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Abstract

Background: Women with a BRCA1 or BRCA2 mutation have high lifetime risks of developing breast and ovarian
cancer. The decision to embark on risk reduction strategies is a difficult and personal one. We surveyed an
international group of women with BRCA mutations and measured choices and sequence of breast cancer risk
reduction strategies.

Methods: Women with a BRCA1/2 mutation and no previous cancer diagnosis were recruited from the US, Canada,
the UK, Australia, and from a national advocacy group. Using an online survey, we asked about cancer-risk
reduction preferences including for one of two hypothetical medicines, randomly assigned, and women’s
recommendations for a hypothetical woman (Susan, either a 25- or 36-year-old). Sunburst diagrams were generated
to illustrate hierarchy of choices.

Results: Among 598 respondents, mean age was 40.9 years (range 25–55 years). Timing of the survey was 4.8 years
(mean) after learning their positive test result and 33% had risk-reducing bilateral salpingo-oophorectomy (RRBSO)
and bilateral mastectomy (RRBM), while 19% had RRBSO only and 16% had RRBM only. Although 30% said they
would take a hypothetical medicine, 6% reported taking a medicine resembling tamoxifen. Respondents were 1.5
times more likely to select a hypothetical medicine for risk reduction when Susan was 25 than when Susan was 36.
Women assigned to 36-year-old Susan were more likely to choose a medicine if they had a family member
diagnosed with breast cancer and personal experience taking tamoxifen.

Conclusions: Women revealed a willingness to undergo surgeries to achieve largest reduction in breast cancer risk,
although this would not be recommended for a younger woman in her 20s. The goal of achieving the highest
degree of cancer risk reduction is the primary driver for women with BRCA1 or BRCA2 mutations in selecting an
intervention and a sequence of interventions, regardless of whether it is non-surgical or surgical.
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Background
Women with inherited mutations in the BRCA1 or
BRCA2 genes have a greatly increased risk of developing
early onset breast cancer and ovarian cancer and face
difficult decisions about options for risk reduction and
early detection [1–5]. Risk-reducing bilateral mastec-
tomy (RRBM) and risk-reducing bilateral salpingo oo-
phorectomy (RRBSO) surgeries, and routine surveillance
with mammography or magnetic resonance imaging, are
among the options often considered. Few non-surgical
interventions are available to reduce breast cancer risk
in these high-risk women, and only a very small percent-
age of women with BRCA mutations take chemopreven-
tion options such as tamoxifen, other selective estrogen
receptor modulators, or aromatase inhibitors.
The decision to embark on elective risk-reducing sur-

gery is a very complicated and personal one. Angelina
Jolie, the American actress and humanitarian, shared her
own personal patient journey after receiving a diagnosis
of BRCA mutation for the benefit of other similarly-
diagnosed women in an opinion piece in the New York
Times [6]. Prophylactic surgery reduces the risk of can-
cer and the stress associated with that risk, but the sur-
gery itself is not without risk and can have a significant
psychological impact on the women who undergo such
procedures [7].
Preclinical studies evaluating the receptor activated

nuclear factor kappa-B ligand (RANKL) on breast cell
proliferation, have shown that RANKL driven progester-
one signaling can play a critical role in breast cancer
tumorigenesis among BRCA1 mutation carriers [8–14].
Consequently, clinical trials using the RANKL inhibitor,
denosumab [15], have been initiated as a possible che-
moprevention alternative for women with a BRCA1 mu-
tation [16, 17].
This research raises the question of how a new drug

treatment option would fit in among the existing alter-
natives, and what factors might shape a woman’s choice
to include such a therapy. To better understand how a
new option might change real-world treatment patterns,
this study was designed to identify ways in which
women’s prophylactic treatment choices might vary with
the addition of a new non-surgical option. To address
this objective, women with a BRCA1 or BRCA2 muta-
tion, and with no personal history of cancer, were asked
if they would choose their original treatment option (if
they had the choice to make again) or other options, in-
cluding a hypothetical chemoprevention option. System-
atic variation in women’s choices—as a function of the
woman’s individual characteristics—were explored. In
addition, we compared respondents’ choices for them-
selves to the respondent’s choices for a hypothetical
woman of varying age who has just learned she has
BRCA1 or BRCA2 mutation.

Methods
Survey instrument
The survey instrument included multiple questions to
assess preferences for risk-reducing treatment options.
As part of the survey, respondents were presented with
four potential treatment options (Fig. 1a and b). The
four treatments in Fig. 1a and b have features that cor-
respond to RRBM, RRBSO, a hypothetical medicine with
characteristics like denosumab (Fig. 1a) or tamoxifen
(Fig. 1b, respondents were randomly assigned to one
medicine or the other), and screening only. Respondents
first read through descriptions of the surgeries, medi-
cines, and the screening-only option before considering
how they would choose to sequence these therapeutic
options for their own care.
Respondents were asked to think back to when they

first found out about their BRCA1 or BRCA2 mutation
and to assume that the 4 choices in the table were all
available. They were then asked to select the first action
they would take if the four options presented were their
only choices. The survey directed respondents who se-
lected screening only, to indicate how long they would
screen before moving on to another treatment. Respon-
dents were asked to continue reporting their treatment
choices in sequence until they reached the point at
which they would choose not to take any additional ac-
tion, and to continue only with screening. The percent-
age of risk reduction associated with each treatment
stayed fixed, which potentially overstates the risk reduc-
tion for the treatments that are not selected as the first
treatment, which we discuss in the Limitations section.
After answering the series of questions about how she

would choose to sequence her own treatments, respon-
dents were asked to make the same choices for Susan, a
hypothetical woman described as follows:
Susan is a (25/36)-year-old woman who has no chil-

dren, but she plans to have children in the next 5 years.
One month ago, Susan found out that she has a muta-
tion in the BRCA1 gene. Based on her family history and
the type of mutation that was identified, her genetic
counselor told her that she has an 87% chance of devel-
oping breast cancer before she turns 70.
For this portion of the survey, women randomly

assigned to Medicine 1 were asked to select choices for
Susan when she was age 25 years and women assigned
to Medicine 2 were asked to select choices for Susan
when she was age 36.
The survey questions and descriptive text were written

in patient-friendly language and the survey was pretested
in 14 one-on-one interviews to improve comprehension
and wording. In addition to questions on treatment pref-
erences, the survey also collected information on the re-
spondent’s actual treatment history. The treatment
history included questions on RRBM, RRBSO, and
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Fig. 1 Treatment Choices With Denosumab-Like and a Tamoxifen-Like Medicines. a. Medicine 1, a Denosumab-Like Medicinea. b. Medicine 2, a
Tamoxifen-Like Medicinea. a Illustration describes the choices used to elicit women’s preferences for breast cancer risk reduction
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whether they had taken a prescription medication such
as tamoxifen, raloxifene, or an aromatase inhibitor to re-
duce their risk of developing breast cancer. The methods
and results of a discreet-choice experiment quantifying
women’s preferences for breast cancer risk-reduction
strategies included in the survey have been described in
detail elsewhere [18]. The survey also included questions
on psychological stress (the results from these questions
are described elsewhere [7]), family history of breast and
ovarian cancer, and demographic questions.

Study sample and recruitment
Women aged 25 to 55 years with an inherited mutation
in the BRCA1 and/or BRCA2 gene who were unaffected
with breast or ovarian cancer were eligible to participate
in the online survey. Respondents were recruited
through Facing Our Risk of Cancer Empowered
(FORCE), a patient advocacy group, and through the re-
search registries at Creighton University (United States),
Women’s College Hospital (Canada), Royal Melbourne
Hospital (Australia), Kathleen Cuningham Foundation
Consortium for Research into Familial Breast Cancer at
the Peter MacCallum Cancer Centre (Australia), and
Manchester Centre for Genomic Medicine (United King-
dom). FORCE recruited respondents through its website,
newsletters, and social media. Respondents recruited
through FORCE provided a self-reported diagnosis of
their BRCA1 or BRCA2 status. The clinical sites identi-
fied respondents on their registries who met the study
inclusion criteria. Potential respondents were mailed in-
vitation letters with the URL of the online survey and a
unique password and provided informed consent prior
to their inclusion in the study. Institutional review
boards at RTI International and all participating sites ap-
proved the study.

Statistical analysis
The data on the women’s stated sequence of treatment
choices for themselves and the hypothetical Susan were
summarized with descriptive statistics and using a Sun-
burst diagram, which displays hierarchical data in a
series of concentric circles.
For the full sample, as well as separately for women

who were assigned to the two different medicine pro-
files, multivariable logistic regression models were used
to predict the likelihood that a woman in the study
would choose to take a hypothetical chemoprevention
medication as a function of the woman’s characteristics.
Additional multivariable logit models were used to pre-
dict the likelihood that respondents would select a che-
moprevention medication for the hypothetical woman
(Susan) as a function of the respondent’s characteristics
and Susan’s age (25 years old, or 36 years old).

The respondents’ actual choices for risk-reducing
treatments since the time of their diagnosis with the
BRCA1 and/or BRCA2 gene were summarized for com-
parison. Women who had not had surgery themselves
were asked how likely they were to get a RRBM or a
RRBSO in the future, with the response captured on a 4-
point Likert scale that ranged from “very unlikely” to
“very likely”, and data for these categorical responses
were also summarized. The multivariable logistic regres-
sion models were generated using SAS software, version
9.4 (SAS Institute Inc., Cary, North Carolina). Summary
statistics and associated P-values were generated using
Stata, version 16 software (StataCorp, College Station,
Texas). All P-values < 0.05 (two-tailed) were considered
statistically significant.

Results
Between January 2015 and March 2016, the clinical sites
mailed 1174 letters to potentially eligible women, 383
women accessed the survey, and 338 women met the in-
clusion criteria. Through FORCE, 1374 women accessed
the online survey, and 494 met the inclusion criteria. Of
the 832 women from FORCE and the clinics who met
the eligibility criteria, 598 respondents answered at least
one of the treatment sequencing questions and were in-
cluded in the analysis. Overall, the average age of the re-
spondents was approximately 41 years, and the average
time since the women learned about their gene mutation
was 4.8 years. Approximately 52% of the respondents re-
ported a BRCA1 mutation, 46% reported a BRCA2 mu-
tation, and 1% reported both BRCA1 and BRCA2
mutations (Table 1).
Table 1 reports the percentages of women who re-

ported getting each of the treatments. Thirty-three per-
cent had both an RRBM and a RRBSO, while 19% had a
RRBSO only and 16% had an RRBM only. Six percent
reported taking a prescription medicine such as tamoxi-
fen, raloxifene, or an aromatase inhibitor.
Table 2 reports the percentage of time that each of the

treatment options in Figs. 1a and b was selected. The
majority of respondents indicated that, if they had the
decision to make again, they would have pursued sur-
gery: 78.6% indicated they would get an RRBSO as part
of their risk-reduction strategy, and 73.7% indicated they
would get an RRBM. Almost 30% said they would take a
hypothetical medicine as part of their treatment se-
quence; 31.1% said they would take Medicine 1 (the
medicine with features like denosumab), while 28.5%
said they would take Medicine 2 (the medicine with fea-
tures like tamoxifen).
The results for the hypothetical woman named Susan

varied by Susan’s age. When respondents were told
Susan was 25 years old, 55.1% recommended RRBM,
38.6% recommended RRBSO, and 30.5% recommended
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Medicine 1 as part of Susan’s risk reduction strategy.
When Susan was 36 years old, 70.9% recommended
mastectomy, 48.7% recommended an oophorectomy,
and 22.5% recommended Medicine 2.
Sunburst diagrams in Fig. 2a and b summarize all the

different treatment sequences the respondents selected
for themselves (an interactive version of the figure with
the percentage of women selecting each treatment se-
quence is available at https://docs.novisci.com/sunburst+
breast+cancer+treatment+survey/). Figure 2a highlights
the path selected by the highest percentage of women.
The most commonly selected path (19.7% of respon-
dents) started with RRBM, followed by RRBSO, followed
by screening only (no additional treatment) (Fig. 2a).
This compares to 33% who reported getting both a
RRBM and a RRBSO as their initial treatment (Table 1).
In addition, the majority of women who had not had
RRBM or RRBSO reported that they were very likely or
somewhat likely to pursue both surgeries.
While 29.8% of women selected a medicine as part of

their treatment sequence, only 8.5% selected a medicine
as their initial treatment. Highlighted in Fig. 2b, 3% of
women started with a medicine and then no other treat-
ment. This compares with 6% who reported taking a
medicine to reduce their risk of breast cancer (Table 1).
Figure 3a and b display the different treatment se-

quences selected for the hypothetical 25-year-old Susan.
In Fig. 3a, the most common path selected was screen-
ing only (selected by 11.9% of respondents for Susan). A

Table 1 Respondent Characteristics, N=598 (unless otherwise noted)

Characteristic Full Sample
(N = 598)

All respondents

Age, mean (SD), years 40.9 (8.2)

Age 40 years or older 335 (56%)

Has children 416 (70%)

Hopes to have children in future (after
mutation identified) or undecideda

268 (45%)

White or Caucasian 558 (93%)

Married/living as married/civil partnership 440 (74%)

Higher education (defined as
post-secondary/any college and higher)

401 (67%)

Employed full time 329 (55%)

Country of residence

United States 331 (55%)

United Kingdom 117 (20%)

Australia 119 (20%)

Canada 31 (5%)

Mutation

BRCA1 310 (52%)

BRCA2 273 (46%)

BRCA1 and BRCA2 8 (1%)

Don’t know or not sure 7 (1%)

Mean time since genetic test, years (SD) 4.8 (4.3)

First degree relative with breast cancer 374 (63%)

First degree relative with ovarian cancer 122 (20%)

Risk-reducing treatments

RRBM only 95 (16%)

RRBSO only 112 (19%)

RRBM and RRBSO 198 (33%)

Has taken a prescription medication,
such as tamoxifen, raloxifene, or an
aromatase inhibitor [anastrazole,
exemestane]

33 (6%)

Among women who did not report RRBM surgery

n 305

Very likely or somewhat likely to
undergo RRBM in the futureb

193 (63%)

Among women who did not report RRBSO surgery

n 288

Very likely or somewhat likely to
undergo RRBSO in the futurec

255 (89%)

Table 1 Respondent Characteristics, N=598 (unless otherwise noted)
(Continued)

Characteristic Full Sample
(N = 598)

All respondents

nd 587

Assigned to Susan, age 25 years 285 (48%)

Assigned to Susan, age 36 years 302 (51%)

RRBM Risk-reducing bilateral mastectomy, RRBSO Bilateral salpingo
oophorectomy, SD Standard deviation
a Includes women who indicated that they wanted to have children or have
more children in the future or were undecided about having children or
having more children and women who have children that were born after
their BRCA 1 or BRCA2 mutation was identified
b Based on the question “How likely are you to have a surgery to remove both
breasts (risk-reducing bilateral mastectomy) in the future?” with the response
choices very likely, somewhat likely, unlikely, very unlikely, don’t know or
not sure
c Based on the question “How likely are you to get your ovaries and fallopian
tubes removed in the future?” with the response choices very likely, somewhat
likely, unlikely, very unlikely, don’t know or not sure
dThree respondents did not complete the full survey, thus were not assigned
to a Susan age group and did not answer any of the four Susan treatment
sequencing questions. An additional four respondents assigned to Susan, age
25 and four respondents assigned to Susan, age 36 also did not answer any of
the four Susan treatment sequencing questions presented in the survey. Thus,
these 11 respondents are not included in the two Susan group sample totals
summarized in Table 1 and were not included in the Susan treatment
sequence analysis presented in this article
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medicine was selected as the first step in treatment for the
younger Susan by 14.4% of respondents (Fig. 3b). In Fig. 3b,
the most common path that starts with a medicine included
the medicine and then screening only (selected by 2.5% of
respondents).
Figure 4a and b presents the results for the hypothetical

36-year-old Susan. In Fig. 4a, the most common path se-
lected was RRBM followed by screening only (selected by
13.9% of respondents). In Fig. 4b, the most common path
starting with a medicine showed RRBM and RRBSO as
subsequent treatments (selected by 1.3% of respondents).
For the older Susan, 5.6% of respondents recommended
Susan start with a medicine. The interactive versions of
Figs. 3 and 4 with the full set of results for both hypothet-
ical women are available at https://docs.novisci.com/sun-
burst+breast+cancer+treatment+survey/.

Table 3 presents the results from the multinomial logit
model that examines the characteristics of the women
who included a chemoprevention option as part of their
hypothetical treatment sequence. In the full sample, the
time since learning about their BRCA1/2 status and
prior experience taking a medication (tamoxifen, raloxi-
fene, or an aromatase inhibitor) were associated with a
higher likelihood of choosing one of the hypothetical
chemoprevention medicines. Respondents with prior ex-
perience taking a medication were more than 2.5 times
more likely to choose a medication in the treatment se-
quencing questions than women who had not taken a
medication in the past. Women who had both an RRBM
and a RRBSO in the past were more than 60% less likely
to choose a hypothetical medicine as part of the treat-
ment sequence.

Table 2 Responses to Treatment Sequencing Questions (N = 598, unless otherwise noted)

Summaries Treatment Option Value, n (%)

Respondent’s treatment selection for themselvesa

Treatment option ever selected as part of treatment sequence RRBM 441 (73.7)

RRBSO 470 (78.6)

Medicine (Medicine 1 or Medicine 2) 178 (29.8)

Among respondents assigned to Medicine 1b

n 289

Medicine 1 90 (31.1)

Among respondents assigned to Medicine 2b

n 309

Medicine 2 88 (28.5)

Treatment advice for Susan, age 25 years or age 36 yearsa

Among respondents assigned to Susan, age 25 yearsc

Treatment option ever selected as part of the Susan treatment sequence nd 285

RRBM 157 (55.1)

RRBSO 110 (38.6)

Medicine 1 87 (30.5)

Among respondents assigned to Susan, age 36 yearsc

Treatment option ever selected as part of the Susan treatment sequence ne 302

RRBM 214 (70.9)

RRBSO 147 (48.7)

Medicine 2 68 (22.5)

ONJ Osteonecrosis of the jaw, RRBM Risk-reducing bilateral mastectomy, RRBSO Bilateral salpingo oophorectomy
aRespondents were asked to think back to when they first discovered their BRCA1 or BRCA2 mutation and to assume that the 4 choices presented in Fig. 1a/1b
were all available. They were then asked to select the first action they would take if the four options presented were their only choices. The survey directed
respondents who selected screening only to indicate how long they would screen before moving on to another treatment. Respondents were asked to continue
reporting their treatment choices in sequence until they reached the point at which they would choose not to take any additional action, and to continue only
with screening. Respondents were then asked to make the same choices for Susan, age 25 or Susan, age 36; a hypothetical woman described on the
Methods section
bRespondents were randomly assigned to either Medicine 1 (50% breast cancer risk reduction, take for 3 years, cannot get pregnant during treatment, no effect
on female hormone levels, 5% risk of ONJ, no risk of uterine cancer, injection at doctor’s office every 3months) or Medicine 2 (40% breast cancer risk reduction,
take for 5 years, cannot get pregnant during treatment, temporary menopause-like symptoms, no risk of ONJ, 1% risk of uterine cancer, daily pill)
cAll respondents assigned to Susan, age 25 years, were assigned to view Medicine 1; all respondents assigned to Susan, age 36 years, were assigned to Medicine 2
d289 were assigned; 285 answered these treatment-sequencing questions. Thus all are not included in the sample total
e306 were assigned; 302 answered these treatment-sequencing questions. Of the 309 respondents eligible because they were assigned to Medicine 2, 3 did not
complete the full survey and are not included in the sample total
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Fig. 2 Respondent’s Choices for Herself. a. Path Selected Most Oftena. b. Path Starting With Medicine Selected Most Oftena. Q3M = quarterly;
RRBM = risk-reducing bilateral mastectomy; RRBSO = bilateral salpingo oophorectomy. a Sunburst diagram used to visualize hierarchical data using
concentric circles. The circle in the center represents the first choice (or root node) as indicated by respondents, with the hierarchy moving
outward from the center indicating women’s second, third, and fourth choices. Online, dynamic versions of Sunburst diagrams can be found
at https://docs.novisci.com/sunburst+breast+cancer+treatment+survey/
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Among women assigned to see Medicine 1 (a medicine
with characteristics like denosumab), time since genetic
testing was associated with a higher likelihood of choos-
ing a medicine and having both an RRBM and a RRBSO

was associated with a lower likelihood of choosing a
medicine. Among women assigned to see Medicine 2 (a
medicine with characteristics like tamoxifen), prior ex-
perience taking a medication was associated with a

Fig. 3 Respondent’s Choices for Susan (25 Years Old). a. Path Selected Most Oftena. b. Path Starting With Medicine Selected Most Oftena. Q3M =
quarterly; RRBM = risk-reducing bilateral mastectomy; RRBSO = bilateral salpingo oophorectomy. a Sunburst diagram used to visualize hierarchical
data using concentric circles. The circle in the center represents the first choice (or root node) as indicated by respondents, with the hierarchy
moving outward from the center indicating women’s second, third, and fourth choices. Online, dynamic versions of Sunburst diagrams can be
found at https://docs.novisci.com/sunburst+breast+cancer+treatment+survey/
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higher likelihood of choosing the hypothetical medicine
and having an RRBM and having both an RRBM and a
RRBSO were associated with a lower likelihood of
choosing a medicine.
In the models predicting the inclusion of a chemopre-

vention medicine in the recommendations for Susan, re-
spondents were 1.5 times more likely to select a
medicine when Susan was 25 than when Susan was 36
(Table 4). Among respondents assigned to 25-year-old
Susan and Medicine 1 (a medicine with characteristics
like denosumab), none of the variables in the model
were associated with a higher likelihood of recommend-
ing a medicine. However, among women assigned to 36-
year-old Susan and Medicine 2 (a medicine with charac-
teristics like tamoxifen), having a family member
(mother, father, sister, brother, daughter, or son) who
has been diagnosed with breast cancer and prior experi-
ence taking a medication was associated with a higher
likelihood of choosing a medicine.

Discussion
As new treatment options are developed to reduce the
risk of breast and ovarian cancer in women who carry
the BRCA1 or BRCA2 genetic mutation, it will become
increasingly important to understand women’s prefer-
ences for risk-reducing treatment. In this study, the lar-
gest reported survey of women with a BRCA1 or BRCA2
mutation and no personal history of cancer, we de-
scribed the sequence of treatments according to
women’s choices between the current options of RRBM,
RRBSO, a medicine like tamoxifen, and a medicine with
characteristics like denosumab.
Most of the women in our study selected surgical

intervention as part of their cancer-risk reduction treat-
ment sequence—their stated sequence largely mirrored
what they had done in their lives. Two-thirds of women
in the sample had already had either RRBM or RRBSO,
one-third reported having both a RRBM and a RRBSO
as their initial treatment. Among those who had not
undergone prophylactic surgery at time of survey, most
reported that they were still planning to have one or
both surgeries in the future—for example, approximately
90% of women planned to have RRBSO in the future.
This is not surprising as treatment guidelines, such as
the National Comprehensive Cancer Network guidelines
[19], recommend RRBSO typically between 35 and 40
years of age and upon completion of childbearing, and
56% of our participants were 40 years of age or older at
time of survey. Risk-reducing bilateral salpingectomy
with delayed oophorectomy is another surgical option,
one that was not evaluated in our study, and which is
still under clinical investigation as ovarian cancer pre-
vention such as in the WISP study [20]. Women with
prior experience with RRBM and RRBSO were more

than 60% less likely to select medication as part of their
treatment sequence, and women who had used tamoxi-
fen or another similar medicine were more than 2.5
times more likely to choose a medicine like tamoxifen in
the survey. It is possible that respondents recognized the
description of tamoxifen from the side effects. Having
used tamoxifen in the past, however, was not a predictor
of whether women selected the medicine like denosu-
mab in the survey.
The decision to have surgery to reduce the risk of can-

cer is influenced by a woman’s experience and family
circumstances. In our multinational cohort, women with
a first-degree relative with a diagnosis of breast cancer
were more likely to undergo RRBM and/or RRBSO than
women without a first-degree relative with breast cancer
(74% versus 54%). In addition, women who have chil-
dren were more likely to have had RRBM and/or RRBSO
than women with no children (76% versus 48%). This
finding is supported by studies (and clinical experience)
revealing that women without breast cancer who have
BRCA1/2 mutations are more likely to choose RRBM
(versus surveillance only) if they have a first- or second-
degree relative who died from breast cancer [21], par-
ticularly if they have lost a mother or sister at young
ages (< 60 and < 50 years, respectively) (D. G. Evans, MD,
submitted manuscript). These studies have also reported
that number of children a woman has can be predictive
of RRBM uptake [21] and D. G. Evens, MD (submitted
manuscript).
In our questions about a hypothetical woman, Susan,

several differences emerged between recommendations
for 25-year old and 36-year old Susan. Overall, the most
common path for cancer-risk reduction was RRBM,
followed by RRBSO (followed by surveillance, or no
intervention) (Fig. 2), although women were less willing
to choose surgical interventions for a woman in her 20s
and more likely to first recommend RRBM then RRBSO
for a woman in her mid-30s. Women were much more
likely to recommend that 25-year-old Susan start with a
medicine, which may be appropriate based on the abso-
lute risk of breast cancer in this decade of life, even for
this population of high-risk women. This pattern was
consistent with women’s interest in non-surgical options
for risk reduction, especially for those whose BRCA mu-
tations are identified at younger ages.
About a third of the respondents indicated they would

take a medicine as part of their sequence, which is a
much larger proportion than that for those who reported
actually taking a medicine. Of these, less than 10% indi-
cated they would use a medicine as their initial therapy.
In practice, a medicine would likely only be prescribed
before surgery, or less frequently following RRBSO. The
observation that many of our respondents stated they
would choose a medicine in their treatment sequence
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Fig. 4 Respondent’s Choices for Susan (36 Years Old). a. Path Selected Most Oftena. b. Path Starting With Medicine Selected Most Oftena. Q3M =
quarterly; RRBM = risk-reducing bilateral mastectomy; RRBSO = bilateral salpingo oophorectomy. a Sunburst diagram used to visualize hierarchical
data using concentric circles. The circle in the center represents the first choice (or root node) as indicated by respondents, with the hierarchy
moving outward from the center indicating women’s second, third, and fourth choices. Online, dynamic versions of Sunburst diagrams can be
found at https://docs.novisci.com/sunburst+breast+cancer+treatment+survey/
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suggests an unmet need still exists for additional risk-
reducing options. In the discrete-choice experiment
among this high-risk population [22], we reported that
women highly valued the degree of breast cancer risk re-
duction and that they desired a safe chemoprevention
drug that is currently not available to them.

Limitations
Our study focused primarily on four English-speaking
countries where 93% of the respondents were white/
Caucasian of European descent and two-thirds had at
least some college-level education; therefore, the results
do not provide further insights into choices made by
women in other countries with different health care sys-
tems, ethnic backgrounds, and socioeconomic circum-
stances. The survey did not present the marginal risk-
reduction of a treatment option conditional on the other
actions a woman indicated she would take first, so the
survey overstated the reduction in risk for the second,
third, and fourth options the women selected. It is pos-
sible that women would not have selected some follow-
up treatments if they were presented with the lower
marginal risk reduction, given the previous treatments
selected. In addition, it is possible that if their physician
or genetic counselor explained the medication options,
more women would have selected them than observed
in the survey.

Conclusions
This study provides insights into the motivations and
preferences for risk-reducing strategies in a large inter-
national sample of unaffected women with a BRCA1 or
BRCA2 mutation. The responses reveal a willingness by
women to undergo risk-reducing surgeries, both RRBM
and RRBSO, which afford the largest reduction in breast
cancer risk. However, the women were less willing to
choose surgical interventions for a woman in her 20s
and supported the use of a chemoprevention option for
a 25-year-old woman as a reasonable strategy before
elective surgeries. Surgical intervention with RRBM and
RRBSO, in this order, would be recommended for a
woman who is 36 years of age. Ultimately, achieving the
highest possible degree of breast cancer risk reduction is
the most important consideration of these high-risk
women, regardless of whether it is non-surgical or surgi-
cal intervention, and many more women would take a
chemoprevention agent compared to how many actually
had taken a drug to prevent disease. These findings sug-
gest that the uptake of chemoprevention by women with
a BRCA mutation may be higher, given the availability of
a safe and effective drug.
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