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Purpose: To evaluate prophylactic salpingo-oophorectomy uptake and timing among BRCA1/2 mutation carriers in

a cancer risk assessment program. Methods: Clinical records of female BRCA1/2 mutation carriers who received

cancer genetic counseling between 1996 and 2003 were reviewed to determine the completion and the timing of

prophylactic salpingo-oophorectomy. Logistic regression models evaluated associations between subject charac-

teristics and surgery. Survival analysis methods were used to estimate the distribution of time to surgery. Results:

Among 88 women, 70% underwent prophylactic salpingo-oophorectomy. Prophylactic salpingo-oophorectomy was

associated with older age, white race, having children, and a family history of ovarian cancer. Many women waited

more than 12 months to undergo surgery and some delayed by several years. Younger age and not having children

were associated with delays to surgery. Conclusion: Prophylactic salpingo-ooporectomy is an acceptable risk

reduction measure for many BRCA1/2mutation carriers. Some women make this decision many years after genetic

testing. Continued discussion of the risks and benefits of risk reduction options may facilitate the uptake of

recommended risk reduction interventions among BRCA mutation carriers. Genet Med 2008:10(3):161–166.
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Women who carry a BRCA1 or BRCA2 mutation have a
31–87% risk of developing breast cancer and a 15–40% risk of
developing ovarian cancer1–4 compared with the risk in the
general population of 12.5%and 1.5%, respectively.5 In light of
these risks, BRCA mutation carriers are counseled regarding
available risk reduction methods, including prophylactic sur-
gery, increased surveillance, and chemoprevention. One of
these options, bilateral prophylactic salpingo-oophorectomy
(BSO), has been shown to decrease the risk of ovarian cancer in
BRCAmutation carriers by 85–96% and the risk of breast can-
cer by 50%.6–8 In addition, surgical morbidity and mortality
has decreased with the advent of laparoscopic surgical tech-
niques.9 Thus, BSO is currently recommended to BRCA mu-
tation carriers between 35 and 40 years of age or at completion
of childbearing.5,10 Despite this, many women and clinicians

are concerned about the effects of premature menopause after
surgical prophylaxis.11,12 Although there is some evidence sug-
gesting that short-term hormone replacement therapy (HRT)
does not increase breast cancer risks in BRCAmutation carri-
ers, long-term prospective data are not available and many
physicians are reluctant to provide, and many women are reluc-
tant to consider postsurgicalHRT.13 Thus, somewomen elect not
to undergo BSO and receive ovarian cancer surveillance with
transvaginal ultrasound, serumCA-125, and clinical pelvic exam-
ination, although studies have suggested that the ability to detect
early cancers with such screening is poor.14,15

Despite these recommendations and considering the con-
troversy surrounding postsurgical HRT, the acceptability of
BSO as a risk reduction method among BRCA mutation
carriers has been questioned.16,17 Reported rates of BSO
among BRCA mutation carriers have varied from 13% to
75%.6,16–24 Several studies have reported that the majority
(50–75%) of mutation carriers undergo prophylactic sal-
pingo-oophorectomy.6,18,19,21,23 In contrast, other studies
have reported lower rates (13–27%) of uptake of BSO among
BRCAmutation carriers.16,17 In these studies, surgical decision
was assessed 12 months after genetic test results. Long-term
decision-making regarding prophylactic salpingo-oophorec-
tomy among mutation carriers has not been well described.
We hypothesized that some BRCAmutation carriers elect to

undergo prophylactic salpingo-oophorectomy many years af-
ter test disclosure, based on age, concerns regarding premature
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menopause, and childbearing plans. If so, short-term assess-
ments of BSO uptake may underestimate BSO rates and fail to
accurately reflect the acceptability of this risk reduction mea-
sure among BRCA mutation carriers. In addition, delays in
surgical decision-making could indicate a need for health care
professionals to repeatedly discuss the risks and benefits of
surgical prophylaxis over multiple clinical encounters. In this
study, we evaluate salpingo-oophorectomy rates, time to BSO
from test result disclosure, and factors associated with uptake
of BSO among BRCA mutation carriers evaluated in a cancer
risk assessment and prevention program.

METHODS
Study design and sample

We used a retrospective cohort design to evaluate the long-
term uptake of BSO among BRCA mutation carriers who re-
ceived clinical services at the University of Chicago Cancer
Risk Clinic between January 1996 and December 2003. This
study was approved by the Institutional Review Board at the
University of Chicago.
Among all the 141 female BRCA1 and BRCA2mutation car-

riers evaluated in the University of Chicago Cancer Risk Clinic
between January 1996 and December 2003, those with a his-
tory of ovarian cancer (n� 17),metastatic cancer at the time of
evaluation (n � 4), or a prior history of salpingo-oophorec-
tomy for gynecologic reasons (n � 8) were excluded. An addi-
tional 3 BRCA mutation carriers who elected not to obtain
their genetic test results were excluded. Of 109 female muta-
tion carriers (with at-risk ovarian tissue), 21 were excluded
because of insufficient data or follow-up. The final cohort of 88
BRCA mutation carriers represents 81% of eligible women.
There were no significant differences in ethnicity, mutation
status (BRCA1 versus BRCA2), or personal history of breast
cancer between the 21 excluded BRCA1/2 mutation carriers
and those included in the analysis.
An extensive analysis of family and personal medical history

was completed for all patients referred to the Cancer Risk
Clinic to identify families suggestive of familial or hereditary
cancer. Once identified, genetic counseling as well as recom-
mendations for cancer risk reduction interventions are pro-
vided. Some participants, but not all, elect to have formal ge-
netic testing. Risk reduction recommendations are conveyed
in person during the initial genetic counseling session and after
genetic testing and test disclosure. In addition, these recom-
mendations are included in a patient letter that is sent after
disclosure of genetic test results. Consistent with current
guidelines,10 BSO is routinely recommended to mutation car-
riers older than 35 years or at the completion of childbearing.
Alternative ovarian risk reduction options routinely discussed
include ovarian cancer screening (pelvic exam, transvaginal
ultrasound, and CA-125) and oral contraceptive use. Prophy-
lactic surgeries are recorded in the patient chart, and pathology
reports are requested for all prophylactic surgeries.
Medical records were reviewed for all eligible female

BRCA1/2 mutation carriers with at-risk ovarian tissue. Age,

mutation status, self-reported race, genetic test date, test dis-
closure date, personal history of breast cancer and/or mastec-
tomy, number of children, number of first-degree and second-
degree relatives with breast and ovarian cancer, completion of
prophylactic salpingo-oophorectomy, date of BSO, and date of
last follow-up were recorded.

Statistical analysis

Logistic regression models were used to evaluate the associ-
ation between each participant characteristic and surgery. In
these models, robust variance estimates were used to account
for possible clustering effects due to some participants in the
study cohort being related.25 These univariate analyses were
followed by evaluation of multiple characteristics jointly as
predictors of surgery, using all characteristics that showed as-
sociation at P � 0.10. Results for associations are reported as
odds ratios with confidence intervals.
For the analysis of surgery timing, censored data methods

were used. The distribution of time to surgery or last follow-up
was estimated using the Kaplan-Meier method.26 To evaluate
factors associated with time to surgery, the Cox proportional
hazards model was used, incorporating variance adjustment
for observations clustered by family relation.26

RESULTS
Sample characteristics and uptake of prophylactic bilateral
salpingo-oophorectomy

Characteristics of the study sample are described in Table 1.
The median age of women in the sample was 42 years (range,
23–71 years). Fifty-eight percent of women were older than 39
years, and 75% were older than 34 years when they received
their genetic test results. Among 88 BRCA mutation carriers,
62 (70%) had undergone BSO. The median age at the time of
surgery was 44 (range 30–68) years. Sixteen women elected to
have BSO before undergoing genetic testing, accounting for
26% of the total sample who had a BSO.

Predictors of prophylactic bilateral salpingo-oophorectomy

Several factors were associated with BSO in a univariate
analysis that took into account clustering among related par-
ticipants (Table 2). These included older age at genetic testing,
having children, a personal history of breast cancer, non-His-
panic white race, history ofmastectomy (treatment or prophy-
lactic), and a family history of ovarian cancer. Participantswith
more than three relatives with a history of breast cancer were
less likely to undergo BSO in the univariate analysis. In the
multivariate analysis, older age, non-Hispanic white race, hav-
ing children, and a family history of ovarian cancer remained
statistically significant. Women with three or more relatives
with breast cancer again were significantly less likely to have
undergone BSO.

Timing of prophylactic salpingo-oophorectomy

Among all the 46 mutation carriers who underwent BSO
after receiving their genetic test results, the majority had their
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surgerywithin 15months of their test result. Yet,manywomen
waited more than 12 months to undergo surgery (from 17 to
112 months), and four women underwent BSO more than 3
years after receiving their genetic test results. The distribution
of time to BSO was estimated, and factors related to timing of
surgery were investigated (excluding those who underwent
surgery before genetic testing [16 women]). Among these 72
women, the median follow-up from testing was 48 months

(range �1–112 months). Median time to surgery was approx-
imately 12.5 months (Fig. 1). Factors from Table 1 were exam-
ined for association with surgery timing. Among these,
younger age at testing and not having children were most
strongly associated with deferral of surgery (Fig. 2, A and B).

Ovarian cancers

Among the 62 BRCA mutation carriers who underwent
BSO, two epithelial ovarian cancers and one tumor of lowma-
lignant potential were detected on pathologic review of the
surgical specimens. A papillary serous tumor of lowmalignant
potential was identified in a 48-year-old woman. The other
two ovarian cancers were high-grade papillary serous tumors
in two women who were 35 and 61 years old at the time of
surgery.

DISCUSSION

In this study we found that the majority of BRCAmutation
carriers elect to undergo BSO, although many make this deci-
sion over time and in some cases many years after receiving
genetic test results. The high uptake of BSO among our popu-
lation (70%) is consistent with several previous stud-
ies6,18,19,23,24,27 and is higher than those reporting low rates of
BSO uptake.16,17,28 Differences in published rates of BSO use
amongmutation carriers may be related to several factors. The
extended follow-up of many participants in our study, with
women electing to undergo BSO several years after their ge-
netic testing, could contribute to our higher rate of BSO use
and underscores the need for long-term follow-up among
mutation carriers. Studies evaluating short-term surgical deci-
sion-making may underestimate BSO use if women delay sur-
gery, especially among cohorts with younger nulliparous
women. In addition, differences among the populations stud-
ied could contribute to the variability in BSO rates. Women
enrolled in research programs offering free genetic testingmay
differ significantly from those who present for clinical genetic
testing, where testing is covered either bymedical insurance or
out-of-pocket payment. In addition, BSO rates may be higher
in studies conducted after 2002, when the first prospective
study suggested that prophylactic salpingo-oophorectomy also
reduces breast cancer risk among BRCAmutation carriers,6–8

potentially increasing the acceptability of BSO among BRCA
mutation carriers or their health care providers. Thus, studies
with short-term follow-up, assessments before 2002, and select
populationsmay have underestimated the acceptability of BSO
among BRCAmutation carriers. Our data suggest that BSO is
an acceptable risk reductionmeasure for themajority of BRCA
mutation carriers seeking evaluation and care in a clinical set-
ting.
Our high rate of BSO, and specifically delayed BSO, may be

related to the clinical services and structure of our cancer risk
assessment program. Many women in our multidisciplinary
clinic receive continued cancer screening and risk assessment,
where health care providers readdress cancer risk assessment
and risk reduction options at each semiannual or annual visit.

Table 1
Characteristics of BRCAmutation carriers eligible for prophylactic salpingo-

oophorectomy (n � 88)

N (%)

Age at testing, median (range) 42 (23–71)

Under 40 years 37 (42)

40 or older 51 (58)

Mutation status

BRCA1 62 (70)

BRCA2 26 (30)

Ethnicity

White 78 (89)

Black 8 (9)

Hispanic 2 (2)

Personal history of breast cancer

Yes 52 (59)

No 36 (41)

History of mastectomy

No mastectomy 42 (48)

Treatment mastectomya 26 (30)

Prophylactic mastectomya 31 (35)

No. children

None 17 (19)

One child 14 (16)

2–3 children 50 (57)

4 or more children 7 (8)

No. FDRs and SDRs with breast cancer

None 5 (6)

1–2 44 (50)

3–4 26 (30)

5 or more 13 (15)

No. FDRs and SDRs with ovarian cancer

None 35 (40)

1 23 (26)

2 20 (23)

3 or more 10 (11)

aWomen could have had both a treatment and prophylactic mastectomy.
FDR, first degree relative; SDR, second degree relative.
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For womenwho are candidates for BSO, this includes repeated
discussions regarding the pros and cons of risk reducing pro-
phylactic ooporectomy. In a study evaluating medical infor-
mational processing needs of BRCAmutation carriers consid-

ering prophylactic salpingo-oophorectomy, Babb et al.29 found
that many women expressed a need to consider the medical
implications of BSO in the context of their individual experi-
ences, perceptions, and psychosocial needs.Miller et al.30 com-
pared enhanced genetic counseling with standard genetic
counseling and found that women in the intervention group
were more likely to have sought out additional information
about preventive options and to have undergone preventive
surgery. Thus, the follow-up and counseling in our clinic may
have contributed to the high rate of BSO use. Continued dis-
cussion of the medical and psychosocial impact of BSO may
facilitate uptake of the procedure, and BSO uptake may be
lower in settings where genetic services are limited to 1–2 visits
with long-term follow-up relegated to the patient’s oncologist
or primary care physician.
In contrast to previous reports, we found that many BRCA

mutation carriers delay prophylactic salpingo-oophorectomy,
some for as many as several years after learning that they carry
a BRCA alteration. Several studies have suggested that the ma-
jority ofBRCAmutation carriersmake the decision to undergo
BSO shortly after receiving their genetic test results.18,19,27 In

Fig. 1. Time to bilateral salpingo-oophorectomy.

Table 2
Associations with bilateral prophylactic salpingo-oophorectomy (n � 88)

Had BSO,
N (%)

No BSO,
N (%)

Univariate test of associationa Multivariate test of associationb

Odds
ratio

Confidence
interval P

Odds
ratio

Confidence
interval P

Age �40 yr 19 (51) 18 (49) 1.00 — 1.00 —

Age �40 yr 43 (84) 8 (16) 5.09 1.82–14.24 0.002 12.77 2.22–73.50 0.004

Unaffected 20 (56) 16 (44) 1.00 — 1.00 —

Had breast cancer 42 (81) 10 (19) 3.36 1.33–8.51 0.011 2.13 0.49–9.16 0.311

BRCA1 44 (71) 18 (29) 1.00 —

BRCA2 18 (69) 8 (31) 0.92 0.36–2.435 0.862 —

Non-White 4 (40) 6 (60) 1.00 — 1.00 —

White 58 (74) 20 (26) 4.35 1.15–16.40 0.023 13.80 3.02–63.04 �0.001

No mastectomy 25 (60) 17 (40) 1.00 — 1.00 —

Mastectomy 35 (80) 9 (20) 2.45 0.91–6.61 0.077 1.48 0.30–7.26 0.632

No children 8 (47) 9 (53) 1.00 — 1.00 —

Have children 54 (76) 17 (24) 3.57 1.19–10.74 0.023 7.47 1.32–42.24 0.023

Family history of ovarian
cancer

No 18 (51) 17 (49) 1.00 — 1.00 —

Yes 44 (83) 9 (17) 4.62 1.63–13.12 0.004 6.46 1.11–37.63 0.038

No. relatives with breast
cancer

0 22 (81) 5 (19) 1.00 — 0.009 1.00 — 0.016

1–2 32 (80) 10 (20) 0.91 0.24–3.45 2.65 0.63–11.16

3 or more 8 (38) 13 (62) 0.14 0.03–0.74 0.22 0.03–1.85

aChi-squared tests to assess associations between prophylactic oophorectomy and sample characteristics were computed accounting for clustering by family unit via
robust variance estimates.
bFrom a model including all variables shown.
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one study, 89% of BRCA mutation carriers underwent BSO
within 9months of learning their genetic test results and only 2
of 79 (�3%) waited more than 2 years.18,19 Similarly, another
study reported a median time to surgery of 4.6 months.27 In
contrast, many women in our cohort elected to have surgery
more than 12 months after learning of their BRCA mutation,
with a median time to surgery of 12.5 months, and some
women waited several years to undergo surgery. Younger age
and not having childrenwere associated with delays to surgery.
These data suggest that personal and childbearing factors may
be important for BRCAmutation carriers considering prophy-
lactic BSO and are consistent with a report by Ray et al.31 sug-
gesting that concerns about the timing of surgery were a pri-
mary factor for indecision about BSO among women at high
risk for breast and ovarian cancer. Our data suggest that lon-
gitudinal studiesmay be necessary to adequately assess the true
acceptability and optimal timing of prophylactic salpingo-oo-
phorectomy in this high-risk population.
Despite an overall high rate of BSO in our study, there are

clearly BRCAmutation carriers that elect not to have this rec-
ommended risk-reducing surgery. Women who were white,
older, had children, and had a family history of ovarian cancer

were more likely to have undergone BSO. As age and having
childrenwere also associated with a delay to surgery, thesemay
not be significant barriers but indicators of the importance of
life stage, timing, and concerns regarding premature meno-
pause. On the other hand, nonwhite racial background and
perceived cancer risk may be barriers to the uptake of BSO
among BRCA mutation carriers. Consistent with previous
studies,16,27 BRCA mutation carriers with a family history of
ovarian cancer were more likely to have undergone BSO than
those with no experience of ovarian cancer in their family.
These findings may reflect the impact of perception of risk on
the decision to undergo BSO. Greater perception of ovarian
cancer risk has been associated with utilization of BSO among
BRCA mutation carriers.23,24 Women without a history of
ovarian cancer in their family may not think that they are at
sufficiently high risk to undergo prophylactic surgery. Simi-
larly, BRCAmutation carriers with a strong family experience
of breast cancermay bemostworried about their risk for breast
cancer and perceive their risk of ovarian cancer as low. Further
evaluation of how perceived cancer risk impacts risk reduction
decision-making and how interventions to facilitate accurate
understanding of cancer risk impact decision-making are
needed.
Very few studies have evaluated risk-reducing health behav-

iors in BRCA mutation carriers among African American or
other minority populations. Consistent with previous studies
suggesting low uptake of genetic testing among minority pop-
ulations,32 we had a relatively small percentage of minority
patients (11%). Regardless, this representation of minority
BRCAmutation carriers is higher thanmost other studies eval-
uating BSO uptake in this population. In addition, although
the number of nonwhite participants was small (n � 10) and
ethnic groups were combined, there was a significant differ-
ence in uptake of BSO among white versus nonwhite partici-
pants. Although these findings need to be confirmed in larger
samples with evaluations of nonwhite ethnic groups indepen-
dently, there is some literature supporting racial differences in
health behaviors among women at high risk for breast cancer.
In a study by Kinney et al.,33 individuals from a single BRCA1
African American kindred reported a strong preference for
surveillance rather than prophylactic surgery for cancer risk
reduction. Similarly, Salant et al.34 reported thatAfricanAmer-
ican women at high-risk for breast cancer are often skeptical of
primary prevention options, including prophylactic surgery.
Other studies have reported racial differences in mammogra-
phy use and awareness and discussion of cancer risk and cancer
prevention options among minority racial groups.35,36 Thus,
our findings are consistent with the body of literature suggest-
ing the presence of racial differences in the acceptability of
primary and secondary prevention of cancer, and specifically,
prophylactic surgery. Although, these findings must be con-
firmed in prospective studies including larger numbers of mi-
nority BRCA mutation carriers, they underscore the need for
further study of barriers and preferences for cancer prevention
in minority populations at high risk for cancer.

Fig. 2. Time to bilateral salpingo-oophorectomy (A) by age at testing and (B) by child
bearing history.
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The primary limitation of our study is the retrospective de-
sign and select population. In addition, somewomenmay have
undergone surgery, which was not recorded in their clinical
record, although this would result in higher rates of BSO use.
Although these findings were conducted in a clinical setting,
the population still represents a highly motivated group pre-
senting for specialized care and may be not be reflective of
women presenting for genetic testing in the community. Al-
though the racial differences noted are compelling, the number
of nonwhite participants was small and future studies recruit-
ing a higher number of minority BRCA mutation carriers are
needed to confirm our findings.
In conclusion, these findings suggest that BSO is an accept-

able risk reduction measure for the majority of BRCA muta-
tion carriers. In some cases, women make this decision many
years after obtaining their genetic test results. Continued dis-
cussion of the risks and benefits of risk reduction measures by
health care providers may facilitate uptake of recommended
risk reduction interventions among BRCA mutation carriers.
In settings where genetic services are limited to 1–2 visits, con-
tinued discussion of the risks and benefits of prophylactic sur-
gery may need to be addressed during future clinical encoun-
ters with other health care professionals. In addition, there is a
need for continued study of cultural and psychosocial barriers
to risk-reducing prophylactic surgery inwomen at high risk for
breast and ovarian cancer.
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