Genetics
inMedicine

ORIGINAL RESEARCH ARTICLE

© American College of Medical Genetics and Genomics

Comparison of risk management strategies between women
testing positive for a BRCA variant of unknown significance
and women with known BRCA deleterious mutations
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Purpose: The aim of this article is to describe cancer risk-reducing
behaviors of women with BRCA variants of unknown significance.

Methods: A retrospective chart review from 1995 to 2012 identi-
fied women with BRCA mutations in a northern California commu-
nity system. Exclusion criteria included loss of membership/death
within 1 year of testing, prior ovarian cancer, or bilateral salpingo-
oophorectomy. Primary outcomes were rate of risk-reducing mastec-
tomy and risk-reducing salpingo-oophorectomy.

Results: The mean age of the 69 variant of unknown significance
carriers was 50 vs. 47 years for the 305 women with a deleterious
mutation. Women with a variant of unknown significance were fol-
lowed for a median of 69 months. Among women with a variant
of unknown significance, 30% underwent risk-reducing salpingo-
oophorectomy and 11% underwent risk-reducing mastectomy, as
compared with 74 and 44%, respectively, for women with a deleteri-
ous mutation. Women with a deleterious mutation were more likely

INTRODUCTION

BRCA1I and BRCA2 carriers have a 65-74% lifetime risk of
breast cancer and a 39-46% and 12-20% respective lifetime
risk of ovarian cancer.! National evidence-based guidelines
recommend strategies for these women to reduce their risk
of cancer and lower their cancer-related mortality. However,
~7-15% of women tested for BRCA are positive for a variant
of unknown significance (VUS), with greater percentages of
African-American and Hispanic women testing positive for
this type of mutation at rates of 21-45% and 36%, respectively.>?
At the time of testing, the result in these women may be classi-
fied as “probable benign polymorphism,” “suspect deleterious,”
or “truly unknown variant” These women are faced with
uncertainty regarding their cancer risk and what actions are
appropriate to reduce that risk. Many of these variants are
reclassified over time, prolonging the period of uncertainty.
Management and counseling of this group can be challenging
because it is difficult to predict their cancer risk, and no guide-
lines have been developed for recommending risk-reducing
strategies in these women.

The National Comprehensive Cancer Network has developed
a set of surveillance guidelines and surgical risk-reduction

to undergo surveillance in the first year after testing. The odds ratios
are as follows: 2.1 for mammogram, 6.0 for magnetic resonance
imaging, 7.7 for Ca-125, and 5.0 for transvaginal ultrasound. Fifty-
six percent of women with a variant of unknown significance were
reclassified after a median of 39 months, longer than the median
time to risk-reducing salpingo-oophorectomy (18.6 months) or risk-
reducing mastectomy (20.1 months).

Conclusion: Uptake of risk-reducing strategies among women with
a variant of unknown significance is lower than among women with a
deleterious mutation. Given the prognostic uncertainty and high rate
of reclassification for women with a variant of unknown significance,
individualizing counseling and directing efforts toward surveillance,
chemoprevention, or salpingectomy are recommended.
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recommendations aimed at decreasing disease in women with
known deleterious BRCA mutations. Risk-reducing salpingo-
oophorectomy (RRSO) is recommended by the age of 40 years
or after childbearing, and risk-reducing mastectomy (RRM)
should be discussed as an option for all women with heredi-
tary breast and ovarian cancer syndrome.* Undergoing these
procedures can dramatically reduce the risk in BRCA carriers,
with RRM decreasing risk of breast cancer by 90% and RRSO
decreasing ovarian cancer by 85-90% and breast cancer by
50-60% (ref. 1). In the United States, it is estimated that 20-49%
of BRCA carriers undergo RRM and 37-60% undergo RRSO.>

In contrast to surgical intervention, more conservative che-
mopreventive measures and surveillance practices may also
be beneficial for women at higher risk of developing breast
and ovarian cancers. Oral contraceptive use can reduce risk of
ovarian cancer by 50-60%, and tamoxifen can reduce risk of
breast cancer by 62% in women with BRCA 2 mutations.! For
BRCA carriers, yearly magnetic resonance imaging and mam-
mograms beginning at the age of 25 years are recommended
for breast cancer screening and have been shown to reduce
mortality and cancer incidence. For ovarian cancer, the recom-
mendation for surveillance is Ca-125 blood testing and pelvic
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ultrasonography every 6-12 months beginning at the age of
25-30 years in BRCA carriers.*

Many factors contribute to surgical decision making and
management choices following BRCA testing. We and others
have evaluated the behaviors of women with known deleterious
mutations and the uptake of surveillance strategies, chemopre-
vention, and risk-reducing surgery in this population. There is
far less known about the choices of women with a VUS. The
objective of this study is to describe the behaviors of women
who test positive for a VUS and directly compare their deci-
sion making and follow-up strategies with those of women with
a known deleterious mutation. It is hypothesized that women
with a VUS will have lower uptake of risk-reducing surgical
interventions and that both groups of women in our study
population will have lower utilization of ovarian cancer surveil-
lance than breast cancer surveillance.

MATERIALS AND METHODS
Kaiser Permanente Northern California (KPNC) is an inte-
grated health organization with 58 rural and urban health
facilities serving over 3 million members. Previous demo-
graphic studies have shown the KPNC population to be an
excellent representative sample of the northern California
population at large.'” Women who tested positive for a BRCA
mutation from January 1995 to January 2012 were identi-
fied from a regional breast cancer tracking system for inclu-
sion in the study. KPNC has specific standardized guidelines
for appropriate referral to genetic counseling. Patients who
meet these guidelines can be referred to genetic counseling.
Initially this was done by paper consultation, but since 2008,
it has been done electronically. These referral guidelines are
posted on the consultation portal and are viewable by all
KPNC practitioners in the electronic guideline library. The
guidelines closely follow National Comprehensive Cancer
Network guidelines for personal and family history of can-
cer and are updated every 2 years. The 2011 genetic refer-
ral guidelines are shown in Supplementary Table S1 online.
Women who are identified with risk criteria including per-
sonal and family history were referred and seen by a genetic
counselor, and risk assessment was performed with genetic
testing offered based on risk assessment. Criteria for testing
evolved over this time period and were individualized based
on the available literature, size of family, and extent of his-
tory, but in general, ~10% risk of inherited cancer was used
as a guide for testing. After testing positive for a BRCA muta-
tion, women met with the genetic counselor and reviewed
the significance of the result, and National Comprehensive
Cancer Network guidelines, when available, for care were
reviewed and posted in the chart. When national guidelines
were not available, literature review was performed. Clinical
management was performed by their local primary physician
or obstetrician/gynecologist. All women were members of
Kaiser Permanente Northern California for at least 1 year after
testing and were older than 18 years. Women were excluded if
they had ovarian cancer or a bilateral salpingo-oophorectomy
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prior to genetic testing. The study was approved by KPNC’s
institutional review board.

A retrospective chart review was conducted to examine the
health status and decision making of women who tested posi-
tive for either a deleterious BRCA mutation or a VUS. Primary
outcomes were rates of RRM and RRSO among women with a
deleterious mutation as compared with those among women
with a VUS. Factors that were examined as contributing to
decision making in variants included age at genetics testing,
personal history of breast cancer, personal history of any can-
cer, menopausal status (defined as 1 year of amenorrhea), grav-
ity and parity, any prior oral contraceptive usage, body mass
index, family history of breast or ovarian cancer, type of variant,
and estrogen receptor status of prior breast cancer. Secondary
outcomes included compliance with breast and ovarian cancer
surveillance and use of chemopreventive measures.

Compliance with surveillance guidelines for ovarian cancer
was defined as at least one transvaginal ultrasound or Ca-125,
assessed for each 12-month interval following the genetic test
in women who had not undergone an RRSO. Compliance with
screening guidelines for breast cancer was defined as at least
one magnetic resonance imaging or mammogram in each
12-month interval following the genetic test in women who
had not undergone bilateral mastectomy. This minimal mea-
sure of compliance was used in order to allow for the evolu-
tion in national recommendations and institutional guidelines
over the 12-year time period. Patients who underwent RRSO
or bilateral mastectomy or whose KPNC membership ended
during a follow-up year were censored starting that year from
the analyses of compliance with the appropriate surveillance
strategy.

Demographic variables and clinical characteristics were exam-
ined in three sets of bivariate analysis. One bivariate analysis was
performed to compare the women with a deleterious mutation
with the women with a VUS. For the cohort of women with a
VUS, two bivariate analyses were also performed comparing
women who had RRSO versus those with no RRSO as well as
those undergoing RRM versus those with no RRM, to exam-
ine demographic and clinical variables that could be predictive
of surgical decision making. Categorical variables were evalu-
ated using frequencies and proportions with y* tests and Fisher’s
exact test for small cell sizes; continuously measured variables
were evaluated using means and two-sided t-tests. Level of sig-
nificance was set at a P value of 0.5. Medians with interquartile
ranges were used to describe continuously non-normally dis-
tributed data. Odds ratios were calculated to compare RRSO,
RRM, and surveillance methods in the women with a deleteri-
ous mutation versus women with a VUS. All analyses were per-
formed using SAS version 9.3 (SAS Institute, Cary, NC).

RESULTS
Demographics
The demographic data for the two cohorts of women are
presented in Table 1. Women with a VUS were followed for
a median of 69 months (range: 12-177 months), whereas
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the women with a deleterious mutation were followed for a
median of 41 months (range: 22-66 months). There was no
difference in mean age at testing between the 305 women
with BRCA deleterious mutations (mean age: 47.3 years) and
the 69 women with VUS (mean age: 50.7 years). The major-
ity of women with a VUS were initially classified as “truly
unknown” (79.7%), and only 3% of women with a VUS were
classified as “suspect deleterious” Women with deleterious
mutations were more likely to be of Ashkenazi descent (19.7
vs. 5.8%; P = 0.0176). The majority of women in both groups

Table 1 Demographics

BRCA1/2 VUus
(n = 305), (n =69),
n (%) n (%)
Mean age at testing 47.29+12.25 49.66+10.55
Variant type
Unknown — 55(79.71)
Probable polymorphism — 11(19.94)
Suspect deleterious — 2(2.90)
Race
White 216 (70.82) 43(62.32)
Nonwhite/unknown 89(29.18) 26 (37.68)
Ethnicity*
Ashkenazi 60(19.67) 4 (5.80)
Non-Ashkenazi 203 (66.56) 56 (81.16)
Unknown 42 (13.77) 9(13.04)
Gravidity
0 52 (17.63) 9(13.04)
1 45 (15.25) 8(12.31)
2 83(28.14) 18(27.69)
>3 115(38.98) 30(46.15)
Parity
0 77 (26.01) 3(20.00)
1 53(17.91) 0(15.38)
2 111 (37.50) 27 (41.50)
>3 55(18.58) 5(23.08)
Menopause at time of BRCA 9(6.23) 1(44.93)
test**
OCPs prior to RRSO or at the age 48 (15.74) 5(7.25)
of 46 years
Breast cancer diagnosis prior to 178 (58.36) 53(76.81)
BRCA 1/2 testing***
Breast cancer diagnosis after 8(2.62) 1(1.45)
BRCA 1/2 testing
Ovarian cancer after BRCA1/2 5(1.64) 0(0.00)
testing
Other cancer diagnosis prior to 11(3.61) 4 (5.80)
BRCA1/2 testing
Type of surgery prior to BRCA 1/2
testing
Bilateral mastectomy 51(16.72) 13(18.84)
Hysterectomy only 4(1.32) 4 (5.80)
Tubal ligation 23(7.54) 4 (5.80)

OCP, oral contraceptive pill; RRSO, risk-reducing salpingo-oophorectomy.
*P=0.0176;**P=0.0001; ***P=0.0021.
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were Caucasian, 62.3% for women with a VUS and 70.8% for
women with deleterious mutations, which is not significantly
different. The women with a VUS were more likely to have a
prior diagnosis of breast cancer (76.8 vs. 58.4%; P = 0.0021)
and to be menopausal (44.9 vs. 6.2%; P = 0.0001). There were
similar rates of prior bilateral mastectomy (16.7% deleteri-
ous vs. 18.8% VUYS), hysterectomy (1.3% deleterious vs. 5.8%
VUS), and bilateral tubal ligation (7.5% deleterious vs. 5.8%
VUS) between the two cohorts.

Risk reduction

Rates of documented oral contraceptive usage were low for both
groups of women, with utilization of 15.7 vs. 7.3% for women
with a deleterious mutation and women with a VUS, respec-
tively. Because the mean age of women in both groups was
over 45 years, the use of oral contraceptives by these women
in their childbearing years and duration of use weres not well
documented. Thirty percent of women with a VUS underwent
RRSO as compared with 74% of women with a deleterious
mutation (odds ratio (OR): 6.4; P < 0.0001; Figure 1). The same
trend was seen for RRM, with 44% of women with a deleterious
mutation and 11% of women with a VUS undergoing this risk-
reducing procedure. Of the demographic and clinical factors
considered to impact decision making, none of the examined
women were found to be associated with undergoing RRSO by
bivariate analysis (Table 2). The only factor found to be asso-
ciated with undergoing RRM was the classification of variant
type. Women with unknown mutations were less likely to have
a RRM, whereas having a probable polymorphism or prob-
ably deleterious mutation was associated with RRM (Table 3).
Although family history of breast or ovarian cancer was not
associated with RRSO, there was a trend toward a positive fam-
ily history of breast cancer being associated with decision to
undergo RRM.

100 -
90+~ OR6.4
80+~
70
60 - OR*
50 -
40 -
30 -
20 -
10 -

OR21__OR6.0 OR77 ORS5.0

M Deleterious
W VUS

Figure 1 Odds ratios (ORs) are reported for each risk-reducing
behavior or surveillance practice. *n Of six too small to calculate OR
for RRM. RRM, risk-reducing mastectomy; RRSO, risk-reducing salpingo-
oophorectomy; TVUS, transvaginal ultrasound; VUS, variant of unknown
significance.
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Table 2 Risk-reducing salpingo-oophorectomy for VUS
women

Yes (n = 21), No (n = 48),
n (%) n (%)
BRCA variant test result
Unknown 15(71.43) 40 (83.33)
Probable polymorphism 4(19.05) 7 (14.58)
Suspect deleterious 1(4.76) 1(2.08)
Mean age at BRCA testing 49.14+8.88 49.89+11.28
Race
White 13(61.90) 30(62.50)
Unknown/multiracial/ 8(38.10) 18 (37.50)
other
Ethnicity
Ashkenazi 1(4.76) 3(6.25)
Non-Ashkenazi 15(71.43) 41(85.42)
Unknown 5(23.81) 4(8.33)
Gravidity
0 2(10.53) 7(15.22)
1 2(10.53) 6(13.04)
2 6(31.58) 12 (26.09)
>3 9(47.37) 21(45.65)
Parity
0 4(21.05) 9(19.57)
1 4(21.05) 6(13.04)
2 10(52.63) 17 (36.96)
>3 1(5.26) 14 (30.43)
OCPs prior to RRSO or at the 0(0.00) 5(10.42)
age of 46 years
HRT after RRSO or at the age 4(23.53) 2(5.26)
of 46 years
Breast cancer diagnosis prior 16(76.19) 37(77.09)
to BRCA testing
Breast cancer diagnosis after 0(0.00) 1(2.08)
BRCA testing
Ovarian cancer after BRCA 0(0.00) 0(0.00)
testing
Other cancer diagnosis prior 1(4.76) 4(5.80)
to BRCA testing
Type of surgery prior to
BRCA testing
Bilateral mastectomy 4(19.05) 9(18.75)
Hysterectomy only 3(14.29) 1(2.09)
Tubal ligation 2(9.52) 2(4.17)
Family history of ovarian 4(19.05) 10(20.83)
cancer
Family history of breast 14 (65.96) 31 (66.67)
cancer
History of ER-positive breast 13(61.90) 27 (56.25)
cancer

No significantly different variables.

ER, estrogen receptor; HRT, hormone replacement therapy; OCP, oral contraceptive
pill; RRSO, risk-reducing salpingo-oophorectomy; VUS, variant of unknown
significance.

Surveillance
Rates of breast and ovarian cancer surveillance were low for
both cohorts immediately following BRCA testing as well
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Table 3 Risk-reducing bilateral mastectomy for VUS
women

Yes (n = 6), No (n = 50),
n (%) n (%)
BRCA variant test result*
Unknown 2(33.33) 40 (80.00)
Probably polymorphism 3(50.00) 8(16.00)
Suspect deleterious 1(16.67) 1(2.00)
Mean age at BRCA testing 48.98+4.82 49.73+11.06
Race
White 3(50.00) 28(56.00)
Unknown/multiracial/other 3(50.00) 22 (44.00)
Ethnicity
Ashkenazi 0(0.00) 3(6.00)
Non-Ashkenazi 5(83.33) 42 (84.00)
Unknown 1(16.67) 5(10.00)
Gravidity
0 0(0.00) 7 (14.00)
1 0(0.00) 7 (14.00)
2 0(0.00) 14 (28.00)
>3 5(83.33) 20(40.00)
Parity
0 0(0.00) 11(22.00)
1 1(16.67) 7(14.00)
2 2(33.33) 19 (38.00)
>3 2(33.33) 11(22.00)
OCPs prior to RRSO or at the 0(0.00) 4(8.00)
age of 46 years
HRT after RRSO or at the age 1(16.67) 5(13.51)
of 46 years
Breast cancer diagnosis prior 5(83.33) 35 (70.00)
to BRCA testing
Breast cancer diagnosis after 1(16.67)0 (0.00) —
BRCA testing
Ovarian cancer after BRCA 0(0.00) 0(0.00)
testing
Other cancer diagnosis prior 0(0.00) 2 (4.00)
to BRCA testing
RRSO after testing 1(16.67) 3(6.00)
Type of surgery prior to BRCA
testing
Hysterectomy only 1(16.67) 3(6.00)
Tubal ligation 1(16.67) 3(6.00)
Family history of ovarian 0(0.00) 14 (28.00)
cancer
Family history of breast 6(100.0) 28(57.14)

cancer

HRT, hormone replacement therapy; OCP, oral contraceptive pill, RRSO, risk-
reducing salpingo-oophorectomy; VUS, variant of unknown significance.

*P<0.05.

as at 5 years after testing. In the first year after BRCA test-
ing, women with a deleterious mutation were more likely
to have mammograms (43 vs. 39%; OR: 2.12; 95% confi-
dence interval (CI): 1.16-3.89), magnetic resonance imag-
ing (35 vs. 15%; OR: 6.0; 95% CI: 2.69-13.37), Ca-125 testing
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Table 4 Surveillance behaviors following testing

GARCIA etal | Comparison of risk management strategies

Years Ca-125 TVUS Mammogram MRI

from

test Deleterious VUus OR Deleterious VUusS OR Deleterious Vvus OR Deleterious VUusS OR
1 47.0 18.3 7.67¢2 45.0 26.2 4.95P 43.0 389 2.12¢ 35.0 15.4 6.0¢
2 11.0 9.6 11.0 20.8 27.0 29.2 15.0 8.7

3 7.0 6.5 6.0 17.0 16.0 32.6 9.0 0.0

4 4.0 10.0 4.0 11.9 9.0 18.0 7.0 8.8

5 2.0 16.2 2.3 17.5 7.0 26.5 3.0 3.3

Percentage of women having at least one test in each 12-month interval following testing. Women who left Kaiser or underwent a risk-reducing surgery were censored from

the analysis each year. ORs were calculated for the first year after testing.

Cl, confidence interval; MRI, magnetic resonance imaging; OR, odds ratio; TVUS, transvaginal ultrasound; VUS, variant of unknown significance.

°Cl: 3.78-15.57; °Cl: 2.63-9.33; <Cl: 1.16-3.89; /Cl: 2.69-13.37.

(47 vs. 18%; OR: 7.67; 95% CI: 3.78-15.57), and transvagi-
nal ultrasound (45 vs. 26%; OR: 4.95; 95% CI: 2.63-9.33)
(Figure 1). At 5 years after testing, rates of compliance with
surveillance declined for both cohorts of women, with a
greater drop off seen in the deleterious group (Table 4).

Reclassification

During follow-up, 56% of VUS mutations were reclassified after
a median of 39 months, longer than the median time to RRSO
(18.6 months) or RRM (20.1 months) for this group of women. In
the majority of women (84%) whose testing status was updated,
the variant was classified to a more benign category (i.e., from
“unknown” to “benign polymorphism” or from “suspect poly-
morphism” to “benign polymorphism”). Among the 30 women
with “unknown” variants that were reclassified, 24 became
benign polymorphisms. One unknown was upgraded to “suspect
deleterious,” and another was reclassified as “deleterious.” Of the
six women who underwent RRM, three were not reclassified,
two were reclassified from unknown to benign polymorphism
after surgery, and one was reclassified from probable polymor-
phism to benign polymorphism after surgery. Of the 21 women
undergoing RRSO, 10 were never reclassified, 5 had unknown
dates of reclassification, 4 had surgery after their VUS was
reclassified to benign polymorphism, and 2 had surgery prior to
being reclassified as benign polymorphism.

DISCUSSION
In this community-based population study, we were able
to demonstrate that women with a VUS had a greater than
twofold lower likelihood of having risk-reducing surgery
than women with a known deleterious mutation. Women
with a VUS also had lower rates of surveillance than women
with a deleterious mutation in the first few years after test-
ing. Over time, the rates of surveillance steadily declined
for women with a deleterious mutation, whereas the rates of
surveillance for women with a VUS remained more stable,
with higher rates of breast and ovarian cancer surveillance
at 5 years after testing. It is unclear why women with a VUS
would continue surveillance, although we could propose
that the women with a deleterious mutation who are pro-
active about their health may choose risk-reducing surgery,

9200

and the smaller group who declined surgery may not be as
compliant with surveillance practices. Whereas the recom-
mendation for risk-reducing surgery in women with VUS
is not clear, most women with VUS do not choose surgery,
and therefore the group eligible for surveillance may include
a greater proportion of women who want to be aggressive
about prevention strategies.

We cannot evaluate how women with a VUS were counseled,
if they were encouraged to do surveillance instead of surgery,
or if some counselors reviewed the lack of evidence to sup-
port surveillance for ovarian cancer and actually discouraged
ongoing surveillance with ultrasound and Ca-125. However,
the genetic counselors used available literature and national
guidelines to make clinical recommendations, and the fact that
surveillance strategies were low in both the deleterious and the
VUS groups makes it unlikely that genetic counselors would tell
these women not to do surveillance. Surveillance strategies for
ovarian cancer have not been shown to impact mortality,* so it
is possible that they were not encouraged or that patients chose
not to do ovarian cancer surveillance because of the lack of data
to support efficacy, but this does not explain why breast cancer
surveillance was also poor in both groups.

Based on the factors that influenced referral, for example, a
personal history of breast cancer, some women may have viewed
their theoretical risk of cancer as still high despite the finding
of a benign VUS and chosen surveillance or surgery based on
their history. After counseling, others may have viewed their
risk as low and chosen not to pursue risk-reducing strategies.
Our study methods do not allow for interpretation of the rea-
sons for surveillance and risk-reducing behavior.

The rates of risk-reducing surgery reported in this study are
comparable to those in the two other reports that specifically
examined the behaviors of women with a VUS.*!! In contrast
to those two studies from academic research programs, our
study examines a population-based sample from a community
health-care system in which patients are managed by their local
physicians in consultation with genetics counselors and is more
representative of what women are doing outside of research pro-
tocols and tertiary-care academic programs. In 2011, Murray
et al.’ reported a 10.3% rate of RRM, similar to the rate of 11%
in this study, and a rate of 20.6% for RRSO, which is lower than
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the rate of 30% in this study. In 2011, Ready et al."’ also found
similar rates of RRM (11%), and lower rates of RRSO (10.6%)
than in our study population. In their cohort, a personal history
of breast cancer was associated with undergoing risk-reducing
surgery and surveillance."! We did not find the same associa-
tion but did see a trend toward having a family history of breast
cancer being associated with decision to undergo RRM.

Other reports examining risk-reducing behaviors among all
women undergoing BRCA testing, including those who test posi-
tive for a VUS mutation, have reported conflicting data regard-
ing impact of BRCA result on decision making. Mannis et al.’?
reported testing positive for a deleterious BRCA mutation to have
a high predictive value for women to undergo RRSO compared
with women whose BRCA result was uninformative. Conversely,
Loescher et al.”? found that the BRCA test result did not impact
surveillance or RRSO rate among all women undergoing BRCA
testing who were at risk for hereditary breast and ovarian cancers
and found that provider’s recommendations played a large role in
their cohort’s decision making. In our cohort, women with a del-
eterious mutation were much more likely to undergo RRSO than
women with a VUS. However, among women with a VUS, we
were not able to demonstrate any other clinical or demographic
variables to be associated with undergoing RRSO.

Given the median age of 50 years in our VUS cohort compared
with 45 years in the study by Murray et al.,> women in our study
were closer to menopause, which makes it more difficult to assess
whether menopausal status or age could be a factor in decision
making. It is also difficult to interpret the clinical significance of
the factors we found associated with RRM, given the low num-
ber of women with a VUS undergoing this procedure (n = 6).
However, all women with a VUS undergoing RRM had a family
history of breast cancer. Reclassification rate was similarly high
in the study by Murray et al.* (44.9% over 9 years), but they were
unable to assess timing of reclassification related to surgical deci-
sion making. In our analysis, the median time to reclassification
was later than the median time that women with a VUS chose to
undergo a risk-reducing surgery. Although several women had
unknown mutations reclassified as benign following a surgical
procedure, it is difficult to say whether knowing that negative
result would have altered decision making, because many factors,
such as family history, influence counseling and decision making.

Strengths of our study include the long median follow-up of
69 months for women with a VUS. Our data are also the first
to be reported in the community setting, with test results and
demographic and clinical characteristics based on the electronic
medical record rather than patient recall. Our system also pro-
vides comprehensive care coverage, so that all testing and surveil-
lance are accessible in a single electronic record. Limitations of
our study include the length of time in which data were collected
and the inability to capture individual counseling interviews and
unique counselor or patient factors impacting decision mak-
ing. Comparing the women with a deleterious mutation to the
women with a VUS was one method to control for provider or
patient variations in counseling. Further investigation into how
women with a VUS are being counseled is warranted.
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Although our study provides a description of the behavior of
women with a VUS, the numbers of women undergoing RRSO
and RRM are likely too small to detect factors that could be pre-
dictive of decision making. We also did not assess which factors
patients feel are important in their decision making, which may
be better assessed through patient survey.

In conclusion, our study shows that women with a VUS
choose risk-reducing surgery less commonly than those with
a deleterious mutation. However, management and decision
making in this group remain complex, with many factors
beyond BRCA result guiding care. In addition, VUS are often
reclassified as benign but after the time that women are choos-
ing to undergo risk-reducing surgery.

The current recommendations for counseling women with a
VUS if there is no indication that the mutation is deleterious
is to counsel on the basis of personal and family history risk
assessment. Given that most of these women were reclassified
to a more benign result, directing those women without strong
family histories toward surveillance or bilateral salpingectomy
as an alternative to oophorectomy at a young age as initial man-
agement strategies may balance risk reduction with the inva-
siveness of the intervention.
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