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Genitourinary syndrome of menopause (GSM) comprises an
aggregate of symptoms occurring in the external genitalia,
pelvic floor tissues, bladder and urethra related to hypoestro-
genism, where urinary tract symptoms, vaginal dryness, pain-
ful intercourse and loss of sexual function are highlighted.
GSM affects from 27% to 84% of postmenopausal women,
causing impairment of their sexuality and quality of life [1].
During the last decade, new therapeutic options have
appeared to treat GSM symptoms, ranging from ospemifene
and prasterone to vaginal laser, all positioned as potential
alternatives for those patients in whom estrogenic therapies
are not recommended or when moisturizers and lubricants
provide poor relief [2].

Recently, we have seen a large number of scientific
papers discussing treatment of GSM, mostly related to vagi-
nal laser, evaluating the safety and efficacy of these new
options. Unfortunately, there remains no clear consensus in
the scientific community regarding the role of energy-based
therapies for GSM, as seen in the North American
Menopause Society position statement of 2020 concluding
that energy-based therapies required long-term, sham-con-
trolled safety and efficacy studies before their routine use
could be recommended [3].

In 2020, Mitchell asked the question ‘How do we measure
success in the treatment of GSM?’ [4], underlining the lack of
consensus in the literature regarding how to evaluate clinic-
ally relevant improvement of GSM. Concerning this issue, in
2003 the US Food and Drug Administration outlined possible
end points for studies assessing topical estrogen to treat
GSM: change in severity of symptoms, change in vaginal pH
and change in the Vaginal Maturation Index [5]. To date, the
most used assessment tools to quantify severity and
improvement of GSM are the visual analog scale of GSM
symptoms, the Vaginal Health Index (VHI) and the Female
Sexual Function Index. From our point of view, the GSM
assessment tools can be divided into two groups: subjective
outcomes and objective outcomes.

Regarding subjective outcomes, we must differentiate
those that depend on the patient perception of the problem
from those that depend on the medical subjective quantifica-
tion of the problem. In the first group, the visual analog
scale of GSM symptoms and different tests such as the
Female Sexual Function Index or the Short Form-12, among
others, are included. Second, there is controversy about
whether or not some aspects of the clinical medical evalu-
ation are subjective or objective tests. Some articles report
the VHI as an objective measure, but from our point of view
it is a medical subjective evaluation of the genital tract status
in four out of five variables of the index (vaginal elasticity,
fluid volume, epithelial integrity and moisture) and one
objective variable, which is vaginal pH measurement [6].

Regarding objective outcomes, the most used is vaginal
pH measurement, part of the VHI calculation, which is not
always expressed as an individual outcome, and may be
biased by other variables when included in the VHI [7].

The Vaginal Maturation Index assesses the relative propor-
tion of parabasal, intermediate and superficial vaginal epithe-
lial cell types in a vaginal cytology sample, defining a cut-off
for premenopausal and postmenopausal women with vulvo-
vaginal atrophy [8].

Other objective outcomes have been described, such as
vaginal epithelial thickness, composition of the lamina propia
and vaginal compliance [9], but they have been scarcely
used, reporting contradictory results and only in case-series
studies. Finally, few authors have attempted to evaluate
objectively the vaginal wall thickness in GSM by ultrasound,
although this measurement could be as effective as histo-
logical measurement [10].

To conclude, we are beginning to see new and interesting
target outcomes to evaluate GSM, but there is an urgent
need to bring consistency to new studies to facilitate system-
atic reviews and meta-analysis, and to provide the best evi-
dence on this matter. The overall lack of meaningful
objective outcomes assessing GSM across literature is also
cause for concern. There is a need to evaluate whether the
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current pH measurement and Vaginal Maturation Index are
enough to bring objectiveness to scientific assessment of
GSM, or whether other objective methods are necessary to
achieve this goal. Finally, from our point of view, subjective
and objective variables to evaluate GSM should be differenti-
ated. There is the possibility that some therapies present
only subjective improvement, suggesting a possible placebo
effect of these therapies when subjective improvement is
not supported by objective assessment of improvement.
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Effect of Fractional Carbon Dioxide vs Sham Laser on Sexual Function in Survivors
of Breast Cancer Receiving Aromatase Inhibitors for Genitourinary Syndrome
ofMenopause
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Abstract

IMPORTANCE Survivors of breast cancer present more severe symptoms of genitourinary
syndrome of menopause (GSM) than patients without history of breast cancer. Recently, new
treatments, such as vaginal laser therapy, have appeared, but evidence of their efficacy
remains scarce.

OBJECTIVE To assess the safety and efficacy of carbon dioxide (CO2) vs sham vaginal laser therapy
after 6months of follow-up in survivors of breast cancer with GSM receiving aromatase inhibitors.

DESIGN, SETTING, ANDPARTICIPANTS This prospective double-blind sham-controlled
randomized clinical trial with two parallel study groups was performed during October 2020 to
March 2022 in a tertiary referral hospital. Survivors of breast cancer using aromatase inhibitors were
assessed for eligibility, and eligible patients were randomized into the 2 treatment groups. Follow-up
was conducted at 6months. Data were analyzed in July 2022.

INTERVENTIONS All patients from both groups were instructed to use the first-line treatment (FLT)
based on nonhormonal moisturizers and vaginal vibrator stimulation. Patients for each group were
allocated to 5monthly sessions of fractional CO2 laser therapy (CLT) or sham laser therapy (SLT).

MAINOUTCOMES ANDMEASURES The primary outcomewas sexual function, evaluated through
Female Sexual Function Index (FSFI) score. Other subjective measures of efficacy included a visual
analog scale of dyspareunia, vaginal pH, a Vaginal Health Index, quality of life (assessed via Short-
Form 12), and body image (assessed with the Spanish Body Image Scale). Objective measures of
efficacy included vaginal maturation index, vaginal epithelial elasticity (measured in Pascals) and
vaginal epithelial thickness (measured in millimeters). Measures were assessed before and after the
intervention. Tolerance (measured on a Likert scale), adverse effects, and estradiol levels were
recorded.

RESULTS Among 211 survivors of breast cancer assessed, 84 womenwere deemed eligible and 72
women (mean [SD] age, 52.6 [8.3] years) were randomized to CLT (35 participants) or SLT (37
participants) and analyzed. There were no statistically significant differences between groups at
baseline. At 6months, both groups showed improvement in FSFI (mean [SD] score at baseline vs 6
months: CLT, 14.8 [8.8] points vs 20.0 [9.5] points; SLT, 15.6 [7.0] points vs 23.5 [6.5] points), but
there was no significant difference between CLT and SLT groups in the improvement of sexual
function evaluated through the FSFI test overall (mean [SD] difference, 5.2 [1.5] points vs 7.9 [1.2]
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Abstract (continued)

points; P = .15) or after excluding womenwhowere not sexually active (mean [SD] difference, 2.9
[1.4] points vs 5.5 [1.1] points; P = .15). There were also no differences between improvement of the 2
groups at 6months of follow-up in the other assessed subjective outcomes, including dyspareunia
(mean [SD] difference, −4.3 [3.4] vs −4.5 [2.3]; P = .73), Vaginal Health Index (mean [SD] difference,
3.3 [4.1] vs 5.0 [4.5]; P = .17), body image (mean [SD] difference, −3.7 [4.5] vs −2.7 [4.8]; P = .35), and
quality of life (mean [SD] difference, −0.3 [3.6] vs −0.7 [3.2]; P = .39). Similarly, there were no
differences in improvements in objective outcomes, including vaginal pH (mean [SD] difference,
−0.6 [0.9] vs −0.8 [1.2]; P = .29), vaginal maturation index (mean [SD] difference, 10.2 [17.4] vs 14.4
[17.1]; P = .15), vaginal epithelial thickness (mean [SD] difference, 0.021 [0.014] mm vs 0.013 [0.012]
mm; P = .30), vaginal epithelial elasticity (mean [SD] difference, −1373 [3197] Pascals vs −2103 [3771]
Pascals; P = .64). There were significant improvements in the overall analysis regardless of group in
many outcomes. The 2 interventions were well tolerated, but tolerance was significantly lower in the
CLT group than the SLT group (mean [SD] Likert scale score, 3.3 [1.3] vs 4.1 [1.0]; P = .007). No
differences were observed in complications or serum estradiol levels.

CONCLUSIONSANDRELEVANCE In this randomized clinical trial, vaginal laser treatmentwas found
to be safe after 6months of follow-up, but no statistically significant differences in efficacy were
observed between CLT and SLT.

TRIAL REGISTRATION ClinicalTrials.gov identifier: NCT04619485

JAMA Network Open. 2023;6(2):e2255697. doi:10.1001/jamanetworkopen.2022.55697

Introduction

During the last decades, dysfunction of sexual and vaginal health, including genitourinary syndrome
of menopause (GSM), has remained underdiagnosed and undertreated in survivors of breast
cancer.1,2 These symptoms are usually worse among survivors of breast cancer compared with
womenwithout history of cancer, due to the antiestrogenic effects of chemotherapy, tamoxifen, and
aromatase inhibitors.3 In addition, estrogen-based standard treatment for GSM remains
controversial in this subset of patients.4

In the last few years, new therapeutic approaches have been designed to relieve GSM
symptoms, and vaginal laser therapy is one of the trending options.5 Althoughmost studies conclude
that vaginal laser therapy is a safe option,6,7 safety outcomes are underreported in most studies.8 In
a 2022 systematic review,8 vaginal laser treatment was associated with improved subjective
outcomes, such as the dyspareunia (assessed via visual analog scale [VAS]), the Female Sexual
Function Index (FSFI), and the Vaginal Health Index (VHI), in the short term; however, most of the
assessed studies were single-group before-and-after trials with evidence of low tomoderate quality.8

There is also controversy on the results of objective outcomes, as some studies9,10 have shown an
increase of the epithelial vaginal layer, whereas other studies11,12 have found no differences between
sham and real laser groups. Thus, there is need for sham-controlled randomized clinical trials (RCTs).
The aim of this study was to assess the safety and efficacy of carbon dioxide (CO2) vaginal laser
therapy (CLT) compared with sham laser therapy (SLT) after 6months of follow-up in survivors of
breast cancer with GSM receiving aromatase inhibitors.

Methods

This RCT was approved by the institutional review board of the Hospital Clinic of Barcelona, Spain.
This study adheres to the European Union Law of Data Protection and was conducted ethically in
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accordance with the Declaration of Helsinki. Written informed consent was obtained from all
participants. This study followed the Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline for RCTs.

StudyDesign
In this prospective, double-blind, sham-controlled, RCT with 2 parallel study groups, both groups
received first-line therapy (FLT) based on nonhormonal moisturizers and a vaginal vibrator
stimulation, plus 5 monthly sessions of laser treatment with 2 groups, the first receiving fractional
CLT and the second receiving SLT. The trial protocol and statistical analysis plan are presented in
Supplement 1.

Participants
The study was conducted in the Hospital Clinic of Barcelona, Spain. The inclusion criteria were
survivors of breast cancer aged 30 years and older receiving aromatase inhibitors (for �6months);
menopause, signs or symptoms of GSM with dyspareunia, and vaginal pH of 5 or greater; and self-
reported willingness to be sexually active. The exclusion criteria included use of vaginal moisturizers
or lubricants in the last 30 days; vaginal hormonal treatment in the last 6 months; use of
radiofrequency, laser treatment, hyaluronic acid, or lipofilling in the vagina in the last 2 years;
ospemifene treatment; intraepithelial neoplasm of cervix, vagina, or vulva; active genital tract
infection; prior treatment for genital cancer; organ prolapse stage II or greater; and positive test
results for human papillomavirus. Recruitment began in October 2020 and finished in September
2021. Ethnicity was self-reported by patients and assessed to describe the cohort.

Sample Size Calculation and Randomization
Considering the FSFI score as the primary outcome, a sample size of 33 womenwas calculated for
each group, accepting an α risk of 0.05 and a β risk of less than 0.1 in a bilateral contrast. The common
SDwas considered to be 5 points, and theminimumexpected effect sizewas 4 points.13,14 Assuming
a loss to follow-up of 15%, the calculated sample size was 78 patients.

Participants were equally assigned by 1:1 block randomization to either CLT or SLT using Stata
software version 15.1 (StataCorp). The block sizes were 8. Allocation concealment was performed
using a protected personal code folder on the hospital intranet. Access to the randomization folder
was limited to an authorized collaborator physician who had no other involvement in the study.

Interventions
At the first visit, patients completed all the questionnaires. Additionally, participants underwent a
vaginal examination to evaluate the genital tract and collect samples for analysis.

First-line Therapy
All patients from both groups were instructed to use the FLT, which was supplied to every participant
during the study. This therapy included a hormone-free moisturizer containing hyaluronic acid
(Cerviron; CumLaude Lab) to be used every 3 days, a daily external vaginal hormone-free moisturizer
(Lubripiu; CumLaude Lab), and a vaginal vibrator (Meditinum; BCNatal) to be used 2 times per week
for 5 to 10minutes eachwith the help of intimate lubricant (Mucus). A personal calendar was given to
each patient in which they recorded every use of themoisturizer, the vaginal vibrator, and each
sexual relation practiced. Additionally, specialized sexual assessment was also offered as an optional
visit based on the PLISSIT (Permission, Limited Information, Specific Suggestions, and Intensive
Therapy) model.15
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Preparation for the Procedure
The patients were scheduled between 4 to 6weeks after the first visit. They were instructed to avoid
intercourse and use an internal vaginal ovule moisturizer daily 5 days prior and 5 days after the laser
session and use topic lidocaine cream 1 hour before the laser session.

Laser Treatment
All patients underwent 5 sessions 1 month apart from the vaginal laser treatment. The treatment was
performed by a professional blinded to the treatment group.

CLT was performed using the fractional microablative CO2 laser system, SmartXide2 V2LR,
MonaLisa Touch (DEKA Laser) at standard settings (40W power, 1000 μs dwell time, 1000 μm dot
spacing, SmartStack 2 on double pulse emissionmode), with a delivery fluence of 5.37 J/cm2. SLTwas
performed at minimal energy settings to avoid any tissue effect (0.0W power, 100 μs dwell time,
2000 μm dot spacing, SmartStack 1 on SmartPulse emissionmode), delivering no energy (0 J/cm2).

All patients reporting symptoms suspicious of vulvovaginal candidiasis or urinary tract infection
prior to the laser session were treated accordingly. Sessions were rescheduled until treatment was
completed.

The first step of the procedure involved removal of the external anesthetic creamwith a dry
gauze. Then, using an exploration speculum, a new dry gauze was inserted into the vaginal canal to
remove all residual vaginal moisture. Next, the laser probe was inserted into the vagina without
lubrication. A 360° laser probe was used as the first option, but when the diameter was too large, a
90° probe was used. The laser pulses were delivered to treat the entire circumference and length of
the vagina from the apex to the introitus. Patients had no visual stimuli since opaque glasses were
used; neither was there olfactory stimulus from smoke plume due to the use of an aspirator during
the procedure. Auditory stimuli from the laser and aspirator were set to be equal between groups.

Masking
The laser parameters were manually entered by an assistant, and the gynecologist and participants
weremasked. Only the assistant had access to the randomization folder. Participants could not guess
in which group they were allocated, as they were informed that the laser treatments might not
produce any discomfort.

Outcomes
Outcomes were assessed on the first visit prior to the initiation of any treatment and 6months later
(ie, 1 month after the fifth laser session). The primary outcome was sexual function, measured using
the FSFI. Secondary outcomes included both objective and subjective measures.

PrimaryOutcome
The FSFI is a generic sexual questionnaire that has been validated for survivors of cancer.15,16 It
assesses 6 sexual dimensions (desire, arousal, lubrication, orgasm, satisfaction, and pain). Global
sexual function results in a score ranging from 2 to 36 points, with a higher score indicating better
sexual function. A cutoff 26.55 points or lower identifies women at risk of female sexual
dysfunction.17,18

Subjective SecondaryOutcomes
Dyspareunia | The intensity of dyspareunia was assessed in all patients (sexually active and
inactive) at the baseline visit according to their last vaginal sexual activities. Patients were asked to
complete a VAS ranging from0 to 10, with higher score indicating worse dyspareunia.

Body Image | Body image was assessed using the Spanish Body Image Scale (S-BIS), a Spanish-
language validated questionnaire assessing affective, behavioral, and cognitive body image
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dimensions in 10 items. The total score is the sum of all the items (range, 0-30), with higher scores
indicating more concern regarding body image.19

Quality of Life | Quality of life wasmeasured using the Short-Form 12 (SF-12) test, which consists of
a total of 12 items in 8 subdimensions on physical functioning. Scores range from0 to 100, with
higher scores indicating better quality of life.20

Vaginal Health Index | The VHI subjectively assesses the elasticity of the vagina, the amount of
discharge, the integrity of the epithelium, and humidity, along with pH as the only objective criteria.
The results range from 5 to 21, and scores of 15 or lower indicate vulvovaginal atrophy.21

Objective SecondaryOutcomes
Vaginal pH | To assess vaginal pH, a piece of litmus paper is placed on the lateral vaginal wall until
moistened. A pH of 4.6 or higher indicates vaginal atrophy.22

Vaginal Maturation Index | Cytological samples were collected to assess Vaginal Maturation Index
and were assessed by gynecological cytologists blinded to the randomization group and sample
sequence (before or after treatment). The relative proportion of parabasal, intermediate, and
superficial vaginal epithelial cells was assessed.23 Vaginal Maturation Index scores range from 5 to 25,
with higher scores indicating better vaginal health status.

Vaginal Epithelium Thickness | To assesses vaginal epithelium thickness (VET), 2 full-thickness
vaginal mucosal samples taken from the right vaginal wall 2 to 3 cm above the introituswere obtained
using Tischler biopsy forceps after local lidocaine infiltration. One of the specimens was fixed in
formalin and routinely embedded in paraffin for histological evaluation, and 4-μm sections were
stained with hematoxylin and eosin and digitized using a IntelliSite Ultra-Fast Scanner (Philips). The
slides were evaluated and measured by a gynecologic pathologist. VET was microscopically
evaluated by calculating themean of the 3 areas showing themaximumVET and the 3 areas
demonstrating theminimumVET in hematoxylin and eosin–stained tissue samples.

Vaginal Epithelium Elasticity | The second biopsy sample was used for evaluation of vaginal
epithelium elasticity (VEE). VEEmeasurements were conducted using a customized Atomic Force
Microscope (TE2000) equippedwith a V-shape cantilever (0.13 N/m) endingwith a polystyrene bead
spherically shapedwith a radius of 4.5 μm (Novascan). Micromechanics were examined by indenting
the sample with the bead while recording the force applied, as described in Alcaraz et al.24 The
biophysics investigators were blinded to the randomization group and sample sequence.

Adverse Effects and Tolerance | Immediate adverse effects (AEs), such as bleeding or laceration,
were evaluated after every laser session. Late AEs, such as vaginal itching or urinary tract infections,
were evaluated in later visits. All AEs were recorded and graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events version 5.0.25 Tolerance to the
intervention was assessed using a Likert scale, with scores ranging from 1 to 5, with higher scores
indicating more tolerability.

Statistical Analysis
Statistical analyses were performedwith Stata software version 15.1 in July 2022. Normal distribution
of the sample was evaluated using the Shapiro-Wilk test. Analyses of the main outcome (FSFI) and
secondary outcomes were performed. Continuous variables were compared using the independent
or paired-samples t test and presented as mean and SD. Contingency tables were assessed using the
Fisher exact test. A 2-sided P < .05 was considered statistically significant.
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Results

A total of 211 womenwho had been treated for breast cancer were assessed for eligibility. Of these,
84 women were randomized into the 2 treatment groups and 72 participants (mean [SD] age, 52.3
[8.3] years) were analyzed, including 35 patients randomized to CLT and 37 patients randomized to
SLT. The Figure shows the flowchart of the patients initially recruited in each arm and the women
excluded with details of exclusion criteria. The demographic characteristics of the 2 study groups are
shown in Table 1. No differences in any of the parameters were observed between groups.

Overall Outcomes Before andAfter Treatment
Table 2 shows the overall outcomes before and after treatment of all the patients included in the
study. All 72 patients used the FLT, and themean (SD) use of vaginal ovules was 9.5 (X.X) per month.
Themean (SD) use of the vibrator was 5.6 (X.X) times permonth. Themean (SD)monthly frequency
of sexual activity was 2.7 (X.X) events. There was significant improvement in all the subjective and
objective parameters at the 6-month follow-up, except in quality of life and VET.

PrimaryOutcome
There was improvement of the primary sexual function after treatment evaluated through the FSFI
test in the overall analysis, regardless of group. Overall, FSFI improved from amean (SD) of 15.2 (7.2)
points at baseline to 21.8 (8.1) points at the 6-month follow-up (P < .001). Excluding women who
were not sexually active did not change the results (mean [SD] score: baseline, 18.9 [5.2] points;
follow-up: 23.2 [7.3] points; P < .001).

At 6months, both groups showed improvement in FSFI (mean [SD] score at baseline vs 6
months: CLT, 14.8 [8.8] points vs 20.0 [9.5] points; SLT, 15.6 [7.0] points vs 23.5 [6.5] points).
However, there was no significant difference between CLT and SLT groups in the change in sexual
function evaluated through the FSFI test at 6months (mean [SD] difference, 5.2 [1.5] points vs 7.9
[1.2] points; P = .15). After excluding womenwhowere not sexually active, there was still no
significant difference (mean [SD] difference, 2.9 [1.4] points vs 5.5 [1.1] points; P = .15).

Figure. Participant Flowchart

211 Assessed for eligibility

127 Excluded
12
1

114

Did not meet inclusion criteria
Met exclusion criteria 
(human papillomavirus)
Declined to participate

84 Randomized

42 Allocated to and received laser 42 Allocated to sham laser
41
2

Received intervention
Declined to participate for 
personal reasons

7 Excluded
3
4

Lost to follow-up
Discontinued intervention
2
1
2

Distance from home
Infections
Not related to medical
problems

4 Excluded
3
1
1

Lost to follow-up
Discontinued intervention
Distance from home

35 Analyzed 37 Analyzed
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SecondaryOutcomes After Treatment by RandomizedGroups
Results of the secondary outcomes evaluated before and after treatment in the 2 groups are shown
in Table 3 and the eFigure in Supplement 2. None of the parameters evaluated showed statistically
significant differences between groups in changes at the 6-month follow-up, including dyspareunia
(mean [SD] difference, −4.3 [3.4] vs −4.5 [2.3]; P = .73), Vaginal Health Index (mean [SD] difference,
3.3 [4.1] vs 5.0 [4.5]; P = .17), body image (mean [SD] difference, −3.7 [4.5] vs −2.7 [4.8]; P = .35),
quality of life (mean [SD] difference, −0.3 [3.6] vs −0.7 [3.2]; P = .39). Similarly, there were no
differences in improvements in objective outcomes, including vaginal pH (mean [SD] difference,
−0.6 [0.9] vs −0.8 [1.2]; P = .29), vaginal maturation index (mean [SD] difference, 10.2 [17.4] vs 14.4
[17.1]; P = .15), vaginal epithelial thickness (mean [SD] difference, 0.021 [0.014] mm vs 0.013 [0.012]
mm; P = .30), vaginal epithelial elasticity (mean [SD] difference, −1373 [3197] Pascals vs −2103 [3771]
Pascals; P = .64).

No differences were observed between the CLT and SLT groups in terms of adherence to the
FLT in the use of ovule moisturizer (mean [SD] uses per month, 9.4 [0.2] vs 9.6 [0.2]; P = .61], in the
use of the vibrator (mean [SD] uses per month, 5.9 [0.5] vs 5.5 [0.4]; P = .45), in monthly sexual
relations (mean [SD] events per month, 2.7 [0.4] vs 2.8 [0.4]; P = .82), or in attendance to sexual
counseling visits (74% vs 83%; P = .55)].

Table 1. Demographic Characteristics of the Two Study Groups

Characteristic

Participants, No. (%)

Laser group (n = 35) Sham laser group (n = 37)

Age, mean (SD), y

At enrollment 51.3 (7.8) 53.7 (8.8)

At menopause 44.7 (6.7) 45.6 (5.8)

BMI, mean (SD) 23.9 (4.6) 24.9 (3.9)

Type of menopause

Natural 9 (25.7) 17 (46.0)

Induced 26 (74.3) 20 (54.0)

Smokers 6 (17.2) 2 (5.4)

Race and ethnicity

White 33 (94.3) 36 (97.3)

Latin 2 (5.7) 1 (2.7)

Parity (have children) 26 (76.5) 27 (73.0)

Mental health management

Nonpharmacological 18 (51.4) 24 (64.9)

Pharmacological 17 (49.6) 13 (35.1)

Time since breast cancer diagnosis,
mean (SD), y

3.5 (3.0) 4.8 (3.2)

Nodal status

No metastases (pN0) 22 (62.9) 28 (77.8)

Metastatic lymph nodes (≥pN1) 13 (37.1) 8 (22.2)

Surgery

Conservative surgery 18 (52.9) 17 (46.0)

Mastectomy

No reconstruction 9 (26.5) 13 (35.1)

Reconstruction 5 (20.6) 7 (18.9)

Adjuvant therapy

Hormone therapy 35 (100) 37 (100)

Radiation therapy 25 (71.4) 26 (70.3)

Chemotherapy 29 (82.9) 28 (75.7)

Initially sexually active 25 (71.4) 27 (73.0)

Abbreviation: BMI, bodymass index (calculated as
weight in kilograms divided by height in
meters squared).
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Tolerance and Safety
Themean (SD) tolerance score was 3.3 (1.3) in the CLT group and 4.1 (1.0) in the SLT group (P = .007).
Complications related and not related to the use of vaginal laser therapy were also recorded, and no
differences were identified between groups. Serum estradiol levels were assessed to ensure the
safety of the laser in survivors of breast cancer, and no increase frommenopausal levels was
observed in the CLT group before vs after treatment (mean [SD], 3.1 [5.1] pg/mL vs 3.5 [2.4] pg/mL;
P = .27). The tolerance and safety of the treatment and the differences between groups are shown in
Table 4.

Discussion

In this RCT including survivors of breast cancer with GSM undergoing treatment with aromatase
inhibitors, the subjective and objective outcomes of most participants in both groups improved in

Table 2. Overall Outcomes Before and After Treatment of All Patients Included in the Study

Outcome

Mean (SD)

Difference,
mean (SD)
[95% CI] P valuea

Baseline
(n = 72)

6-Month
follow-up
(n = 72)

Primary outcome: female Sexual Function Index score, pointsb

All women 15.2 (7.9) 21.8 (8.1) 6.4 (0.9)
[4.7 to 8.3]

<.001

Sexually active women (n = 52) 18.9 (5.2) 23.2 (7.3) 4.3 (0.9)
[2.7 to 6.3]

<.001

Subscores

Desire 2.4 (1.0) 3.1 (1.1) NA NA

Arousal 3.6 (1.3) 4.2 (1.1) NA NA

Lubrication 3.3 (1.4) 3.8 (1.5) NA NA

Orgasm 3.8 (1.5) 4.4 (1.5) NA NA

Satisfaction 3.6 (1.9) 4.2 (1.7) NA NA

Pain 2.3 (1.7) 3.6 (1.8) NA NA

Subjective outcomes

Dyspareunia (visual analog scale)c 7.6 (2.3) 3.1 (2.6) −4.5 (3.8)
[−4.9 to −3.4]

<.001

Vaginal health indexd

Overall 10.4 (3.1) 14.6 (3.6) 4.2 (0.5)
[3.1 to 5.2]

<.001

Elasticity 2.4 (1.0) 3.1 (0.8) NA NA

Fluid secretion 2.0 (0.9) 3.0 (0.9) NA NA

Vaginal pH 1.2 (0.6) 1.5 (1.0) NA NA

Epithelial mucosa 2.6 (0.9) 3.5 (0.9) NA NA

Moisture 2.4 (1.0) 3.6 (1.0) NA NA

Body Image Scale-Spanish versione 11.1 (7.0) 7.9 (6.6) −3.2 (0.5)
[−4.1 to −1.8]

<.001

Short Form-12f 32.1 (2.5) 31.5 (3.1) −0.6 (0.4)
[−1.2 to 0.5]

.38

Objective outcomes

Vaginal pH 7.8 (0.3) 7.1 (1.2) −0.7 (0.1)
[−0.9 to −0.4]

<.001

Vaginal Maturation Indexg 5.9 (13.7) 18.4 (17.5) 12.5 (2.3)
[8.2 to 17.4]

<.001

Vaginal biopsy thickness, mm 0.091 (0.061) 0.108 (0.045) 0.017 (0.001)
[−0.003 to 0.033]

.10

Vaginal elasticity, Pascals 5095.1 (3232.9) 3492.8 (1605.7) −1603.3 (610.4)
[−2985 to −489]

.007

Serum estradiol, pg/mL 13.3 (37.7) 7.5 (11.4) −5.8 (8.7)
[−28.7 to 7.8]

.25

a Calculated with t test.
b Range, 2 to 36 points; lower scores indicate worse
sexual dysfunction.

c Assessed with a visual analog scale ranging from0 to
10, with higher score indicating worse dyspareunia.

d Range, 5 to 21; scores of 15 or lower indicate
vulvovaginal atrophy.

e Range, 0 to 30; higher scores indicate more concern
regarding body image.

f Range, 0 to 100; higher scores indicate better quality
of life.

g Range, 0-100; higher scores indicate better vaginal
trophism.
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symptom severity, sexuality, and vaginal tissue characteristics at the 6-month follow-up . However,
there were no differences in themean improvement between CLT and SLT groups.

Our results suggest that the use of vaginal laser treatment was not effective and was
significantly less tolerated than the sham treatment. Nonetheless, since an overall improvement of
variables regardless of armwas observed, further studies are needed to determine whether one can
attribute overall improvements to the FLT alone or to a placebo effect related to the participating in
a trial with an experimental therapy.

The scarcity safe options for sexual dysfunction in survivors of breast cancer4 has recently
spurred new options of treatment for these women. However, these new treatments still need
studies to prove their safety and effecacy.26,27 Most studies analyzing vaginal laser treatment efficacy
report an improvement, particularly in before vs after studies.8 Nevertheless, in the last few years,
several RCTs have been published that have challenged this consensus.28-30 In some RCTs, sexual
function improved after the use of vaginal laser treatment compared with placebo28,29 and

Table 3. Efficacy Outcomes Before and After Treatments by Group

Outcome

Mean (SD)

Difference in change,
mean (SD) [95% CI] P valuea

Laser (n = 35) Sham laser (n = 37)

Baseline 6 mo Baseline 6 mo

Primary outcome: Female Sexual Function Index score, pointsb

All women) 14.8 (8.8) 20.0 (9.5) 15.6 (7.0) 23.5 (6.5) 2.8 (1.9) [−1.0 to 6.5] .15

Sexually active women 18.7 (6.1) 21.6 (8.1) 19.0 (4.5) 24.5 (6.5) 2.7 (1.8) [−0.9 to 6.3] .15

Subscores

Desire 2.6 (1.2) 3.1 (1.1) 2.2 (0.7) 3.1 (1.0)

NA NA

Arousal 3.4 (1.5) 4.1 (1.5) 3.7 (1.1) 4.3 (1.3)

Lubrication 3.3 (1.5) 3.5 (1.6) 3.2 (1.3) 4.1 (1.5)

Orgasm 3.7 (1.6) 4.0 (1.7) 3.8 (1.5) 4.7 (1.3)

Satisfaction 3.6 (1.8) 3.8 (2.0) 3.5 (1.7) 4.5 (1.3)

Pain 2.1 (1.2) 3.3 (1.9) 2.5 (1.3) 3.8 (1.8)

Subjective outcomes

Dyspareuniac 7.3 (2.4) 3.0 (2.8) 7.8 (2.3) 3.3 (2.5) −0.3 (0.8) [−1.9 to 1.3] .73

Vaginal Health Indexd

Overall 10.8 (3.2) 14.1 (2.9) 10.1 (3.0) 15.1 (4.1) 1.4 (1.0) [−0.6 to 3.5] .17

Elasticity 2.2 (0.6) 3.1 (0.7) 2.6 (1.2) 3.2 (1.0)

NA NA

Fluid secretion 2.1 (0.9) 2.9 (0.9) 1.8 (0.8) 3.1 (1.0)

Vaginal pH 1.3 (0.8) 1.4 (0.8) 1.1 (0.4) 1.7 (1.1)

Epithelial mucosa 2.6 (0.9) 3.4 (0.8) 2.5 (1.0) 3.5 (0.9)

Moisture 2.5 (1.0) 3.5 (0.9) 2.1 (0.9) 3.7 (1.0)

Body Image Scale-Spanish
versione

12.0 (7.0) 8.3 (6.8) 10.2 (7.1) 7.5 (6.5) 1.1 (1.1) [−1.2 to 3.4] .35

Short Form 12f 31.9 (2.9) 31.6 (3.1) 32.1 (2.3) 31.4 (3.1) −0.7 (0.9) [−2.5 to 0.9] .39

Objective outcomes

Vaginal pH 7.7 (0.9) 7.1 (1.0) 7.8 (0.9) 7.0 (1.3) −0.3 (0.3) [−0.8 to 0.2] .29

Vaginal Maturation
Index, %g

7.9 (17.6) 18.1 (19.2) 4.2 (8.8) 18.6 (16.2) 4.3 (4.6) [−4.9 to 13.6] .15

Vaginal biopsy
thickness, mm

0.089 (0.062) 0.110 (0.049) 0.094 (0.060) 0.107 (0.041) −0.019 (0.018) [−0.05 to 0.017] .30

Vaginal elasticity, Pascals 4849.8 (2341.9) 3476.5 (1616.5) 5613.8 (3887.8) 3510.5 (1635.2) −572.2 (1236.6) [−3094.2 to 1949.9] .64

a P values are themean differences in the variable values of the 2 groups after treatment,
assessed with t test.

b Range, 2 to 36 points; lower scores indicate worse sexual dysfunction.
c Assessed with a visual analog scale ranging from0 to 10, with higher score indicating
worse dyspareunia.

d Range, 5 to 21; scores of 15 or lower indicate vulvovaginal atrophy.
e Range, 0 to 30; higher scores indicate more concern regarding body image.
f Range, 0 to 100; higher scores indicate better quality of life.
g Range, 0-100; higher scores indicate better vaginal trophism.
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compared with vaginal estrogen treatment.30 However, some recent RCTs have questioned these
results. Studies by Cruff et al31 and Li et al12 reported improvement in both SLT and CLT groups for
subjective sex-related outcomes and objective outcomes assessing vaginal tissue without significant
differences between groups, in keeping with the findings of our study.

Remarkably, vaginal laser treatment appears to be safe, with only mild AEs, such as spotting or
vaginal itching, which may be present in approximately 45% of the patients during 5 sessions of
treatment. Moderate complications, such as urinary tract infections, were observed in approximately
10% of patients, and no participants reported severe AEs. Moreover, tolerance according to a Likert
Scale showed that CLT was a well-tolerated treatment but was significantly worse than SLT.

In this study, many objective outcomes were assessed to provide objectiveness in the
evaluation of efficacy. Evaluation of safety and tolerance as well as adherence to treatment were
meticulously assessed. Some of the possible biases found in previous RCTs have been taken into
consideration in this trial.

Limitations
This study has some limitations. Our study was limited to survivors of breast cancer undergoing
treatment with aromatase inhibitors, which produces ultra-low levels of serum estradiol andmay
induce amore severe and rapid vaginal atrophy in this subgroup of patients. Therefore, response to
the FLT or vaginal laser treatment might be different from that of other populations. This study was
performed during the COVID-19 pandemic; therefore, the loss of participants to follow-up was
considerable, even though the calculated sample size was achieved. This study did not include a
control group without intervention, since it is mandatory to provide FLT to patients presenting
symptomatic moderate to severe GSM and to do otherwise would be unethical. Two of the objective
outcomes assessed, the VET and VEE, are rarely used in the literature; therefore, further studies are
needed to validate their ability to characterize vaginal tissue. Nonetheless, they seem to be

Table 4. Tolerance and Safety Assessment Values of the Two Study Groups

Measure

Participants, No. (%)

P value
Laser group
(n = 35)

Sham laser group
(n = 37)

Serum estradiol,
mean (SD)

6.1 (12.4) 10.7 (3.8) .27a

Tolerance, mean (SD)b 3.3 (1.3) 4.1 (1.0) .007a

Related complications, No.

0 21 (60.0) 28 (75.6)

.67b
1 8 (22.8) 6 (16.2)

2 3 (8.5) 2 (5.4)

3 2 (5.7) 2 (5.4)

Severity of
related complicationsc

Mild 16 (45.7) 11 (29.7)

.39dModerate 4 (11.4) 5 (13.5)

Severe 0 0

Nonrelated complications, No.

0 30 (85.7) 35 (94.6)

.55d1 4 (11.4) 2 (5.4)

2 1 (2.8) 0

Severity of
nonrelated complicationsc

Mild 2 (5.7) 1 (2.7)

>.99dModerate 2 (5.7) 1 (2.7)

Severe 2 (5.7) 1 (2.7)

a Assessed with t test.
b Tolerance to the intervention was assessed using a
Likert scale, with scores ranging from 1 to 5, and with
higher scores indicating more tolerability.

c Shown in a CTCAE (Common Terminology Criteria for
Adverse Events) scale.

d Assessed with Fisher exact test.
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promising diagnostic tools for objective evaluation of patients diagnosed with GSM. Additionally, this
study described the evaluation of medium-term follow-up (6months), but further data regarding
long-term follow-up is currently being recorded.

Conclusions

In this RCT, all study participants showed significant improvements with respect to subjective and
objective outcomes related to GSM at 6months’ follow-up, regardless of whether or not they
received laser therapy, suggesting that vaginal laser treatment was not effective. Therefore, although
vaginal laser treatment was safe, causing often only mild AEs, its efficacy remains to be
demonstrated. Further RCTs with a longer follow-up andmeta-analysis are needed to confirm the
results of this RCT.
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Safety of prasterone in breast cancer survivors treated with aromatase
inhibitors: the VIBRA pilot study
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ABSTRACT
Background: Due to safety concerns on estrogen-based treatments for genitourinary syndrome of
menopause (GSM) in breast cancer survivors (BCS), new options are appearing, such as androgen-
based treatments, which according to proprieties would not be transformed systemically to estrogens
in patients receiving aromatase inhibitors (AIs).
Objective: The aim of this pilot study is to assess the security and efficacy of vaginal prasterone
(dehydroepiandrostenedione [DHEA]) in BCS treated with AIs.
Methods: This open, prospective, pilot study included 10 BCS treated with AIs. All participants com-
plained of severe GSM. DHEA was administrated as a vaginal ovule. Participants were instructed to use
one ovule every night during the first month, and one ovule every two nights for the entire five
remaining months. The patients were requested to attend seriated visits after the beginning of the
prasterone treatment to evaluate symptoms, physical improvement and serum estradiol.
Results: Mean serum estradiol remained low from 3.4pg/ml to 4.3 pg/ml (p¼ 0.9136) after 6months
of follow-up. The visual analog scale of dyspareunia improved from 8.5 to mean values after treatment
of 0.4 (p¼ 0.0178). The Vaginal Health Index (VHI) scale and Female Sexual Function Index improved
from 9.75 to 15.8 (p¼ 0.0277) and from an initial score of 11.2 to 20.6 (p¼ 0.0277), respectively.
Vaginal pH changed from basal 8.1 to final 6.5 (p¼ 0.0330).
Conclusion: Symptoms and physical examination regarding sexuality and vaginal health improved sig-
nificantly, while serum estradiol remained at low levels. Prasterone seems a safe and effective option
to treat GSM in BCS receiving AIs.
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Introduction

The decline in estrogen levels that occurs during menopause
leads to some signs and symptoms of vulvovaginal atrophy,
which include dryness, burning, itching, pain and dyspar-
eunia, currently included in the comprehensive term of geni-
tourinary syndrome of menopause (GSM). This entity, if not
treated, can progress and negatively affect the entire quality
of life of the patients and their sexual function [1].

There are different therapeutic approaches to alleviate
this condition [2]. The first-line treatments are non-hormonal
moisturizers and lubricants. In moderate–severe GSM, hormo-
nal-based vaginal agents can be used, with estrogen vaginal
local treatment being the gold standard for GSM due to act-
ing on the main cause of the problem, the lack of estrogen
stimuli into the vaginal wall [3]. Local therapy with estrogens
provides various benefits on the vulvovaginal mucosa includ-
ing increased discharge, increased blood flow, thicker vaginal
epithelium and reduced vaginal pH [4].

However, data regarding the systemic absorption of local
estrogen therapy remain controversial, and vaginal estrogens
are not recommended in those women with contraindication
to hormonal therapy [5]. For this reason, scientific efforts are
focusing on those patients suffering moderate–severe GSM
who are not eligible for local estrogen therapy, with breast
cancer survivors (BCS) being the main target in this subgroup
since the anti-hormonal treatments often used worsen their
symptoms severely [5]. This effect is more noticeable when
using aromatase inhibitors (AIs), which can reduce circulating
levels of estrogens in plasma to less than 3 pmol/l.
Furthermore, the impairment of quality of life due to symp-
toms of vulvovaginal atrophy may motivate a discontinuation
of adjuvant anti-hormonal treatment in many patients, which
could affect the prognosis of the disease [6].

Nowadays, other therapeutic options for GSM are being
evaluated to offer safe solutions to BCS or other patients not
eligible for local estrogen therapy [5].
Dehydroepiandrostenedione (DHEA), or prasterone, is a pri-
mary weak action precursor of androgens which transforms
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partially to estrogens through aromatization and to active
androgens in the vaginal wall, but not systemically [7,8].

In November 2016, prasterone (Intrarosa; Endoceutics, Inc.,
Quebec, Canada) was approved by the US Food and Drug
Administration for the treatment of moderate to severe dys-
pareunia, a symptom of vulvar or vaginal atrophy, secondary
to menopause [9]. Two clinical trials demonstrated its effi-
cacy in treating GSM in healthy menopausal women after
12weeks of follow-up compared to placebo, and similar
improvement compared to estrogen vaginal creams [10,11].
Since then, the main controversial aspect of prasterone has
not been its efficacy but its safety profile, due to the concern
on the systemic absorption of DHEA [12–17].

The proposed mechanism of action is based on the local
synthesis of androgens and estrogens inside each cell of
each peripheral tissue from the adrenal precursor DHEA [18].
These androgens and estrogens would act in the same cells
where their synthesis have been made and they would only
be released from these target cells after being inactivated.
Therefore, DHEA is theoretically free of the potential risk of
breast and uterine cancer.

The aim of this pilot study is to assess the safety and effi-
cacy of prasterone (DHEA) in BCS with GSM treated with AIs.
To our knowledge, this is the study assessing the effect of
prasterone on GSM in BCS with the longest follow-up pub-
lished up to date.

Methods

Subjects

This is a 10-patient pilot study, approved by the Hospital
Cl�ınic of Barcelona Ethics Committee board (HCB/2020/021).

Eligible patients were heterosexual sexually active women,
18 years or older, diagnosed with hormone receptor-positive
breast cancer defined as >1% of tumor cells expressing
estrogen or progesterone receptors, who attained meno-
pause as defined by the Stages of Reproductive Aging
Workshop classification of stages of reproductive aging [19],
and were on adjuvant hormonal therapy with an AI – anas-
trozole, letrozole or exemestane – who presented signs or
symptoms of GSM. Patients who presented a positive cervical
cytology and/or determination of human papillomavirus, or
who had an active infection or had been treated for cancer
of the genital tract were excluded. In addition, those women
who had received topical hormonal treatment in the last
6months or had used vaginal moisturizers and/or lubricants
during the 30 days prior to the study treatment, or those
who had received treatment with a laser, radiofrequency or
hyaluronic acid in the vagina during the last 2 years previous
to the beginning of the study, were also excluded. Finally,
women complaining of genital prolapse of degree II or
greater were not considered to take part in the study.

Design

Prasterone was administrated as a vaginal ovule delivering
6.5mg/day DHEA. Participants were instructed to use one

ovule every night during the first month, and one ovule
every two nights for the entire five remaining months until
the last follow-up visit after 6months of treatment.

The patients were requested to attend five visits including
the basal prior to initiating prasterone treatment (basal,
15 days, 1month, 3months and 6months). At these visits
was delivered the necessary medication until the next con-
trol and a follow-up of adherence to treatment was per-
formed. Serum estradiol levels were determined before the
beginning of the treatment and at each control after admin-
istration of vaginal prasterone (DHEA). In addition, at each
follow-up control, the improvement in vaginal symptoms
and dyspareunia were measured using questionnaires and
scales, and adverse events (AEs) were recorded.

The visual analog scale for dyspareunia was assessed
using a 0–10 Likert scale, where 0 meant no pain and 10
meant extreme pain.

The Female Sexual Function Index is a 19-item self-report
inventory designed to assess female sexual function. It evalu-
ates six domains – desire (two items), arousal (four items),
lubrication (four items), orgasm, satisfaction and pain (three
items each) – obtaining a final score ranging from 2 (lowest)
to 36 (maximum score), considering �26.55 as risk of sexual
dysfunction.

The Short Form 12 (SF-12) is a self-reported test assessing
the impact of health on an individual’s everyday life. Scores
range from 0 to 100, with higher scores indicating better
physical and mental health functioning.

The Vaginal Health Index (VHI) is a score made through
clinical medical evaluation, ranging from 5 to 25, with a
higher score indicating better vaginal status. It evaluates
vaginal elasticity, fluid volume, vaginal pH, epithelial integrity
and moisture.

The Vaginal Maturation Index (VMI) assesses the relative
proportion of parabasal, intermediate and superficial vaginal
epithelial cell types in a vaginal cytology sample. The VMI is
usually calculated according to the formula:

Maturation index ¼ ð0:0 � % of parabasal cellsÞ
þ ð0:5 � % of intermediate cellsÞ
þ ð1:0� % of superficial cellsÞ

with lower scores indicating more compatible with meno-
pause [20].

Laboratory analysis

In order to evaluate serum ultra-sensitive estradiol, 30ml (no
additive) and 10ml (ethylenediamine tetraacetic acid [EDTA])
of whole blood were drawn after an overnight fast and
tobacco abstinence. Samples were shipped on the same day
with a cold pack to be processed into serum and plasma,
respectively. Serum estradiol was determined by enzyme-
linked immunoassays (estradiol-sensitive ELISA EIA-4399; DRG
International, Inc., Springfield, NJ, USA) [21]. This method has
an intra-assay variability of <8% and inter-assay variability of
<9%. The security limit of serum estradiol was 27.5 pg/
ml [22].
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To collect the pH, a pH indicator strip was held to the lat-
eral wall of the mid portion of the vagina until fully mois-
tened and the color changed (10–20 s). The corresponding
pH value was recorded on a data sheet. At the same time,
the VHI scale was evaluated by grading from 1 to 5 the
items of fluid volume, elasticity, epithelial integrity and mois-
ture using exploration, and grading to 1–5 according to the
result of the vaginal pH.

The vaginal cytology collection process was performed
using the usual cytology brush to gently scrape cells from
the right lateral wall of the proximal-middle portion of the
vagina. After that, the brush was used to prepare a cytology
manual extension. The specimen was sent to the Hospital
Cl�ınic laboratory for central pathology review. The cytological
specimens were all read by the same pathologist who was
blinded to the treatment assignment.

Statistical analysis

The statistical analyses were performed with the Software for
Statistics and Data Science release 15.1 (STATA; StataCorp
LLC, College Station, TX, USA). The analysis was made using
an intention-to-treat structure. Descriptive analysis was per-
formed and presented as mean± standard deviation.
Continuous variables were compared using the non-

parametric paired-samples Wilcoxon signed-rank test.
p< 0.05 was considered statistically significant.

Results

As a pilot study, it was initially planned to recruit a total of
10 patients based on similar studies on the same topic, and
therefore no sample calculation was made. The mean age of
the subjects included was 56.8 (standard deviation 6.8) years
and the mean body mass index was 24.6 (standard deviation
3.9). The study was closed after 10 patients were prospect-
ively enrolled in the study. However, two patients aban-
doned the study due to the COVID-19 pandemic situation in
the geographic area of the study (Barcelona, Spain) during
the follow-up, and one patient abandoned the study due to
concerns of safety when partial symptom improvement was
achieved (Figure 1).

All of the patients began the study within the normal
range of estradiol for menopause, and in all of them estra-
diol levels remained within these limits throughout the 6-
month follow-up. Only one subject ended the study with
higher estradiol levels compared to the initial values,
although within the safety limits, as presented in Table 1
and Figure 2. When comparing the pooled basal estradiol
mean of all subjects with their values at the end of follow-up
(3.4 ± 3.4 pg/dl vs. 4.3 ± 7.5 pg/dl, respectively), no significant
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Figure 1. Flow chart of study selection. BCS, breast cancer survivors; GSM, genitourinary syndrome of menopause.
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differences were observed (p¼ 0.9136). In addition, no local
AEs related to prasterone were recorded among the entire
sample during the 6-month follow-up.

Dyspareunia complaints improved significantly from mean
visual analog scale basal values of 8.5 ± 1.9 to 0.4 ± 0.8 at the
end of follow-up (p¼ 0.0178). In parallel, an improvement in
the VHI scale (from 9.75 ± 1.9 at baseline to 15.8 ± 2.3 at the
end of follow-up; p¼ 0.0277) was also observed.
Interestingly, and related to these results, the Female Sexual
Function Index scores significantly increased from a basal
mean score of 11.2 ± 9.1 to 20.6 ± 6.9 at 6-month follow-up
(p¼ 0.0277), as well as all of its domains (Table 2). Contrarily,
no significant differences in quality of life assessed with the
SF-12 scale were observed (from 31.2 ± 3.2 at baseline to
31.5 ± 5.6 at the sixth month, p¼ 0.3978).

Finally, considering the objective efficacy outcomes, a sig-
nificant decrease in vaginal pH from basal 8.1 ± 0.3 to final
6.5 ± 0.8 (p¼ 0.0330) was detected. On the other hand, there
was a trend for an increase in VMI values from basal
20.5 ± 29.2 to a final score mean of 24.8 ± 29.24 (p¼ 0.1486)
but this was not statistically significant.

Discussion

The present study showed that prasterone does not increase
estradiol serum concentrations in BCS using AIs.

Furthermore, in the study population, prasterone improves
outcomes related to sexuality and vaginal trophism without
presenting relevant AEs.

Since DHEA is converted to estrogens, and there is sub-
stantial experimental, clinical and epidemiological evidence
suggesting a link between endogenous estrogen levels and
risk of breast cancer [23], the use of prasterone in patients
treated for breast cancer is controversial. Although there is
not enough evidence about the safety of DHEA in BCS, data
from healthy postmenopausal women suggest that praster-
one improves GSM complaints [14] without increasing levels
of serum estradiol [13,24].

Labrie et al. found no clinically significant hormonal
increase in a prospective, randomized, double-blind, placebo-
controlled phase III clinical trial examining 6.5mg of vaginal
DHEA in healthy menopausal women. Serum DHEA and its
main metabolites (namely, DHEA sulfate, testosterone,
dihydrotestosterone [DHT], 4-dione, 5-diol, estrone, estradiol,
estrone sulfate, androsterone glucuronide [ADT-G] and
androstane [3a-diol-17G]) measured at baseline and at
week 12 by validated liquid chromatography tandem mass
spectrometry remained well within the normal postmeno-
pausal values [24].

Other authors such as Barton et al. performed a random-
ized controlled trial in gynecological survivors, mainly BCS,
with 56% of those using AIs. Their study evaluated two doses

Table 1. Study results: serum estradiol levels.

Participant
Estradiol level (pg/ml)

Basal Day 15 Month 1 Month 3 Month 6 p-Value (basal–6 months)

Patient 1 6 1 1 22 21 –
Patient 2 6 22 1 – – –
Patient 3 1 1 1 1 1 –
Patient 4 1 1 1 1 1 –
Patient 5 15 15 5 12 4 –
Patient 6 1 1 1 1 1 –
Patient 7 1 1 1 1 1 –
Patient 8 1 1 – – – –
Patient 9 1 1 1 18 1 –
Patient 10 1 1 14 – – –
Mean 3.4 ± 3.4 4.5 ± 7.6 2.9 ± 4.4 8.0 ± 9.2 4.3 ± 7.5 0.9136

Continuous variables were compared using the non-parametric paired-samples Wilcoxon signed-rank test. p< 0.05 was considered stat-
istically significant.

Figure 2. Estradiol evolution by patient. Dashed line shows the security limit.
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(3.25mg/day and 6.5mg/day) of vaginal DHEA compared to
a plain moisturizer for 12weeks, reporting that there were
no significant increases in either estradiol or estrone concen-
trations among women taking AIs compared to moisturizers.
On the other hand, significant increases were reported in
these concentrations in the women who were not taking an
AI compared to plain moisturizer. At 12weeks, total testos-
terone values remained �25 ng/dl in all three arms [25].

In accordance with these data, our results, despite being
a small sample, suggest that prasterone do not raise levels
of estradiol in BCS undergoing treatment with AIs in the
long term.

Adipose tissue is the primary source of endogenous estro-
gens in postmenopausal women. Thus, androgens become
virtually 100% of the source of estrogen through their
aromatization to estradiol in fat tissue, being the unique
source of sex steroids in these women [26,27]. For this rea-
son, in our studied population the use of the AIs blocking
this estrogen source provokes ultra-low basal levels of estra-
diol, these being lower than in healthy menopause women.
Therefore, the GSM symptoms are usually severe and of
rapid implementation in this group of patients.

Noteworthy, even with low levels of serum estradiol, in
the studied population of this pilot study the symptoms of
GSM improved in subjective evaluations of dyspareunia, the
Female Sexual Function Index and its different domains, and
the VHI and vaginal pH used as semi-objective evaluations,
without causing significant AEs. These results are in harmony
with other studies evaluating prasterone in postmenopausal
women suffering GSM [24,25].

However, it must be remarked that general well-being
measured by SF-12 did not improve in the evaluated popula-
tion, probably due to SF-12 testing general physical and
mental health, which may not directly improve even though
presenting a clear improvement in the sexual sphere. On the
other hand, the VMI did not reach statistically significant dif-
ferences but a trend to increase the superficial vaginal
mucosa cells is seen. This may be explained on account of
the small simple size of this pilot study.

Finally, notwithstanding that these data still need to be
validated in a well-designed randomized clinical trial, praster-
one seems a promising treatment, with proved efficacy and
apparent safety even at mid-term, to treat and help relieve
GSM symptoms in the BCS cohort. Nonetheless, an increase
in knowledge of endocrine pathways in breast cancer may
raise in the future some associations made in the past, such
as the study of the regulation of intracrine pathways in
breast cancer, as suggested by McNamara and Sasano that
normal breast would act as an intracrine tissue [28], and the
positive association between high endogenous androgens
and the risk of breast cancer made by Tamimi et al. [29].

Strengths

To our knowledge, this study is the one with the longest fol-
low-up evaluating prasterone in BCS, and is unique in evalu-
ating an exclusive cohort of BCS undergoing treatment
with AIs.

Limitations

Due to the small sample size of this pilot study, there is a
need for new clinical trials confirming the favorable results
found in this pilot study, which allow us to believe that pras-
terone will be a future safe option for BCS.

Despite enzyme-linked immunosorbent assay measure-
ment techniques being common nature in regular clinical
practice, some studies suggest they could present cross-
reactivity between different estrogens when measuring low
estrogen levels [30]. In addition, AIs could be another poten-
tial cross-reactivity trigger explaining the small estradiol rise
observed in some study participants.

Even though this pilot study demonstrates in the mid-
term the lack of estradiol level increase among the evaluated
population, longer-term use has not been tested. Further tri-
als may measure hormone levels forward from this point.

Finally, another limitation of the present study is that the
levels of estrone, testosterone and other related sex steroids

Table 2. Study results: efficacy.

Characteristic Basal Day 15 Month 1 Month 3 Month 6 p-Value (basal–6 months)

VAS dyspareunia 8.5 ± 1.9 6.0 ± 3.1 5.4 ± 3.2 4.2 ± 1.6 0.4 ± 0.8 0.0178
VHI 9.7 ± 1.9 13.4 ± 2.2 14.3 ± 2.5 14.5 ± 3.1 15.8 ± 2.3 0.0277
Elasticity 2.3 ± 0.7 3 ± 0.6 3 ± 0.6 3 ± 0.9 3.2 ± 0.8
Fluid volume 1.7 ± 0.7 2.7 ± 0.7 2.7 ± 0.7 3.2 ± 0.8 3.5 ± 0.8
pH 1.0 ± 0.0 1.6 ± 0.5 1.7 ± 0.5 2.0 ± 1.1 1.5 ± 0.5
Epithelial integrity 2.4 ± 0.7 3.1 ± 0.7 3.3 ± 1.0 3.0 ± 0.6 3.8 ± 0.8
Moisture 2.3 ± 0.5 3.0 ± 0.6 3.3 ± 1.0 3.3 ± 0.5 3.8 ± 1.0

SF-12 total score 31.2 ± 3.2 31.2 ± 2.5 32.6 ± 2.1 31.7 ± 2.5 31.5 ± 5.6 0.3978
FSFI dimensions 11.2 ± 9.1 12.9 ± 6.2 16.0 ± 9.6 19.2 ± 6.9 20.6 ± 6.9 0.0277
Desire 1.7 ± 0.9 2.5 ± 0.8 2.6 ± 1.1 3.5 ± 0.6 3.2 ± 0.6
Arousal 1.7 ± 1.7 2.1 ± 0.5 2.7 ± 1.9 3.6 ± 1.4 3.5 ± 1.4
Lubrication 1.8 ± 1.8 1.9 ± 1.5 2.1 ± 1.9 2.7 ± 1.8 3.8 ± 0.9
Orgasm 2.0 ± 1.9 1.9 ± 1.9 2.8 ± 2.1 3.4 ± 1.7 3.1 ± 1.7
Satisfaction 2.6 ± 2.1 2.2 ± 1.7 3.4 ± 1.8 4.1 ± 2.0 4.0 ± 1.0
Pain 1.5 ± 1.7 2.2 ± 1.9 2.4 ± 2.4 1.9 ± 1.9 3.0 ± 1.9

Vaginal pH 8.1 ± 0.3 6.7 ± 1.0 6.4 ± 0.8 6.2 ± 1.1 6.5 ± 0.8 0.0330
VMI 20.5 ± 29.2 25.6 ± 22.9 24.6 ± 26.0 22.2 ± 28.9 24.8 ± 29.4 0.1486

Results expressed as mean ± standard deviation. Continuous variables were compared using the non-parametric paired-samples Wilcoxon signed-rank test.
p< 0.05 was considered statistically significant. FSFI, Female Sexual Function Index; SF-12, Short Form 12; VAS, visual analog scale; VHI, Vaginal Health Index;
VMI, Vaginal Maturation Index.
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were not measured; however, prasterone has been demon-
strated in large series not to increase such levels [7].

Conclusion

Prasterone seems an effective and safe option to treat GSM
in BCS receiving AIs.

Further studies are needed to confirm these results, to
promptly be able to offer new safe and effective options to
a cohort of patients requiring urgent solutions to an under-
diagnosed and undertreated noted problem.
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