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* BRCA mutation carriers experience a worsening of menopausal symptoms and sexual functioning with oophorectomy.
« This was particularly evident among those who underwent surgery prior to natural menopause.

* The use of HRT mitigated some but not all the adverse effects.

* Women who were premenopausal at surgery did not experience a decline in their quality of life.
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Introduction. Prophylactic bilateral salpingo-oophorectomy (BSO) is recommended at an early age to BRCA
mutation carriers to prevent ovarian cancer. It is critical to evaluate the impact of BSO on non-cancer outcomes,
including quality of life (QOL), menopausal symptoms and sexual functioning.

Methods. BRCA mutation carriers who elected to undergo a BSO completed three questionnaires prior to sur-
gery and then again approximately one and three years following surgery which included: 1) medical history
questionnaire, 2) Menopause-Specific Quality of Life Intervention questionnaire and 3) Sexual Activity Question-
naire. The change in quality of life, menopausal symptoms and sexual functioning before and after oophorectomy
was determined using a paired t-test and stratified by menopausal status at surgery.

Results. We included 140 BRCA mutation carriers with an average follow-up of 3.5 years following BSO.
Among 93 women who were premenopausal, oophorectomy was associated with an increase in menopausal
symptoms (vasomotor, physical) (P <0.001) and a decline in sexual functioning (discomfort, pleasure) (P <
0.0001), but had no impact on overall QOL (P = 0.31). HRT mitigated, but did not eliminate the adverse effects.
Women who were postmenopausal at surgery (n = 47) experienced an increase in physical symptoms (P =
0.03) and a decline in sexual functioning (discomfort) (P = 0.004) and in overall QOL (P = 0.04).

Conclusions. This study demonstrates that 3.5 years after oophorectomy, BRCA mutation carriers experience a
significant worsening of menopausal symptoms and a decline in sexual functioning, particularly among those
who underwent surgery prior to natural menopause. The use of HRT mitigated some but not all the effects. Over-
all, women who were premenopausal at surgery did not experience a decline in their QOL.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Women with a BRCAT or BRCA2 mutation face a high lifetime risk of
developing ovarian cancer and preventive bilateral salpingo-
oophorectomy (BSO) (referred to as oophorectomy hereafter) is recom-
mended prior to menopause [1]. Screening for ovarian cancer in high-
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risk reduction is the most effective option [2]. Oophorectomy is cur-
rently recommended between the ages of 35 and 40 for BRCAT mutation
carriers and between 40 and 45 for BRCA2 mutation carriers [1,3]. Oo-
phorectomy reduces the risk of developing ovarian cancer as well as
all-cause mortality [4].

Despite the well-established reduction in cancer risk, oophorectomy
induces surgical menopause and its associated risks and sequelae. The
abrupt decline in circulating sex hormones (e.g., estrogen, testosterone,
and progesterone) causes menopausal symptoms, including vasomotor
symptoms and loss of libido, and is associated with a decline in cardiac
and bone health, and perhaps in memory and attention [5-7]. This may
be most apparent among those women who undergo surgery prior to
natural menopause. Many of the side effects can be ameliorated by hor-
monal replacement therapy (HRT), but for women with a personal his-
tory of breast cancer, exogenous hormones are contraindicated due to
fear of recurrence [8]. To date, there have been few prospective studies
among women with a BRCA mutation who represent a unique popula-
tion given their high rate of surgical menopause [reviewed in [9,10]].
Women undergoing preventive surgery experience reduced cancer-
specific distress and a sustained level of overall quality of life [10].

In 2011, we, reported a worsening in menopausal symptoms and a
decrease in sexual functioning one year after prophylactic oophorec-
tomy among 114 women with a BRCA1 or BRCA2 mutation [11]. In the
current study, we have revisited this cohort of women with an average
of 3.5 years of post-surgery follow-up (and have increased the sample
size) to evaluate to what extent these symptoms persisted beyond the
first year following oophorectomy.

2. Materials and methods
2.1. Study population

This study population and data collection has previously been de-
scribed in detail [11,12]. Eligible study subjects included women be-
tween the ages of 30 and 70 years who elected to undergo
prophylactic salpingo-oophorectomy to reduce their risk of ovarian,
fallopian tube or primary peritoneal cancer. Subjects were recruited
through the University Health Network (Toronto, Canada) between
Jan 2000 and May 2013. Women were eligible if they had: 1) a docu-
mented BRCA1 or BRCA2 mutation 2) at least one ovary intact, and
3) no personal history of any cancer other than breast cancer. Eligible
participants were initially invited to participate by letter and then
contacted by telephone one month prior to surgery. At this time, sub-
jects provided written informed consent, and were asked to complete
a medical release form, as well as three research questionnaires de-
scribed in detail below. All women who completed the baseline ques-
tionnaires prior to surgery were re-contacted by mail to complete
follow-up questionnaires at approximately one year and then again
three years following completion of their baseline questionnaires. The
institutional review boards of the host institutions approved the study.

2.2. Data collection

The study participants completed three questionnaires: 1) medical
history questionnaire, 2) Menopause-Specific Quality of Life Interven-
tion (MENQOL-Intervention) questionnaire and 3) Sexual Activity
Questionnaire (SAQ).

The medical history questionnaire was designed specifically for this
study and requested detailed information on reproductive history,
height, weight, menopausal status, personal history of cancer, as well
as medication use including HRT. Women were classified as premeno-
pausal if she reported having a menstrual period in the year prior to sur-
gery. Women who reported no menstrual period for one or more years
due to previous hysterectomy, chemotherapy use, or natural meno-
pause, classified as postmenopausal. Women in the menopausal transi-
tion/perimenopause were included in the premenopausal. All women

designated as premenopausal at baseline were confirmed to report hav-
ing surgical menopause at follow-up. Subjects also reported on lifestyle
factors including smoking status, alcohol intake, frequency and intensity
of physical activity, and vitamin or supplement use.

The MENQOL-Intervention questionnaire assesses a total of 32 items
divided into four domains: 1) vasomotor (three items; i.e., hot flashes,
night sweats, sweating), 2) psychosocial (seven items; i.e., satisfaction
with personal life, anxiety, memory, depression), 3) physical (19
items; i.e., difficulty sleeping, muscle aches, energy) and 4) sexual
(three items; i.e., decrease in sexual desire, vaginal dryness, avoidance
of intimacy) [13,14]. For each item, the woman was asked whether
she experienced the problem in the past week, and if so, rate how
much she was bothered by the problem using a 7-point Likert scale,
from O (not bothered) to 6 (extremely bothered). For scoring, the re-
sponses were then transferred to an 8-point scale, from 1 (the subject
did not experience the symptom) to 8 (the subject was extremely both-
ered). The total score for each of the four domains assessed by the
MENQOL ranged between 1 and 8. We also included one additional
question which asked ‘How do you rate your overall quality of life?’
and was based on a scale of 0 (poor) to 6 (excellent). For each domain,
an increase in score indicates a worsening of symptoms and a decrease
in score indicates an improvement.

The SAQ evaluates three domains: 1) sexual pleasure (desire, enjoy-
ment and satisfaction), 2) discomfort (vaginal dryness and pain during
penetration) and 3) habit (frequency of sexual activity compared to
usual) [15]. The pleasure score is the sum of six items (range 0-18),
the discomfort score is the sum of two items (range 0-6) and the
habit score is derived from one item (range 0-3). A decline in these
scores corresponds to a decrease in sexual functioning (i.e., decreased
pleasure and frequency, more discomfort). Only women who reported
being sexually active at baseline and at follow-up were included in
this analysis.

2.3. Subject selection

In total, 258 women were contacted to participate in the study and
210 (81%) women completed the baseline questionnaire. Of the 210
women, 22 women were excluded; eight of these women were diag-
nosed with occult cancer at surgery; three women were deceased;
five women did not confirm surgery date, and six women were diag-
nosed with cancer during follow-up resulting in a total of 188 poten-
tially eligible women. In total, 140 (75%) out of the 188 women who
met eligibility criteria, completed the baseline questionnaire and at
least one follow-up questionnaire. Among the 48 women who did not
complete at least one follow-up questionnaire, three women declined
to participate and the others were lost to follow-up.

For the current analysis, subjects were censored if they were diag-
nosed with an incident breast cancer, if they had a breast cancer recur-
rence or did not complete a second follow-up. There were no incident
cancers in this study population; however, there were five recurrences
that occurred between completion of the first and second follow-up
questionnaires. For these five women, only information from the base-
line questionnaire and first follow-up was used. There was a total of
140 women who completed the baseline and first follow-up question-
naire and 113 who also completed the second follow-up questionnaire.

2.4. Statistical analysis

The goal of this analysis was to evaluate changes over a longer
follow-up period post-surgery, i.e., between the baseline questionnaire
completed prior to surgery and the second follow-up questionnaire,
for each domain assessed by the two questionnaires, and thus,
representing a longer follow-up period compared to our earlier report
on this population [11]. For women who did not complete a second
follow-up (n = 27), we used the information reported in the first
follow-up. We also utilized data collected by the first follow-up and
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evaluated changes between the first and second follow-up using a
Student's t-test. The analysis was divided into two parts: 1) quality of
life as assessed by the MENQOL-Intervention questionnaire and 2) sex-
ual health as assessed by the SAQ. A paired t-test was used to evaluate
the change in the score between the baseline questionnaire and the sec-
ond follow-up questionnaire for all the domains evaluated by the ques-
tionnaires. For analyses stratified by menopausal status at the time of
surgery and HRT use following surgery (premenopausal women only),
the Student's t-test was used to evaluate differences in the scores be-
tween the subgroups. Generalized linear regression (PROC GLM) was
used to adjust the baseline scores for age at surgery, previous breast
cancer diagnosis and time between surgery and baseline questionnaire
completion, the follow-up scores were further adjusted for HRT use,
baseline score and time between surgery and follow-up questionnaire,
and the change was additionally adjusted for the baseline score. All
analyses were performed using SAS Version 9.1.3 (SAS Institute, Cary,
NG, USA). All P values were based on two-sided tests and considered
statistical significance if P < 0.05.

3. Results
3.1. Study population

The baseline characteristics of the women included in this study are
summarized in Table 1. A total of 140 women were included in this
study: 66 with a BRCAT mutation (47%) and 72 with a BRCA2 mutation
(52%) (Table 1). One woman (1%) had a mutation in both genes. All
women had an oophorectomy; the mean age at oophorectomy was
46.7 years (range 35-75) and 66% of the women were premenopausal
at the time of surgery. Of the 140 subjects, 113 (81%) completed two
follow-up questionnaires and 27 (19%) only completed one follow-up
questionnaire. Fifty women (36%) had a previous diagnosis of breast
cancer and 20 (40%) were using tamoxifen or an aromatase inhibitor
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at the time of follow-up. On average, the women had been followed
for 3.5 years from the dates of surgery (range 2.9-6.4 years). Very few
women used HRT prior to surgery (6%), but 30% (n = 39-130; 10 miss-
ing information on HRT use) of the women had used HRT at some time
after oophorectomy, including 11% (n = 5/45) of women with a previ-
ous breast cancer diagnosis and 40% (n = 34/85) of the patients without
breast cancer. Most women used estrogen-alone HRT (89%) and some
used a combination therapy (i.e., estrogen plus testosterone or estrogen
plus progesterone)(11%).

3.2. Quality of life

Table 2 summarizes the scores from the MENQOL-Intervention
questionnaire, at baseline and at the follow-up, as well as the change
in the scores between the two time-points. The findings are stratified
by menopausal status at the time of surgery and by HRT use following
surgery (premenopausal women only).

There was no significant impact of oophorectomy on overall quality
of life among premenopausal women (P < 0.31). Women who were
postmenopausal at surgery experienced a significant decline in quality
of life (P = 0.04) although the magnitude of change was not signifi-
cantly different from that experienced by the premenopausal women
(P = 0.99). At baseline, postmenopausal women reported significantly
worse vasomotor symptoms (hot flashes, night sweats and sweating)
compared to premenopausal women (2.96 vs, 1.88; P = 0.005). Baseline
scores for sexual functioning (sexual desire, vaginal dryness, and avoid-
ance of intimacy) were also worse, albeit not significantly, among post-
menopausal women (3.32 vs. 2.13; P = 0.06). There was no significant
difference in the baseline physical or psychosocial scores or any of the
menopausal symptom scores experienced at the second follow-up, be-
tween the pre- and post-menopausal women (P 2> 0.35).

Among women who were premenopausal at surgery, there was a
significant worsening in the vasomotor, physical and sexual domains

Table 1
Baseline characteristics of study subjects.
Variable All subjects Premenopausal at surgery Postmenopausal at surgery (n = 47)°
(n = 140)° (n=93)®
Year of birth, mean (range) 1959.4 (1931.5-1974.0) 1962.3 (1952.9-1974.0) 1953.6 (1931.5-1967.3)
Age at surgery, mean (range) 46.7 (35-75) 43.8 (35-53) 52.4 (37-75)

Years between baseline and first follow-up, mean (range)
Years between first and second follow-up, mean (range)
Years between baseline and second follow-up, mean (range)
Surgery type, n (%)°

(
1.21 (0.59-3.14)
2.29 (1.59-5.37)
3.49 (2.86-6.38)

Oophorectomy 23 (16.4)
Oophorectomy and Hysterectomy 117 (83.6)
Age distribution at surgery, n (%)
35-39 18 (12.9)
40-44 45 (32.1)
45-49 41 (29.8)
50-54 18 (12.8)
55-59 7 (5.0)
60-75 11(7.9)
Mutation type, n (%)
BRCA1 66 (47.5)
BRCA2 72 (51.8)
BRCA1 + BRCA2 1(0.7)
Missing 1
Height in inches, mean (range) 64.1 (56-70)

Weight in pounds, mean (range)
Body mass index in kg/m?, mean (range)
Previous breast cancer diagnosis, n (%)

150.2 (95-245)
25.7 (17.3-43.4)

No 90 (64.2)

Yes 50 (35.7)
HRT use at the end of follow-up

No 91 (70.0)

Yes 39 (30.0)

Missing 10

(
1.24 (0.59-3.14)
231 (1.69-5.37)
3.51 (2.92-6.38)

1.16 (0.84-1.97)
2.24 (1.59-5.26)
345 (2.86-6.23)

12 (12.9) 11 (234)
81(87.1) 36 (76.6)
16 (17.2) 2(43)
36 (38.7) 9(19.2)
34 (36.6) 7 (14.9)
7(7.5) 11 (234)
0 7 (14.9)
0 11 (234)
49 (52.7) 17 (37.0)
43 (46.2) 29 (63.0)
1(1.1) 0

0 1

64.2 (56-70) 64.0 (58-69)

1483 (104-245)
254 (17.8-43.4)

154.1 (95-210)
26.4 (17.3-38.4)

70 (75.3) 20 (42.6)
23 (24.7) 27 (57.5)
50 (57.5) 41(95.4)
37 (42.5) 2(4.7)

6 4

¢ Oophorectomy refers to bilateral salpingo-oophorectomy.
> Woman missing mutation type coded was still included in the analysis.
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Table 2

Menopausal symptoms prior to and following oophorectomy, by menopausal status at surgery and HRT use following surgery.

Domain?® Menopausal status at surgery HRT use following surgery

Premenopausal Postmenopausal I Non-users Users P

(n=093) (n=47) (n=150) (n=137)

Vasomotor
Baseline® 1.88 (1-6) 2.96 (1-8) 0.005 2.12 (1-6) 143 (1-5) 0.04
Follow-up 3.27 (1-8) 3.00 (1-7) 0.44 3.61 (1-8) 2.70 (1-6) 0.09
Changes® 134 (—3-7) 0.04 (—3-3) 0.004 141 (—3-7) 1.27 (—2-5) 0.15
P for change® <0.0001 0.83 <0.0001 <0.0001
Physical
Baseline® 2.25 (1-6) 2.68 (1-6) 0.35 2.43 (1-6) 2.00 (1-5) 0.27
Follow-up* 2.70 (1-7) 3.02 (1-6) 0.38 2.91 (1-6) 2.43 (1-5) 0.16
Changes® 0.48 (—2-3) 0.33 (—1-3) 0.70 0.52 (—2-3) 0.44(—2-2) 0.25
P for change’ <0.0001 0.03 0.002 0.006
Sexual
Baseline® 2.13 (1-8) 3.32(1-8) 0.06 2.57 (1-8) 1.65 (1-6) 0.08
Follow-up? 3.54 (1-8) 3.70 (1-8) 1.00 4.17 (1-8) 2.84 (1-8) 0.12
Changes® 147 (—5-7) 0.39 (—4-6) 0.54 1.72 (—4-7) 1.19 (—5-6) 0.12
P for change’ <0.0001 0.19 <0.0001 0.005
Psychosocial
Baseline® 2.52 (1-7) 2.62 (1-6) 0.96 2.66 (1-6) 232 (1-7) 0.75
Follow-up 2.79 (1-7) 2.85(1-7) 0.58 2.87 (1-7) 2.51(1-7) 0.48
Changes® 0.28 (—4-6) 0.23 (—3-2) 0.67 0.24 (—3-6) 0.19 (—4-4) 0.41
P for change' 0.07 0.57 0.17 0.23
Quality of life
Baseline® 4.72 (1-6) 4.45 (2-6) 0.17 4.43 (1-6) 5.03 (3-6) 0.04
Follow-up! 4.62 (0-6) 4.07 (0-6) 0.48 4.38 (0-6) 4.94 (2-6) 0.23
Changes® —0.14 (—5-2) —0.38 (—4-2) 0.99 —0.23 (—5-2) —0.02 (—3-2) 0.39
P for change’ 0.31 0.04 033 0.86

2 Anincrease in score corresponds to an increase in symptoms; 1 = no symptoms and 8 = extremely bothered by symptoms, except for the quality of life domain where an increase in

score indicates an improved overall quality of life: 0 (poor) to 6 (excellent).
b Estimated using a Student's t-test.

¢ Adjusted for age at surgery, previous breast cancer diagnosis and time between surgery and baseline questionnaire across.
4" Adjusted for age at surgery, previous breast cancer diagnosis, HRT use at follow-up and time between surgery and follow-up questionnaire.
¢ Adjusted for age at surgery, previous breast cancer diagnosis, HRT use at follow-up, baseline score and time between surgery and follow-up questionnaire.

f Estimated using a paired t-test.

(all P<0.0001), but not in the psychosocial domain (P = 0.07). Women
who were postmenopausal at surgery experienced a significant increase
in the physical domain (P = 0.03) with no significant change in the va-
somotor, sexual or psychosocial domains (P > 0.19), although this was
based on only 47 women. Both women who did and did not initiate
HRT use following surgery experienced a significant worsening in the
vasomotor, physical and sexual symptoms (P < 0.006) with no signifi-
cant impact of HRT use on psychosocial symptoms or overall quality of
life. Although the overall change (worsening) in the menopausal symp-
toms experienced by HRT users and non-users did not differ for any of
the MENQOL domains (P> 0.12), all four domains of menopausal symp-
toms were lower, albeit not all significantly, in the HRT users at baseline
and at follow-up.

3.3. Sexual health

In total, 101 women (72%) reported being sexually active at baseline
and at follow-up (79 premenopausal women and 29 postmenopausal
women). The baseline, follow-up and change in the scores for the
three domains derived from SAQ are summarized in Table 3, by meno-
pausal status and by HRT use following surgery (among the premeno-
pausal women only). There was a significant decline in the pleasure
score (less pleasure) and discomfort score (more discomfort) among
premenopausal women (P < 0.0001) and a significant decrease in dis-
comfort among postmenopausal women (P = 0.004) with no signifi-
cant impact of surgery on the habit (frequency) score irrespective of
menopausal status (P> 0.30). There was no difference in the magnitude
of change between baseline and the second follow-up in the pleasure
and discomfort scores between the pre- and post-menopausal women
(P2 0.49). The significant decline in the pleasure and discomfort scores

was present for both women who did and did not use HRT (P < 0.007).
There was no significant change in the habit domain by HRT use (P >
0.35). Interestingly, HRT users consistently experienced higher scores
across the three sexual functioning domains at baseline and at the sec-
ond follow-up compared to the non-users.

Supplemental Figs. 1-4 compare the mean values of the eight indices
(i.e., menopausal symptoms, sexual functioning and overall quality of
life) at baseline, at follow-up one and at follow-up two by menopausal
status at surgery and by HRT use following surgery (premenopausal
women only). The figures indicate that the magnitude of change expe-
rienced by the women shortly after surgery (first follow-up) is similar
to what is observed in the longer follow-up period (second follow-
up), suggesting immediate and sustained effects of surgical menopause
(P>0.08).

4. Discussion

This prospective study included 140 women with a BRCA1 or BRCA2
mutation and a mean follow-up of 3.5 years following preventive oo-
phorectomy. Among the 93 women who were premenopausal, and
thus experienced surgical menopause, we observed no decline in over-
all quality of life post-surgery, but there were declines in specific do-
mains. There was a significant worsening in vasomotor, physical and
sexual symptoms. For these domains, post-surgical levels were similar
to those experienced by women who were postmenopausal at surgery.
On average, symptoms were fewer among HRT users than non-users,
but HRT use did not eliminate all the symptoms. Women who were
postmenopausal at surgery experienced a significant decline in overall
quality of life and physical symptoms; however, the magnitude of
change was small.
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Table 3

Sexual functioning prior to and following oophorectomy, by menopausal status at surgery and HRT use following surgery.

Domain® Menopausal status at surgery HRT use following surgery

Premenopausal Postmenopausal P Non-users Users P>

(n=179) (n=29) (n=39) (n=34)

Pleasure
Baseline® 13.05 (0-18) 10.73 (0-18) 0.20 11.63 (0-18) 14.34 (6-18) 0.006
Follow-up*? 11.28 (0-18) 9.68 (0-18) 0.33 10.35 (0-17) 11.94 (3-18) 0.36
Changes® —2.07 (—15-8) —1.27 (—12-7) 0.49 —1.68 (—15-6) —2.38 (—15-8) 0.75
P for change’ <0.0001 0.19 0.007 0.004
Discomfort
Baseline® 4.86 (0-6) 3.59 (0-6) 0.08 4.33 (0-6) 5.38 (0-6) 0.007
Follow-up® 3.19 (0-6) 2.22 (0-6) 0.53 2.68 (0-6) 3.62 (0-6) 0.30
Changes® —1.73 (—6-6) —1.35 (—5-4) 0.78 —1.71 (—5-4) —1.76 (—5-1) 0.57
P for change’ <0.0001 0.004 0.0002 <0.0001
Habit
Baseline® 0.86 (0-3) 0.82 (0-3) 0.73 0.77 (0-2) 0.97 (0-3) 0.18
Follow-up* 0.77 (0-3) 0.71 (0-1) 0.85 0.71 (0-3) 0.85 (0-3) 0.05
Changes® —0.09 (—2-3) —0.08 (—3-1) 0.85 —0.06 (—1-3) —0.12 (—2-3) 0.06
P for change' 0.30 0.62 0.69 035

@ A decrease in score indicates a decline in sexual functioning; pleasure (range 0-18); discomfort (range 0-6), habit (range 0-3).

b Estimated using a Student's t-test.

¢ Adjusted for age at surgery, previous breast cancer diagnosis and time between surgery and baseline questionnaire.

d

Adjusted for age at surgery, previous breast cancer diagnosis, HRT use at follow-up and time between surgery and follow-up questionnaire

€ Adjusted for age at surgery, previous breast cancer diagnosis, HRT use at follow-up, baseline score and time between surgery and follow-up questionnaire

T Estimated using a paired t-test

With respect to sexual functioning, we observed a significant decline
in pleasure and discomfort after oophorectomy among premenopausal
women. The effects were ameliorated somewhat with HRT use.
Women who were postmenopausal at surgery only experienced a sig-
nificant decline in discomfort. These findings suggest that there is a sig-
nificant impact of early risk-reducing surgery on various menopausal
symptoms and sexual functioning that are sustained several years
post-surgery and not entirely restored to baseline (or pre-surgical
levels) with HRT use. Importantly, with an additional 2.3 years of
follow-up, the magnitude of change across all domains in the second
follow-up was similar to what was observed in the first follow-up.
Thus, the impact of oophorectomy appears to be immediate and
sustained; however, there is no worsening of symptoms over time.

The current study is an extension of our earlier work. Finch and col-
leagues reported on the experiences of 114 BRCA mutation carriers be-
fore and one year following prophylactic oophorectomy [11]. We
reported a significant worsening in vasomotor symptoms and a decline
in sexual functioning among women who were premenopausal at sur-
gery, but no impact of oophorectomy on the psychosocial and physical
domains. The effects were significantly less among those women who
used HRT; however, their levels did not return to baseline (pre-surgery)
levels. Finch et al., only reported a significant decline in sexual function
among postmenopausal women (n = 39) but in the current analysis we
observed a decline in sexual functioning irrespective of menopausal sta-
tus at surgery.

HRT use is prescribed to women to alleviate the symptoms associ-
ated with natural or surgical menopause; however, fewer than one-
half of the women who were premenopausal at surgery initiated HRT
use following surgery in our study population (n = 37; 43%). Although
both HRT users and non-users equally experienced a worsening of men-
opausal symptoms and a decline in sexual functioning, HRT users re-
ported less menopausal symptoms and better sexual functioning
scores both at baseline and at follow-up, although the latter was based
on a smaller number of women. We have recently published that use
of estrogen-alone HRT after oophorectomy is not associated with an in-
creased risk of breast cancer among women with a BRCAT mutation
[16]. Given that the majority of these women also underwent hysterec-
tomy, use of estrogen-alone HRT should be safely prescribed to alleviate
symptoms associated with early surgical menopause. In contrast, com-
bined estrogen and progestin formulations may be associated with an

increased risk of breast cancer; however, data suggests that progester-
one vs. synthetic progestins in older formulations may have less of an
impact on breast cancer risk [17].

In a recent systematic review, Vermeulen et al., summarized findings
from studies conducted among high-risk women undergoing risk-
reducing salpingo-oophorectomy [10]. On the whole, surgical meno-
pause was associated with sexual dysfunction and compromised
menopause-specific quality of life compared to natural menopause,
with no impact on overall quality of life or satisfaction with choice to
undergo oophorectomy. Siyam and colleagues further summarized the
data regarding the effect of HRT on various aspects of health following
oophorectomy among BRCA mutation carriers [9]. With respect to qual-
ity of life, the effect of HRT were mixed with three studies showing an
improvement in menopause-specific quality of life and three other
studies showing no effect, although two of the latter studies were
based on a small number of women in the oophorectomy group
(range 38-51). Importantly, HRT consistently improved vasomotor
symptoms and sexual functioning (in particular the discomfort domain)
in most of the studies.

Women with a personal history of breast cancer bring an additional
element of complexity in the care of this high-risk population given that
treatment regimens (i.e., chemotherapy) have also been shown to im-
pact the severity of menopausal symptoms and sexual functioning
(reviewed in [18]). Furthermore, HRT is currently contraindicated in
women with a personal history of disease [18]. In the current study,
23 of the 93 women (25%) who were premenopausal at surgery had a
personal history of breast cancer; and five of these women (22%) used
HRT following oophorectomy. None of the postmenopausal women
with a prior diagnosis of breast cancer initiated HRT use following sur-
gery. Given our small sample size and the multiple comparisons, we
did not evaluate the impact of HRT on symptoms in an analysis stratified
by personal history of breast cancer.

Our current study was not without limitations. We used self-
administered questionnaires to collect information on menopausal
symptoms, sexual functioning, breast cancer history and exogenous
hormone use. Also, the use of self-reported data may have introduced
error; however, any misclassification is anticipated to be non-
differential. Furthermore, our sample size was small, precluding robust
analyses in the subgroup analyses, including by personal history of
breast cancer. Strengths of this study include the use of validated and
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widely used questionnaires to capture detailed information on vasomo-
tor symptoms and sexual functioning with demonstrated test-retest re-
liability [14,15,19,20], repeated measures from the same study
participants allowing for paired analyses, and the relatively long
follow-up period allowing for an evaluation of the long-term impact of
surgical menopause on various outcomes. In addition, we were able to
take into account baseline levels including time since oophorectomy
in our adjusted analysis.

In summary, findings from this prospective analysis suggests that
despite no impact on overall quality of life, premenopausal women un-
dergoing preventive oophorectomy experience a significant decline in
various domains and achieve levels experienced by women who are
postmenopausal at surgery. Although not significantly, HRT did amelio-
rate many of the symptoms, and thus, HRT should be recommended to
these women. Whether or not HRT may equally benefit postmeno-
pausal women who experienced a significant change in physical symp-
toms, sexual functioning and overall quality of life warrants
consideration. It is critical to continue to explore other long-term health
consequences of oophorectomy, including cognitive function, cardio-
vascular health and bone mineral density in this high-risk population.
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