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Abstract
Purpose A randomized pilot trial evaluated the hypothesis
that early intervention lessens sexual dysfunction in the first
year on aromatase inhibitors. A secondary aim was comparing
the efficacy of two vaginal moisturizers.
Methods Fifty-seven postmenopausal womenwith early stage
breast cancer starting aromatase inhibitors were randomized to
three treatment groups. All received a handout on managing
sexual and other side effects. The Usual Care group received
no additional therapy. The Active Treatment groups received a
6-month supply of a vaginal moisturizer (hyaluronic acid-
based in Active Group-H and prebiotic in Active Group-P)
and a vaginal lubricant and dilator, plus access to an educa-
tional website and phone coaching. Questionnaires completed
at baseline, 6, and 12 months included the Female Sexual
Function Index (FSFI), Menopausal Sexual Interest
Questionnaire (MSIQ), Female Sexual Distress Scale-
Revised (FSDS-R), and a menopausal symptom scale.
Results Forty-nine women (86%) provided follow-up data.
Mean age was 59 and 77% were non-Hispanic Caucasian.
Sexual function was impaired at baseline, but remained stable
over 12 months for all groups. The combined active treatment

group had less dyspareunia (P = 0.07) and sexual distress
(P = 0.02) at 6months than theUsual Care group.At 6months,
the Active-H group improved significantly more than the
Active-P group on FSFI total score (P = 0.04).
Conclusions Sexual counseling helped women maintain sta-
ble sexual function on aromatase inhibitors. Active interven-
tion resulted in better outcomes at 6 months.
Implications for Cancer Survivors This promising pilot trial
suggests a need for more research on preventive counseling to
maintain sexual function during aromatase inhibitor treatment.

Keywords Breast cancer . Aromatase inhibitors . Sexual
dysfunction . Dyspareunia . Prevention . Genitourinary
atrophy

Introduction

Aromatase inhibitors are the preferred adjuvant endocrine
therapy for postmenopausal women with estrogen-sensitive
early stage breast cancer [1]. Disease-free survival is superior
compared to tamoxifen, and 10 years of therapy may be better
than 5 [2]. In premenopausal women with estrogen positive
tumors, aromatase inhibitors have a slight advantage over ta-
moxifen when combined with ovarian suppression [3].
However, a recent American Society of Clinical Oncology
Clinical Practice Update suggests that individual factors be
used to choose between aromatase inhibitors versus tamoxifen
for younger women at high risk of recurrence [4].

With increasing numbers of women taking aromatase inhibi-
tors, sexual dysfunction remains a neglected side effect. Severe
vaginal atrophy and dyspareunia are farmore likelywith aroma-
tase inhibitors than tamoxifen in postmenopausal women [5] or
during ovarian suppression [3, 4]. Problems with sexual desire
and subjective arousal are also more common, [3–5] either
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secondary to painful sex or as a direct effect of estrogen depriva-
tion in the brain. Serum androgen levels are unchanged during
aromatase inhibitor therapy, [6] but growing evidence suggests
that estradiol, rather than testosterone, facilitates sexual desire in
the female mammalian brain [7].

Trials of aromatase inhibitor therapy typically include only a
few questionnaire items measuring sexual function, resulting in
continued underestimates of the prevalence and severity of prob-
lems [2, 3, 5, 8]. Differences in sexual dysfunction were not
significant during a 5-year extension of aromatase inhibitor ther-
apy between women on letrozole versus placebo, but vaginal
atrophy and pain were already established from the previous
5 years of treatment. Investigators in the SOFT and TEXT trials
acknowledge inadequate assessment of sexual function [3]. Both
reports emphasize that global quality of life scores changed little.
However, health-related quality of life in survivors of localized
breast cancer is typically similar to norms for healthy peers,
despite bothersome symptoms documented by specific scales
[9, 10]. Assessments of quality of life are also subject to response
shift, [11] with cancer survivors recalibrating their ratings across
time as they habituate to long-term treatment effects.

Sexual dysfunction related to aromatase inhibitors may al-
so go unrecognized because half of women over age 50 in the
USA are sexually inactive, lacking a functional partner [12].
Unpartnered women on aromatase inhibitors are less distress-
ed about sexual problems [8]. Although women continue tak-
ing aromatase inhibitors despite sexual dysfunction, they are
the group most likely to seek help in sexuality clinics in cancer
centers [13].

To gather benchmark data for the current intervention, we
surveyed 129 postmenopausal women from UT MD
Anderson’s Medical Breast Registry who had been prescribed
aromatase inhibitors 18–24 months previously [8]. On the
Female Sexual Function Index (FSFI), a widely used
multiple-choice questionnaire [14, 15], 93% scored in the dys-
functional range and 75% of this group was distressed about
sexual problems. Only 52% of women had been sexually ac-
tive when endocrine therapy began, but 79% of that group
developed new sexual problems. Twenty-four percent
discontinued partner sex completely because of dyspareunia.

Aims

We describe a pilot randomized trial in women starting aro-
matase inhibitors. Women already were postmenopausal with
previous breast cancer treatment, so some sexual dysfunction
was expected at baseline. Based on our previous work [8, 16,
17], we hypothesized that a combination of sexual counseling,
vaginal moisturizers, lubricants, dilation, and pelvic floor
muscle exercises would prevent further deterioration of sexual
function, compared to usual care. Awritten handout alone was
compared to active treatment. As a secondary aim, we

compared the efficacy of two nonhormonal, over-the-counter
vaginal moisturizers that had recently become available.
Because all women in the pilot trial received written educa-
tion, data from the benchmark survey provided a historical
comparison group more representative of usual care.

Methods

Recruitment

Women were recruited from the breast medical oncology clinics
at UT MD Anderson Cancer Center and its satellite clinics be-
tween June 2013 and September, 2014. Women were eligible to
participate if they had estrogen receptor-positive, localized breast
cancer, were postmenopausal, had been prescribed an aromatase
inhibitor as their first, adjuvant endocrine therapy, had taken it for
less than 4 weeks, were at least age 18, had a sexual partnership
of at least 6 months’ duration, and had made at least one attempt
at sexual activity in the past 12months.Womenwere excluded if
unable to speak English or if on estrogen or androgen therapy.
Since all were postmenopausal, none were on concurrent medi-
cation for ovarian suppression.

The protocol was approved by MD Anderson’s Institutional
Review Board. Informed consent was obtained from all individ-
ual participants included in the study. Women were randomized,
using minimization [18] to three treatment groups based on: age
(<65 vs. ≥ 65), ethnicity (non-hispanic white vs. minority), and
education (≤ some college vs. ≥ 4-year degree). Minimization
was accomplished with a tracking database created for the study.

Intervention procedures

Given results of our benchmark survey [8], we gave all wom-
en in the study a booklet, Why It Is Important to Take Your
Aromatase Inhibitor (available on request from the corre-
sponding author) encouraging adherence to endocrine thera-
py. Information was provided on switching between aroma-
tase inhibitors or to tamoxifen, and on self-help strategies and
resources for problems with arthralgia, vaginal dryness and
pain during sex, hot flashes, and loss of bone density.

Usual Care women had no other intervention. The two
active treatment groups differed only in the brand of vaginal
moisturizer they received, each getting a 6-month supply.
Active Group-H received an over-the-counter product con-
taining a form of hyaluronic acid. Active Group-P received
an over-the-counter moisturizer labeled as prebiotic to pro-
mote healthy lactobacilli. Both were gels inserted with an
applicator at bedtime.Women were instructed to use the mois-
turizer daily during week 1, and then 2–3 times weekly.
Women also received a water-based vaginal lubricant to apply
before and during sexual activity, and a silicone vaginal dila-
tor, with size depending on whether the woman was
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experiencingdyspareuniaatbaseline(Soulsource®1in.×4 in.)
or not (1.15 in. × 4.5 in.). Women were advised to have pen-
etrative sex with a partner and/or to use the dilator at least
twice a week.

All women in active treatment received access to a pass-
word-protected, website providing detailed help with
women’s cancer-related sexual problems [17]. Six phone
coaching calls were scheduled during the 12-week treatment
period, plus 3 monthly follow-up calls. Calls lasted 15–30min
and included standard questions on frequency of sex, use of
the moisturizer, lubricant, and dilator, satisfaction with the
vaginal moisturizer, and bother with genital irritation, hot
flashes, or joint pain/stiffness.

Main outcome Measures

Questionnaires were completed by mail at baseline, 6 and
12 months. Up to 3 reminder calls were made at each point.
Questionnaires were not scored if missing items exceeded the
range for validity. Demographic and medical factors were
assessed. The primary outcome was the total score on the
Female Sexual Function Index (FSFI), a well-validated mea-
sure of sexual function and satisfaction. A score of 26.55 or
below indicates sexual dysfunction [14]. Subscales measure
desire, arousal, orgasm, pain, and satisfaction. Women with
cancer have often been sexually inactive within the 4-week
reporting period, resulting in bias to score as dysfunctional
[15]. Therefore, we included the Menopausal Sexual Interest
Questionnaire (MSIQ) [19] which was a sensitive measure in
a trial of our internet-based intervention [17]. Subscales mea-
sure sexual desire, responsiveness, and orgasmic capacity
[19]. Since some women are not concerned about sexual func-
tion, a measure of distress about sexual problems was includ-
ed. The 13-item Female Sexual Distress Scale-Revised
(FSDS-R) [20] has excellent discriminant validity between
normal and sexually dysfunctional women, as well as high
validity and test-retest reliability. A score of 11 or more indi-
cates distress about sexual function. We included 2 subscales
of the Breast Cancer Prevention Trial Symptom Scale (BESS):
dyspareunia and gynecologic symptoms [21]. Items at follow-
up assessed coping strategies women used for sexual prob-
lems. At follow-up, items assessed whether a woman had
discontinued her aromatase inhibitor and her daily adherence
in the past 2 weeks.Wemailed a pHem-Alert Home Test Kit®
for vaginal pH at each assessment [22, 23].

Statistical analysis

Means and/or frequencies were calculated for demographic
variables for each group at each time point. To determine if
there were differences between the 3 groups at 6 and
12 months, analyses of covariance (ANCOVA) were

computed for each independent variable, controlling for base-
line scores. The same analyses were computed comparing the
combined active treatment women to those in usual care, or
combining all treatment groups across time.

Results

Participants

Identification of eligible women was more difficult than an-
ticipated. During the 15-month recruitment period, we esti-
mate about 750 women began adjuvant aromatase inhibitor
therapy [8]. About 50% of women invited to participate were
not sexually active, similar to rates in national surveys of
aging women [12]. Eighty eligible women were interested in
participating after review of the informed consent by phone.
However, 19 (24%) withdrew after receiving the written con-
sent and baseline questionnaires and 4 (5%) just after that
point, on learning their treatment assignment. Of 57 women
who completed baseline questionnaires, 8 dropped out before
completing follow-up assessments (14%). At 6-month follow-
up, N was 49 and at 12 months, 46. The number of women in
tables varies slightly because of attrition and/or missing data.
All active treatment women completed at least one coaching
call. Out of 9 planned calls, the mean number achieved was
5.71 ± 2.76. The number of calls was not significantly differ-
ent for the Active-P and Active-H groups.

Demographic and medical variables

Treatment groups did not differ significantly on age, ethnicity,
type of breast surgery, history of chemotherapy, educational
level, or comorbidities. None of the variables predicted
dropping out. For 57 women who completed baseline ques-
tionnaires, mean age was 59 ± 8 (range 46 to 80). Seventy-
seven percent of women were non-Hispanic Caucasian, 11%
Hispanic, 5% African-American, 4% Asian-American, and
4% other. Ten percent had a high school degree, 30% some
college, 30% a college degree, and 30% a postgraduate de-
gree. Sixty-four percent had breast conservation, 6% unilateral
mastectomy without reconstruction, 21% unilateral mastecto-
my with reconstruction, and 9% bilateral mastectomy with
reconstruction. Forty percent had been treated with chemo-
therapy. Thirty-seven percent were taking prescription medi-
cine for depression, anxiety, pain or hot flashes. On a checklist
listing noncancer medical comorbidities, women reported a
mean of 0.86 (range 0 to 4).

Factors influencing sexual function at baseline

Table 1 presents mean (SD) scores for questionnaires across
the three assessment points for the Usual Care group, Active
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Group-H, and Active Group-P. The final column presents
scores for 109 women adhering to AI therapy for 18–
24 months in our benchmark survey [8], a recent historical
comparison group not given educational handouts. Higher
scores indicate better function on all scores except the
FSDS-R and the BESS symptom subscales.

As illustrated in Table 1, at baseline, Active Group-P re-
ported significantly more pain during sex (FSFI pain subscale)
than Active Group-H (P = 0.03). A similar trend was seen on
the BESS dyspareunia scale. Differences at baseline in total
FSFI scores between the three treatment groups were not sig-
nificant. General linear modeling explored factors that might
affect baseline sexual function. Total FSFI scores were not
significantly associated with prior chemotherapy, breast re-
construction, health comorbidities, or educational levels. A
significant interaction effect was observed with age
(P = 0.03). Within the Active-P group, younger women re-
ported better sexual function. In the other two groups, older
women had slightly better FSFI scores, suggesting probable

random effects in this small sample, despite the use of
minimization.

Outcomes across time

ANCOVAs controlling for baseline scores were calculated to
assess changes in scores on each questionnaire at 6 and
12 months. As shown in Table 1, Active Group-H improved
significantly more on sexual function/satisfaction (FSFI total
score) than Active Group-P at 6 months (P = 0.04). Neither
active group (nor the combined active groups) differed signifi-
cantly in changes across time fromtheusual caregroup.Table 2
compares the percentage ofwomenwho had sexually dysfunc-
tional FSFI scores (below 26.55) by group and across time.
Logistic regression analyses did not find significant differences
between treatment groups at any of the three assessments.

MSIQ scores did not change significantly across time be-
tween the treatment groups, or in comparing the usual care and
active treatment group. However, at 6-month follow-up, an

Table 1 Outcome measures by group and time

Variable Group Baseline 6-month FU 12-month FU Benchmark survey [8]

N Mean (SD) N Mean (SD) N Mean (SD) Mean (SD)

FSFI Total Score Usual Care 21 18.95 (9.29) 17 20.22 (9.04) 17 20.15 (8.25) 13.05 (8.60)
Active-P 16 16.03 (10.31) 13 15.08 (10.02) 9 18.46 (8.82)

Active-H 17 21.01 (8.71) 12 25.90 (5.77)* 11 21.16 (9.18)

FSFI Pain Subscale Usual Care 21 3.64 (1.70) 17 3.97 (1.57) 20 3.66 (1.71) 2.26 (1.82)
Active-P 17 2.96 (1.90)** 13 3.02 (1.78) 10 2.96 (1.89)

Active-H 18 4.24 (1.64) 13 4.71 (1.71) 12 4.33 (1.68)

MSIQ Total Score Usual Care 21 30.33 (13.17) 17 31.47 (13.01) 19 30.53 (13.94) 25.60 (11.22)
Active-P 18 25.00 (11.81) 15 26.67 (14.98) 11 30.82 (15.68)

Active-H 18 34.07 (13.70) 13 40.38 (12.59) 13 35.08 (12.24)

MSIQ Desire Scale Usual Care 21 12.10 (5.82) 17 13.18 (5.81) 19 13.11 (5.80) 9.34 (5.03)
Active-P 18 10.89 (5.33) 15 10.40 (5.99) 12 12.08 (6.69)

Active-H 18 13.17 (5.49) 14 15.50 (5.57) 13 14.08 (5.63)

MSIQ Response Scale Usual Care 21 12.38 (5.59) 18 11.53 (6.05) 20 11.37 (6.22) 9.99 (5.17)
Active-P 18 9.56 (4.84) 15 10.93 (6.64) 12 11.91 (6.16)

Active-H 18 12.74 (6.29) 13 15.15 (4.90) 13 12.54 (5.56)

MSIQ Satisfaction Scale Usual Care 21 5.86 (3.58) 17 6.76 (2.95) 19 6.05 (2.84) 5.84 (3.87)
Active-P 18 4.56 (2.91) 15 5.33 (3.31) 12 6.75 (4.35)

Active-H 18 8.12 (4.15) 14 9.00 (4.56) 13 8.46 (4.03)

FSDS-R Total Score Usual Care 20 19.10 (14.18) 17 23.18 (16.50) 19 20.68 (16.93) 17.80 (15.95)
Active-P 17 21.47 (14.22) 14 15.57 (11.41) 12 17.50 (14.22)

Active-H 18 11.44 (13.23) 13 10.06 (11.95) 13 13.31 (16.35)

BESS Dyspareunia Score Usual Care 21 2.86 (2.63) 17 3.82 (2.88) 19 3.53 (2.57) 3.37 (2.98)
Active-P 18 3.67 (3.25) 14 3.00 (2.18) 12 3.50 (3.50)

Active-H 18 2.72 (2.61) 14 2.93 (2.50) 13 3.78 (3.77)

BESS Gynecologic Irritation Score Usual Care 21 1.00 (1.55) 17 1.12 (2.15) 19 1.32 (1.70) 0.84 (1.32)
Active-P 18 0.67 (1.33) 15 0.93 (1.63) 12 0.67 (1.16)

Active-H 18 0.50 (0.92) 14 0.57 (0.85) 13 1.15 (0.57)

*P = 0.0440 between Active-H and Active-P, baseline to 6-mo FU

**P = 0.0344 between Active-P and Active-H at baseline
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ANCOVA controlling for baseline scores found a trend to
more improvement in total MSIQ score for the Active-H
group than for the Active-P group (P = 0.16), similar to the
analysis of FSFI scores.

At 6-month follow-up, the combined active treatment
groups reported significantly less distress on the FSDS-R
(mean ± SD 12.92 ± 11.78) than the usual care group

(mean ± SD 23.18 ± 16.50), t (42) = 2.41, P = 0.02. On the
BESS symptom subscales, at 6-month follow-up the usual
care group had more dyspareunia (mean ± SD 3.82 ± 2.88)
than the combined active treatment groups (2.96 ± 2.30),
P = 0.07. Gynecological symptom scores were not significant-
ly different across time or between groups.

Comparison to women in the benchmark survey

Since women in Usual Care received the study handout, the
benchmark sample provides a recent historical comparison
with women who had no systematic sexual education. The
benchmark sample was significantly older (64 ± 9 years vs.
59 ± 8, t (194) = 3.8284, P = 0.0002), and only 73% were
married or in a current relationship. However, the percentage
of ethnic minorities and levels of education were similar. An
ANCOVA compared the FSFI total score at 12 months for the

Table 2 Percent of women with abnormal total FSFI scores by group
and time

Group Baseline
(%)

6-month
follow-up
(%)

12-month
follow-up
(%)

Usual Care 76.2 70.6 70.6

Active-P 81.2 84.6 77.8

Active-H 70.6 58.3 63.6

Table 3 Coping strategies for a
sexual problem for all participants
at 6 and 12 months versus
sexually active women in
benchmark survey

Strategy Group 6-month FU

N = 42

12-month FU

N = 40

Active women in
benchmark survey [8]

N = 71

Stopped all partner sex Usual Care 7% 5%

Active-P 14% 30%

Active-H 7% 0%

Total 9% 9% 24%

Asked doctor’s advice on
loss of desire

Usual Care 14% 16%

Active-P 0% 0%

Active-H 0% 0%

Total 5% 8% 18%

Asked doctor’s advice on
vaginal dryness

Usual Care 21% 33%

Active-P 7% 30%

Active-H 7% 8%

Total 12% 25% 39%

Used a vaginal moisturizer Usual Care 46% 44%

Active-P 57% 60%

Active-H 78% 58%

Total 60% 52% 32%

Used a vaginal lubricant Usual Care 78% 44%

Active-P 57% 70%

Active-H 42% 75%

Total 60% 60% 56%

Stopped AI due to sexual
problems

Usual Care 0% 6%

Active-P 0% 10%

Active-H 0% 8%

Total 0% 8% 1%

Began estrogen therapy Usual Care 0% 5%

Active-P 0% 0%

Active-H 0% 0%

Total 0% 2% 6%
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combined Active Treatment groups (19.95 ± 9.10), Usual
Care group (20.15 ± 8.25), and the sexually active women in
the benchmark survey (13.05 ± 8.00). Controlling for age and
education, the benchmark group had significantly worse sex-
ual function (P = 0.002). A comparison with Table 2 is also
relevant, since 93% of the benchmark survey group had total
FSFI scores in the abnormal range.

Coping techniques for vaginal dryness and pain

Table 3 presents the results of coping strategies women used
in the past 6 months, as well as reports from women in our
benchmark survey who had been sexually active when
starting aromatase inhibitors [8]. Women in the active treat-
ment groups were notably less likely to stop all partner sex or
to ask a doctor’s advice on vaginal dryness or loss of sexual
desire, and more likely to use a vaginal moisturizer than wom-
en in usual care group or the benchmark survey.

Home vaginal pH assessment

Table 4 presents vaginal pH across time as assessed with the
pHem-Alert Home Test Kit®. Scores are only included for
assessments when a woman reported taking an aromatase in-
hibitor, verified by review of medications in medical charts.
Scores above 4.5 represent postmenopausal pH levels. The
moisturizer used by the Active-H group has a pH of 5.5–6.5,
consistent with the reported data. The moisturizer used by the
Active-P group claimed to restore a premenopausal pH level.
No significant differences were observed in vaginal pH across
time or according to treatment group. The mean pH was 6.28,
6.45, and 6.31 at the three assessment points. Normal pH
before menopause is ≤4.5. Although the pH was slightly less
abnormal in the Active-H group, the difference was present at
baseline, making it difficult to interpret.

Assessments from phone coaching calls in active treatment
groups

Regression models were calculated with all active treatment
participants included, for the number of counseling calls
regressed with outcome changes from baseline to 12 months
(total FSFI, total MSIQ, and FSDS-R). No association reached

significance.At eachphone call,womenwere asked if theyhad
used the web intervention [17]. Nineteen (54%) never used it,
10 (29%) used it once, and 6 (17%) more than once. Extent of
usage was not significantly associated with outcomes.

Table 5 compares the Active-P and Active-H groups on
variables assessed in the coaching calls, including usage of
vaginal moisturizer and lubricant, satisfaction with the mois-
turizer, menopausal symptoms, and weekly exercise. Summed

Table 4 Vaginal pH by group
and time Group Baseline 6-month Follow-Up 12-Month Follow-Up

N Mean SD N Mean SD N Mean SD

Usual Care 14 6.46 0.60 14 6.50 0.73 10 6.25 0.86

Active-P 12 6.33 0.83 14 6.54 0.74 9 6.67 0.50

Active-H 15 6.07 0.96 13 6.31 0.97 10 6.05 0.98

Table 5 Comparisons of active treatment groups from phone
counseling assessments

Variable Number Mean SD P value

Frequency of sex per week

Active-P 17 0.74 0.49 0.22
Active-H 18 1.01 0.73

Frequency of vaginal moisturizer use per week

Active-P 17 1.66 0.72 0.64
Active-H 18 1.86 1.61

Frequency of vaginal dilator use per week

Active-P 17 0.48 0.64 0.24
Active-H 18 0.28 0.34

Uses lubricant with partner sexa

Active-P 17 1.64 0.52 0.25
Active-H 18 1.26 0.88

Had genital irritation at time of call

Active-P 17 0.37 0.37 0.84
Active-H 18 0.34 0.41

Satisfaction with vaginal moisturizer (final)b

Active-P 17 3.41 1.06 0.73
Active-H 17 3.53 0.87

Severity of hot flashesc

Active-P 17 1.28 0.71 0.55
Active-H 18 1.45 0.92

Severity of muscle/joint painc

Active-P 17 1.42 0.57 0.11
Active-H 18 1.88 1.00

Mean weekly hours of exercise

Active-P 17 2.50 1.58 0.43
Active-H 18 3.01 2.12

a 1 = sometimes, 2 = all the time
b 1 = not satisfied, 2 = a little satisfied, 3 = somewhat satisfied, 4 = very
satisfied
c 1 = a little bother, 2 = some bother, 3 = much bother
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ratings were divided by the number of phone calls to create a
mean rating. No significant differences between the two active
treatment groups were identified. Women in both groups were
somewhat to very satisfied with the vaginal moisturizer and
used it about twice a week.

Adherence to endocrine therapy

According towomen’s self-reports and amedical chart review,
1 woman in usual care, 1 in Active-P, and 2 in Active-H
stopped all endocrine therapy (total 7%). Another 8 switched
to tamoxifen (14%). In the benchmark survey, 20 of 139 wom-
en (14%) were stopped their aromatase inhibitor (12% off
endocrine therapy and 3% on tamoxifen) [8].

Conclusions

Results from this pilot trial support our hypothesis that early
intervention can decrease the decline in sexual function seen
historically in women taking aromatase inhibitors.
Participants in this pilot trial had stable, or mildly improved
sexual function across their first year on adjuvant aromatase
inhibitors. Reported sexual function and activity with a part-
ner were clearly superior to data from our previous, bench-
mark survey. On questionnaires measuring sexual function/
satisfaction, women in Usual Care, who only received a de-
tailed handout, had similar outcomes to Active Treatment
women additionally provided with vaginal moisturizers, lubri-
cants, and dilators along with a website and coaching calls.
However, at 6-month follow-up, Active Treatment women
were significantly less distressed about sexual function than
women in Usual Care and reported less dyspareunia.

For the secondary aim of comparing the efficacy of the two
nonhormonal vaginal moisturizers, the 6-month follow-up
may be most relevant, since women in active treatment were
still using the supplied vaginal moisturizer and lubricant.
Women using the moisturizer containing hyaluronic acid had
greater improvement on the FSFI and MSIQ at 6 months, as
well as less sexual inactivity throughout the year. In several
trials, hyaluronic acid-based vaginal moisturizers have been as
effective as vaginal estrogen cream or tablets in relieving post-
menopausal vaginal dryness and pain [24–26]. However, re-
cent experience at our center and at Memorial Sloan Kettering
[13] suggests that women with severe atrophy should use the
moisturizer 3–7 times weekly. We recommended 2–3 times a
week and actual usage was even more suboptimal, 1–2 times
weekly. Despite high satisfaction ratings for both moisturizers,
by 12 months, a decline in moisturizer use in the Active-H
group (see Table 3) and increase in lubricant use was ob-
served, along with a corresponding mild deterioration in sex-
ual function scores in group Active-H (see Tables 1 and 2).
This change may reflect the fact that moisturizers were no

longer being supplied by the study and are more expensive
than purchasing vaginal lubricants. The Active-H moisturizer
appeared particularly effective at 6 months. Neither moistur-
izer corrected vaginal pH according to home testing.

Episodes of physically stretching the vagina were also sub-
optimal. Women had sexual activity with a partner an average
of once a week. Most did not add a session with the dilator,
despite encouragement during phone coaching. Even two ep-
isodes of stretching per week may be inadequate to reduce
vaginal atrophy. Dilator usage in our cohort was similar to
adherence in women treated with pelvic radiotherapy for gas-
tric or gynecologic cancers [27]. Although dilator usage ap-
peared to preserve vaginal size in that trial, the frequency
decreased during the year after radiation therapy. Few studies
have adequately tested the type and frequency of dilation re-
quired to maintain vaginal size in women post-radiation ther-
apy, [28] or even just post-menopause.

Further research is needed to identify and refine the effec-
tive elements of this multi-component intervention. No rela-
tionship was observed between the number of coaching calls
or extent of website usage and sexual outcomes. Only a mi-
nority of women in Active Treatment utilized the website, in
contrast to frequent use in our previous randomized trial [17].
Perhaps the handout and coaching calls provided adequate
care without the website, since women in Active Treatment
were less likely than usual care or benchmark women to seek
professional help for sexual problems. Reports of coping
mechanisms suggest that the handout influenced behavior.
Vaginal moisturizer use by Usual Care women was less than
in the Active Treatment groups, but higher than use in the
benchmark survey sample. Lubricant use was very high at
6 months among usual care women.

To prevent sexual dysfunction related to aromatase inhibi-
tors, we need to understand their physiological effects.
Aromatase inhibitors decrease proliferation of cells in the vag-
inal mucosa, decrease staining for progesterone receptors, in-
crease staining for androgen receptors [29], and decrease ex-
pression of genes that modulate cell differentiation, prolifera-
tion, and adhesion [30]. Replacing estrogen may not be the
only solution. Vaginal moisturizers with hyaluronic acid can
improve the vaginal maturation index as well as alleviating
pain with sex [26]. Promoting genital blood flow may also
reduce vaginal atrophy in women, similar to post-
prostatectomy penile rehabilitation in men [31–33]. Both in-
creased genital blood flow and tissue expansion with sexual
arousal, and neurotransmitters mediating genital changes are
similar between genders [34]. Potential modalities to reduce
genitourinary atrophy in women include a daily dose of phos-
phodiesterase-5-inhibitor, vibrator or self-stimulation of the
clitoris and vulva several times a week, regular vaginal dila-
tion, or exercising the pelvic floor muscles.

Are there better options than nonhormonal moisturizers
and lubricants? Most interventions continue to focus on the
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safety of low-dose vaginal estrogen, despite its limited effica-
cy [35–37]. In one pilot, postmenopausal breast cancer survi-
vors who applied liquid lidocaine to the vulva before penetra-
tion had less dyspareunia [38]. Although partners did not re-
port penile numbing, lidocaine obviously could reduce plea-
surable sensations for both partners. Another feasibility study
combined a polycarbophil-based vaginal moisturizer, olive oil
as a lubricant during sex, and pelvic floor muscle training [39].
Although pain improved, women using oil- or petroleum-
jelly-based vaginal lubricants have far higher rates of coloni-
zation with Candida and bacterial vaginosis than those using
water- or silicone-based lubricants [40].

An ideal solution would be a selective-estrogen receptor
modulator equal or better than tamoxifen or aromatase inhib-
itors at preventing breast cancer, with ability to improve gen-
itourinary atrophy without elevating risk of uterine cancer.
Lasofoxifene is an excellent candidate [41]. Clinical trials
are ongoing.

Adherence to aromatase inhibitors was much higher in this
trial than is typical, even in a comprehensive cancer center.
Encouragement in the handout and coaching calls to manage
symptoms by switching to a different aromatase inhibitor or to
tamoxifen may have played a role. Aromatase inhibitors pro-
vide superior disease-free survival, but not overall survival
thus far [1–3]. Many women may better tolerate tamoxifen’s
side effect profile, especially as the duration of adjuvant en-
docrine therapy is extended or is combined with ovarian sup-
pression in premenopausal women.

Limitations of this trial include the small, self-selected sam-
ple, particularly given the far greater number ofwomen eligible
for the trial whodid not chose to participate. Somewomenwho
had a phone reviewof the informed consent decided not to sign
thewrittenconsent after seeing thebaselinequestionnaires.The
sexuallyexplicitnatureofsomeitemsmayhaveraisedconcerns
about privacy. Participants in the trial were somewhat younger
than those in our benchmark survey, and more likely to be in a
sexual relationship [8], suggesting higher distress about sexu-
ality. The 24% rate of dropping out before baseline is typical of
our previous studies [17] and those of our colleagues [42]. The
company thatmanufactured the vaginalmoisturizer used in the
Active-P group was prohibited by the US Food and Drug
Administration (FDA) from distributing it in early January
2015 because of unproven claims for its prebiotic properties.
By the timewe became aware of the legal action, all women in
the Active-P group would have completed their 6-month-
period supply. One woman stopped using the moisturizer after
the first administration because of burning, an eventuality an-
ticipated in theinformedconsent.Theproduct iscurrentlywide-
lymarketedwith reformulated ingredients and revised labeling.

Although this is a promising pilot trial, it lacked power to
provide definitive answers because of the small N and unan-
ticipated baseline difference between groups in dyspareunia.
Nevertheless, it suggests that a preventive approach can

mitigate the sexual problems caused by aromatase inhibitor
therapy. More research is needed to identify the optimal com-
ponents of a cost-effective intervention.
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