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Abstract
Following the compelling data obtained in a pivotal phase III clinical trial performed in 218 postmenopausal women suffering
from vaginal atrophy who received daily intravaginal 0.25, 0.5 or 1.0% DHEA (dehydroepiandrosterone) ovules for 12
weeks, we have performed analysis of the four co-primary objectives at each site of that multicentre U.S. and Canadian trial.
Comparison was made of the change in percentage of parabasal and superficial cells, vaginal pH and severity of the most
bothersome symptom. The site-by-site (seven sites) analysis has shown that 10–13 women per group are generally sufficient
to obtain a significant or highly statistically significant decrease in vaginal pH and percentage of parabasal cells and increased
percentage of superficial cells at p values ranging from 0.02 to 50.0001. For vaginal pain as the most bothersome symptom, a
statistically significant difference from baseline was found at six out of seven sites.

The exceptionally high consistency between all sites in this phase III study and high potency of the compound permit to obtain
a clinically and statistically significant to highly significant effect of treatment on all parameters of vaginal atrophy with the 0.5%
DHEA daily intravaginal dose which does not significantly affect the serum levels of oestrogens, thus avoiding systemic risks.

Keywords: Vaginal atrophy, DHEA, prasterone, intracrinology, tissue-specific prehormone replacement therapy (SPRT)

Introduction

Vaginal dryness is found in 75% of postmenopausal

women [1]. However, only 20–25% of symptomatic

women suffering from vaginal atrophy seek medical

treatment for a variety of reasons, commonly the fear

of oestrogen-related side effects [1]. There is thus a

clear medical need and a major opportunity to

remove the fear of breast cancer associated with

today’s oestrogen-based therapies while improving

the quality of life of the vast majority of women who

are presently left (75–80%) with the problem of

vaginal atrophy for a large proportion of their

lifetime.

Although intravaginal formulations were devel-

oped to avoid systemic exposure to oestrogens, a

series of studies have unanimously demonstrated that

all intravaginal oestrogen formulations lead to

important increases in serum oestrogen levels mea-

sured directly by radioimmunoassay or through their

systemic effects [2–4]. Serum levels of estradiol are

increased five-fold following administration of a 25

mg estradiol pill (Vagifem, Novo Nordisk, Princeton,

NJ) or 1 g of 0.625 mg conjugated oestrogen cream
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(Premarin, Wyeth Laboratories, Collegeville, PA)

[4]. These findings were obtained using mass spectro-

metry, the most accurate and precise technology, thus

indicating that the effects of oestrogens applied locally

in the vagina are unlikely to be limited to the vagina

and that systemic activity should be expected [2,3].

Since serum DHEA (dehydroepiandrosterone) is

the exclusive source of sex steroids after menopause

[5–7], the 60% decrease in circulating DHEA

already found at time of menopause is accompanied

by a similar 60% decrease in the total androgen pool

[8]. Among the androgen target tissues, recent

preclinical data obtained in experimented animals

have clearly shown beneficial effects of the androgens

made locally from DHEA in the vagina, not only in

the superficial epithelial layer but also most impor-

tantly on collagen formation of the lamina propria

and on the muscularis [9]. These data clearly

indicate the importance of androgens for normal

vaginal physiology, a role which cannot be achieved

by treatment with oestrogens alone.

A recent prospective, randomised, placebo-con-

trolled phase III 12-week clinical trial, performed in

218 postmenopausal women with moderate to severe

symptoms of vaginal atrophy, demonstrated rapid

and highly beneficial effects on all symptoms and

signs of vaginal atrophy [10] as well as on sexual

dysfunction [11] without significant changes in

serum oestrogens and androgens levels [12–14].

Since internal consistency is a very important

characteristic for a multicentre trial and is indicative

of the general applicability of the treatment, we have

analysed the effects observed at each site indepen-

dently on the four co-primary objectives of the

clinical trial in order to determine the internal

consistency of the response to intravaginal DHEA.

Subjects and methods

This study was a phase III, prospective, multicentre,

randomised, placebo-controlled and double-blind

trial. The intent-to-treat (ITT) population included

216 postmenopausal women randomised to receive a

daily ovule of the following DHEA concentrations:

0.0% (53 women), 0.25% (3.25 mg DHEA, 53

women), 0.5% (6.5 mg DHEA, 56 women) or

1.0% (13 mg DHEA, 54 women) applied intravag-

inally with an applicator at bedtime [9]. The intent-

to-treat (ITT) population served as the population

for analysis. The median age of women was 58 (49–

70), 57 (42–72), 58 (50–74) and 59 (46–69) years in

the four groups, respectively. The DHEA ovules or

suppositories (VaginormTM) containing prasterone in

a lipophilic base were manufactured by Recipharm,

Karlskoga, Sweden. The study was divided into two

phases, namely screening followed by a treatment

period of 12 weeks. The protocol was approved by the

Institutional Review Board of the Centre Hospitalier

de l’Université Laval (Quebec City, Canada), McGill

University (Montreal, Canada), Ethica (Montreal,

Canada), Eastern Virginia Medical School (Norfolk,

Virginia, USA) and the Western Institutional Review

Board (Los Angeles, USA).

Inclusion and exclusion criteria

The inclusion and exclusion criteria were as de-

scribed in Labrie et al. [10].

Informed consent

A written informed consent was to be obtained from

all subjects prior to the performance of any study-

related procedure. The subjects had a medical

history, a medical examination and a complete

gynaecological examination at screening. A partial

gynaecological examination was performed to evalu-

ate the aspect of the mucosa and tolerance to the

medication on day 1 and at weeks 2, 4, 8 and 12.

Laboratory tests

The standard laboratory tests, namely haematology

(including complete blood count and coagulation),

blood chemistry and urinalysis, were performed at

screening, day 1 and week 12.

Vaginal pH and cytology and endometrial biopsies

Endometrial biopsies and vaginal cell smears were

examined in a central laboratory. A 100-cell count

was performed to classify cells as superficial (S),

intermediate (I) and parabasal (P) squamous cell

types [15,16]. Vaginal pH was measured by applying

a pH indicator strip directly to the lateral wall of the

vagina with a forceps.

Statistics

Statistical analyses of data obtained at each site

separately were performed at the two-sided significance

level of 0.05 unless otherwise stated in patients who

received the placebo and 0.5% DHEA treatment. The

analysis comparing each of the three DHEA doses to

placebo was performed by analysis of covariance, with

the baseline value used as the covariate. The changes

from baseline were assessed for statistical significance

using paired t-tests. Baseline was defined as the value

obtained prior to firstuse of study treatment, and change

from baseline to week 12 was calculated for each subject

for each domain endpoint.

The primary endpoints for analysis consisted of the

following:

. Statistically significant decrease in parabasal

cells and a statistically significant increase in

DHEA effects on vagina 525
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superficial cells. The data were measured in

percentage of a total of 100 cells analysed per

smear. The maturation value was also calculated.

. Statistically significant lowering of vaginal pH.

. Statistically significant improvement in the mod-

erate to severe symptom identified by the subject

as most bothersome to her at screening. The

symptom severity was based on symptoms of

increasing severity: none, mild, moderate or

severe. These ratings were analysed using the

values 0, 1, 2 and 3, respectively; all subjects

needed to have at least one baseline symptom

graded as 2 or 3. The symptoms of interest were

vaginal dryness, vaginal and/or vulvar irritation/

itching and vaginal pain associated with sexual

activity or dyspareunia.

Analysis populations

The Intent-to-Treat (ITT) population consisted of

the treated subjects at each site with a baseline and at

least one post-baseline efficacy assessment. This

analysis population was considered the primary

analysis population. Subjects in this population who

had missing observations post-baseline had the last

value carried forward for efficacy analyses.

Results

Individual analysis of the data obtained at the seven

sites of phase III study ERC–210 (two sites in the USA

and five in Canada - another Canadian site had only

one patient enrolled and is not included in this by site

analysis) shows an exceptional internal consistency for

all the co-primary objectives, namely the changes in

parabasal cells, superficial cells, vaginal pH and most

bothersome symptom for the three doses (0.25, 0.5

and 1.0% DHEA) of intravaginal prasterone (DHEA)

used. This analysis demonstrates the particularly high

efficacy of the treatment and uniform quality of the

data. Since the 0.5% prasterone dose shows optimal

activity, we will refer mainly to this selected dose,

although similar conclusions apply to the 0.25% and

1.0% doses.

At the 0.5% DHEA dose, five of the seven sites,

including those with the larger number of participants

(10, 11 and 13) show statistically significant changes

from baseline on vaginal pH (Table I, Figure 1). Similar

results are observed for the decrease in parabasal cells at

sites 1, 2, 4, 6 and 7 with p values ranging from 0.021 to

0.0009 (Table II, Figure 2). For the increase in

superficial cells, all three sites having 10–13 women

have shown similar increases in the percentage of

superficial cells with p values of 0.0043 (n¼ 11), 0.0012

(n¼ 13) and 0.0647 (n¼ 10), respectively, at the 0.5%

prasterone dose (Table III, Figure 3).

When comparing the 12-week data between 0.5%

DHEA treatment and placebo for the change in pH
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(Table I, Figure 1), it can be seen that significant

differences were observed at sites 1 (p¼ 0.0021,

n¼ 11) and 2 (p¼ 0.0006, n¼ 13) while a near

statistically significant difference was observed at site

6 (p¼ 0.0701, n¼ 6) and site 7 (p¼ 0.0622, n¼ 10).

Six of the seven sites have shown a statistically

significant difference from placebo for parabasal

cells, with the following p values: at site 1

(p5 0.0001, n¼ 11), site 2 (p5 0.0001, n¼ 13), site

4 (p¼ 0.0104, n¼ 6), site 5 (p¼ 0.0178, n¼ 5), site 6

(p¼ 0.0110, n¼ 6) and site 7 (p¼ 0.0002, n¼ 10).

For the increase in superficial cells, the following

statistically significant differences from placebo were

observed: at site 1 (p¼ 0.0010, n¼ 11) and site 5

(p¼ 0.0476, n¼ 5). For site 2 (p¼ 0.0619, n¼ 13)

and site 7 (p¼ 0.06, n¼ 10), statistical significance

was not reached.

The most bothersome symptom of vaginal atrophy

was a co-primary objective along with the changes in

vaginal parabasal cells, superficial cells and pH.

Table IV illustrates the changes in the severity score

of the most bothersome symptoms at the different

DHEA doses for the entire study population and for

each site. The presence of vaginal dryness, irritation/

itching and pain at sexual activity of moderate to

severe intensity was reported at baseline by 166, 70

and 159 women, respectively [10]. Only 16 women

identified irritation/itching as the most bothersome

symptom while 66 and 129 women, respectively,

identified dryness and pain at sexual activity as the

most bothersome symptom. As indicated in Table

IV, at the 12-week interval, the severity of the most

bothersome symptom was reduced by 0.6+ 0.13 in

the placebo group, 1.2+ 0.14 in the 0.25% DHEA

group (p¼ 0.0023 versus placebo), 1.5+ 0.14 in the

Figure 1. Effect of daily intravaginal application of 0.5% DHEA

(Prasterone) suppositories for 12 weeks on vaginal pH in

postmenopausal women (ERC–210). The data are presented for

the total group as well as for each site separately in order to assess

internal consistency. The data are expressed as means+SEM; the

p values are for comparison with baseline1 or with placebo2.
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group receiving 0.5% DHEA dose (p5 0.0001 versus

placebo) and 1.3+ 0.14 in the group receiving the

1.0% DHEA dose (p¼ 0.0001 versus placebo).

Concerning the most bothersome symptom, the

same three sites having 10–13 patients each (sites 1, 2

and 7) have shown statistically significant improve-

ments from baseline with p values ranging from

0.0085 to 50.0001 obtained with the 0.5% DHEA

daily dose (Table IV, Figure 4). Sites 3, 5 and 6

having only four, five and six patients, respectively,

have also shown a statistical difference from baseline

with p values of 0.0354, 0.0086 and 0.006, respec-

tively. Placebo, on the other hand, had no significant

effect on the most bothersome symptom at five sites

while the two other sites (sites 5 and 7) show a

significant effect (Table IV). When comparing the

effect of the 0.5% prasterone suppositories with

placebo on the most bothersome symptom at the

same 12-week interval, p values of 0.3551, 0.0003,

0.0024 and 0.0567 were found at sites 1 (n¼ 10), 2

(n¼ 13), 6 (n¼ 6) and 7 (n¼ 10). Vaginal pain at

sexual activity, the symptom identified as being the

most bothersome by the majority of women, re-

mained unchanged in 63.3% of women in the

placebo group while it decreased to 29.0, 26.7 and

19.3% in the groups of women receiving the 0.25,

0.5 and 1.0% DHEA doses, respectively, in the entire

study population.

The most important effect of DHEA among the

vaginal atrophy symptoms was observed on pain at

sexual activity, the most bothersome symptom

identified by the majority of women (129/216).

When analysing vaginal pain at 12 weeks, the 0.25,

Figure 2. Effect of daily intravaginal application of 0.5% DHEA

(Prasterone) suppositories for 12 weeks on the percentage of

vaginal parabasal cells in postmenopausal women (ERC–210). The

data are presented for the total group as well as for each site

separately in order to assess internal consistency. The data are

expressed as means+SEM; the p values are for comparison with

baseline1 or with placebo2.
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0.5 and 1.0% DHEA doses caused 48% (n¼ 34,

p¼ 0.0010 versus placebo), 59% (n¼ 32, p5 0.0001

versus placebo) and 54% (n¼ 31, p5 0.0001 versus

placebo) decreases in the severity of this symptom

chosen as the most bothersome symptom at start of

the study by women of all sites combined (Table V,

Figure 5). When comparing at 12 weeks for

individual sites for the severity score of pain at sexual

activity, it can be seen in Table V and Figure 5 that

statistically significant differences from placebo and

the 0.5% DHEA dose were observed at site 2 (n¼ 8,

p¼ 0.0096), site 6 (n¼ 5, p¼ 0.0057) and site 7

(n¼ 5, p¼ 0.0084) while the improvement did not

reach statistical difference at sites 1 (n¼ 5), 3 (n¼ 3),

4 (n¼ 3) and 5 (n¼ 2).

Discussion

The present data indicate an exceptionally high

consistency between all sites. In other words,

comparable effects of DHEA are found at all sites

and no single site having a large number of patients is

responsible for the overall beneficial effects observed

on any of the four co-primary objectives. In addition,

the consistent effect of treatment is so strong that 10–

13 patients per group are usually sufficient to obtain

a clinically and statistically significant to highly

significant effect with the 0.5% DHEA daily intrava-

ginal dose compared to placebo on all four co-

primary objectives. In fact, at sites 1, 2 and 7 where

11, 13 and 10 patients, respectively, were evaluated

in the ITT population, the differences from placebo

had respective p values of 0.0021, 0.0006 and 0.062

for the decrease in pH, 50.0001, 50.0001 and

Figure 3. Effect of daily intravaginal application of 0.5% DHEA

(Prasterone) suppositories for 12 weeks on the percentage of

vaginal superficial cells in postmenopausal women (ERC–210).

The data are presented for the total group as well as for each site

separately in order to assess internal consistency. The data are

expressed as means+SEM; the p values are for comparison with

baseline1 or with placebo2.
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0.0002 for the decrease in parabasal cells, 0.001,

0.062, 0.06 for the increase in superficial cells and

0.355, 0.0003 and 0.057 for the decrease in severity

of the most bothersome symptom. When only pain at

sexual activity is evaluated as most bothersome

symptom, highly significant differences from placebo

were found at three of the seven sites (n¼ 3–8,

p values of 0.0096 to 0.0057).

There is also consistency with a previous phase II

study for the parameters measured after only 1 week

of treatment [14]. That previous study performed in

40 patients was primarily aimed at measuring

detailed pharmacokinetics of DHEA and its meta-

bolites after intravaginal application of increasing

DHEA doses. Analysis was also made of the changes

in vaginal pH and in parabasal, intermediate and

superficial cells expressed as maturation value.

Somewhat surprisingly, after only 1 week of daily

administration of the DHEA intravaginal supposi-

tories to 10 patients per group, the maturation value

increased by 107% (p5 0.01), 75% (p5 0.05) and

150% (p5 0.01) in the 0.5, 1.0 and 1.8% DHEA

groups, respectively. Vaginal pH, on the other hand,

decreased from 6.29+ 0.21 to 5.75+ 0.27

(p5 0.05), 6.47+ 0.23 to 5.76+ 0.22 (p5 0.01)

and 6.53+ 0.25 to 5.86+ 0.28 (p5 0.05), respec-

tively, in the 0.5, 1.0 and 1.8% DHEA groups. No

change of the maturation value or vaginal pH was

observed in the placebo group between days 1 and 7.

The phase II study summarised above confirmed

the data of previous Andros-5 phase II study on

the beneficial effects of percutaneous administration

of DHEA on the vaginal atrophic epithelium in

postmenopausal women [17]. Vaginal cytology was

Figure 4. Effect of daily intravaginal application of 0.5% DHEA

(Prasterone) suppositories for 12 weeks on the severity score of the

symptom of vaginal atrophy judged by women at baseline as being

the most bothersome (ERC–210). The data are presented for the

total group as well as for each site separately to analyse internal

consistency. The data are expressed as means+SEM; the p values

are for comparison with baseline1 or with placebo2.
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examined in that study as one of the specific

parameters of the action of DHEA where 15 patients

received DHEA by percutaneous administration for

12 months. Before treatment, 10 patients had a

completely atrophic vaginal smear exclusively com-

posed of parabasal cells. In 8 of these 10 patients,

during DHEA treatment, the vaginal cytology was

converted into a pattern typical of that found in

women with no vaginal atrophy symptoms. No

significant change in the cytological maturation value

was observed up to 12 months of treatment in 2 of

the 10 patients having a zero maturation value at the

start of treatment. Three women who had a matura-

tion value between 1 and 40 at the start of treatment

demonstrated a response and the cytology became

typical of the normal reproductive range in all of

them at 3 months, the first measurement made after

the start of DHEA administration. The maturation

value was already in the normal range for women of

reproductive age before treatment in the last two

patients, and it remained unchanged during treat-

ment.

The action of oestrogens appears to be limited to

the superficial layer of the vagina. Our preclinical

studies have clearly demonstrated that androgens

made locally from DHEA exert an important

stimulatory effect on collagen formation in the

vaginal lamina propria [9], an effect most likely

equivalent to the recently described effect of DHEA

on collagen formation in the human skin dermis

[18]. We believe that the effect of DHEA on collagen

formation in the lamina propria is a most important

innovative therapeutic aspect of DHEA which

is transformed into androgens in the fibroblasts

responsible for collagen formation in the lamina

propria. Since the sex steroids made locally from

DHEA act through both the oestrogen and androgen

receptors, an action of DHEA administration is

exerted on all three layers of the vagina, namely the

superficial epithelium, the lamina propria (collagen

fibers) and the muscularis [9]. Since the strength of

the vaginal wall is largely dependent upon collagen

fibres, the androgenic component of DHEA action

most likely plays an important role in vaginal

physiology and in the correction of vaginal atrophy

symptoms and signs, thus making possible to rapidly

observe within 2 weeks clinically and statistically

significant to highly significant effects on all para-

meters of vaginal atrophy (Figures 1 to 5) [10,11].

Most importantly, no or very little leakage of the

active sex steroids into the circulation takes place,

thus explaining the beneficial effects observed in the

vagina in our studies with no significant change in

circulating oestrogens or androgens [4,12,13,14].

The 0.5% DHEA ovule provides a relatively low

dose of DHEA (6.5 mg) delivered once a day. The

proposed dose is up to 92 times lower than doses

used in other studies where DHEA was applied

topically on the skin for 12 months (400–600 mg/day,

Andros-5 [17]; 20 mg/day, ERC–204 [19]), 23 times

lower than a dose used intravaginally for 6 months

(150 mg/day; [20]), and more than 3 times lower

than the high dose used in ERC–213 (23.4 mg/day;

1.8% DHEA/intravaginal suppository; [13, 14]). No

serious or significant drug-related adverse events or

increased frequency of adverse events was observed

in any of these studies.

The intravaginal DHEA ovule is rapidly diluted on

a relatively large surface by the vaginal secretions and

has no significant systemic estrogenic impact as

illustrated by the unchanged serum levels of oestrone

sulphate, the main metabolite of oestrogens

[12,13,14]. Similarly, serum levels of testosterone

and the three metabolites of androgens which best

represent the total pool of androgens are not changed

significantly [12,13,14]. Concerning androgens,

while there was a 58% age-related loss in the serum

levels of the androgen metabolites which directly

reflect the total pool of androgens in these women

[8], only a 7% (not significant) recovery was made

following daily treatment with 0.5% DHEA, thus

leaving these women treated daily with 0.5% DHEA

52% below the values found in normal 30- to 35

year-old women [12].

Due to a physiological replacement with a small

dose of a compound already present in relatively

large amounts in normal postmenopausal women,

adverse effects are not expected from intravaginal

DHEA. In fact, postmenopausal women showing

vaginal atrophy symptoms who receive intravaginal

0.5% DHEA should not be different, from a

hormonal exposure point of view, from the group

Figure 5. Effect of daily intravaginal application of 0.5% DHEA

(prasterone) suppositories for 12 weeks on the severity score of

pain at sexual activity judged by women as being the most

bothersome (ERC–210). The data are presented for the total group

as well as for each site separately to analyse internal consistency.

The data are expressed as means+SEM; the p values are for

comparison with baseline1 or with placebo2.
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of postmenopausal women who do not suffer from

vaginal atrophy because this group of women has

sufficient levels of endogenous DHEA to avoid the

symptoms of vaginal atrophy.
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