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Abstract

Objective: The aim of this study is to confirm the local beneficial effects of intravaginal dehydroepiandrosterone
(DHEA, Prasterone) on moderate to severe dyspareunia or pain at sexual activity, the most frequent symptom of
vulvovaginal atrophy due to menopause or genitourinary syndrome of menopause (GSM).

Methods: In a prospective, randomized, double-blind, and placebo-controlled phase III clinical trial, the effect of
daily intravaginal 0.50% DHEA (6.5 mg) (Prasterone, EndoCeutics) was examined on four coprimary objectives,
namely percentage of parabasal cells, percentage or superficial cells, vaginal pH, and moderate to severe pain at
sexual activity (dyspareunia) identified by the women as their most bothersome vulvovaginal atrophy symptom. The
intent-to-treat population included 157 and 325 women in the placebo and DHEA-treated groups, respectively.

Results: After daily intravaginal administration of 0.50% DHEA for 12 weeks, when compared to baseline by the
analysis of covariance test, the percentage of parabasal cells decreased by 27.7% over placebo (P < 0.0001),
whereas the percentage of superficial cells increased by 8.44% over placebo (P < 0.0001), vaginal pH decreased by
0.66 pH unit over placebo (P < 0.0001), and pain at sexual activity decreased by 1.42 severity score unit from
baseline or 0.36 unit over placebo (P =0.0002). On the other hand, moderate to severe vaginal dryness present in
84.0% of women improved at 12 weeks by 1.44 severity score unit compared to baseline, or 0.27 unit over placebo
(P=0.004). At gynecological evaluation, vaginal secretions, epithelial integrity, epithelial surface thickness, and
color all improved by 86% to 121% over the placebo effect (P < 0.0001 for all comparisons with placebo). Serum
steroid levels remained well within the normal postmenopausal values according to the involved mechanisms of
intracrinology. The only side effect reasonably related to treatment is vaginal discharge due to melting of the vehicle
at body temperature and this was reported in about 6% of the participants.

Conclusions: The daily intravaginal administration of 0.50% (6.5 mg) DHEA (Prasterone) has shown clinically
and highly statistically significant effects on the four coprimary parameters suggested by the US Food and Drug
Administration. The strictly local action of Prasterone is in line with the absence of significant drug-related adverse
events, thus showing the high benefit-to-risk ratio of this treatment based upon the novel understanding of the
physiology of sex steroids in women.

Key Words: Dehydroepiandrosterone — Dryness — Dyspareunia — Genitourinary syndrome of menopause —
Intracrinology — Prasterone — Vulvovaginal atrophy.

trophy of the epithelial surface of the vaginal
mucosa is accompanied at menopause by reduced

A fluid secretion, reduced levels of lactobacilli, and

increased vaginal pH.! These epithelial changes are

responsible for the best known symptoms of vulvovaginal
atrophy (VVA) or genitourinary syndrome of menopause
(GSM),? namely vaginal dryness, pain at sexual activity,
and irritation/itching.> Bleeding associated with sexual
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activity, pain and burning during urination (dysuria), and
urinary tract infections with vaginal discharge commonly
accompany VVA. In addition to the local negative effects
in the vagina, VVA is frequently associated with emotional
distress and reduced quality of life,® with extension to the
sexual partner.9 The VVA symptoms are reported in up to
approximately 60% of postmenopausal women.”'%!!

Despite their benefits on vasomotor symptoms, 40% of
women receiving systemic estrogen therapy have persistent
vaginal symptoms.'> Consequently, local estrogen therapy is
recommended over systemic administration, except if other
symptoms of menopause, especially hot flushes, are present.
All intravaginal estrogens apparently have comparable effi-
cacy for the treatment of VVA.'> As per the data of the
Women’s Health Initiative Study,'* the recommendation has
been to use the lowest dose of intravaginal estrogen possible
for the shortest duration of treatment possible.'?!>¢

Significant changes recently took place in our understand-
ing of sex steroid physiology in women. Whereas it was well
known that the ovary stops making estrogens at menopause,
thus resulting in very low and biologically inactive serum
estradiol (E,) levels,'” it was important to recognize that the
adrenal and, to a small extent, the ovary'® secrete in the blood
a compound inactive by itself, namely dehydroepiandroster-
one (DHEA), which is the exclusive precursor of all sex
steroids after menopause.'® Thus, acting through the mech-
anisms of intracrinology, DHEA provides estrogens and/or
androgens only to the cells/tissues which possess the required
enzymes to transform DHEA."

The secretion of DHEA markedly decreases with age, with
an average 60% loss between the age of 30 years and the
menopause at about 50 years.”*>*> This marked reduction in
the secretion of DHEA?® results in a parallel fall in the
formation of androgens and estrogens in peripheral target
tissues—a situation most likely responsible for the hormone
deficiency-related symptoms and signs of menopause. In
addition to markedly decreasing with age, the serum levels
of DHEA are highly variable, with some women having
barely detectable serum concentrations of DHEA, whereas
others have values of up to 9 to 10ng/mL in the normal
premenopausal range.'®2°

Our recent placebo-controlled, randomized, double-blind,
and prospective clinical trials have shown clinical and stat-
istically significant benefits of daily intravaginal adminis-
tration of DHEA on the maturation index (MI) of the vaginal
cells, vaginal pH, as well as on moderate to severe dyspar-
eunia, considered as the most bothersome symptom (MBS), as
well as on moderate to severe vaginal dryness.>**?’ The
objective of the present clinical trial, performed in 558
postmenopausal women enrolled with moderate to severe
dyspareunia as their most bothersome VVA symptom, is to
confirm the previous data obtained with daily intravaginal
administration of DHEA for 12 weeks while reaching the
International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human
Use (ICH)-required number of 1,500 women exposed to the
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intravaginal DHEA treatment and the US Food and Drug
Administration (FDA) guidelines.?®

METHODS

This was a phase III, placebo-controlled, double-blind, pro-
spective, and randomized study (ERC-238; NCT02013544,
ClinicalTrials.gov) to confirm the efficacy of daily intravaginal
administration of 0.50% DHEA ovules (suppositories) for
12 weeks on moderate to severe pain at sexual activity as
the MBS of VVA. Women were randomized in a 2:1 ratio
between the 0.50% DHEA and placebo ovules.

Independent ethics committee or Institutional Review
Board

The protocol was approved by the Institutional Review
Board (IRB) Services (Central IRB) for all investigational
sites, except for the Eastern Virginia Medical School, Depart-
ment of Obstetrics and Gynecology, and Clinical Research
Center, where a local IRB gave approval before the start of
the study.

Informed consent
A written informed consent was obtained from all partici-
pants before the performance of any study-related procedure.

Inclusion criteria
The inclusion criteria were as follows:

(1) Postmenopausal women (non-hysterectomized or hys-
terectomized) must satisfy either of the following:

(a) No menses for at least 1 year for non-hysterectom-
ized women, or

(b) Follicle-stimulating hormone (FSH) levels above
40 IU/L or above the postmenopausal value of the
laboratory where the FSH assay is performed
(a woman with previously measured elevated serum
FSH meets the inclusion criteria) in women with no
menses for more than 6 months, but less than
12 months, or in hysterectomized women who were
premenopausal at the time of hysterectomy, or

(c) Six months or more of day 1 visit after bilateral
oophorectomy with or without hysterectomy.

(2) Women between 40 and 80 years of age.

(3) Women who have self-identified at screening and base-
line (day 1) pain at sexual activity as moderate to severe
and as the most bothersome VVA symptom.

(4) Women having 5% or less of superficial cells on vaginal
smear at screening and baseline (day 1).

(5) Women having a vaginal pH above 5 at screening and
baseline (day 1).

(6) Women who currently have intercourse or other sexual
activity (masturbation, etc) at least once a month (with
or without a partner), or who had intercourse or other
sexual activity at least once a month in the past, but later
decreased sexual activity due to excessive pain or
vaginal dryness.

(7) Normal mammogram (American College of Radiology
Breast Imaging-Reporting and Data System [BI-RADS]
category 1 or 2) within 9 months of study initiation (day 1).
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(8) Normal breast examination.

(9) A normal Pap smear (which includes inflammatory
changes) within the past 12 months (of day 1) for both
non-hysterectomized and hysterectomized women after
specimen collection (see “exclusion criteria no. 14”).

(10) Willing to participate in the study and sign an
informed consent.

(11) No former or present narcotic addiction or alcoholism.

(12) For non-hysterectomized women, willing to have an
endometrial biopsy during the screening period to
exclude endometrial pathology.

Exclusion criteria
The exclusion criteria were as follows:

(1) Previous enrollment in EndoCeutics studies performed
with intravaginal DHEA (ERC-210, ERC-213, ERC-230,
ERC-231, or ERC-234).

(2) Previous diagnosis of cancer, except skin cancer (non-
melanoma).

(3) Active or history of thromboembolic disease (throm-
boembolic event after an accident, a surgery, or immo-
bilization is not an exclusion criterion).

(4) Clinically significant metabolic or endocrine disease
(including diabetes mellitus) not controlled by
medication.

(5) Use of estrogen alone injectable drug therapy or pro-
gestin implant within 6 months before study entry
(screening visit).

(6) Use of estrogen pellet or progestin injectable drug
within 6 months before study entry (screening visit).

(7) Oral estrogen, progestin, or DHEA exposure or intra-
uterine progestin therapy in the 8 weeks before baseline
assessments (screening visit).

(8) Vaginal hormonal products (rings, creams, gels, or
tablets) or transdermal estrogen alone or estrogen/pro-
gestin products in the 8 weeks before baseline assess-
ments (screening visit).

(9) Previous treatment with androgens or anabolic steroids
within 6 months before screening visit.

(10) Natural oral estrogenic products in the 4 weeks before
baseline assessments (screening visit), whether intended
or not, for the relief of symptoms of VVA and/or
hot flushes.

Regarding exclusion criteria 5 to 10, participants can
washout as indicated below, but the questionnaire on VVA,
as well as the evaluation of cell maturation and pH, must be
answered or evaluated after the required washout period.

e At least an 8-week washout period for prior oral estrogen,
DHEA, and/or progestin therapy.

e At least an 8-week washout period for prior transdermal
hormone therapy (HT).

e At least an 8-week washout period for locally delivered
hormone replacement therapy for vaginal dryness (rings,
creams, gels, or tablets).

e Eight weeks or longer for prior intrauterine progestin
therapy.

e At least 6 months for prior estrogen pellet therapy or
progestin injectable drug therapy.

e Six months or longer for prior progestin implants and
estrogen alone injectable drug therapy.

e Six months or longer for previous treatment with androgens

or anabolic steroids.

e Four weeks or longer for prior natural oral “estrogenic”

products.

(11) Confirmed clinically significant depression (not con-
trolled by standard therapy) or confirmed history of
severe psychiatric disturbance.

(12) The administration of any investigational drug within
30 days of screening visit.

(13) Clinically significant abnormal serum biochemistry,
urinalysis, or hematology.

(14) Baseline cervical cytology showing atypia of squamous
cells of undetermined significance (ASC-US) or worse.
Since ASC-US can be due to atrophy, a woman with
ASC-US without history of abnormal Pap within the
past 2 years and a negative human papillomavirus
(HPV) test can be enrolled.

(15) Palpable fibroids, or grade 2 uterine prolapse (when
the cervix reaches labia minora) by gynecologic exam-
ination.

(16) Endometrial hyperplasia (simple or complex hyperpla-
sia with or without atypia), cancer, or endometrial
histology showing proliferative, secretory, or men-
strual-type characteristics at histologic evaluation of
endometrial biopsy performed at screening.

(17) Women who suffer from vulvar lichen sclerosis.

(18) Endometrial polyps.

(19) Women who had endometrial ablation.

Randomization

Randomization was done centrally by Veristat Inc. A
randomization with permuted blocks of three women at a
2:1 ratio of DHEA (group B) and DHEA-placebo (group A),
respectively, was performed to ensure a balanced allocation to
the two treatments by investigational site. A list of random-
ization provided the association between each randomization
number and a specific medication container. Each container
contained 0.50% DHEA or DHEA placebo ovules.

Dosing

Participants randomized into groups A and B were
instructed to insert one vaginal ovule (suppository) daily
before bedtime (usually in the evening) for 12 weeks. Before
first administration of the study treatment, proper instructions
were given to the participants on how to apply the vaginal
ovule using the single-use applicator provided.

Compliance and drug accountability

Study drug containers were collected and verified at all
visits by designated site personnel. Participants were ques-
tioned regarding study drug application technique, and use of
any additional topical or systemic products. The time of drug
application was to be recorded on a daily basis in the diary
card provided by the Sponsor.

The person from the clinical trials team who was respon-
sible for treatment dispense and return had to keep an accurate
count of the number of investigational units received,
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dispensed to the participants, returned to the Investigator by
the women, and the number of units returned to EndoCeutics
during and at the completion of the study. Any discrepancy in
the study drug accountability was to be reconciliated
and documented.

Vaginal cell maturation

Vaginal smears were collected at screening, baseline
(day 1), week 6 and week 12 (or at discontinuation visit, if
applicable). Vaginal smears were obtained by gently scraping
the middle (second third) of the side wall of the vagina using a
wooden or plastic spatula gently applied to a glass slide and
immediately fixed with Cytospray or its equivalent. Vaginal
smears were not collected if the participant had sexual
intercourse within the preceding 24 hours and/or has used
vaginal products (lubricant, cream, vaginal douching, etc)
within 48 hours before sampling. Vaginal smears were sent to
the central laboratory (Centre Hospitalier Universitaire de
Québec) for determination of the MI.

All samples were examined by an experienced cytopathol-
ogist blinded to the treatment regimens. A 100-cell count was
performed to classify cells as parabasal (P) (including the
basal), intermediate (I), and superficial (S) squamous cell
types (a number greater than 100 cells is usually counted, and
the numbers obtained for each of the three cell populations are
divided to be reported as a total of 100).

Vaginal pH

The vaginal pH was determined at screening, baseline
(day 1), week 6 and week 12 (or at discontinuation visit, if
applicable). A pH strip fixed on an Ayre spatula (or equiv-
alent) was applied directly to the lateral wall of the vagina
opposite to the side scraped to obtain the vaginal smear.

Vaginal Atrophy Symptoms Questionnaire

Self-assessment of symptoms of vulvovaginal atrophy
associated with menopause were evaluated at screening,
baseline (day 1), week 6, and week 12 (or at discontinuation
visit, if applicable) by a questionnaire.”® The self-reported
symptom score takes the following values: none, mild, mod-
erate, or severe, and was analyzed using values of 0, 1, 2, or
3, respectively.

Observations at vaginal examination
The aspect of the mucosa and tolerance to treatment were
verified by gynecological examinations performed at screen-
ing, day 1, and weeks 6 and 12 (or at discontinuation visit, if
applicable)*” as follows:
(1) Vaginal secretions:
(a) No atrophy: normal clear secretions noted on
vaginal walls.
(b) Mild: superficial coating of secretions, difficulty
with speculum insertion.
(¢) Moderate: scant and covering entire vaginal vault,
may need lubrication with speculum insertion to
prevent pain.
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(d) Severe: none, inflamed, ulceration noted, need lubri-
cation with speculum insertion to prevent pain.
(2) Vaginal epithelial integrity:
(a) No atrophy: normal.
(b) Mild: vaginal surface bleeds with scraping.
(c) Moderate: vaginal surface bleeds with light contact.
(d) Severe: vaginal surface has petechiae before contact
and bleeds with light contact.
(3) Vaginal epithelial surface thickness:
(a) No atrophy: rugation and elasticity of vault.
(b) Mild: poor rugation with some elasticity noted of
vaginal vault.
(c) Moderate: smooth, some elasticity of vaginal vault.
(d) Severe: smooth, no elasticity, constricts in upper 1/3
of vagina or loss of vaginal tone (cystocele and
rectocele).
(4) Vaginal color:
(a) No atrophy: pink.
(b) Mild: lighter in color.
(c) Moderate: pale in color.
(d) Severe: transparent—either no color or inflamed.

The above-indicated parameters (secondary endpoints),
evaluated as no atrophy, mild, moderate, and severe, were
analyzed using values of 1, 2, 3, and 4, respectively.

Safety

Physical examination, gynecological examination (for
inspection of vaginal mucosa at day 1, wk 6, and wk 12)
and clinical laboratory tests were performed. Adverse events
(AEs) were recorded for safety evaluation and then coded into
system organ class and preferred terms using the Medical
Dictionary for Regulatory Authorities (MedDRA version
16.1). The potential influence of DHEA on participant’s male
partner was investigated as secondary objective. Clinical
laboratory measurements were done at a central laboratory
(URMC Laboratories, Rochester, NY). Serum steroids
(namely DHEA, DHEA sulfate [DHEA-S], testosterone
[Testo], dihydrotestosterone [DHT], androstenedione
[4-dione], androst-5-ene-33,17B-diol [5-diol], estrone [E],
17B-estradiol [E,], estrone sulfate [E;-S], androsterone glu-
curonide [ADT-G], and androstane-3«,17B-diol-17 glucuro-
nide [3a-diol-17G]) were measured at the Central Laboratory
of EndoCeutics Bioanalytical Unit by validated liquid
chromatography tandem mass spectrometry (LC-MS/MS)
methodology.**?

Statistical analysis

Statistical analyses were performed at the two-sided sig-
nificance level of 0.05. The primary analyses in this study
were based on the comparison of DHEA to placebo, and
statistical significance of this comparison permits to demon-
strate the superiority of DHEA to placebo in the treatment
of VVA.

The coprimary endpoints for the analysis consist of the
following:
(1) Pain at sexual activity (dyspareunia)
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(2) Percentage of parabasal cells
(3) Percentage of superficial cells
(4) Vaginal pH

No P value adjustment was used for the analysis of these
four coprimary endpoints for the primary statistical compari-
sons of DHEA to placebo, since statistical significance of all
four is required to reach a conclusion of superiority of the
DHEA over placebo. The four endpoints were analyzed as
continuous measurements.

The symptom score parameters of the other two symptoms
of vaginal atrophy, namely vaginal dryness and vulvovaginal
irritation/itching, were tested statistically as second-order and
third-order endpoints. Therefore, the primary symptom score
parameter of dyspareunia must be statistically significant
before the test for vaginal dryness, which in turn must be
significant before the test for significance of vulvovaginal
irritation/itching. This procedure controls the type 1 error rate
for these secondary and tertiary comparisons.

The analysis of primary and secondary endpoints was
performed using analysis of covariance (ANCOVA), with
the treatment group as the main factor and the baseline value
as the covariate. Two separate ANCOVAs were used for the 6
and 12-week data. The P value for the baseline adjusted least
square mean (LSM) difference between groups was presented
(specifically, P values for 0.50% DHEA vs placebo).

Analysis populations
Efficacy

The intent-to-treat (ITT) population consists of all women
who have received at least one dose of the study drug (based
on diary card) with a baseline (day 1) evaluation meeting the
study entry criteria. This analysis population was considered
as the primary analysis population for efficacy parameters.
Women in this population who had missing observations had
the last value carried forward for efficacy analyses. In particu-
lar, women must have met all the following inclusion criteria
both at screening and at day 1: 5% or less of superficial cells
on vaginal smear, a vaginal pH above 5, and who have self-
identified moderate to severe vaginal pain at sexual activity
(dyspareunia) as their MBS; the observations at day 1 before
treatment were used for the change from baseline analysis. If
some data of efficacy parameters were missing at day 1, the
screening value was used for baseline.

Safety

The safety population consists of all women who received
an administration of any amount of test article (DHEA or
placebo) (based on diary card and/or drug accountability), and
who had any post-baseline safety information available. This
analysis population was considered the primary analysis
population for safety parameters.

Data processing
Electronic forms (including diaries and questionnaires)
were filled out by clinical site personnel. For parameters

described herein, verification of the data entry with the source
was performed 100% by clinical research associates for all
case report form pages completed by the clinical site person-
nel. The verified-source data were captured in the electronic
data capture (EDC) system.

The web-based BioClinica Express EDC system provided
and hosted by BioClinica was used for this study. The MI
results were captured by EndoCeutics’ personnel in the
EDC system and were 100% verified by a second person,
whereas the Clinical laboratory results provided by the Uni-
versity of Rochester Medical Center (URMC) central labora-
tory were uploaded in the EDC system using the software
import functionalities. Data from participant source records
were captured in the EDC system by designated clinical
site personnel.

A database quality assurance audit was performed at the
end of the study. To generate study data after locking of the
database, a parallel programming process was used to min-
imize potential errors related to SAS programming and/or
interpretation of the statistical analysis plan. In this process,
two programmers independently executed all planned
analyses of the statistical analysis plan, starting from the
xml export of the clinical database and SAS datasets (for
steroid data) approved in SOLABS (Montreal, Canada). Sets
of tables and listings obtained from both programmers were
matched; after all discrepancies had been resolved, the com-
plete set of tables/listings was assigned a “QC passed” or
“final” mark.

Disposition of participants

Please refer to Figure 1 for disposition of participants. For
23 women in the randomized placebo group and 49 women in
the DHEA group, all the study entry criteria (including VVA
criteria) were met at screening, but one or more required study
entry criteria (including VVA criteria) was not present at
baseline (day 1), thus automatically excluding these partici-
pants from the ITT population. These women were kept on
study treatment (placebo or DHEA as randomized) to obtain
additional exposure and safety data, but they were not part of
the efficacy analysis due to their lack of compliance with the
study entry criteria on day 1.

RESULTS
Demographics and baseline characteristics

A summary of the demographics and baseline character-
istics of the safety population is presented in Table 1. The
demographics and baseline characteristics of the women
enrolled in the two treatment groups were similar, considering
the 2:1 ratio of the DHEA-to-placebo distribution. Overall,
the average age of women enrolled in the study was 59.5 years
(median 59.0 y; range 40-80 y). Similar age distributions were
observed in both treatment groups.

Moreover, women assigned to the two treatment groups had
similar reproductive histories: an average of 13.9 years (from
13.4 y [placebo] to 14.1 y [0.50% DHEA]) had elapsed
247
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SCREENING
N=1226
Screening Failure
N=668
RANDOMIZED
| N=558 |
PLACEBO 0.50% DHEA
Safety Population . 2 Safety Population
oty (€= N=182 | Bk || Bl et N=376 > oy’
N=23 - - - - N=49
I |
ITT? Population ITT? Population
N=157 N=325
| |
Treatment Withdrawn Treatment Withdrawn
N=5 N=14

(2) Withdrew Consent
(3) Adverse Event
(1) Vulvovaginal pruritus/itching
(1) Chest palpitation/nausea/anxiety/insomnia
(1) headache/bumps (acne) under skin on face/
thinning hair/increase facial hair/facial rash/
oily skin/episodes of erying

(7) Withdrew Consent

(5) Adverse Event
(1) Application site discharge
(1) Application site discharge/vaginal irritation
(1) Gastric bypass surgery & complications
(1) Vaginal bleeding*
(1) Broken left shoulder

(2) Lost to Follow-up

PLACEBO

Treatment Completed

N=152

0.50% DHEA

Treatment Completed

N=311

medication.

1. Safety Population only: participants who have received at least one dose of study drug (based on diary
card and/or drug accountability) with a baseline (Day 1) evaluation NOT meeting the study entry criteria.

2, Participants without any data, thus not included in any analysis population; 2 from the Placebo group (Lost
to follow-up) and 2 from the DHEA group (1 lost to follow-up and 1 withdrew consent).

3. ITT (Intent-to-Treat) Population: participants who have received at least one dose of study drug (based
on diary card) with a baseline (Day 1) evaluation meeting the study entry criteria.

4. Following transabdominal ultrasound, multiple fibroids were found. This participant took 6 doses of study

FIG. 1. Participant disposition. DHEA, dehydroepiandrosterone.

between their last menses and their participation in this study.
Menstrual cycles ceased naturally in 64% of the population
(from 63% [0.50% DHEA] to 67% [placebo]). The average
age at which the women had their last menstrual period ranged
from 48.6 years (0.50% DHEA) to 48.9 years (placebo) in
women who had a natural menopause, and from 39.8 years
(0.50% DHEA) to 40.6 years (placebo) in women who had
surgical menopause.

As illustrated in Figure 2, the percentage (%) of parabasal
cells in the placebo group decreases from 51.7 £3.00%
at baseline to 39.74+2.68% at 12 weeks for a decrease
of 12.0+2.36% (—23.2%) versus baseline. In contrast,
the % of parabasal cells decreases from 54.3 +2.14% at

248 Menopause, Vol. 23, No. 3, 2016

baseline to 12.7 +1.02% at 12 weeks in the 0.50% DHEA
group (—76.6% vs baseline). In the ANCOV A model, with the
treatment group as the main factor and the baseline value as
the covariate, the least square mean difference shows a value
for the DHEA group of —27.7% at 12 weeks over placebo
(P <0.0001).

In the same groups, the % of superficial cells increases in
the placebo group from 1.044+0.11% at baseline to
2.78 £0.27% at 12 weeks (+167%), whereas in the DHEA
group, the % of superficial cells increases from 1.02 4= 0.08%
at baseline to 11.2£0.56% at 12 weeks (4+1000%). In the
ANCOVA test, the 5.8-fold greater effect of DHEA over
placebo is measured at a P value less than 0.0001 (Fig. 3).
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TABLE 1. Overview of demographics and baseline characteristics: safety population

Parameters Placebo 0.50% DHEA Total
Number of participants (%) 180 (100) 374 (100) 554 (100)
Race (number of participants, %)
White 163 (91) 338 (90) 501 (90)
Black or African American 13 (7) 28 (7) 41 (7)
Asian 2(1) 4 (1) 6 (1)
American Indian or Alaska Native 0 1 (0) 1(0)
Native Hawaiian or Other Pacific Islander 0 1(0) 1(0)
White, Black or African American 2 (1) 2 (1) 4 (1)
Ethnicity (number of participants, %)
Not Hispanic or Latino 166 (92) 330 (88) 496 (90)
Hispanic or Latino 14 (8) 44 (12) 58 (10)
Age, y
Mean 59.6 59.5 59.5
Median 59.0 59.0 59.0
Range (min-max) 47-75 40-80 40-80
Anthropometric measurements (mean)
Height, cm 161.7 161.0 161.2
Weight, kg 67.8 69.2 68.7
Body mass index, kg/m* 26.0 26.7 26.4
Reproductive history
Years since last menses (mean) 13.4 14.1 13.9
Cause of last menses, %
Natural 67 63 64
Surgical 33 37 36
Age at last menses, y (mean)
All women 46.2 454 45.6
Natural menopause 48.9 48.6 48.7
Surgical menopause 40.6 39.8 40.0
Hysterectomy, % 36 39 38
Ovariectomy, %
Any ovariectomy 24 27 26
Bilateral ovariectomy 17 19 19
Previous hormone therapy, % 42 42 42
Baseline medical history, %
Any medical history abnormality 100 100 100
Any physical examination abnormality 14 14 14
Any vital sign abnormality 4 6 6

DHEA, dehydroepiandrosterone.

When vaginal pH is examined (Fig. 4), a small decrease is
observed in the placebo group from 6.32 + 0.05 pH units at
baseline to 6.05+0.07 pH units at 12 weeks (—4.3%),
whereas the pH decreases from 6.34 +0.04 at baseline to
5.39 4+ 0.05 pH units at 12 weeks in the 0.50% DHEA group
(—15.0%). When comparing to placebo in the ANCOVA test,
there is a 3.4-fold greater effect of DHEA (P < 0.0001 vs
placebo).

When the change of the moderate to severe pain at sexual
activity (dyspareunia) is examined, the symptom evaluated by
all women as being their MBS of VVA, it can be seen in
Figure 5 that the severity score decreased from 2.56 + 0.04
units at baseline in the placebo group to 1.50 £ 0.08 unit at
12 weeks (—1.06 unit). In the DHEA group, on the contrary,
the severity score decreased from 2.54 + 0.03 units at baseline
to 1.13+£0.05 units at 12 weeks (—1.42 units). In the
ANCOVA test, there is a 0.36-unit greater decrease of the
intensity score in the DHEA group compared with the placebo
group (+34%) (P =0.0002 vs placebo).

It is of interest to see in Table 2 that of the 482 women who
had moderate (n =217, 45%) or severe (n = 265, 55%) pain at
sexual activity (dyspareunia) as their most bothersome VVA
symptom at baseline, 283 (59%) women had moderate and
122 (25%) had severe vaginal dryness.

Since the moderate to severe symptoms of VV A, at least for
dyspareunia, vaginal dryness, and irritation/itching, respond
similarly if the moderate to severe symptom is considered
most bothersome or not by the women,?” it is of interest to see
in Figure 6 that the severity score of moderate to severe
vaginal dryness decreases from a severity score of 2.30 4-0.04
units at baseline to 1.13 =+ 0.08 unit at 12 weeks (—1.17 units)
in the placebo group, whereas, in the DHEA-treated group, the
severity score decreased from 2.30 4= 0.03 units to 0.86 & 0.05
units (—1.44 units). In the ANCOVA test, the difference due
to treatment groups shows a (.27 severity score unit superi-
ority of DHEA compared with placebo (423.1%; P=0.004
vs placebo).

To further assess the effect of treatment on the vaginal
mucosa, visual vaginal examination with a speculum was
performed at baseline and after 6 and 12 weeks of randomized
treatment. The index of vaginal secretion decreased from
2.63+0.05 to 2.24 +0.06 units in the placebo group, com-
pared with a decrease from 2.70 £ 0.04 to 1.97 £ 0.04 units at
12 weeks in the DHEA-treated group, for a difference of
—0.34 (+87%) in favor of DHEA (P < 0.0001 over placebo)
(Fig. 7).

Vaginal epithelial integrity, on the other hand, decreased in
the placebo group from 2.43 + 0.06 at baseline to 2.06 - 0.06
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FIG. 2. Effect of Prasterone on parabasal cells (ITT). Effect of daily
intravaginal application of 0.0% (n=157) and 0.50% (n=325) dehy-
droepiandrosterone (DHEA; Prasterone) for 6 and 12 weeks on the
percentage (%) of vaginal parabasal cells in postmenopausal women.
Data are expressed as means = SEM; the P value for the Prasterone dose
is compared with placebo at all time intervals. ITT, intention to treat.

units at 12 weeks, whereas, in the DHEA-treated women, the
decrease was from 2.45+0.05 to 1.75+0.04 units for a
DHEA superiority of —0.32 (4-86%) severity score unit
(P <0.0001 vs placebo) (Fig. 8). Evaluation of the epithelial
surface thickness has shown a decrease from 2.76 £ 0.05 units
at baseline to 2.41+0.05 units at 12 weeks, whereas the
decrease was in the DHEA group from 2.83 £ 0.03 units at
baseline to 2.09 4= 0.04 at 12 weeks, for a superiority of —0.38
units (+106%) in favor of DHEA (P> 0.0001 vs placebo)
(Fig. 9). Similarly, vaginal color decreased from 2.67 + 0.05
at baseline to 2.34 £ 0.05 units at 12 weeks in the placebo
group, whereas, in the DHEA-treated group, the score went
from 2.75 £ 0.03 units at baseline to 2.03 £ 0.04 units at 12
weeks for a difference of —0.40 units (+121%) in favor of
DHEA compared with placebo (P < 0.0001) (Fig. 10).

Safety

Table 3 indicates the most frequently reported treatment-
emergent AEs (TEAE) (>3% in one or both the treatment
groups) presented by primary system organ class (SOC).
Almost half (42.8% in the placebo group and 47.9% in the
0.50% DHEA group) experienced at least one TEAE of
any nature.

The most frequently affected SOC (Table 3) was “infec-
tions and infestations,” with 10.6% and 14.2% in the placebo
and DHEA groups, respectively. No relevant difference in
frequencies of the MedDRA terms was observed between the
two groups. On the basis of the known metabolism and local
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FIG. 3. Effect of Prasterone on superficial cells (ITT). Effect of daily
intravaginal application of 0.0% (n=157) and 0.50% (n=2325) dehy-
droepiandrosterone (DHEA; Prasterone) for 6 and 12 weeks on the
percentage (%) of vaginal superficial cells in postmenopausal women.
Data are expressed as means = SEM; the P value for the Prasterone dose
is comparison with placebo at all time intervals. ITT, intention to treat.

action of DHEA, the application site discharge is the only AE
which can reasonably be drug-related. This is due to melting
of the vehicle in the vagina at body temperature with the
possible addition of increased vaginal secretions due to treat-
ment. This was reported in 5.6% of women in the placebo
group and 6.1% in the DHEA group. Two women discon-
tinued treatment due to this AE.

No clinically significant abnormality was observed in
the hematology, blood chemistry, or urinalysis. Serum
DHEA and its main metabolites (namely DHEA-S, Testo,
DHT, 4-dione, 5-diol, E{, E,, E;-S, ADT-G, and 3a-diol-17G)
measured at baseline and week 12 (or at discontinuation visit,
if applicable) by validated liquid chromatography tandem
mass spectrometry”*>%3? remained well within the normal
postmenopausal values.

Compliance

In the ITT population, 152/157 (97%) of those receiving
placebo have completed the study, whereas 96% (311/325)
have completed the study in the DHEA group.

DISCUSSION
The present data confirm the beneficial effects of intra-
vaginal DHEA on the coprimary parameters recommended by
the US FDA?® for evaluation of therapeutic efficacy on the
symptoms and signs of VVA. The present study is in close
agreement with the data obtained in our previous clinical
trials,>**?%3* and completes the requirements of the ICH
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FIG. 4. Effect of Prasterone on vaginal pH (ITT). Effect of daily
intravaginal application of 0.0% (n=157) and 0.50% (n=2325) dehy-
droepiandrosterone (DHEA; Prasterone) for 6 and 12 weeks on vaginal
pH in postmenopausal women. Data are expressed as means + SEM; the
P value for the Prasterone dose is comparison with placebo at all time
intervals. ITT, intention to treat.

guideline for exposed to a new
chemical entity.

The arrest of estrogen secretion by the ovaries at meno-
pause,'® combined with the decreased secretion of the sex
steroid precursor DHEA by the adrenals starting at the age of

30 years and continuing after menopause,** i

1,500 participants

is accompanied
by a long series of symptoms/signs associated with the aging
process in the vagina, genitourinary system, vasomotor sys-
tem, skin, skeleton, brain, cardiovascular system, and prob-
ably at various degrees in all other body systems.*®*” VVA
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FIG. 5. Effect of Prasterone on pain at sexual activity (ITT). Effect of
daily intravaginal application of 0.0% (n=157) and 0.50% (n=2325)
dehydroepiandrosterone (DHEA; Prasterone) for 6 and 12 weeks on pain
at sexual activity in postmenopausal women. Data are expressed as
means + SEM; the P value for the Prasterone dose is comparison with
placebo at all time intervals. ITT, intention to treat.

has been reported in more than 60% of women after the fourth
year of menopause.**

The intracellular transformation of DHEA into estrogens is
apparently responsible for the maturation of the parabasal
cells which are transformed into intermediate and then into
superficial cells.” DHEA has also been shown in preclinical
studies to induce mucification of the epithelium or superficial
layer of the vaginal mucosa while increasing the density of the
collagen fibers in the second layer (lamina propria) and
stimulating the muscular third layer.*'

TABLE 2. List of number of women reporting vaginal atrophy symptoms of various degrees of severity at baseline (ITT population)

Treatment Severity Pain at sexual activity n (%) Vaginal dryness n (%) Irritation/itching n (%)
Placebo None=0 NA 503) 55 (35)
Mild=1 NA 20 (13) 38 (24)
Moderate =2 69 (44) 92 (59) 51 (32)
Severe =3 88 (56) 40 (25) 13 (8)
Total 157 157 157
0.50% DHEA None =0 NA 15 (5) 95 (29)
Mild=1 NA 37 (11) 104 (32)
Moderate =2 148 (46) 191 (59) 84 (26)
Severe =3 177 (54) 82 (25) 42 (13)
Total 325 325 325
Overall (placebo + DHEA) None=0 NA 20 (4) 150 (31)
Mild=1 NA 57 (12) 142 (29)
Moderate =2 217 (45) 283 (59) 135 (28)
Severe =3 265 (55) 122 (25) 55 (11)
Total 482 482 482

DHEA, dehydroepiandrosterone; ITT, intention to treat.
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FIG. 6. Effect of Prasterone on vaginal dryness (ITT with moderate to
severe dryness at baseline). Effect of daily intravaginal application of
0.0% (n=132) and 0.50% (n=273) dehydroepiandrosterone (DHEA,;
Prasterone) for 6 and 12 weeks on vaginal dryness in postmenopausal
women. Data are expressed as means+ SEM; the P value for the
Prasterone dose is comparison with placebo at all time intervals. ITT,
intention to treat.

Systemic HT does not permit control of the urogenital
atrophy in up to 45% of the women.*® It is estimated that only
about 7% of postmenopausal women suffering from VVA
receive treatment (Kingsberg S, personal communication).
The REVIVE (REal Women’s Vlews of Treatment Options
for Menopausal Vaginal ChangEs)** has indicated that
women have a lack of symptom relief with the over-the-
counter products and have concerns about the safety of
estrogen-based therapies. As far as nonhormonal moistur-
izers/lubricants are concerned, there is no evidence that they
have an effect other than placebo®® and certainly do not
correct the problems responsible for the VVA symptoms.

The VVA symptomatology can affect daily activities,
including walking, sitting, and exercising.*® The urogenital
symptoms not only represent a much more common problem
than is recognized not only by the medical community but
also by women themselves, who are often unwilling or too
embarrassed to complain about these symptoms while believ-
ing that it is an unavoidable part of getting older. The effects
on the individual can be serious when they markedly impact
their sexuality, redefining their feminine role and ultimately
negatively impacting their physical and mental well being.*

So far, VVA treatment with estrogens has essentially been
limited to the most superficial or epithelial layer, which is
largely responsible for pain at sexual activity or dyspareunia.
Contraction of the introitus, and shortening and narrowing of
the vaginal canal are not related to the superficial layer, but

252 Menopause, Vol. 23, No. 3, 2016

ERC-238
Vaginal Secretions (ITT Population)
4.0
Prasterone dose (%)
==O=0 (n=157)
——0.50 (n=325)
3.5
@ 3.0
]
O
]
a :
'E 2.5 -
> N Braemnnnns
3 P R e 0
2-07 EE .t S
1.5
p values vs placebo: **** p<0.0001
1.0 ‘ |
0 6 12

WEEKS

FIG. 7. Effect of Prasterone on vaginal secretions (ITT). Effect of daily
intravaginal application of 0.0% (n=157) and 0.50% (n=2325)
dehydroepiandrosterone (DHEA; Prasterone) for 6 and 12 weeks on
vaginal secretions in postmenopausal women. Data are expressed as
means + SEM; the P value for the Prasterone dose is comparison with
placebo at all time intervals. ITT, intention to treat.

rather depend upon loss of collagen and muscular components
in the lamina propria and muscularis layers, respectively.*! In
animal models, androgens have been shown to maintain
structural integrity of vaginal tissues and to enhance vaginal
hemodynamics independently from estrogens.**

The loss of rugosity and elasticity of the vagina related to
menopause is due to the breakdown of collagen supporting the
vaginal epithelium.*>*® Our preclinical studies*' have clearly
demonstrated a stimulatory effect of the androgens derived
from DHEA on collagen formation in the second layer of the
vagina, namely the lamina propria. This effect is in agreement
with the recently described stimulatory effect of DHEA on
collagen formation in the human skin dermis, the equivalent
of the lamina propria in the vagina.*’

The decrease of glycogen in VVA is accompanied by
increased pH, which modifies the vaginal microflora with
the loss of protective microorganisms and the increased risk of
overgrowth of pathogenic species.***® Recurrent urinary tract
infections are thus more common in postmenopausal women,
with a higher incidence of infection complications including
pyelonephritis.*’

The International Menopause Society Writing Group, due
to the progressive severity of VVA, has recommended to start
treatment early upon onset of menopause before irreversible
atrophic changes occured.'° If VVA is left untreated, these is
increased probability of the epithelium becoming friable, thus
causing ulcerations, petechiae, and tears, with bleeding at
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FIG. 8. Effect of Prasterone on vaginal epithelial integrity (ITT). Effect
of daily intravaginal application of 0.0% (n=157) and 0.50% (n=325)
dehydroepiandrosterone (DHEA; Prasterone) for 6 and 12 weeks on
vaginal epithelial integrity in postmenopausal women. Data are
expressed as means + SEM; the P value for the Prasterone dose is
comparison with placebo at all time intervals. ITT, intention to treat.

minimal trauma (intercourse, insertion of a speculum,
etc).>">? Since vaginal atrophy is a chronic condition, which,
unlike hot flushes, does not tend to diminish over time, long-
term treatment is frequently required as symptoms may recur
upon cessation of therapy.> In fact, VVA symptoms persist
and increase in severity with time in the absence of treatment.®

Safety is thus particularly important for VVA therapy since
treatment needs to be continued to maintain the benefits."
Nonestrogenic treatments for VVA are required to avoid the
serious concerns regarding the potential stimulatory effects
of estrogens on the endometrium and breast.’*>” A sign
of systemic estrogenic effect of ospemifene—a mixed
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FIG. 9. Effect of Prasterone on vaginal epithelial surface thickness
(ITT). Effect of daily intravaginal application of 0.0% (n=157) and
0.50% (n=325) dehydroepiandrosterone (DHEA; Prasterone) for 6 and
12 weeks on vaginal epithelial surface thickness in postmenopausal
women. Data are expressed as means + SEM; the P value for the
Prasterone dose is comparison with placebo at all time intervals. ITT,
intention to treat.

estrogenic/antiestrogenic compound—is the 49% increase
in serum sex hormone binding globulin (SHBG), an estro-
gen-sensitive parameter, from 54.48 +£25.19 at baseline to
81.31 +3.90 nmol/L at 52 weeks.’® No change was observed
in the placebo group (59.33 £25.43 nmol/L at baseline vs
54.37 £26.44nmol/L at 52 wks). At the same 60-mg daily
dose of ospemifene, there was a 52% increase in endometrial
thickness. Stimulatory effects with ospemifene have also been
observed on the endometrium.

Major progress in the field of intracrinology has been made
by the elucidation of the structure of most of the tissue-
specific genes that encode the steroidogenic enzymes

TABLE 3. Participants with treatment-emergent adverse events by primary system organ class, preferred term (MedDRA version 16.1),
and subgroup

Primary system organ class
preferred term
(MedDRA version 16.1)

Placebo (n=180)

0.50% DHEA (n=374) Total (N =554)

Participants with at least one adverse event 77 (42.8) 179 (47.9) 256 (46.2)
General disorders and administration site conditions 14 (7.8) 29 (7.8) 43 (7.8)
Application site discharge” 10 (5.6) 23 (6.1) 33 (6.0)
Infections and infestations 19 (10.6) 53 (14.2) 72 (13.0)
Urinary tract infection 5(2.8) 17 (4.5) 22 (4.0)
Investigations 10 (5.6) 35094 45 (8.1)
Weight decreased 6 (3.3) 11 (2.9) 17 (3.1)
Reproductive system and breast disorders 25 (13.9) 47 (12.6) 72 (13.0)
Hot flush 7 (3.9) 6 (1.6) 13 (2.3)

Safety population (preferred terms with incidence >3% in any treatment group). Data are presented as n (%). DHEA, dehydroepiandrosterone; MedDRA,

Medical Dictionary for Regulatory Activities.

“Application site discharge is the only adverse event considered to be reasonably drug-related (by Sponsor’s assessment).
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FIG. 10. Effect of Prasterone on vaginal color (ITT). Effect of daily
intravaginal application of 0.0% (n=157) and 0.50% (n=2325) dehy-
droepiandrosterone (DHEA; Prasterone) for 6 and 12 weeks on vaginal
color in postmenopausal women. Data are expressed as means + SEM;
the P value for the Prasterone dose is comparison with placebo at all time
intervals. ITT, intention to treat.

responsible for the transformation of DHEA into androgens
and/or estrogens locally in peripheral tissues.'”*** This cell-
specific transformation of DHEA is, however, exerted at
different levels, and ratios of estrogens and androgens in
different cell types. Most importantly, to protect the uterus
and other tissues after menopause, the active hormones made
in peripheral tissues are inactivated at their site of synthesis
before being released outside the cells as inactive metabolites,
thus explaining why there is no or no biologically significant
leakage of the active sex steroids into the circulation after
their formation from DHEA.'"?

A most important characteristic of DHEA is the absence of
possible stimulatory effect on the endometrium.®> In fact,
even if women continue to be exposed to relatively high
circulating levels of DHEA after menopause, it is well
recognized that endometrial atrophy is observed in all normal
women as a characteristic of menopause.”’*' This finding is
in agreement with the absence of enzymes, especially aroma-
tase, able to transform DHEA into estrogens in the human
endometrium, despite its exposure to DHEA from the circu-
lation.®*®® Protection of the endometrium is the most obvious
reason why evolution over 500 million years has succeeded in
engineering an endocrine system unique to the human species
and able to protect women from systemic exposure to estro-
gens after menopause.

Most importantly, no biologically significant leakage into
the circulation of the active sex steroids made intracellularly
takes place with intravaginal DHEA, thus explaining the
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highly beneficial effects observed in the vagina in the absence
of significant changes in circulating estrogens or andro-
gens.s’zs’%‘f’g'73 In fact, as mentioned above, the active
steroids are inactivated locally in the vagina before being
released as inactive metabolites into the general circulation
from which they are eliminated by the kidneys and the liver.

In agreement with this well recognized observation of
nature of an absence of effect of DHEA on the endometrium,
the endometrial atrophy observed in all women at the start of
treatment remained unaffected at 12 months of percutaneous
DHEA administration, even if serum DHEA was increased by
5.5-fold.”* Moreover, no change in endometrial thickness was
found after 6 months of daily oral dosing with 50 mg DHEA in
postmenopausal women.””

In addition to the observation that serum DHEA remains
within normal postmenopausal values after intravaginal admin-
istration 0of 0.50% DHEA,'36%7%72 the absence of aromatase in
the human endometrium®’ explains the absence of estrogen
formation from DHEA in the endometrium of normal women
and the endometrial atrophy observed in all normal postme-
nopausal women. To further support the above explanation, we
have obtained endometrial histology in 422 women who had
endometrial biopsy at baseline and at exit of study after intra-
vaginal administration of 0.50% DHEA for 52 weeks.®® Other
studies with intravaginal DHEA doses of 3.25mg (n=126),
6.5mg (n=129), and 13mg (n=30) were performed for
12 weeks in women who similarly had baseline and end-of-
study biopsies.®® Endometrial tissue for histology was available
in a total of 668 women at both baseline and end-of-study
exposure. Endometrial atrophy or inactive endometrium was
found in all women treated with intravaginal DHEA.%°

All estrogen-based vaginal formulations, on the contrary,
increase serum estrogens, even at low dose.”® In fact, the
vagina seems to be able to transport E, towards the circulation
with little or no metabolism,””-’® thus resulting in higher
serum E, concentrations.”’

It seems of interest to mention that despite the complete
arrest of estrogen secretion by the ovaries at the time of
menopause, while serum E, levels are kept at biologically
inactive concentrations in all women, not all postmenopausal
women suffer from menopausal symptoms despite a common
absence of biologically active circulating estrogens. Con-
sequently, the hormonal difference between postmenopausal
women suffering from vaginal atrophy symptoms (approxi-
mately 75% of women) and those without symptoms
(approximately 25%) is not related to the estrogens, which
remain at biologically inactive serum levels in all women. In
fact, the possible hormonal difference between the two groups
of women may be the difference in the availability of
DHEA—the exclusive source of sex steroids in women after

1
menopause. 8

CONCLUSIONS
The current study describes the efficacy of DHEA for the
management of VVA. Intravaginal DHEA improved vaginal
pH, superficial and basal epithelial cell counts, and relieved
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dyspareunia, the MBS found in the majority of postmeno-
pausal women. Moderate to severe vaginal dryness accom-
panied dyspareunia in 84% of women and was similarly
improved by DHEA (Prasterone) treatment. Physical assess-
ment of the vagina with a speculum demonstrated improve-
ment in vaginal secretions, epithelial integrity, epithelium
thickness, and also vaginal color in the DHEA arm, compared
with placebo. Overall, DHEA acting by strictly local mech-
anisms in the vagina shows clinical and highly statistically
significant improvement of all recognized subjective and
objective elements of VVA and dyspareunia compared
with placebo.
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