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Lasofoxifene, an Estrogen Agonist/Antagonist, Improves Symptoms of Genitourinary Syndrome of Menopause (GSM)
and Physiologic Markers Associated with Vulvovaginal Atrophy (VVA) in Two Large Phase 3 Studies

Sermonix Pharmaceuticals

Introduction and Study Rationale

Many women suffer from genitourinary symptoms in menopause as a
consequence of low sex steroid levels. Symptoms of vulvovaginal atrophy
(VVA), an aspect of the genitourinary syndrome of menopause (GSM), are
commoh and may impact up to half of all postmenopausal women [I]. The
condition is chronic and often worsens over time. However, a significant
number of women remain untreated due to fears of estrogen-containing
products and inconvenience of local vaginal administration. That said,
womehn may choose a non-estrogen therapy that also confers additional,
extra-genital benefits.

Lasofoxifene, an estrogen agonist-antagonist (selective estrogen receptor
modulator [SERM]), has demonstrated beneficial effects on bone density,
fracture risk, and breast cancer risk in menopausal women in large
randomized trials out to five years [2]. In pre-clinical studies lasofoxifene
has demonstrated vaginal mucification and estrogenic effects in animals
[3], as well as favorable vaginal effects in Phase 2 studies. Two large Phase 3
studies evaluated the efficacy, tolerability, and safety of lasofoxifene for
the treatment of GSM specific to moderate to severe VVA.

Study Design and Objectives

Lasofoxifene, 0.25 mg/day or 0.5 mg/day oral tablet, was evaluated for
the treatment of moderate to severe symptoms of VVA in
postmenopausal women in two identical |12-week, Phase 3, randomized,
placebo-controlled studies.

Co-primary endpoints measured as change from Baseline to Week |2 were:
e change in vaginal pH
e percentage of vaginal superficial cells
percentage of vaginal parabasal cells
subject self-assessed most-bothersome (MBS) moderate or severe VVA
symptom: vaginal dryness, vulvar and vaginal itching, dysuria, or
dyspareunia

Secondary endpoints included:
e co-primary endpoints measured at 2, 4, and 8 weeks of treatment
e change from Baseline in subject self-assessed moderate or severe VVA
symptoms: vaginal dryness, vulvar and vaginal itching, dysuria, and
dyspareunia.

Eligible women had at least one moderate to severe VVA symptom as
listed above as most bothersome, a pH of >5, and superficial cells <5%.
Women were allowed to use non-hormonal lubricant as needed during the
trial.

VVA efficacy measurements were collected at 2, 4, 8, and 12 weeks with
primary efficacy assessed at 12 weeks. Changes from Baseline in
co-primary endpoints were analyzed using analysis of covariance
(ANCOVA) with treatment and baseline assessment as covariates in the
model. Least squares mean (LS Mean) change from baseline and LS Mean
difference from placebo were statistical measures for each outcome.
Subjects assessed their genitourinary symptoms using a 4-point Likert
scale, with a score of 0=absent, | =mild, 2=moderate, and 3=severe.
Subjects were asked to select their most bothersome symptom (MBS)
from those symptoms rated at least a “2” (moderate) at Baseline.
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Subject Enroliment and Baseline Characteristics. For the pooled Phase 3
studies, 889 women age 50-80 years were randomized and 810 (91%)
completed |12 weeks of treatment.

Treatment groups were similar with respect to demographic

characteristics and mean Baseline measures for the co-primary
endpoints across both Phase 3 studies (Table I). Average subject age was
59, most subjects were white, and mean weight was approximately 69 kg.
The moderate to severe Baseline symptom most commonly chosen as
most bothersome was dyspareunia, followed by vaginal dryness, dysuria,
and vulvar and vaginal itching.

Table 1.

Baseline Characteristics from Phase 3 Studies (Pooled and Individual Phase 3 Lasofoxifene Studies)

Treatment Group,
mg/day

POOLED PHASE 3
Lasofoxifene 0.25
Lasofoxifene 0.5

Placebo

A2181031
Lasofoxifene 0.25
Lasofoxifene 0.5

Placebo

A2181032
Lasofoxifene 0.25
Lasofoxifene 0.5

Placebo

Vaginal pH

% Vaginal
Parabasel
Cells?

% Vaginal
Superficial
Cells

Mean (Range)

Most
Bothersome
Moderate
or Severe
VVA
Symptom
Score

Most
Bothersome
Moderate
or Severe
VVA
Symptom
Score
Identified?

%

Years Post
Menopause

Mean (Range)

6.4 (5.0-7.5)
6.3 (5.0-7.5)
6.3 (5.0-7.5)

6.4 (5.0-705)
6.4 (5.0-7.5)
6.3 (5.0-705)

6.3 (5.5-7.5)
6.3 (5.0-7.5)
6.3 (5.0-7.5)

49.82
50.4
51.0

0.7 (0.0-5.0)
0.8 (0.0-5.0)
0.8 (0.0-5.0)

0.4 (0.0-5.0)
0.8 (0.0-5.0)
0.6 (0.0-5.0)

1.0 (0.0-5.0)
0.9 (0.0-5.0)
1.0 (0.0-5.0)

2.5 (2.0-3.0)
2.5 (2.0-3.0)
2.5 (2.0-3.0)

2.5 (2.0- 3.0)
2.6 (2.0-3.0)
2.5 (2.0- 3.0)

2.4 (2.0-3.0)
2.4 (2.0-3.0)
2.4 (2.0-3.0)

49/26/15/9
46/30/14/10
49/29/12/10

57/25/11/7
54/27/11/8
58/25/10/7

42/28/19/12
38/33/17/12
40/33/14/14

10.2 (3.0-40.0)
10.2 (3.0-38.0)
10.2 (3.0-46.0)

10.1 (3.0-33.0)
10.0 (3.0-38.0)
10.0 (3.0-46.0)

10.2 (3.0-40.0)
10.5 (3.0-33.0)
10.4 (3.0-40.0)

a.The range of percentage of vaginal parabasal cells was 0% to 100% at baseline for all groups in both studies.

b. % of subjects reporting symptom as most bothersome moderate or severe VVA symptom, in order dyspareunia /vaginal dryness /dysuria /

vulvar and vaginal itching.

Co-primary Endpoint Results at Week |2. Results across the pooled and
individual Phase 3 studies were consistent for the primary analysis time
point (Week 12). Table 2 presents pooled Phase 3 results showing greater
mean decreases in the lasofoxifene subjects’ self-assessed most
bothersome moderate or severe baseline VVA symptom compared with
placebo subjects (Table 2).

Table 2.

Change in Self-Assessed Most Bothersome Moderate or Severe Baseline VVA Symptom at Week 12 (Pooled Phase 3

Lasofoxifene Studies)

Treatment Group,
mg/day

POOLED PHASE 3
Lasofoxifene 0.25
Lasofoxifene 0.5

Placebo

Baseline
Mean

(SE)

Change in Severity

of

Most Bothersome

Moderate or Severe

Baseline VVA
Symptom Score
LS Mean (SE)

2.5 (0.03)
2.5 (0.03)
2.5 (0.03)

1.1 (0.06)
1.1 (0.06)
1.5 (0.06)

-1.4 (0.06)
-1.4 (0.06)
-1.0 (0.06)

* One-sided p-value.

LS Mean

Difference from Placebo

95% CI

*
P-value

(-0.6, -0.2)
(-0.5, -0.2)

< 0.00001
0.00001

These improvements in symptomatology were accompanied by sighificant
improvements in the three objective endpoints in all analyses. Vaginal pH
and the percentage of vaginal parabasal cells decreased, on average, in
subjects treated with either dose of lasofoxifene relative to placebo,
while the percentage of vaginal superficial cells increased in both
lasofoxifene treatment groups compared with placebo. Beneficial effects
of lasofoxifene were seen as early as 2 weeks for several of the
co-primary endpoints (Figure).

Figure.
Change from Baseline in the 4 Co-primary Endpoint Parameters at Weeks 2, 4, 8, and 12

A2181031 A2181032
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Moderate or Severe Baseline
Vaginal Atrophy Symptom
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Vaginal Atrophy Symptom Severity?
(LS Mean Change from Baseline with 95% Cl)

Time (Weeks) Time (Weeks)

KEY a Symptom (vaginal dryness, vaginal and/or vulvar itching, dysuria and dyspareunia) rated from 0 (absent) to 3 (severe)

Lasofoxifene 0.25 mg/day Data analyzed by ANCOVA, with covariates for symptom, baseline value and treatment. Means are least-squares means.

--a-- Lasofoxifene 0.5 mg/day
o— Placebo

*p <0.0125
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Data analyzed by ANCOVA, with covariates for baseline and treatment. Means are least-squares means.
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Vaginal Superficial Cells, %

(Mean Change from Baseline with 95% Bootstrap Cl)

Time (Weeks) Time (Weeks)

Analyzed by Kruskal-Wallis rank-based test; Bias-adjusted accelerated bootstrap Cls calculated.

Vaginal pH. A greater mean decrease in vaginal pH was reported in both
lasofoxifene treatment groups relative to placebo-treated subjects at 12 weeks
of treatment. The adjusted mean decreases in pH for the pooled results were
0.81 and 0.83 in the lasofoxifene treatment groups compared with a decrease of
0.20 in the placebo group (p<0.00001).

Vaginal Parabasal Cells. A greater mean decrease in the percentage of vaginal
parabasal cells was observed in both lasofoxifene treatment groups relative to
placebo-treated subjects at 12 weeks. The adjusted mean decreases were 40.1%
and 40.4% in the lasofoxifene treatment groups compared with a decrease of
6.2% in the placebo group (p<0.00001).

Vaginal Superficial Cells. A greater mean increase from baseline in vaginal
superficial cells was observed in both lasofoxifene treatment groups relative to
placebo-treated subjects at 12 weeks. Mean increases were 6.5% and 5.9% in
both lasofoxifene treatment groups compared with an increase of 2.1% in the
placebo group (p<0.00001).

Results of all pooled analyses for all the co-primary endpoints were similar to
those of the individual studies.

Change in GSM Symptoms - Moderate or Severe VVA. Changes from Baseline in
subject self-assessed moderate or severe VVA symptoms (dyspareunia, vaginal
dryness, vulvar and vaginal itching, and dysuria) - regardless of whether
identified as most bothersome - showed improvement for lasofoxifene groups
in the pooled Phase 3 analyses compared with the placebo group (Table 3).

Table 3.
Self-Assessment of Moderate to Severe Vaginal Symptoms - Change From Baseline at Week 12 (Pooled Phase 3 Lasofoxifene Studies)

Lasofoxifene, mg/day

0.25 0.5

DYSPAREUNIA

N 217 201 210
LS Mean change (SE) -1.3 (0.07) -1.3 (0.07) -1.0 (0.07)
LS Mean diff from PBO -0.4 -0.3
p-value 0.001 0.002

VAGINAL DRYNESS

N 207 196 207
LS Mean change (SE) -1.6 (0.06) -1.5 (0.07) -1.2 (0.07)
LS Mean diff from PBO -0.4 -0.2

p-value <0.001 0.008

DYSURIA
N 140 130 115

LS Mean change (SE) -1.1 (0.07) -1.2 (0.08) 0.9 (0.08)
LS Mean diff from PBO -0.2 -0.3

p-value 0.128 0.023

VULVAR &
VAGINAL ITCHING

N 91 92 93
LS Mean change (SE) -1.4 (0.09) -1.5 (0.09) -1.1 (0.09)
LS Mean diff from PBO -0.3 -0.4

p-value 0.011 0.002

Self-Assessment of Moderate to Severe Vaginal Symptoms. Moderate to severe
dyspareunia, vaginal dryness, and vulvar and vaginal itching were significantly
decreased from Baseline at Week 12 in both lasofoxifene-treated groups
compared with the placebo group. Dysuria was significantly decreased from
Baseline at Week 12 in the 0.5 mg/day lasofoxifene group compared with the
placebo group, but not in the 0.25 mg/day lasofoxifene group.

Overview of Treatment-Emergent Safety Results. An overview of safety results
for Phase 3 studies is presented in Table 4.

Table 4.
Overview of Treatment-Emergent Safety Data (All Subjects)

PHASE 3 STUDY A2181031 PHASE 3 STUDY A2181032

Lasofoxifene, mg/day

0.25 0.5

Lasofoxifene, mg/day

0.25 0.5

Placebo Placebo

N 151 143 150 150 146 149

SUBJECTS WITH AES
All AEs 105 (69.5) 87 (60.8) 88 (58.7) 103 (68.7) 101 (69.2) 99 (66.4)
Treatment-related AEs 63 (41.7) 47 (32.9) 37 (24.7) 71 (47.3) 63 (43.2) 52 (34.9)

SUBJECTS WITH SAES
All SAEs 4 (2.6) 3 (2.1) 0 (0.0) 3 (2.0) 1 (0.7) 4 (2.7)
Treatment-related SAEs 1 (0.7) 1 (0.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

DEATHS 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

DISCONTINUATIONS
DUE TO AES

All discontinuations
due to AEs 15 (10.1)

Discontinuations due to 11 (7.4)
treatment-related AEs

The most common side effects considered related to study medication by the
investigator with at least a 3% incidence in either treatment group included
hot flushes, leg cramps, leukorrhea, insomnia, and sweating.

Discussion and Conclusion

Lasofoxifene, 0.25 mg and 0.5 mg daily, in each
of the individual and pooled studies
demonstrated statistically and clinically
meaningful improvements in the 4 co-primary
endpoints, with several endpoints
demonstrating beneficial effect as early as

2 weeks. The most common moderate to
severe VVA symptoms - dyspareunia, vaginal
dryness, and vulvar/vaginal itching — were
significantly improved with both doses of
lasofoxifene. Dysuria was sighificantly
improved with lasofoxifene 0.5 mg/day.

VVA, or GSM, is defined as a collection of
symptoms and sighs associated with a decrease
in estrogen and other sex steroids and may
include genital symptoms of dryness, burning,
and irritation; sexual symptoms of lack of
lubrication, discomfort or pain, and impaired
function; and urinary symptoms of urgency,
dysuria, and recurrent urinary tract infections.
Women may present with some or all of the
signs and symptoms [1].

Lasofoxifene, a once daily oral tablet, appears
to act as an estrogen at the vulvovaginal level
and addresses multiple symptoms of the
syndrome. In two large Phase 3
placebo-controlled studies, lasofoxifene
demonstrated efficacy and safety and was a
well-tolerated treatment of moderate to
severe symptoms of VVA/GSM. With a large
and growing nhumber of women bothered by
vulvar and vaginal changes in menopause,
lasofoxifene may offer women a single agent
alternative to vaginal estrogens that provides
meaningful benefit for the relief of symptoms
of GSM/VVA while simultaneously conferring
extra-genital benefits to bone and breast health.
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