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ABSTRACT Received 20 March 2023
Objective: This study aimed to measure safety, systemic pharmacokinetics and preliminary efficacy =~ Revised 14 April 2023
of a vaginal tamoxifen capsule (DARE-VVA1) among postmenopausal women with moderate-to- ~ Accepted 1 May 2023

severe vulvovaginal atrophy. Published online 8 June 2023

Methods: This was a randomized, placebo-controlled, double-blind, phase 1/2 study of DARE-VVA1, KEYWORDS

in four doses (1, 5, 10 and 20 mg). Tamoxifen; vulvovaginal
Results: Seventeen women were enrolled and 14 completed the 8-week treatment. DARE-VVA1 atrophy; topical local therapy;
was safe. All adverse events were of mild or moderate severity and distributed similarly among pharmacokinetics
active and placebo groups. Plasma tamoxifen concentrations were highest among women using

DARE-VVA1 20mg, but the maximum mean (standard deviation) plasma tamoxifen concentrations

on day 1 (2.66+0.85ng/ml) and day56 (5.69+1.87 ng/ml) were <14% of those measured after one

oral tamoxifen dose. Active study product users had significant decreases from pre-treatment

baseline in vaginal pH and proportion of vaginal parabasal cells (p=0.04 for both endpoints),

with women randomized to the 10mg or 20mg dose experiencing the largest treatment impact.

The severity of vaginal dryness and dyspareunia decreased significantly from baseline with active

study product use (p=0.02 for both endpoints).

Conclusions: DARE-VVAT1 is safe and results in minimal systemic exposure to tamoxifen. Preliminary

efficacy data support further development of this product.

Introduction breast cancer and in women who have contraindications to
systemic estrogen therapy [6] because the approved package
labeling notes that this therapeutic approach should not be
used for these women. Although systemic E2 exposure is neg-
ligible with micro-dose vaginal E2 therapy, the exposure con-
cern persists among health-care providers and women
diagnosed with breast cancer [6]. In addition, some women
would like a vaginal, non-hormonal, non-estrogen option for
VVA treatment. Although an oral, non-estrogen VVA treatment
(Ospemifene®) was recently approved for use, it has not been

Vulvovaginal atrophy (VVA) is a common and underreported
condition that results from decreased local mucosal estrogeni-
zation of the vaginal epithelium [1-3]. The vaginal epithelium
has decreased proliferation and glycogen content and becomes
thinned and fragile with chronic estrogen deprivation. Typical
symptoms include vaginal dryness, itching, burning and painful
intercourse, adversely impacting an individual’s quality of life
[3]. Clinical findings include the diagnostic presence of a pale,
friable and/or dry vulvovaginal mucosa, as well as vaginal pH
> 5 [3]. VWA most commonly occurs in the postmenopausal ~Sstudied in women with HR+breast cancer [7].

phase, during which the prevalence is more than 50% [2,4]. Tamoxifen is an estrogen agonist/antagonist that elicits
Localized micro-dose estrogen therapy (e.g. estradiol [E2]- tissue-dependent responses in hormone-responsive tissues
containing vaginal creams, rings and tablets) is effective in and organs, such as the vagina, breast and endometrium [8].
treating the underlying physiologic issue, and is the most com-  Studies of oral tamoxifen conducted over the last 40years
monly prescribed treatment for VVA [5]. However, the majority have documented estrogen agonist effects of this oral selec-
of health-care providers remain reluctant to prescribe vaginal tive estrogen receptor modulator (SERM) on the vaginal epi-
E2 therapy in women with hormone receptor-positive (HR+) thelium in postmenopausal women, but an estrogen
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antagonist action on the vaginal epithelium in premeno-
pausal users [9-16]. There remains a large, unmet need for
a novel, non-hormonal, SERM, non-E2, local VVA treatment.

The primary objectives of this first-in-woman study were to
characterize the local and systemic safety and systemic plasma
pharmacokinetics (PK) of DARE-VVA1 vaginal inserts in four
doses (1, 5, 10 and 20mg) versus placebo, when dosed over
a 56-day treatment window. The secondary objectives of this
study were to evaluate the preliminary efficacy and pharma-
codynamics (PD) of DARE-VVA1 by describing changes from
pre-treatment baseline in the severity of the most bothersome
genitourinary symptom (MBS) and changes in the vaginal mat-
uration index (VMI) and vaginal pH.

Methods
Clinical study

This was a phase 1/2, randomized, double-blind,
placebo-controlled study among postmenopausal women with
moderate-to-severe VVA at two centers in Australia. The study
was approved by the ethics board for each study site (Central
Adelaide Local Health Network Human Research Ethics
Committee Reference Number 2021/HRE00239) and registered
with ClinicalTrials.gov (NCT05378269). Briefly, the sites enrolled
healthy women, aged 40-75years, who were not taking exog-
enous hormones, and were menopausal as defined by
12months of spontaneous amenorrhea or 6 months of spon-
taneous amenorrhea with a serum follicle stimulating hormone
(FSH) concentration of 40mIU/ml or higher. On a 4-point Likert
scale of no, mild, moderate or severe symptoms, women had
to self-report that at least one of the following symptoms was
moderate (level 2) or severe (level 3) in intensity: vaginal dry-
ness; vaginal and/or vulvar irritation/itching; dysuria; or vaginal
pain with sexual activity (dyspareunia). Alternatively, women
with vaginal bleeding associated with sexual activity were also
eligible for the study. Volunteers had to have vaginal cellular
cytology with <5% superficial cells and vaginal pH > 5 at
screening. For women with an intact uterus, the endometrial
thickness had to be <4mm on transvaginal ultrasound. Subjects
had to have a normal mammogram within 2years of the
screening visit, normal cervical cytology cancer screening, a
normal baseline 12-lead electrocardiogram and baseline labo-
ratory values either within normal limits or accepted by the
investigator and medical monitor as not clinically significant.
Participants were excluded if they had significant cardiovascular,
renal, pulmonary, neurological or hepatic diseases preventing
compliance with the study, if they were currently taking anti-
coagulant drugs or if they had uncontrolled hypertension.
Finally, for this first-in-woman study, women could not have a
history of cancer in the past 5years, undiagnosed vaginal bleed-
ing or a known or suspected estrogen-dependent neoplasia.
Women self-administered a vaginal soft gel capsule once
a day for the first 2weeks and then twice weekly for 6 weeks
(approximately 26 doses), which is the normal dosing fre-
quency for many micro-dose vaginal E2 VVA creams and
vaginal tablet regimens [5]. They were seen over a total of
approximately 10 visits where safety, PK, PD and acceptability
endpoints were collected (see Supplemental Table 1).

Randomization

In this parallel-group randomized study, women who met
the study entry criteria were randomly assigned, in a 1:1:1:1:1
ratio, to one of the five treatment groups (DARE-VVA1 1mg
or 5mg or 10mg or 20mg dose or matching placebo). The
randomization schedule was computer-generated using a
permuted block algorithm. The study center was not a block-
ing factor in the randomization schedule. The randomization
numbers were assigned sequentially by an un-blinded mem-
ber of the ICON Clinical Research Team who was not other-
wise involved in the study. No one involved in the study
performance had access to the randomization schedule
before the official un-blinding of treatment assignment.

Blinding and un-blinding treatment assignment

The different tamoxifen-dose DARE-VVA1 vaginal capsules
and placebo capsules are indistinguishable by appearance,
smell and feel. All participants, investigators and study per-
sonnel involved in the conduct of the study, including data
management, were blinded to treatment assignment with
the exception of a specified un-blinded statistician from ICON
Clinical Research who had access to the randomization code.
The un-blinded study personnel did not participate in study
procedures or data analysis prior to un-blinding of the study
data to all study-related personnel.

Study product

DARE-VVA1 was supplied as 1, 5, 10 and 20mg vaginal cap-
sules or matching placebo capsules by Catalent Pharma
Solutions (St. Petersburg, FL, USA). All study products were
stored at room temperature.

Safety assessments

Safety was assessed primarily through treatment emergent
adverse events (TEAEs), which were graded as to their sever-
ity and relationship to product use. Any vaginal or vulvar
irritation, vaginal discharge or pelvic pain was reported as
an adverse event (AE) using standardized Medical Dictionary
for Regulatory Activities (MedDRA) codes and graded for
severity. Adverse drug reactions (ADRs) were defined as all
noxious and unintended responses to a medicinal product,
for which a causal relationship between a medicinal product
and an AE is at least a reasonable possibility (i.e. the rela-
tionship cannot be ruled out). All AEs judged by either the
reporting investigator or the sponsor as having a reasonable
causal relationship to an investigational product (IP) qualify
as ADRs. An unexpected ADR was defined as an ADR for
which the nature or severity is not consistent with the appli-
cable product information (e.g. Investigator Brochure for an
unapproved [P).

Safety was also measured by changes from screening in
clinical laboratory assessments (hematology, serum chemistry,
coagulation panel, urinalysis), vital signs, 12-lead electrocar-
diograms, physical examinations and endometrial stripe width
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measurements by transvaginal ultrasound. During each vag-
inal speculum examination, local erythema and edema were
graded by the investigator on a 4-point Likert scale of none/
absent (score 0), mild (score 1), moderate (score 2) and severe
(score 3).

Pharmacokinetic evaluations

After baseline evaluations including the time 0 venous plasma
sample, the day 1 DARE-VVA1 dose or matching placebo was
self-administered in the clinic and serial peripheral venous
samples were drawn from an indwelling line at 0.5, 1, 2, 4,
5, 8, 12 and 24 h. Trough samples were collected 24 h after
administration of inserts on days4, 7, 10, 18, 28, 42 and 56
(end of treatment) and a final sample was collected at
follow-up on day 63, approximately 7 days since the last dose.
On the last day of dosing (day56), serial peripheral venous
samples were repeated at 0.5, 1, 2, 4, 5, 8, 12 and 24h.

Plasma concentrations of tamoxifen and three tamoxifen
metabolites (N-desmethyltamoxifen [NDT], 4-hydroxytamoxifen
[4-OHT] and N-desmethyl-4-hydroxytamoxifen [endoxifen])
were analyzed by Agilex Laboratories using dual tandem
liquid chromatography and mass spectrometry (LC/MS-MS).
The lower limit of quantitation was 0.1ng/ml (tamoxifen),
0.1 ng/ml (NDT), 0.05ng/ml (4-OHT) and 0.05ng/ml (endox-
ifen). For PK characterization, concentrations for each dose
were calculated using non-compartmental analysis.
Concentrations that were below the lower limit of quantita-
tion (BLQ) were estimated as 0.5 x lower limit of quantitation.
The PK parameter estimates were completed using WinNonlin
(Pharsight Corporation). The actual sampling time was used
for all parameter estimations. Standard PK parameters
assessed included measures of the extent of absorption using
estimates of the area under the plasma concentration-time
curve, the maximum observed drug concentration and the
time to reach the maximum drug concentration.

Preliminary pharmacodynamics and preliminary
treatment efficacy

Local estrogenic effect measurements included obtaining
vaginal epithelial cells from the lateral vaginal sidewall and
determining the VMI. The VMI is determined by categorizing
the ratio (proportion in 100 cells) of the three types of vag-
inal epithelial cell types (parabasal, intermediate and super-
ficial). A total VMI score was calculated as: % superficial
cells + (0.5 X % intermediate cells) + (0 x % parabasal cells). The
VMI and vaginal pH were measured at screening and base-
line, and subsequently every 2weeks during treatment and
1week after treatment.

At the screening visit, participants rated on a 4-item Likert
scale (not present [none], mild, moderate or severe) the
severity of the following vaginal symptoms: vaginal dryness;
vaginal and/or vulvar irritation/itching; dysuria; and vaginal
pain associated with sexual activity (dyspareunia). Additionally,
participants indicated whether vaginal bleeding associated
with vaginal activity was present or absent. They also selected
one of the five symptoms as their MBS. All five symptoms
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were evaluated again during later study visits and the change
in severity from baseline was determined.

Sample size and statistical analysis

As is the case for first-in-woman safety and PK studies, the
primary endpoints of this study were primarily descriptive
in nature. The sample size for this first-in-woman safety and
PK study was originally estimated to include approximately
eight participants in each of the five dosing groups. However,
study recruitment was adversely impacted by the COVID-19
pandemic and was halted once approximately half of the
enrollment goal was met after a blinded interim analysis of
some select secondary endpoints revealed potential treat-
ment efficacy potential.

The following three analysis populations were described:
safety population, which included all participants who were
enrolled and received any amount of planned IP; intent-to-
treat population, which included all randomized participants,
who were used for the analysis of secondary efficacy end-
points; and PK population, which included all participants
who received at least one dose of IP and provided at least
one quantifiable PK plasma sample.

Summary statistics were described for each dosing cohort
and for the active combined doses (1 mg and 5mg and 10mg
and 20mg) versus placebo. For primary safety and PK end-
points, data for each dosing cohort were described sepa-
rately. Because the sample size for each active dosing cohort
was small (n=3-4 participants), comparisons between all
active product users versus placebo were used for the sec-
ondary endpoints of preliminary product efficacy (vaginal
pH, VMI and MBS). Continuous variables included the number
of participants, mean, standard deviation, median, minimum
and maximum. For categorical variables, we present the num-
ber and percentage of participants in each category. The
denominator for the percentage is based on the number of
participants appropriate for the purpose of analysis. For all
calculations of change from baseline, the last observation
recorded before the first administration of the insert
(DARE-VVA1 or placebo) was considered as the baseline
observation. Paired changes from baseline were compared
using a Wilcoxon signed rank sum test, as all continuous
variables were not normally distributed. Comparison of cat-
egorical variables was done by Fisher’s exact test.

Systemic plasma PK/local vaginal PD endpoint correlations
were done using the Spearman correlation coefficient. Plasma
concentrations of tamoxifen obtained at days0, 1, 18, 28, 42,
57 and 63 were correlated with vaginal pH measurements
and VMI parameters obtained at the same time point for all
DARE-VVAT1 users combined. p-Values <0.05 were considered
statistically significant.

Results

As shown in Figure 1, 45 participants were screened for the
study and 28 participants were screen failures. We therefore
enrolled 17 women, all of whom had an intact uterus and
were randomized and dosed with IP. A total of 14 women
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completed the study. The three participants who discontin-
ued the study did so due to protocol deviations (n=1) and
non-compliance with the study medication (n=2).

Table 1 presents the demographics of the intent-to-treat
population. All enrolled women had a normal screening thy-
roid stimulating hormone (TSH) concentration, normal Pap
smear results and a normal screening mammogram. All par-
ticipants were menopausal based on the presence of spon-
taneous amenorrhea for 12months or longer.

Safety data

Table 2 presents the TEAE data and Supplemental Table 2
presents the total exposure to tamoxifen (mg), number of
days of dosing, protocol adherence per participant
self-reported diary entries and the system organ preferred
term for product-related TEAEs. As already noted, 14 of the
17 randomized participants completed the entire 56-day
treatment period. The majority of participants were greater

| 45 Participants Consented and Screened ‘ 28 Screen Failures

25 Ineligibility

1 Investigator Decision

1 Withdrawal by Participant
1 Other

17 Participants Enrolled, Randomized,
Received at least 1 IP Dose
(ITT Population, Safety Populations and
PK Population)
4 Placebo
3 DARE-VVAL (1 mg)
4 DARE-VVALI (5 mg)
3 DARE-VVALI (10 mg)
3 DARE-VVALI (20 mg)

3 Discontinuations
1 Placebo
2 DARE-VVAL (5 mg)

14 Participants Completed Study
3 Placebo
3 DARE-VVAIL (1 mg)
2 DARE-VVAL (5 mg)
3 DARE-VVAI (10 mg)
3 DARE-VVAI (20 mg)

Figure 1. Disposition of participants. IP, investigational product; ITT, intent to
treat; PK, pharmacokinetic.

Table 1. Demographics of the intent-to-treat population.

than 95% compliant with the dosing regimen, per their
diary report.

The were no severe adverse events and no TEAEs which
led to study product or study discontinuation. The majority
of participants who received at least one dose of the study
IP (15/17, 88.2%) reported at least one TEAE. Of the 72
reported TEAEs for all participants, the highest number of
reported TEAEs occurred in the 20mg DARE-VVA1 dosing
group (n=20 TEAEs), with the second highest reported by
the placebo group (n=15 total reported TEAEs). All TEAEs
were mild or moderate in severity.

Almost half (8/17, 47%) of the participants reported at
least one TEAE which was deemed as possibly related or
related to study IP use (Table 2 and see Supplemental Table
2). Of the 22 TEAEs reported by the 17 participants that were
deemed possibly related or related to study IP use, the high-
est number (n=8) was reported by the placebo users (Table
2). Finally, 5/17 (29%) participants reported at least one ADR,
with a total of nine ADRs being reported in the study. There
were no unexpected ADRs reported in this study.

Of the 15 participants who reported at least one TEAE, nine
reported a TEAE related to the reproductive system, with vul-
vovaginal discomfort (n=5 participant reports) and vulvovaginal
pruritus (n=4 participant reports) being the most common
organ system preferred term (see Supplemental Table 2).

The mean local erythema scores at all visits, for all dosing
groups, were in the none/absent (score 0) to mild (score 1)
range, with a few outliers in the moderate (score 2) grading,
with no discernible pattern or correlation to group. All local
edema scores at all visits, for all dosing groups, were graded
as none (score 0) or mild (score 1). All endometrial stripe
measurements were normal at baseline and at 57 days of
treatment, with the maximum measurement not exceeding
4.0mm. All vaginal speculum examinations were reported as
normal or had an abnormality or finding that was deemed
not clinically significant by the investigator.

Finally, there were isolated, not clinically significant
changes in serum chemistry, hematology and coagulation
parameters and concentrations, and urinalyses, with no dis-
cernible pattern or dose relationship. There were no clinically

DARE-VVAT Tmg

DARE-WAT 5mg

DARE-VVA1 10mg  DARE-VVA1 20mg

Characteristic Placebo (N=4) (N=3) (N=4) (N=3) (N=3) Overall N=17)
Age (years)

Mean (SD) 61.3 (5.38) 65.7 (1.53) 59.3 (2.99) 57.7 (8.08) 61.3 (4.16) 60.9 (4.97)

Median (min, max) 60.5 (56, 68) 66.0 (64, 67) 59.0 (56, 63) 59.0 (49, 65) 60.0 (58, 60) 60.0 (49, 68)
Race, n (%)

White 4 (100.0) 3 (100.0) 4 (100.0) 3 (100.0) 3 (100.0) 17 (100.0)
Ethnicity, n (%)

Not Hispanic or Latino 4 (100.0) 3 (100.0) 4 (100.0) 3 (100.0) 3 (100.0) 17 (100.0)
Height (feet)

Mean (SD) 531 (0.22) 5.55 (0.19) 5.52 (0.12) 5.33 (0.18) 5.35 (0.18) 5.41 (0.19)

Median (min, max) 5.24 (5.13, 5.55) 5.64 (5.33, 5.61) 5.51 (5.41, 5.59) 5.42 (5.12, 5.40) 5.43 (5.15, 5.42) 543 (5.12, 5.61)
Weight (Ibs)

Mean (SD) 146.15 (42.64) 164.49 (35.14) 166.26 (36.13) 143.55 (13.37) 152.48 (31.16) 146.15 (42.64)

Median (min, max) 131.97 (112.23, 208.37) 144.43 (143.99, 205.07) 159.97 (130.54, 214.55) 136.05 (135.61, 158.98) 143.99 (112.23, 214.55)  131.97 (112.23, 208.37)
BMI (kg/m?)

Mean (SD) 25.03 (5.29) 26.03 (4.87) 26.58 (5.49) 24.67 (2.22) 23.70 (3.68) 25.27 (4.15)

Median (min, max) 24.20 (19.5, 32.2) 24.80 (21.9, 31.4)
Screening TSH (ulU/ml)
Mean (SD)

Median (min, max)

1.98 (0.63)
2.18 (1.1, 2.5)

1.19 (0.26)
1.19 (0.9, 1.4)

25.60 (21.6, 33.5)

2.52 (0.67)
2.77 (1.6, 3.0)

2530 (22.2, 26.5) 22.60 (20.7, 27.8) 24.70 (19.5, 33.5)
2.55 (0.68)

2,94 (1.8, 2.9)

1.39 (0.74)
1.56 (0.6, 2.0)

1.96 (0.78)
2.02 (0.6, 3.0)

BMI, body mass index; max, maximum; min, minimum; SD, standard deviation; TSH, thyroid stimulating hormone.
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Table 2. Safety data.

CLIMACTERIC 483

Placebo DARE-VVAT DARE-VVA1 DARE-VVAT1 DARE-VVAT1 Overall
Characteristic (N=4) Tmg N=3) 5mg (N=4) 10mg (N=3) 20mg (N=3) (N=17)
Treatment emergent adverse events
Number of women (% of group) reporting at least one TEAE 3 (75%) 2 (67%) 4 (100%) 3 (100%) 3 (100%) 15 (88.2%)
Total number of TEAEs reported per group 15 10 13 14 20 72
Number of women (% of group) reporting at least one TEAE with 2 (50%) 1 (33%) 2 (50%) 1 (33%) 2 (67%) 8 (47%)
causality possibly related or related to IP
Total number of TEAEs with causality possibly related or related to 8 2 5 4 3 22
Ip2
Number of women (% of group) reporting at least one adverse 2 (50%) 0 (0%) 2 (50%) 1 (33%) 0 (0%) 5 (29%)
drug reaction
Total number of adverse drug reactions reported per group 3 0 2 4 0 9
Total number of TEAEs per group of Grade 3 or higher 0 0 0 0 0 0
Total TEAEs leading to IP or study discontinuation 0 0 0 0 0 0
Local vulvovaginal irritation scores (0, 1, 2, 3 for none, mild, moderate, severe, respectively)
Erythema
Baseline (mean, SD) 0.8 (0.96) 0.3 (0.58) 0.0 (0.0) 0.0 (0.0) 0.3 (0.58) 0.3 (0.59)
Day 18 (mean, SD) 0.5 (0.58) 0.7 (0.58) 0.0 (0.0) 1.3 (1.15) 0.7 (0.58) 0.6 (0.72)
Day 28 (mean, SD) 0.3 (0.50) 0.3 (0.58) 0.7 (0.58) 0.0 (0.0) 0.3 (0.58) 0.3 (0.48)
Day 42 (mean, SD) 0.5 (0.71) 0.7 (1.15) 0.0 (0.0) 0.0 (0.0) 1.0 (1.41) 0.4 (0.77)
Day 57 (mean, SD) 0.0 (0.0) 0.3 (0.58) 0.0 (0.0) 0.0 (0.0) 0.3 (0.58) 0.1 (0.36)
Day 63 (mean, SD) 0.0 (0.0) 0.7 (1.15) 0.5 (0.71) 0.3 (0.58) 0.0 (0.0) 0.3 (0.61)
Edema
Baseline (mean, SD) 0.5 (0.58) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.3 (0.58) 0.2 (0.39)
Day 18 (mean, SD) 0.0 (0.0) 0.3 (0.58) 0.0 (0.0) 0.0 (0.0) 0.3 (0.58) 0.1 (0.34)
Day 28 (mean, SD) 0.3 (0.50) 0.0 (0.0) 0.3 (0.58) 0.0 (0.0 0.3 (0.58) 0.2 (0.48)
Day 42 (mean, SD) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.5 (0.71) 0.1 (0.28)
Day 57 (mean, SD) 0.0 (0.0) 0.3 (0.58) 0.5 (0.71) 0.0 (0.0) 0.7 (0.58) 0.3 (0.47)
Day 63 (mean, SD) 0.0 (0.0) 0.3 (0.58) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.1 (0.27)
Transvaginal ultrasound endometrial stripe thickness (mm)
Baseline (mean, SD) 1.88 (0.63) 1.80 (1.06) 3.25 (0.96) 2.00 (1.00) 2.20 (1.59)  2.26 (1.08)
Day 57 (mean, SD) 1.83 (0.76)  2.00 (1.00) 3.50 (0.71) 2.67 (0.58) 2.73 (2.00) 248 (1.13)

aSystem Organ Class Preferred Term of these TEAEs presented in Supplemental Table 2.
IP, investigational product; SD, standard deviation; TEAE, treatment emergent adverse event.

significant electrocardiogram findings or changes from base-
line during the study.

Systemic plasma pharmacokinetics

PK parameters for tamoxifen and NDT are presented in
Supplemental Table 3, and Figure 2a-I shows the mean (stan-
dard deviation) plasma concentrations by time for tamoxifen
and the three metabolites (ng/ml). As expected, the highest
median plasma concentrations of tamoxifen occurred in the
20mg dosing group. The highest median plasma tamoxifen
concentration measured in the study was 8.29 ng/ml, measured
on day 10 of dosing in the 20mg dosing group. The single
maximum plasma tamoxifen concentration observed in the
study was 12.0ng/ml, from a participant randomized to the
20mg dose at the same time point (see Supplemental Table 3).

The major metabolite of orally dosed tamoxifen is NDT
[17]. As with the tamoxifen plasma PK profile, VVAT 20mg
users had the highest concentrations of NDT. The highest
median plasma concentration of NDT was 8.43ng/ml, mea-
sured on day 18 of dosing, with a single maximum plasma
concentration of NDT recorded at 12.9ng/ml on the same
day. The mean and median PK parameters of plasma tamox-
ifen and NDT are presented in Table 3.

For endoxifen concentrations, DARE-VVA1 1 mg users had
BLQ concentrations of this metabolite at all sampling points.
DARE-VVA1 5mg users had BLQ concentrations of this metab-
olite at all time points except day42 where median endoxifen
concentrations were 0.056 ng/ml (range 0.03-0.14ng/ml).

Supplemental Table 3 and Figure 2i and 2j demonstrate that
DARE-VVA1 10mg users had BLQ concentrations of plasma
endoxifen until day 10 of dosing, while DARE-VVA1 20 mg
users had BLQ concentrations of plasma endoxifen until day 7
of dosing.

DARE-VVA1 1mg and 5mg users had concentrations of
the metabolite 4-OHT that were BLQ at all time points mea-
sured. As shown in Supplemental Table 3 and Figure 2k,
DARE-VVA1 10mg users had BLQ concentrations of this
metabolite until day10 of dosing, and plasma 4-OHT con-
centrations were then low but measurable between days 10
and 42, when concentrations returned to BLQ levels. As
shown in Supplemental Table 3 and Figure 2I, DARE-VVA1
20mg users had BLQ concentrations of 4-OHT until day 7 of
dosing and had very low concentrations of this metabolite
throughout the observation period.

Vaginal pH and vaginal maturation index

Both of these preliminary assessments of product efficacy
were secondary endpoints, as the sample size was not pow-
ered to demonstrate significant differences for individual
dosing groups. When all active DARE-VVA1 doses were com-
bined into one group, there was a significant decrease in
vaginal pH between baseline and end of treatment (day 56),
with the DARE-VVA1 20mg cohort experiencing the largest
decrease in median vaginal pH (-0.7) (Table 4). The 1mg and
5mg dosing cohorts experienced a median decrease in vag-
inal pH of —0.4 and 0, respectively.
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Figure 2. (a) Plasma tamoxifen 1mg dosing group. (b) Plasma tamoxifen 5mg dosing group. (c) Plasma tamoxifen 10mg dosing group. (d) Plasma tamoxifen

20 mg dosing group. (e) Plasma NDT 1 mg dosing group. (f) Plasma NDT 5mg

dosing group. (g) Plasma NDT 10 mg dosing group. (h) Plasma NDT 20 mg dosing

group. (i) Plasma endoxifen 10mg dosing group. (j) Plasma endoxifen 20mg dosing group. (k) Plasma 4-OHT 10mg dosing group. (I) Plasma 4-OHT 20mg
dosing group. EOT, end of treatment; LLOQ, lower limit of quantitation; NDT, N-desmethyltamoxifen; 4-OHT, 4-hydroxytamoxifen.

Similar to the data for vaginal pH, the overall VMI increased
with treatment, although not significantly so for any individ-
ual dosing group (all p>0.09) (Table 4). The largest increase
in total VMI, reflecting the largest shift to healthy, superficial
cells, occurred in the 20mg VVA1 dosing group. This dosing
group also had the largest increase in superficial cells, from
a median of 0% at baseline to a median of 54% at the end
of treatment (p=0.06). There was a statistically significant
decrease in vaginal parabasal cells, from a median of 75%
at baseline to a median of 1% at end of treatment (p=0.04),
for all active study product users (Table 4).

Systemic plasma tamoxifen pharmacokinetic/local
vaginal Pharmacodynamic correlations

Plasma tamoxifen concentrations were significantly and neg-
atively correlated with vaginal pH (Spearman R=-0.51,
p<0.01) and % vaginal parabasal cells (Spearman R=-0.53,
p<0.01). Plasma tamoxifen concentrations were significantly
and positively correlated with % vaginal superficial cells
(Spearman R=0.45, p<0.01), % vaginal intermediate cells
(Spearman R=0.45, p<0.01) and total VMI (Spearman R=0.62,
p<0.01).
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Table 3. Pharmacokinetic parameters for plasma tamoxifen and N-desmethyl tamoxifen (NDT).

DARE-VVA1 DARE-VVAT1 DARE-VVAT1 DARE-VVAT1
Parameter Statistic Tmg (n=3) 5mg (n=4) 10mg (n=3) 20mg (n=3)
Tamoxifen
Day 1 G, (ng/ml) Mean 0.04 0.49 2.08 2.66
SD 0.06 0.20 0.51 0.85
Median 0 0.57 217 297
Day 1 T,,, (h) Median 4.98 15.96 2.00 243
Minimum 4.98 5.00 2.00 2.02
Maximum 4.98 24.08 2.00 4.00
Day 1 AUC,_,,, (h*ng/ml) Mean 0 9.22 25.05 39.08
SD 0 4.44 11.89 12.27
Median 0 10.84 20.26 44.60
Day 56 C,,, (ng/ml) Mean 0.19 2.03 3.307 5.69
SD 0.06 0.87 0.38 1.87
Median 0.17 2.03 347 4.63
Day 56 T, (h) Median 4.00 6.51 8.00 8.00
Minimum 0.50 5.02 4.00 8.00
Maximum 8.05 8.00 12.00 12.00
Day 56 AUC,_, (h*ng/ml) Mean 3.55 4517 68.61 113.00
SD 1.09 22.09 8.21 21.81
Median 3.25 45.17 70.71 102.00
Day 56T,,, (h) Mean 182.21 109.29 190.80
SD 16.70
Median 182.21 109.29 190.80
NDT
Day 1 C,., (ng/ml) Mean 0 0 0.09 0.20
SD 0 0 0.16 0.17
Median 0 0 0 0.30
Day 1 T, (hours) Median 24.07 24.02
Minimum 24.07 24.00
Maximum 24.07 24.03
Day 1 AUC,_,, (h*ng/ml) Mean 0 0 1.01 1.74
SD 0 0 1.74 247
Median 0 0 0 1.74
Day 56 C,,,, (ng/ml) Mean 0.27 2.87 4.49 8.13
SD 0.13 0.93 1.45 2.90
Median 0.20 2.87 5.12 7.46
Day 56 T, (h) Median 5.00 24.01 8.00 0.50
Minimum 0.50 24.00 0.50 0.50
Maximum 8.05 24.02 24.02 0.50
Day 56 AUC,_, (h*ng/ml) Mean 4.85 63.65 91.91 141.9
SD 2.50 24.18 2433 39.06
Median 3.54 63.65 99.82 134.20

AUC, area under the plasma concentration-time curve; C,,,,, maximum observed drug concentration; SD, standard

deviation; T,

max’/

Most bothersome genitourinary symptom and severity
of symptom

Of the 17 enrolled participants, seven reported that vaginal
dryness was their MBS and 10 reported that dyspareunia
was their MBS at screening. Table 5 presents the severity of
the MBS reported by participants in the placebo group ver-
sus all active VVA1 users combined for this secondary end-
point. Among active VVA1 users, there was a significant
decrease in the severity of vaginal dryness and dyspareunia
from baseline at the end of treatment (p=0.02 for both
indices). Placebo users did not experience significant changes
in the severity of their MBS from baseline (p=0.17 for vaginal
dryness and p=0.33 for dyspareunia). Due to sample size,
the data were not analyzed by individual active dosing group.

Discussion

Tamoxifen is a SERM which acts as an estrogen antagonist
in the breast; it binds to alpha estrogen receptors in breast
tissue, effectively blocking natural estrogen from binding to
these sites, and is therefore an effective HR+ breast cancer

maximum drug concentration; T, ,, half life.

treatment [17,18]. Tamoxifen was approved by the US Federal
Drug Administration (FDA) in oral dosage forms (tablet and
solution) for the prevention and treatment of estrogen
receptor-positive breast cancer in 1977 [19]. The tissue-specific
effects of tamoxifen, importantly, are dependent on the
patient’s age and endogenous hormonal profile, and cur-
rently, oral tamoxifen is primarily given to premenopausal
women diagnosed with breast cancer. Oral, systemic tamox-
ifen is known to cause VVA in premenopausal women by
working at the vaginal tissue level to block estrogen activity
[20,21]. Postmenopausal breast cancer patients are often
treated with oral aromatase inhibitors, which may amplify
VVA by blocking any peripheral conversion of steroid hor-
mones to E2 centrally [22]. Thus, the prevalence of VVA in
both premenopausal and postmenopausal HR + breast cancer
survivors is estimated to be 70% [23,24].

A previously conducted, exploratory, proof-of-concept clin-
ical study, where four postmenopausal women with
moderate-to-severe VVA symptoms were treated with a pre-
liminary formulation of DARE-VVA1 (approximately 13mg
tamoxifen citrate vaginal suppository, produced by a com-
pounding pharmacy) intra-vaginally once daily for a week
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Table 4. Vaginal pH and vaginal cytology indices at baseline and end of treatment by dosing group.

Baseline pre-treatment (day 1)

Day 56 or 57 (end of treatment)

Parameter Median Mean SD Median Mean SD p-Value
Vaginal pH
Placebo (n=4) 53 5.6 0.6 53 54 0.51 1.00
DARE-VVAT 1mg 5.7 5.7 0.35 53 53 0.65 0.35
DARE-VVAT1 5mg 5.2 53 0.33 5.2 5.2 0.71 0.43
DARE-VVAT 10 mg 53 55 0.40 5.0 5.2 0.40 0.69
DARE-VVA1 20mg 5.7 6.0 0.89 5.0 5.1 0.17 0.72
DARE-VVAT1 all actives 53 5.6 0.49 5.0 53 0.42 0.04
Overall vaginal maturation index (% Superficial +(0.5x % intermediate))
Placebo 2.0 2.0 1.68 10.3 10.3 14.50 0.85
DARE-VVAT 1mg 45 15.5 23.06 18.8 18.8 26.52 0.80
DARE-VVA1 5mg 435 34.6 23.90 543 543 4.60 0.55
DARE-VVA1 10mg 12.5 1.5 10.04 53.0 40.5 22.52 0.54
DARE-VVA1 20mg 3.0 2.0 1.73 77.0 91.7 45.32 0.09
DARE-VVAT1 all actives 435 15.9 14.68 543 51.30 30.4 0.32
Superficial cells (%)
Placebo 0 1.0 2.00 0 0 0.0 >0.99
DARE-VVAT 1mg 4.0 2.7 2.31 1.0 1.0 1.41 0.54
DARE-VVAT1 5mg 4.0 4.5 4.20 135 135 16.26 0.82
DARE-VVAT 10 mg 0 1.7 2.89 8.0 7.7 6.51 0.18
DARE-VVA1 20mg 0 0.0 0.00 54.0 523 33.53 0.06
DARE-VVAT1 all actives 0 24 3.1 11 20.9 27.9 0.11
Parabasal cells (%)
Placebo 96.5 97.0 2.16 79.5 79.5 28.99 >0.99
DARE-VVAT 1mg 95.0 7.7 4481 135 135 19.09 0.39
DARE-VVA1 5mg 3.0 12.8 21.69 0.0 0 0.00 0.41
DARE-VVAT1 10mg 75.0 78.7 17.79 6.0 26.7 39.31 0.19
DARE-VVA1 20mg 94.0 96.0 3.46 0.0 23 4.04 0.07
DARE-VVAT1 all actives 75.0 60.8 41.2 1.0 1.4 229 0.04

SD, standard deviation.

Table 5. Frequency of most bothersome genitourinary symptom and severity by dosing group at pretreatment

baseline and end of treatment.

Number of participants reporting the most

bothersome genitourinary symptom and severity

Fisher’s exact

Dosing group None Mild Moderate Severe p-value
Vaginal dryness
All actives, screening 0 0 3 2 0.02
All actives, end of treatment 1 3 0 0
All placebos, screening 0 0 1 1 0.17
All placebos, end of treatment 1 1 0 0
Pain with intercourse (dyspareunia)
All actives, screening 0 0 3 5 0.02
All actives, end of treatment 4 1 0 2
All placebos, screening 0 0 0 2 0.33
All placebos, end of treatment 1 0 0 0

and then twice weekly for 3 months found decreases in vag-
inal pH and improvements in patient-reported assessments
of vaginal dryness [25].

This current first-in-woman study of DARE-VVA1 at four
dosing strengths (1, 5, 10 and 20mg) demonstrated that
during 8weeks of use (daily for 2weeks and twice weekly
for 6 weeks), dosed in the same dosing frequency as several
other approved micro-dose VVA E2 therapies [5], DARE-VVAT1,
in all strengths, was safe and had an AE profile similar to
placebo. All TEAEs were mild to moderate, with no participant
experiencing a TEAE that was severe or required study drug
discontinuation. Vaginal speculum examinations were normal,
with most assessments of vaginal edema or erythema graded
as not present or mild.

Due to ovulatory concentrations of serum progesterone
in premenopausal women, the risk of endometrial hyper-
plasia with oral tamoxifen use is no different than in the

general premenopausal population [26]. However, among
postmenopausal women taking daily oral tamoxifen for at
least 4years, the risk of simple hyperplasia is approximately
12%, of complex hyperplasia 3% and of endometrial carci-
noma is 2% [27,28], which is about two to three times that
of the general postmenopausal population. We assessed the
risk of endometrial hyperplasia in this first-in-woman study
by transvaginal ultrasound measurement of the endometrial
stripe width and found that all participants had an endo-
metrial stripe width of <4 mm. Although this is reassuring,
we plan to obtain endometrial tissue biopsies at
pre-treatment baseline and the end of treatment in future
studies of DARE-VVAT1.

The low-risk systemic safety profile seen in this study
was likely due to the minimal systemic drug exposure expe-
rienced by active product users, even among women ran-
domized to the highest DARE-VVA1 dose (20mg). After a



single oral dose of tamoxifen (20 mg), the mean maximum
plasma concentration of tamoxifen is 40ng/ml (range
35-45ng/ml) [19]. Mean steady-state concentrations of orally
administered tamoxifen (20mg dose) are 122ng/ml (range
71-183) [19]. Participants in the highest DARE-VVA1 dosing
group experienced median plasma maximum observed drug
concentration and tamoxifen concentrations that were at
least 10-fold less than those seen with systemic, oral tamox-
ifen use [19].

Orally dosed tamoxifen is metabolized in the liver by
the cytochrome P450 system [20]. The first metabolite of
tamoxifen after CYP3A 4/5 degradation is NDT, which is
approximately 1.7xX more potent systemically than tamox-
ifen [20]. When dosed orally, the mean peak plasma con-
centration of NDT is 15ng/ml (range 10-20 ng/ml) [19]. The
average steady-state plasma concentration of NDT after
3months of oral administration of daily 20 mg tamoxifen
is 353ng/ml (range 152-706 ng/ml) [19]. During 8 weeks of
VVA1 use, we found that the major metabolite of tamoxifen,
NDT, was present in plasma at concentrations which were
less than 2% of that seen with oral tamoxifen use [19].
NDT is further metabolized into endoxifen by the CYP2D6
enzyme and this enzyme also metabolizes tamoxifen to
4-OHT [20]. Both of these secondary tamoxifen metabolites
are approximately 100x more potent than tamoxifen [20],
and were found mostly in the BLQ range for all DARE-VVA1
dosing groups, suggesting minimal impact on systemic
exposure. Our current PK findings are consistent with the
initial proof-of-concept study, which showed median plasma
tamoxifen concentrations of 5.8ng/ml (range 1.0-10.0ng/
ml) measured after 2 months of use with the 13mg intra-
vaginal dose [25].

Although the assessment of preliminary efficacy and PD
were secondary endpoints, this study demonstrated that top-
ical delivery of tamoxifen resulted in statistically significant
decreases in vaginal pH with active product use (all active
doses combined), with the 10mg and 20mg dosing groups
showing the most improvement in vaginal pH over the
8-week treatment. We recognize that the median end of
treatment vaginal pH levels (range 5.0-5.3) remained in what
would be considered the menopausal range (=5.0), which is
higher than the vaginal pH levels normally achieved after
4weeks of micro-dose E2 treatment (<5.0, premenopausal
range) [5]. This is likely due to the small overall sample size,
particularly the fact that only six of the participants who
completed the study used either the 10mg (n=3) or the
20mg (n=3) dose. Vaginal pH is likely the best marker of
vaginal health [24] and because plasma tamoxifen concen-
trations had a statistically significant inverse relationship with
vaginal pH, we plan to move forward with the 10mg and
20 mg doses.

Similarly, even with micro-dose vaginal therapy, the VMI
showed overall improvement with active product use,
although the increase in the overall VMI was not statistically
significant. The largest increase in total VMI, reflecting a
shift to healthy, superficial cells, occurred in the 20mg
DARE-VVA1 dosing group. There was a non-significant
increase in superficial cells among active product users,
again with the 20mg dosing cohort experiencing the
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highest increase in healthy, differentiated superficial cells.
However, all active product users had a significant decrease
in parabasal cells (p=0.04), with the 20mg dosing cohort
showing the largest decrease in this cell type, which is
characteristic of a fragile, atrophic vaginal epithelium. We
found that increasing plasma tamoxifen concentrations were
significantly positively correlated with local increases in
healthy superficial cells, intermediate cells and overall VMI
score. Increasing plasma tamoxifen concentrations were also
statistically and inversely correlated with decreasing pro-
portions of parabasal cells. Thus, systemic PK/local PD cor-
relations with VMI data also support forwarding the 10mg
and 20mg dosing strengths for further testing.

At baseline, participants reported two genitourinary symp-
toms as being the most bothersome, vaginal dryness and
dyspareunia. It is notable that the self-reported severity of
both symptoms changed with active product use (p=0.02
for both symptoms), while there was no statistically signifi-
cant change in the severity of these two symptoms with
placebo use. We recognize that this was a small sample size
for this endpoint, but the Fisher exact test was used for these
comparisons, which is not dependent on sample size.

This study was limited by the adverse impact of COVID-19
on participant recruitment and thus did not achieve the
sample size which was estimated prior to study start.
However, both primary endpoints of safety and PK were
primarily descriptive in nature, and we found no discernible
safety differences between active and placebo product, and
the PK data were consistent, with the highest dosing group
having the highest systemic tamoxifen and metabolite expo-
sure. We will confirm the safety and efficacy data in future
studies of larger sample sizes. We recognize that combining
all active study doses for comparison of preliminary efficacy
endpoints is not typical, but we did this due to the low
sample size and the fact that these endpoints were secondary
endpoints and were specified as preliminary efficacy assess-
ments. The preliminary efficacy data complement the PK and
safety data and serve to support our selection of the 10mg
and 20mg doses for further evaluation. We did not document
the presence or absence of systemic hypo-estrogenism symp-
toms (e.g. vasomotor symptoms, night sweats) among the
participants at baseline. Although vasomotor symptoms are
associated with oral tamoxifen use, we did not note this as
a common TEAE among DARE-VVAT1 users, but we acknowl-
edge that any changes from baseline status could not be
measured. Given the low systemic exposure, we anticipate
that this will not be a common TEAE with the topical
formulation.

In conclusion, this first-in-woman study of DARE-VVAT in
healthy postmenopausal women demonstrated that
DARE-VVA1 was safe, resulted in minimal systemic tamoxifen
or tamoxifen metabolite exposure and had TEAEs that were
mostly localized to the vagina and were mild or moderate.
Although the study was not powered to measure efficacy of
the four individual dosing groups, the vaginal pH, vaginal
cytology and subjective reports of the severity of MBS sup-
port that the 10mg and 20mg doses show promise for treat-
ing VVA and support continued study of these doses in
women with moderate to severe VVA.
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