

isk. In this study, the risk was 1.47 (95% CI 1.16–1.87)
or ever users and was found even higher in women
ho had used OCs before first full term pregnancy

HR = 1.85; 95% CI 1.17–2.93 for >9 years of use).
isk did not vary significantly according to BRCA
utation, time since stopping use, age at start, or cal-

ndar year at start, whereas it seemed to increase with
uration of OCs use (HR = 1.61; 95% CI 1.18–2.20 for
9 years of use) [18].

In conclusion, available data suggest that OCs use
ay be associated with an increased risk of breast can-

er in BRCA 1/2-mutation carriers. Nevertheless, it
s still too early to give univocal advice to BRCA1/2

utation carriers, since OCs use seems to reduce ovar-
an cancer risk as well as already demonstrated in the
eneral population.

. Risk-reducing oophorectomy in women with
RCA1 or BRCA2 germline mutations

Several studies have demonstrated the effectiveness
f prophylactic oophorectomy to reduce the risk of
oth ovarian and breast cancer in BRCA1/2 mutation
arriers [19–23].

A recent metanalysis confirmed the protective effect
f prophylactic oophorectomy with a risk reduc-
ion ranging from 70% to 96% for gynaecologic
ancers and from 47% to 68% for breast cancers

21]. Some authors suggested that the protection may
iffer between BRCA1 and BRCA2 mutation carri-
rs. In fact, there are substantial differences in the
henotype of BRCA-associated breast cancer. Only

2
t
a
B

s 60 (2008) 71–77

0–24% of BRCA1-associated breast cancers express
strogen receptors, compared with 65–80% of BRCA2-
ssociated breast cancers [24–26]. Moreover, since the
ge-specific cancer risk of BRCA1 and BRCA2 muta-
ion carriers is different, prophylactic surgery may exert
distinct age-related effect. In fact, about 39–46% of
RCA1 mutation carriers develop ovarian cancer by
ge 70 years compared with 10–27% of BRCA2 muta-
ion carriers [2,21,24–26]. The effect on breast cancer
isk associated with BRCA1 mutation decreases with
ge, from >30-fold in women <40 years old to about 10-
old in women >60 years old; in contrast, the increased
isk for women with a BRCA2 mutation is on aver-
ge 11-fold and there is not evidence that is higher at
ounger ages [2,15].

As a result, a case–control study reported that reduc-
ion in breast cancer risk was greater for BRCA1

utation carriers who underwent oophorectomy before
0 years of age as compared with BRCA2 carriers.
t is likely that the smaller overall effect in BRCA2
arriers was due to their later age at diagnosis, and
onsequently, a longer period of time elapsed between
ophorectomy and breast cancer for BRCA2 than for
RCA1 mutation carriers [27].

As far as the surgical technique is concerned, given
hat both ovaries and fallopian tubes are at higher risk
or malignant transformation, it is mandatory to remove
s much tissue at risk as possible [28]. There is con-
roversy as to whether this requires removal of the
terus, because a small portion of interstitial fallop-
an tube in the cornua of the uterus is left in situ if
ysterectomy is not performed. However, in the largest
linical-pathologic study of fallopian tube cancer to
ate, 92% of cancers originated in the distal or mid-
ortion of the tube [29].

Several authors advocate the routinary removal of
terus at time of salpingo-oophorectomy also for other
easons. The Women’s Health Initiative trial reported
hat estrogen alone replacement therapy (ERT) was not
ssociated with increased breast cancer risk in hysterec-
omised postmenopausal women [30]. On the contrary,
he association of estrogens plus a progestin, required
o counterbalance the proliferative effect of estrogens
n the endometrium, increased breast cancer risk by

6% [31]. These data have been confirmed by other
rials and suggest that ERT therapy might be prefer-
ble when breast cancer risk is particularly high, as in
RCA carriers.
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Others claimed that the surgical morbidity asso-
iated with hysterectomy procedure was significantly
utweighed by the risk reduction of endometrial can-
er associated with tamoxifen used for preventive
urposes [32]. Furthermore, it has been reported
hat BRCA mutation carriers are at higher risk
f endometrial serous cancer, although the life-
ime risk is as low as 1–2 cases per 1000 carriers
33]. Hysterectomy eliminates the risk of serous
arcinoma of the uterus, but it remains unclear
hether this relatively low lifetime risk may war-

ant concomitant hysterectomy at time of prophylactic
alpingo-oophorectomy.

At present, all guidelines agree that hysterectomy
ay be reasonably performed at time of salpingo-

ophorectomy, though it is not a required component
f the procedure [21]. Women with BRCA muta-
ions undergoing prophylactic salpingo-oophorectomy
hould be informed of the relative risks and bene-
ts also deriving from concomitant hysterectomy and
hould make an informed decision in concert with their
urgeon.

. Hormone replacement therapy (HRT) in
RCA1/2 mutation carriers

The immediate consequence of prophylactic bilat-
ral oophorectomy in premenopausal women with
RCA 1/2 mutations is the induction of a prema-

ure surgical menopause. Beyond the loss of fertility,
atrogenic menopause is characterised by typical early
ymptoms, such as hot flushes, night sweats, vaginal
ryness, mood disturbances and by long-term conse-
uences, such as an increased risk of heart disease,
steoporosis and a relevant decline in sexual interest
nd activity.

HRT should be the ideal therapy for all these prob-
ems, but there is a strong reluctance to the use of
strogens in women at high risk of breast cancer.
on-hormonal therapies may be useful for the relief
f specific symptoms in some women as well. For
nstance, treatment with selective serotonin reuptake
nhibitors can reduce the frequency and severity of

asomotor symptoms in approximately two thirds of
omen with breast cancer; however, there remains a

ubstantial group of symptomatic women refractory to
his approach [34].

i
u
f
p
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Similarly, non-hormonal topic therapy for the man-
gement of vaginal symptoms may be ineffective in
variable number of menopausal women who will

ontinue to experience a bothersome vaginal atrophy
35].

The analysis of a prospective cohort of women
ith BRCA 1/2 mutations who underwent prophylactic
ophorectomy showed that HRT is highly effective in
elieving vasomotor symptoms and urogenital atrophy
36]. Nonetheless, there is no consensus about whether
RT use may revert the reduction of breast cancer risk
btained with bilateral prophylactic oophorectomy in
RCA1/2 mutation carriers. So far, only one study
ddressed this problem by comparing 155 women who
nderwent bilateral prophylactic oophorectomy (60%
f them using HRT after surgery for a mean period
f 3.2 years) and 307 women with intact ovaries. The
uthors reported that the reduction in breast cancer risk
ssociated with oophorectomy was not modified by the
se of HRT [37].

A major concern is the optimal duration of HRT
n BRCA mutation carriers who underwent prophy-
actic oophorectomy. The study by Rebbeck supports
he hypothesis that short-term use of HRT to manage
mmediate menopausal symptoms may not influence
he risk of breast cancer [37].

Further information may be drawn from a Markov
ecision analytic model developed to assess the impact
f bilateral prophylactic oophorectomy, bilateral pro-
hylactic mastectomy and HRT use on life expectancy
f BRCA 1/2 mutation carriers for hypothetical cohorts
f 30, 35 and 40 years of age [38]. In this model women
ith BRCA1/2 mutations who underwent bilateral pro-
hylactic oophorectomy alone or bilateral prophylactic
ophorectomy plus mastectomy between the age of
0 and 40 years experienced a significant gain in life
xpectancy as compared to those women who did not
ndergo any prophylactic surgery, irrespective of their
ecision about HRT use after oophorectomy, if hor-
onal therapy was suspended at the age of natural
enopause. The gain of life expectancy obtained with

rophylactic oophorectomy decreased as age at the
ime of oophorectomy increased; the addition of pro-
hylactic mastectomy was associated with a greater

ncrease of life expectancy. The overall effect of HRT
se on life expectancy ranged from a gain of 0.79 years
or women who underwent prophylactic oophorectomy
lus mastectomy at the age of 40 and used HRT until
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0 years of age, to a loss of 1.09 years for women who
ad prophylactic oophorectomy alone at the age of 30
nd assumed HRT for the entire life [38].

Overall, these data suggest that all women carrying
RCA1/2 mutations should be strongly encouraged

o undergo bilateral prophylactic oophorectomy after
ompletion of childbearing, should decide about the
se of short term HRT after surgery on the basis of
uality of life, and should plan to discontinue its use at
r before the expected age of natural menopause.

. Conclusions and future directions

Over the last few years, different preventive strate-
ies have been developed to reduce gynaecologic
ancer risk in BRCA 1/2-mutation carriers. OCs use
educes the risk of ovarian cancer in the general popu-
ation and probably also in BRCA mutations carriers.
nfortunately OCs seem to be associated with an

ncrease of breast cancer risk in mutation carriers. As
onsequences, it is still too early to recommend OCs
se as a chemoprevention strategy against ovarian can-
er in high-risk women.

Though intensive screening programs and chemo-
revention with tamoxifen play a role in the
anagement of women with BRCA mutations, pro-

hylactic surgery is clearly the most effective strategy
o reduce the incidence of breast and ovarian cancer. On
he other hand, prophylactic bilateral oophorectomy is
ssociated with the abrupt onset of menopausal symp-
oms in premenopausal women at the time of surgery.
RT is effective in relieving vasomotor and urogen-

tal dystrophic symptoms, but it is still controversial
hether it may or may not decrease the protective effect
f oophorectomy on breast cancer risk. The few data
vailable do not demonstrate any adverse modification
f breast cancer risk by short-term use of HRT after
ophorectomy, though further studies are needed to
onfirm the efficacy and safety of different prepara-
ions.

The body of knowledge on cancer hereditary syn-
romes is growing at rapid pace and we are now able
o provide women with more detailed information on

heir cancer risk. Nevertheless, all efforts should be
irected towards a better understanding of the biol-
gy of cancers associated with BRCA1 and BRCA2
ermline mutations. This may allow to improve pre-

[

s 60 (2008) 71–77

ention and surveillance strategies and hopefully avoid
hat these women will have to face the drastic choice
f prophylactic surgery.
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