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WOMEN WHO HAVE IN-
herited mutations in
the BRCA1 or BRCA2
(BRCA1/2) genes have

substantially elevated risks of breast
cancer and ovarian cancer, with a life-
time risk of breast cancer of 56% to
84%.1-3 The estimated ovarian cancer
risks range from 36% to 63% for
BRCA1 mutation carriers and 10% to

27% for BRCA2 mutation carriers.3-6

Women who are mutation carriers
have cancer risk–management options
that include risk-reducing salpingo-
oophorectomy, risk-reducing mastec-
tomy, annual cancer screening, and
chemoprevention. Due to the lack of
effective screening for ovarian cancer,
salpingo-oophorectomy is strongly
recommended once childbearing is
complete.

Salpingo-oophorectomy has been
demonstrated to decrease the risk of
both breast cancer and ovarian cancer
in BRCA1/2 mutation carriers.7-16 How-
ever, estimates for risk and mortality re-
duction for women with and without
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Context Mastectomy and salpingo-oophorectomy are widely used by carriers of BRCA1
or BRCA2 mutations to reduce their risks of breast and ovarian cancer.

Objective To estimate risk and mortality reduction stratified by mutation and prior
cancer status.

Design, Setting, and Participants Prospective, multicenter cohort study of 2482
women with BRCA1 or BRCA2 mutations ascertained between 1974 and 2008. The study
was conducted at 22 clinical and research genetics centers in Europe and North America
to assess the relationship of risk-reducing mastectomy or salpingo-oophorectomy with
cancer outcomes. The women were followed up until the end of 2009.

Main Outcomes Measures Breast and ovarian cancer risk, cancer-specific mor-
tality, and overall mortality.

Results No breast cancers were diagnosed in the 247 women with risk-reducing mas-
tectomy compared with 98 women of 1372 diagnosed with breast cancer who did
not have risk-reducing mastectomy. Compared with women who did not undergo risk-
reducing salpingo-oophorectomy, women who underwent salpingo-oophorectomy had
a lower risk of ovarian cancer, including those with prior breast cancer (6% vs 1%,
respectively; hazard ratio [HR], 0.14; 95% confidence interval [CI], 0.04-0.59) and
those without prior breast cancer (6% vs 2%; HR, 0.28 [95% CI, 0.12-0.69]), and a
lower risk of first diagnosis of breast cancer in BRCA1 mutation carriers (20% vs 14%;
HR, 0.63 [95% CI, 0.41-0.96]) and BRCA2 mutation carriers (23% vs 7%; HR, 0.36
[95% CI, 0.16-0.82]). Compared with women who did not undergo risk-reducing sal-
pingo-oophorectomy, undergoing salpingo-oophorectomy was associated with lower
all-cause mortality (10% vs 3%; HR, 0.40 [95% CI, 0.26-0.61]), breast cancer–
specific mortality (6% vs 2%; HR, 0.44 [95% CI, 0.26-0.76]), and ovarian cancer–
specific mortality (3% vs 0.4%; HR, 0.21 [95% CI, 0.06-0.80]).

Conclusions Among a cohort of women with BRCA1 and BRCA2 mutations, the
use of risk-reducing mastectomy was associated with a lower risk of breast cancer;
risk-reducing salpingo-oophorectomy was associated with a lower risk of ovarian can-
cer, first diagnosis of breast cancer, all-cause mortality, breast cancer–specific mortal-
ity, and ovarian cancer–specific mortality.
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a history of breast cancer may differ and
be of clinical relevance. Likewise, data
are emerging that suggest BRCA1 mu-
tation carriers may experience differ-
ential benefits from interventions such
as salpingo-oophorectomy compared
with BRCA2 mutation carriers.15,17

Herein, we examine a large cohort of
BRCA1/2 mutation carriers followed up
prospectively and report cancer risk–
reduction estimates following risk-
reducing salpingo-oophorectomy and
risk-reducing mastectomy in a num-
ber of scenarios incorporating muta-
tion type (BRCA1 vs BRCA2), and can-
cer history (prior history of breast
cancer vs none).

METHODS
Women with inherited, disease-
associated BRCA1/2 mutations were
identified from 22 centers in the Pre-
vention and Observation of Surgical
Endpoints (PROSE) consortium. Par-
ticipants were ascertained between 1974
and 2008. The PROSE protocol was pre-
viously described.12 All participants un-
derwent an informed consent process
for participation in research. This pro-
tocol was approved by the institu-
tional review board at each institu-
tion. Study participants were enrolled
as a cohort with time of follow-up start-
ing from patient ascertainment into the
research program. Genetic testing was
performed per institutional guidelines
and all patients received posttest coun-
seling to review medical management
options. Women who declined risk-
reducing salpingo-oophorectomy or
mastectomy were offered increased sur-
veillance at all centers according to es-
tablished guidelines. At US sites, this
consisted of annual mammography and
magnetic resonance imaging for those
with breast tissue, and transvaginal ul-
trasound every 6 to 12 months and CA
125 blood testing for those with ova-
ries in place. In the United Kingdom,
women were offered annual mammog-
raphy and magnetic resonance imaging
until age 50 years. Ovarian cancer
screening consisted of transvaginal ul-
trasonography and CA 125 blood test-
ing every 4 months.

Patients were eligible for the study
if they had no prior ovarian cancer di-
agnosis and no salpingo-oophorec-
tomy at the time of ascertainment and
had a minimum of 6 months of follow-
up. Patients were excluded if they re-
ceived a cancer diagnosis within the
first 6 months of follow-up (to avoid
including cancers that would have
been minimally influenced by risk-
reducing salpingo-oophorectomy or
mastectomy). Participants were fol-
lowed up until the end of 2009. The me-
dian follow-up was 3.65 years (range,
0.52-27.4 years) among those who un-
derwent surgery and 4.29 years (range,
0.5-27.9 years) in women who did not
undergo surgery.

There were 4255 known BRCA1/2
mutation carriers in the PROSE study
that were considered for inclusion.
Twelve women were excluded because
they had both BRCA1 and BRCA2 muta-
tions, 525 because they underwent sal-
pingo-oophorectomy before the ascer-
tainment date, 363 because they were
diagnosed with ovarian cancer before
the ascertainment date, 738 because
they had been followed up for less than
6 months, and 135 because they had
incident cases of cancer. Participants
who had undergone risk-reducing mas-
tectomy prior to ascertainment were
excluded from all breast cancer inci-
dence analyses. Breast cancer included
invasive cancers and ductal carcinoma
in situ.

Women who had not undergone
risk-reducing mastectomy were fol-
lowed up prospectively from the age at
ascertainment. Women who had un-
dergone risk-reducing mastectomy af-
ter ascertainment were followed up
from the age at the time of their risk-
reducing mastectomy. The primary out-
come was breast cancer. If no breast
cancer occurred, women were cen-
sored at the age of ovarian cancer di-
agnosis, death, or last contact.

Women who underwent risk-
reducing salpingo-oophorectomy af-
ter ascertainment were followed up
from the age at the time of their sal-
pingo-oophorectomy. Women who had
not undergone risk-reducing salpingo-

oophorectomy were followed up pro-
spectively from the age at ascertain-
ment. The outcomes of interest were
ovarian cancer diagnosis, breast can-
cer diagnosis, second diagnosis of pri-
mary breast cancer, and mortality.

For ovarian cancer end points, women
were followed up until ovarian cancer
diagnosis, censoring at death, or last con-
tact. Women were excluded if they were
diagnosed with an occult ovarian can-
cer during risk-reducing salpingo-
oophorectomy. When missing data were
encountered, the individual was dropped
from the analysis that involved the miss-
ing data point, but the individual was in-
cluded in other analyses in which com-
plete data were available; in fact, because
many of the data items were required
for enrollment, missing data was only
applicable to ovarian cancer end points.
For breast cancer end points, women
were excluded if they underwent risk-
reducing mastectomy prior to ascertain-
ment. Women who had risk-reducing
mastectomy after ascertainment but be-
fore risk-reducing salpingo-oophorec-
tomy were considered unexposed and
were censored at the time of risk-
reducing mastectomy. Women were fol-
lowed up until breast cancer diagnosis
or were censored at the time of ovarian
cancer diagnosis, risk-reducing mastec-
tomy, death, or last contact. For analy-
sis of second diagnosis of primary breast
cancer, the aforementioned censoring
criteria were applied, and women also
were censored at the time of a contra-
lateral mastectomy. A second diagno-
sis of breast cancer was defined as any
contralateral breast cancer or an ipsilat-
eral breast cancer diagnosed more than
5 years after the first.

For the mortality analysis, the inclu-
sion and follow-up methods were simi-
lar to the salpingo-oophorectomy analy-
ses described above. However, women
were censored at last contact, with the
primary outcome being death.

The ef fec ts of r i sk-reducing
salpingo-oophorectomy and risk-
reducing mastectomy on cancer inci-
dence and mortality were analyzed
using Cox proportional hazards mod-
els. A robust variance-covariance esti-
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mation method was used to correct for
nonindependence of observations
among participants from the same
family or within centers.18 Adjustment
for year of birth was undertaken in all
analyses using Cox regression. Oral
contraceptive use was adjusted for
when ovarian cancer and ovarian can-
cer mortality were the outcomes.
Adjustment for center of ascertain-
ment was undertaken by stratifying
analyses by center to avoid imposing
linear constraints in the model. Surgi-
cal participants were followed up from
the age of risk-reducing salpingo-
oophorectomy or mastectomy. Non-
surgical participants were followed up
from the age of ascertainment. All
analyses were undertaken using Stata
version 9 (StataCorp, College Station,
Texas). All statistical tests were based
on 2-sided hypotheses and inferences
of statistical significance were made at
the level of P equal to .05.

RESULTS
Risk-reducing mastectomy was associ-
ated with a decreased risk of breast can-
cer in BRCA1/2 mutation carriers. No
breast cancer events were seen in

women who underwent risk-reducing
mastectomy during 3 years of prospec-
tive follow-up. In contrast, 7% of
women without risk-reducing mastec-
tomy over a similar follow-up period
were diagnosed with breast cancer
(TABLE 1).

Risk-reducing salpingo-oophorec-
tomy was associated with a decreased
risk of ovarian cancer. Among those
with no prior breast cancer, the risk re-
duction estimate expressed as a haz-
ard ratio (HR) in all BRCA1 mutation
carriers was 0.31 (95% confidence in-
terval [CI], 0.12-0.82; TABLE 2). No
ovarian cancer events were seen in
BRCA2 mutation carriers without prior
breast cancer who underwent risk-
reducing salpingo-oophorectomy dur-
ing the 6 years of prospective follow-
up. In contrast, 3% of women without
salpingo-oophorectomy over a similar
follow-up period were diagnosed with
ovarian cancer. Among women with a
prior diagnosis of breast cancer, the risk
reduction in BRCA1 mutation carriers
was a HR of 0.15 (95% CI, 0.04-0.63).
No cases of ovarian cancer were diag-
nosed in BRCA2 mutation carriers af-
ter salpingo-oophorectomy.

Salpingo-oophorectomy was associ-
ated with a decreased risk of breast can-
cer in both BRCA1 mutation carriers
(HR, 0.63; 95% CI, 0.41-0.96) and
BRCA2 mutation carriers (HR, 0.36; 95%
CI, 0.16-0.82) without prior diagnosis
of breast cancer (TABLE 3). There was
evidence for an age effect with a reduc-
tion in breast cancer risk among BRCA1
mutation carriers without prior diagno-
sis of breast cancer who had their sal-
pingo-oophorectomy before the age of
50 years (HR, 0.51; 95% CI, 0.32-
0.82), but no suggestion of breast can-
cer risk reduction in women who un-
derwent salpingo-oophorectomy after
the age of 50 years (HR, 1.36; 95% CI,
0.26-7.05). The test for interaction
yielded an HR of 0.62 (95% CI, 0.41-
0.95; P=.03). In BRCA1 and BRCA2 mu-
tation carriers with a prior diagnosis of
breast cancer, there was no evidence for
reduction in risk of a second diagnosis
of primary breast cancer.

Salpingo-oophorectomy was associ-
ated with significantly lower all-cause
mortality in those with no prior breast
cancer (HR, 0.45; 95% CI, 0.21-0.95)
and those with prior breast cancer (HR,
0.30 [95% CI, 0.17-0.52]; TABLE 4).

Table 1. Risk-Reducing Mastectomy and Risk of First Occurrence of Breast Cancera

Prior or Concurrent Risk-Reducing Salpingo-oophorectomy

Yes No

Total
(n = 959)

BRCA1
(n = 617)

BRCA2
(n = 342)

Total
(n = 660)

BRCA1
(n = 415)

BRCA2
(n = 245)

Risk-reducing mastectomy
Yes 172 (17.9) 116 (18.8) 56 (16.4) 75 (11.4) 43 (10.4) 32 (13.1)

Breast cancer diagnosis 0 0 0 0 0 0

No 787 (82.1) 501 (81.2) 286 (83.6) 585 (88.6) 372 (89.6) 213 (86.9)

Breast cancer diagnosis 64 (8.1) 44 (8.8) 20 (7.0) 34 (5.8) 19 (5.1) 15 (7.0)

Age, mean (range), y
At time of risk-reducing

mastectomy
40.7 (22.4-64.6) 40.1 (24.8-62.5) 42.0 (22.4-64.6) 37.9 (22.4-64.6) 36.7 (24.8-52.1) 39.4 (22.4-64.6)

At start of follow-up for those
without mastectomy

40.5 (18.3-87.8) 39.5 (18.3-87.8) 42.2 (18.9-79.7) 37.6 (18.3-87.8) 36.7 (18.3-87.8) 39.1 (18.9-79.7)

Follow-up, mean (range), y
To breast cancer diagnosis 3.1 (0.5-9.3) 3.3 (0.5-9.3) 2.6 (0.6-6.8) 3.1 (0.6-8.7) 3.6 (0.6-8.7) 2.5 (0.6-6.8)

To censoring 3.5 (0.5-13.0) 3.7 (0.5-13.0) 3.0 (0.5-11.5) 2.7 (0.5-13.0) 2.7 (0.5-13.0) 2.5 (0.5-11.5)

Occult breast cancer diagnosisb 4 (�1) 3 (�1) 1 (�1) 3 (�1) 2 (�1) 1 (�1)

Breast cancer after risk-reducing
mastectomy, HR (95% CI)c

NA NA NA NA NA NA

Abbreviations: CI, confidence interval; HR, hazard ratio; NA, data cannot be estimated.
aValues are expressed as number (percentage) unless otherwise indicated. There were no cases of breast cancer prior to ascertainment or risk-reducing salpingo-oophorectomy. Par-

ticipants were censored at occurrence of ovarian cancer, death, or last contact.
bCancer was found incidentally at the time of prophylactic mastectomy and excluded from analysis.
cThere were no cancer events in those with risk-reducing mastectomy so HRs cannot be estimated.
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When analyzed by mutation status, sal-
pingo-oophorectomy was associated
with a significantly lower all-cause mor-

tality in BRCA1 mutation carriers over-
all (HR, 0.38; 95% CI, 0.24-0.62). With
fewer participants and fewer events, all-

cause mortality in BRCA2 mutation car-
riers was not statistically significant
(HR, 0.52; 95% CI, 0.22-1.23).

Table 2. Risk-Reducing Salpingo-oophorectomy and Ovarian Cancer Riska

Prior Breast Cancer

Nob Yesc

Total
(n = 1557)

BRCA1
(n = 1003)

BRCA2
(n = 554)

Total
(n = 1060)

BRCA1
(n = 684)

BRCA2
(n = 376)

Risk-reducing salpingo-oophorectomy
Yes 465 (29.9) 342 (34.1) 123 (22.2) 474 (44.7) 339 (49.6) 135 (35.9)

Primary peritoneal cancer
diagnosis

6 (1.3) 6 (1.8) 0 4 (1.0) 4 (1.2) 0

No 1092 (70.1) 661 (65.9) 431 (77.8) 586 (55.3) 345 (50.4) 241 (64.1)

Ovarian cancer diagnosis 63 (5.8) 49 (7.4) 14 (3.2) 35 (6.0) 27 (7.8) 8 (3.3)

Age, mean (range), y
At time of risk-reducing

salpingo-oophorectomy
43.2 (20.5-79.0) 42.1 (20.5-79.0) 46.2 (32.9-68.5) 47.7 (29.7-75.2) 44.1 (29.7-75.2) 49.1 (30.4-72.9)

At start of follow-up for those
without oophorectomy

36.7 (18.1-90.4) 35.4 (18.2-90.4) 38.6 (32.9-68.5) 45.4 (21.9-86.2) 44.2 (21.9-86.2) 47.0 (26.1-77.7)

Follow-up, mean (range), y
To ovarian cancer diagnosis 6.2 (0.8-17.8) 6.2 (0.8-17.8) 6.0 (0.8-17.8) 4.2 (0.5-13.4) 4.4 (0.5-13.4) 3.3 (0.7-5.8)

To censoring 5.7 (0.5-27.9) 5.6 (0.5-27.7) 5.8 (0.5-26.9) 4.4 (0.5-24.6) 4.5 (0.5-24.6) 4.1 (0.5-15.4)

Occult ovarian cancer diagnosisd 9 (�1) 7 (�1) 2 (�1) 13 (1) 10 (1.5) 3 (�1)

Ovarian cancer after risk-reducing
salpingo-oophorectomy,
HR (95% CI)e

(n = 1367)
0.28 (0.12-0.69)

(n = 880)
0.31 (0.12-0.82)

(n = 487)
Nonef

(n = 857)
0.14 (0.04-0.59)

(n = 563)
0.15 (0.04-0.63)

(n = 294)
None

Abbreviations: CI, confidence interval; HR, hazard ratio.
aValues are expressed as number (percentage) unless otherwise indicated. Participants were censored at death or last contact.
bThere were no cases of breast cancer prior to risk-reducing salpingo-oophorectomy or in those not undergoing the salpingo-oophorectomy prior to the start of follow-up.
cBreast cancer allowed prior to risk-reducing salpingo-oophorectomy or start of follow-up.
dFound incidentally at the time of risk-reducing salpingo-oophorectomy and excluded from analysis.
eAdjusted for year of birth, oral contraceptive use, and stratified by center.
fAdjustment was made for oral contraceptive use. Those with missing data were excluded from the analysis.

Table 3. Risk-Reducing Salpingo-oophorectomy and Breast Cancer Riska

Prior Breast Cancer

Nob Yesc

Total
(n = 1370)

BRCA1
(n = 869)

BRCA2
(n = 501)

Total
(n = 647)

BRCA1
(n = 397)

BRCA2
(n = 250)

Risk-reducing salpingo-oophorectomy
Yes 336 (24.5) 236 (27.2) 100 (20.0) 208 (32.1) 138 (34.8) 70 (28.0)

Breast cancer diagnosis 39 (11.6) 32 (13.6) 7 (7.0) 23 (11.1) 19 (13.8) 4 (5.7)

No 1034 (75.5) 633 (72.8) 401 (80.0) 439 (67.9) 259 (65.2) 180 (72.0)

Breast cancer diagnosis 223 (21.6) 129 (20.4) 94 (23.4) 60 (13.7) 46 (17.8) 14 (7.8)

Age, mean (range), y
At time of risk-reducing

oophorectomy
43.8 (20.5-79.0) 42.7 (20.5-79.0) 46.6 (35.4-68.5) 48.5 (29.8-74.8) 48.2 (29.8-74.8) 49.1 (34.0-69.5)

At start of follow-up for those
without oophorectomy

36.2 (18.1-90.4) 35.0 (18.2-90.4) 38.1 (18.1-82.7) 44.8 (21.9-86.2) 43.3 (21.9-86.2) 47.1 (27.1-77.7)

Follow-up, mean (range), y
To breast cancer diagnosis 4.7 (0.5-21.0) 4.7 (0.5-21.0) 4.8 (0.5-20.6) 4.4 (0.5-16.1) 4.5 (0.5-16.1) 4.0 (0.7-11.7)

To censoring 4.7 (0.5-27.8) 4.7 (0.5-27.7) 4.7 (0.5-27.8) 3.8 (0.5-18.4) 3.7 (0.5-18.4) 3.9 (0.5-15.4)

Breast cancer after risk-reducing
salpingo-oophorectomy,
HR (95% CI)d

0.54 (0.37-0.79) 0.63 (0.41-0.96) 0.36 (0.16-0.82) 1.00 (0.56-1.77) 1.01 (0.54-1.89) 1.11 (0.31-3.98)

Abbreviations: CI, confidence interval; HR, hazard ratio.
aValues are expressed as number (percentage) unless otherwise indicated. Participants were censored at occurrence of ovarian cancer, time of risk-reducing mastectomy, death, or last

contact.
bThere were no cases of breast cancer prior to risk-reducing salpingo-ophorectomy or in those who did not undergo salpingo-ophorectomy prior to the start of follow-up.
cBreast cancer allowed prior to risk-reducing salpingo-oophorectomy or start of follow-up.
dAdjusted for year of birth and stratified by center.
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Salpingo-oophorectomy was associ-
ated with a lower breast cancer−specific
mortality (HR, 0.44 [95% CI, 0.26-

0 .76] ; TA B L E 5) and ovar ian
cancer−specific mortality (HR, 0.21
[95% CI, 0.06-0.80]; TABLE 6). In

BRCA1 mutation carriers, salpingo-
oophorectomy was associated with im-
proved breast cancer–specific mortal-

Table 4. Risk-Reducing Salpingo-oophorectomy and All-Cause Mortalitya

All Eligible Women No Prior Breast Cancerb Prior Breast Cancerc

Total
(n = 2482)

BRCA1
(n = 1587)

BRCA2
(n = 895)

Total
(n = 1458)

BRCA1
(n = 935)

BRCA2
(n = 523)

Total
(n = 1027)

BRCA1
(n = 654)

BRCA2
(n = 373)

Risk-reducing salpingo-oophorectomy
Yes 993 (40.0) 706 (44.5) 287 (32.1) 447 (30.7) 327 (35.0) 120 (22.9) 451 (43.9) 317 (48.5) 134 (35.9)

Deaths 31 (3.1) 25 (3.5) 6 (2.1) 8 (1.8) 8 (2.4) 0 19 (4.2) 14 (4.4) 5 (3.7)

No 1489 (60.0) 881 (55.5) 608 (67.9) 1011 (69.3) 608 (65.0) 403 (77.1) 576 (56.1) 337 (51.5) 239 (64.1)

Deaths 146 (9.8) 93 (10.6) 53 (8.7) 60 (5.9) 43 (7.1) 17 (4.2) 92 (16.0) 54 (16.0) 38 (15.9)

Age, mean (range), y
At time of risk-reducing

oophorectomy
45.4

(20.5-79.0)
44.5

(20.5-79.0)
47.6

(30.4-72.9)
43.2

(20.5-79.0)
42.1

(20.5-79.0)
46.4

(33.0-68.5)
47.6

(29.7-75.2)
47.0

(29.7-75.2)
49.1

(30.4-72.9)

At start of follow-up for those
without oophorectomy

39.8
(18.1-90.4)

38.5
(18.2-90.4)

41.6
(18.1-82.7)

36.3
(18.1-90.4)

35.1
(18.2-90.4)

38.2
(18.1-82.7)

45.3
(21.9-86.2)

44.2
(21.9-86.2)

46.9
(26.1-77.7)

Follow-up, mean (range), y
To death 6.0

(0.5-23.5)
5.9

(0.6-22.3)
6.2

(0.5-23.5)
9.0

(0.96-23.5)
8.5

(1.0-22.3)
10.3

(2.8-23.5)
4.6

(0.5-20.3)
4.3

(0.6-20.3)
5.1

(0.5-13.3)

To censoring 5.0
(0.5-27.9)

5.0
(0.5-27.7)

4.9
(0.5-27.9)

5.8
(0.5-27.9)

5.7
(0.5-27.7)

5.9
(0.5-27.9)

4.5
(0.5-24.6)

4.8
(0.5-24.6)

4.1
(0.5-15.4)

All-cause mortality after risk-reducing
salpingo-oophorectomy,
HR (95% CI)d

0.40
(0.26-0.61)

0.38
(0.24-0.62)

0.52
(0.22-1.23)

0.45
(0.21-0.95)

0.52
(0.24-1.14)

No deaths 0.30
(0.17-0.52)

0.26
(0.13-0.52)

0.45
(0.17-1.16)

Age �50 y 0.41
(0.25-0.67)

0.40
(0.24-0.68)

0.16
(0.02-1.30)

0.70
(0.31-1.57)

0.50
(0.21-1.20)

No deaths 0.28
(0.14-0.55)

0.30
(0.14-0.64)

0.19
(0.02-1.59)

Age �50 y 0.37
(0.15-0.94)

0.22
(0.06-0.85)

0.47
(0.12-1.80)

0.28
(0.03-2.42)

0.93
(0.11-8.12)

No deaths 0.37
(0.13-1.03)

0.12
(0.02-0.73)

0.46
(0.10-2.13)

Abbreviations: CI, confidence interval; HR, hazard ratio.
aValues are expressed as number (percentage) unless otherwise indicated. Participants were censored at last contact.
bThere were no breast cancer cases prior to risk-reducing salpingo-oophorectomy or in those who did not undergo salpingo-oophorectomy prior to the start of follow-up.
cBreast cancer allowed prior to risk-reducing salpingo-oophorectomy or start of follow-up.
dAdjusted for year of birth and stratified by center.

Table 5. Risk-Reducing Salpingo-oophorectomy and Breast Cancer−Specific Mortalitya

All Eligible Women No Prior Breast Cancerb Prior Breast Cancerc

Total
(n = 2407)

BRCA1
(n = 1536)

BRCA2
(n = 871)

Total
(n = 1414)

BRCA1
(n = 902)

BRCA2
(n = 512)

Total
(n = 995)

BRCA1
(n = 636)

BRCA2
(n = 359)

Risk-reducing salpingo-oophorectomy
Yes 983 (40.8) 697 (45.4) 286 (32.8) 441 (31.2) 321 (35.6) 120 (23.4) 448 (45.0) 314 (49.4) 134 (37.3)

Deaths 21 (2.1) 16 (2.3) 5 (1.7) 2 (0.5) 2 (1.0) 0 16 (3.6) 11 (3.5) 5 (3.7)

No 1424 (59.2) 839 (54.6) 585 (67.2) 973 (68.8) 581 (64.4) 392 (76.6) 547 (55.0) 322 (50.6) 225 (62.7)

Deaths 81 (5.7) 51 (6.1) 30 (5.1) 22 (2.3) 16 (2.8) 6 (1.5) 63 (11.5) 39 (12.1) 34 (15.1)

Age, mean (range), y
At time of oophorectomy 45.3

(20.5-75.2)
44.4

(20.5-75.2)
47.5

(30.4-72.9)
43.2

(20.5-73.9)
42.0

(20.5-73.9)
46.4

(32.9-68.5)
47.6

(29.7-75.2)
47.0

(29.7-75.2)
49.1

(30.4-72.9)

At start of follow-up for those
without oophorectomy

39.3
(18.1-87.6)

38.0
(18.2-87.6)

41.2
(18.1-82.7)

35.8
(18.1-87.6)

34.5
(18.2-87.6)

37.8
(18.1-82.7)

45.1
(21.9-86.2)

43.9
(21.9-86.2)

46.7
(26.1-77.7)

Follow-up, mean (range), y
To death 4.6

(0.5-21.4)
4.1

(0.6-21.4)
5.4

(0.5-27.9)
8.6

(1.6-21.4)
8.5

(1.6-21.4)
8.8

(2.8-18.3)
3.6

(0.5-13.3)
2.9

(0.6-10.2)
4.7

(0.5-13.3)

To censoring 5.0
(0.5-27.9)

5.0
(0.5-27.7)

4.9
(0.5-27.9)

5.8
(0.5-27.9)

5.7
(0.5-27.7)

5.9
(0.5-27.9)

4.5
(0.5-24.6)

4.8
(0.5-24.6)

4.1
(0.5-15.4)

Breast cancer−specific mortality after
risk-reducing salpingo-oophorectomy,
HR (95% CI)d

0.44
(0.26-0.76)

0.38
(0.20-0.72)

0.82
(0.30-2.20)

0.27
(0.05-1.33)

0.30
(0.06-1.53)

No deaths 0.35
(0.19-0.67)

0.27
(0.12-0.58)

0.87
(0.32-2.37)

Abbreviations: CI, confidence interval; HR, hazard ratio.
aValues are expressed as number (percentage) unless otherwise indicated. Participants were censored at last contact.
bThere were no cases of breast cancer prior to risk-reducing salpingo-oophorectomy or in those who did not undergo salpingo-oophorectomy prior to the start of follow-up.
cBreast cancer allowed prior to risk-reducing salpingo-oophorectomy or start of follow-up.
dAdjusted for year of birth and stratified by center.
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ity (HR, 0.38 [95% CI, 0.20-0.72];
Table 5) and ovarian cancer–specific
mortality (HR, 0.22 [95% CI, 0.06-
0.83]; Table 6). There were neither
ovarian cancer deaths following sal-
pingo-oophorectomy in BRCA2 muta-
tion carriers, nor were there any breast
cancer deaths in BRCA2 mutation
carriers who underwent salpingo-
oophorectomy prior to cancer diagno-
sis. In an exploratory analysis, overall
survival was associated with salpingo-
oophorectomy in those younger than
50 years (HR, 0.41; 95% CI, 0.25-
0.67) and in those aged 50 years or
older (HR, 0.37; 95% CI, 0.15-0.94)
(Table 4); however, a test of interac-
tion was not significant, which sug-
gests no difference in overall mortal-
ity benefit between these 2 groups.
There have been 8 deaths after salpingo-
oophorectomy in those without can-
cer prior to salpingo-oophorectomy: 2
of the deaths were from breast cancer
and 3 deaths were primary peritoneal
cancer (1 due to leukemia, 1 due to
stomach cancer, and 1 death that was
not related to cancer; eTable 1 and
eTable 2 at http://www.jama.com). Al-
though 151 women without prior can-

cer also underwent mastectomy (34%),
neither of the 2 who died from breast
cancer had undergone risk-reducing
mastectomy. In those patients with
breast cancer prior to salpingo-
oophorectomy, 23 died (including 19
deaths due to breast cancer and 1 due
to ovarian cancer).

COMMENT
The clinical management of cancer risk
in BRCA1 and BRCA2 mutation carri-
ers is complex and is best informed by
accurate knowledge of the outcomes of
interventions. Most prior studies that
have investigated the effect of risk-
reducing salpingo-oophorectomy or
mastectomy on breast cancer risk did
not examine effects either by muta-
tion status7,9,12 or by prior cancer diag-
nosis.14,19 There may be little added
benefit of risk-reducing salpingo-
oophorectomy on breast cancer risk if
women have chemotherapy-induced
menopause, or if they are already re-
ceiving hormonal therapy. We hypoth-
esize that both of these factors are im-
portant in determining precise estimates
of risk reduction. Our results confirm
that risk-reducing mastectomy is asso-

ciated with a significant reduction in
breast cancer risk. In addition, risk-
reducing salpingo-oophorectomy is as-
sociated with a significant decrease in
ovarian cancer risk in both BRCA1 and
BRCA2 mutation carriers, and in those
with and without a prior diagnosis of
breast cancer. There is a significant re-
duction in breast cancer risk follow-
ing risk-reducing salpingo-oophorec-
tomy in both BRCA1 and BRCA2
mutation carriers without prior can-
cer diagnosis. Overall mortality was im-
proved in women undergoing risk-
reducing salpingo-oophorectomy. In
women who underwent risk-reducing
salpingo-oophorectomy, 1.1% were
subsequently diagnosed with ovarian
cancer, 11.4% were subsequently di-
agnosed with breast cancer, and 3.1%
subsequently died of any cause. In
women who did not undergo risk-
reducing salpingo-oophorectomy, 5.8%
were subsequently diagnosed with ovar-
ian cancer, 19.2% with breast cancer,
and 9.8% subsequently died from any
cause.

Risk-reducing mastectomy is a
highly effective strategy for breast can-
cer risk reduction.20,21 In our prospec-

Table 6. Risk-Reducing Salpingo-oophorectomy and Ovarian Cancer−Specific Mortalitya

All Eligible Women No Prior Breast Cancerb Prior Breast Cancerc

Total
(n = 2343)

BRCA1
(n = 1502)

BRCA2
(n = 841)

Total
(n = 1417)

BRCA1
(n = 907)

BRCA2
(n = 510)

Total
(n = 928)

BRCA1
(n = 597)

BRCA2
(n = 331)

Risk-reducing salpingo-oophorectomy
Yes 966 (41.2) 685 (45.6) 281 (33.4) 442 (31.2) 322 (35.5) 120 (23.5) 433 (46.7) 304 (50.9) 129 (39.0)

Deaths 4 (0.4) 4 (0.6) 0 3 (0.7) 3 (0.9) 0 1 (0.2) 1 (0.3) 0

No 1377 (58.8) 817 (54.4) 560 (66.6) 975 (68.8) 585 (64.5) 390 (76.5) 495 (53.3) 293 (49.1) 202 (61.0)

Deaths 34 (2.5) 29 (3.5) 5 (0.9) 24 (2.5) 20 (3.4) 4 (1.0) 11 (2.2) 10 (3.4) 1 (0.4)

Age, mean (range), y
At time of oophorectomy 45.3

(20.5-75.2)
44.4

(20.5-75.2)
47.4

(30.4-72.9)
43.2

(20.5-73.9)
42.0

(20.5-73.9)
46.4

(32.9-68.5)
47.6

(29.7-75.2)
47.0

(29.7-75.2)
48.9

(30.4-72.9)

At start of follow-up for those
without oophorectomy

39.5
(18.1-87.9)

38.2
(18.2-87.9)

41.3
(18.1-82.7)

36.1
(18.1-87.9)

34.8
(18.2-87.9)

38.0
(18.1-82.7)

45.6
(21.9-86.2)

44.4
(21.9-86.2)

47.3
(26.1-77.7)

Follow-up, mean (range), y
To death 8.4

(1.4-22.3)
8.7

(1.4-22.3)
6.9

(5.2-9.0)
8.8

(1.4-22.3)
9.1

(1.4-22.3)
7.0

(5.2-9.0)
7.6

(2.8-18.7)
7.6

(2.8-18.7)
6.6
(NA)

To censoring 5.0
(0.5-27.8)

5.0
(0.5-27.7)

4.9
(0.5-27.9)

5.8
(0.5-27.9)

5.7
(0.5-27.7)

5.9
(0.5-57.9)

4.5
(0.5-24.6)

4.8
(0.5-24.6)

4.1
(0.5-15.4)

Ovarian cancer−specific mortality after
risk-reducing salpingo-oophorectomy,
HR (95% CI)d

0.21
(0.06-0.80)

0.22
(0.06-0.83)

No deaths 0.39
(0.12-1.29)

0.46
(0.08-2.72)

No deaths 0.10
(0.01-1.42)

0.09
(0.01-1.44)

No deaths

Abbreviations: CI, confidence interval; HR, hazard ratio; NA, range not available because there was only 1 observation.
aValues are expressed as number (percentage) unless otherwise indicated. Participants were censored at last contact.
bThere were no cases of breast cancer prior to risk-reducing salpingo-oophorectomy or in those who did not undergo salpingo-oophorectomy prior to the start of follow-up.
cBreast cancer allowed prior to risk-reducing salpingo-oophorectomy or start of follow-up.
dAdjusted for year of birth, oral contraceptive use, and stratified by center.
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tive analysis, no breast cancer cases
were observed after risk-reducing mas-
tectomy. The observation of no pro-
spectively identified breast cancer cases
may be due to biases in prior retrospec-
tive studies or improved surgical tech-
niques in recent prospective analyses.

Risk-reducing salpingo-oophorec-
tomy is highly effective in reducing
ovarian and fallopian tube cancers in
both BRCA1 and BRCA2 mutation car-
riers and in those with and without
prior breast cancer. Precise estimates
of risk reduction following risk-
reducing salpingo-oophorectomy are
needed to balance the increasingly rec-
ognized health risks caused by prema-
ture menopause.22-26 We observed no
primary peritoneal cancers following
risk-reducing salpingo-oophorec-
tomy in BRCA2 mutation carriers, al-
though such cancers have been re-
ported.10 In BRCA1 mutation carriers,
risk-reducing salpingo-oophorec-
tomy was associated with a 70% reduc-
tion in the risk of ovarian cancer in
those without prior breast cancer and
an 85% reduction in those with prior
breast cancer. It is unknown whether
these numbers are truly different, re-
flect censoring from death due to breast
cancer, or are a protective effect fol-
lowing breast cancer treatment.

Risk-reducing salpingo-oophorec-
tomy was associated with a signifi-
cantly decreased risk of breast cancer
in those without prior breast cancer
with both BRCA1 (37% reduction) and
BRCA2 mutations (64% reduction). In
mutation carriers with prior breast can-
cer, risk-reducing salpingo-oophorec-
tomy had no effect on risk of second di-
agnosis of primary breast cancer. In
women with sporadic breast cancer, the
benefit of risk-reducing salpingo-
oophorectomy when added to stan-
dard adjuvant treatment is uncertain
and is the subject of multiple ongoing
clinical trials. Chemotherapy often leads
to cessation of menses, so any effect of
ovarian ablation from risk-reducing sal-
pingo-oophorectomy may be achieved
in some women by chemotherapy. In
premenopausal women with estrogen
receptor (ER)–positive tumors, hor-

mone therapy in addition to chemo-
therapy significantly improves disease-
free survival.27,28 Our data are in contrast
to prior reports demonstrating benefit
of oophorectomy in preventing con-
tralateral breast cancer.29,30 Differ-
ences in adjuvant therapy use could ex-
plain these discrepancies; however, a
limitation of our study is the absence
of detailed treatment information. It is
important to note that ovarian cancer
risk is independent of menopause;
menopause either naturally occurring
or chemotherapy-induced is not known
to decrease the risk of ovarian cancer.
Regardless of the effect of oophorec-
tomy on second diagnosis of breast can-
cer, oophorectomy is essential to re-
duce the risk of ovarian cancer, which
can be a significant cause of morbidity
and mortality in women with early-
stage breast cancer.29

Our data suggest that risk-reducing
salpingo-oophorectomy may be asso-
ciated with a lower breast cancer risk
in BRCA2 mutation carriers than in
BRCA1 mutation carriers (64% vs 37%,
respectively). Kauff et al15 observed a
statistically significant breast cancer risk
reduction following risk-reducing sal-
pingo-oophorectomy in BRCA2 but not
BRCA1 mutation carriers. The poten-
tially larger risk reduction associated
with risk-reducing salpingo-oophorec-
tomy in BRCA2 compared with BRCA1
mutation carriers is of interest given the
high proportion of ER-positive breast
tumors in BRCA2 mutation carriers
compared with BRCA1 mutation car-
riers.31 Additional research is required
to address this issue.

We are still unable to provide defini-
tive data with respect to the timing of
risk-reducing salpingo-oophorec-
tomy on the efficacy of breast cancer
risk reduction because the numbers in
each subgroup remain small with a lim-
ited number of events. Eisen et al14 re-
ported that the breast cancer risk re-
duction with salpingo-oophorectomy
was greater in BRCA1/2 mutation car-
riers who underwent surgery before the
age of 50 years than in women who un-
derwent surgery after the age of 50
years. The results of the present analy-

ses are consistent with this finding for
unaffected women who undergo risk-
reducing salpingo-oophorectomy be-
fore age 50 years.

The importance of understanding the
optimal age to undergo risk-reducing
salpingo-oophorectomy is under-
scored by several reports32 in the gen-
eral population that suggest that oopho-
rectomy in women younger than age 45
years is associated with increased mor-
tality, particularly if hormone therapy
is not used.26 Although these data are
not directly applicable to women with
BRCA1/2 mutations who have mark-
edly increased risks of breast and ovar-
ian cancer and therefore a different risk
and benefit profile, issues of timing and
the safety of hormone therapy are im-
portant. The Women’s Health Initia-
tive in postmenopausal women did not
demonstrate a cardiovascular benefit
overall from hormone therapy,33 but
younger women going through natu-
ral menopause may derive such ben-
efit.33,34 It is possible that BRCA1/2 mu-
tation carriers undergoing abrupt
surgical menopause to reduce ovarian
cancer risk and receive hormone
therapy may derive health benefits. Two
prior studies have examined hormone
therapy in BRCA1/2 mutation carri-
ers. Rebbeck et al35 examined 462 pa-
tients and reported no increased breast
cancer risk with hormone therapy use
after risk-reducing salpingo-oophorec-
tomy. Eisen et al14 examined hormone
therapy in women who had under-
gone risk-reducing salpingo-oophorec-
tomy and observed no increased risk as-
sociated with hormone therapy use.
Further work is needed regarding this
important issue.

We observed an association of risk-
reducing salpingo-oophorectomy with
a significant reduction in all-cause,
breast cancer–specific, and ovarian can-
cer–specific mortality. We previously
reported that risk-reducing salpingo-
oophorectomy was associated with a
90% reduction in breast cancer–
specific mortality, a 95% reduction in
ovarian cancer–specific mortality, and
a 76% reduction in overall mortality.12

Our present estimates are consistent

SURGERY TO REDUCE CANCER RISK FOR WOMEN WITH BRCA1 OR BRCA2

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, September 1, 2010—Vol 304, No. 9 973

Downloaded From: https://jamanetwork.com/ on 05/22/2023



with those reports. The apparent lesser
effect on mortality in BRCA2 vs BRCA1
mutation carriers may be due to the
lower risk of ovarian cancer in BRCA2
mutation carriers as well as the more
aggressive biological features of BRCA1-
associated breast cancer; however, more
data are needed to adequately address
this important question.

There are a number of limitations to
this study. We designed our study to
maximize follow-up time and statisti-
cal power; however, this choice could
have compromised our results in a
number of ways. Our study design was
powered to detect effects of risk-
reducing salpingo-oophorectomy and
mastectomy stratified on BRCA1/2 as
well as the other groups defined in the
tables. The observation of statistically
significant P values in many strata pro-
vides evidence that we had sufficient
power for our preplanned hypotheses.
A few strata-specific analyses did not
achieve statistical significance, suggest-
ing that we did not have sufficient
power to detect some smaller than an-
ticipated effects. Therefore, analyses in
some substrata may require additional
study after accrual of much larger
sample sizes.

Ideally, the evaluation of risk-
reducing surgery on cancer risk and
mortality reduction would involve a
randomized controlled trial design.
However, it is accepted in the field that
a randomized approach would neither
be acceptable nor ethical. As a result,
this field of research is limited to un-
dertaking observational studies that
have methodological limitations. An ob-
servational design requires that statis-
tical methods be used to correct for fac-
tors that may influence relative risk
estimates. We have attempted to cor-
rect for a number of limitations of the
observational study design by using the
recommended analysis approaches of
Klaren et al36 and Hartmann et al.37

However, additional analytical correc-
tions could be considered in future
analyses, including the effect of com-
peting risks, or the consideration of the
time-dependency aspect of risk-
reducing salpingo-oophorectomy or

risk-reducing mastectomy and other co-
variates. As a result of these limita-
tions, our results cannot be assumed to
be causal in nature.

Although all women who chose to
forgo risk-reducing salpingo-oophorec-
tomy were counseled to undergo inten-
sive screening, we do not have detailed
information on compliance of these rec-
ommendations at all centers. However,
there are no data that ovarian cancer
screening is effective in reducing the risk
of developing ovarian cancer, or in re-
ducing the risk of death from ovarian
cancer.38 Therefore, we feel that it is un-
likely that compliance would signifi-
cantly alter our results related to the
ovarian cancer end points of incidence
and mortality. Intensive breast cancer
surveillance does not reduce the risk of
developing breast cancer, but aims to im-
prove early detection. Due to our lack
of detailed information on breast mag-
netic resonance imaging compliance, we
cannot conclude that risk-reducing sal-
pingo-oophorectomy improved breast
cancer–specific mortality compared with
optimal screening; however, we found
an association between women who
underwent risk-reducing salpingo-
oophorectomy and women who have
better outcomes in terms of breast can-
cer risk, ovarian cancer risk, and ovar-
ian cancer–specific survival, none of
which would be anticipated to be af-
fected by compliance to intensive breast
cancer screening. We also found an
association between women who un-
derwent risk-reducing salpingo-
oophorectomy and breast cancer–
specific and overall survival compared
with women who have chosen to forgo
risk-reducing salpingo-oophorectomy.
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