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Introduction: The majority of women experience bothersome symptoms post-

menopause (e.g., hot flushes, vaginal symptoms). Estrogen receptor agonists

remain the most effective options for ameliorating menopausal symptoms.

However, use of hormonal therapies has declined in the wake of issues raised

by theWomen’s Health Initiative trials. As a result, there is a need for new safe

and effective alternatives to estrogen-progestogen hormone therapy.

Areas covered: We review the efficacy and safety profile of hormonal meno-

pausal therapies that are in Phase III clinical trials or recently approved. Inves-

tigational treatments discussed include two new vaginal estrogen products

(TX-004HR, WC-3011); the first combination of estradiol and progesterone,

and a novel combination of dehydroepiandrosterone and acolbifene. We

also review a new selective estrogen receptor modulator (SERM), ospemifene,

recently approved for treatment of dyspareunia related to menopause, and

conjugated estrogens plus bazedoxifene, an estrogens/SERM combination,

recently approved for moderate-to-severe vasomotor symptoms and preven-

tion of osteoporosis.

Expert opinion: New and emerging hormonal treatments for managing men-

opausal symptoms may have improved safety and efficacy profiles compared

with traditional estrogen-progestogen therapy; however, long-term safety

data will be needed.

Keywords: conjugated estrogens/bazedoxifene, dehydroepiandrosterone/acolbifene, estrogen

receptors, hormone therapy, menopause, ospemifene, TX-001HR, TX-004HR, WC-3011
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1. Background

A majority of women experience menopausal symptoms of varying severity. The
most common menopausal symptoms are vasomotor symptoms (VMS) consisting
of hot flushes and night sweats. VMS affect ~ 75 -- 90% of women [1,2], typically dur-
ing perimenopause and early postmenopause [3,4]. Nearly 50% of postmenopausal
women experience vulvar-vaginal atrophy (VVA), which can lead to bothersome
symptoms of vaginal dryness, itching, irritation, infection, discharge or bleeding,
as well as dyspareunia and urinary symptoms (frequency, urgency, incontinence) [5].
Furthermore, women experience a rapid acceleration of bone loss following meno-
pause, which puts them at increased risk for osteoporosis and fracture [6].

Not all menopausal symptoms are bothersome or require medical attention, but
for many women, they do. According to a meta-analysis of six trials, > 50% of men-
opausal women experience VMS symptoms, they considered bothersome or that
were moderate to severe, with peak incidence occurring at 1 to 2 years postmeno-
pause [3]. Similarly, a more recent survey conducted in Estonia reported that
45.7% of women aged 50 -- 59 years had bothersome VMS symptoms, accounting
for 67.3% of those with any VMS [7]. VMS can have an adverse effect on sleep,
mood, cognition, social interactions, occupational productivity and other quality-
of-life issues [8]. VVA can have a negative impact on sexuality, self-esteem and inti-
mate partner relationships [9].
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As menopausal symptoms and postmenopausal osteoporo-
sis are clearly related to declining levels of estrogens postmen-
opause, estrogen-containing hormone therapeutics targeting
estrogen receptors (ER) have been found to be highly effec-
tive [5,6,8,10,11]. However, dramatic reductions in hormone
therapy (HT) use have taken place over the past 12 years since
safety concerns were raised by the Women’s Health Initiative
(WHI) and other trials (described below). Although HT use
varies widely by country, there was a 50 -- 77% decrease in
HT use in Europe from 2002 to 2010, such that by 2010,
except in Finland, < 10% of European women aged
45 -- 69 were using HT [12]. Similarly, in the US, whereas
22% of women aged 40 years or older were using HT in
1999 -- 2000, < 5% were using HT in 2009 -- 2010 [13].
Thus, there is a need for safe and effective new treatment
options for management of bothersome, moderate-to-severe
menopausal symptoms.

2. Medical need

An ideal menopausal therapy would reduce the frequency and
severity of hot flushes, treat VVA, prevent/treat osteoporosis
and have favorable effects on cardiovascular risk factors (e.g.,
lipids, blood pressure, body weight), without stimulating the
endometrium or breast, inducing breast pain/tenderness or
vaginal bleeding or increasing the risks of venous thromboem-
bolism (VTE) or stroke [14]. To date, no menopausal therapy
has been able to achieve all these objectives.

3. Existing treatments

HT is the most effective option and remains the standard of
care for ameliorating hot flushes; it also reduces VVA and
postmenopausal osteoporotic fractures [11]. However, in the
randomized Women’s Health Initiative (WHI) trial, conju-
gated estrogens/medroxyprogesterone acetate (CE/MPA) was
associated with an increased risk of breast cancer (hazard ratio
[HR] 1.25; 95% CI, 1.07 -- 1.46) and related mortality (HR
1.96; 95% CI, 1.00 -- 4.04) in women with a uterus [15,16]. In
contrast, the randomized WHI trial of CE alone in hysterec-
tomized women, there was no increase in breast cancer risk;
in fact, CE was associated with a significant protective effect
during cumulative follow-up including postintervention
(HR 0.79; 95% CI, 0.65--0.97) [17,18]. A progestin must be
given with estrogen(s) in nonhysterectomized women to pre-
vent estrogen’s stimulation of the endometrium and reduce
the risk of endometrial cancer [11]. In the randomized WHI
trials, both CE and CE/MPA were associated with statistically
significant increased risks of stroke (CE: HR 1.35; 95% CI,
1.07 -- 1.70; CE/MPA: HR 1.37; 95% CI, 1.07 -- 1.76) and
deep vein thrombosis (CE: HR 1.48; 95% CI, 1.06 -- 2.07;
CE/MPA: HR 1.87; 95% CI, 1.37 -- 2.54) [18]. Increased risks
of pulmonary embolism (CE: HR 1.35; 95% CI, 1.07 -- 1.70;
CE/MPA: 1.98; 95% CI, 1.36 -- 2.87) and (in women aged
65 years or older) probable dementia (CE: HR 1.47; 95%

CI, 0.85 -- 2.52; CE/MPA: HR 2.01; 95% CI, 1.19 -- 3.42)
were also observed but were statistically significant only in
the CE/MPA group [18]. US labeling for all estrogen- and
estrogen/progestin-containing HT products contains a black
box warning citing these risks and referencing the WHI
trials [19,20].

Numerous analyses and reanalyses of WHI data followed
the original publications, with results and interpretations
shifting a bit over time. Recent subset analyses from the
WHI trials suggest some risks are influenced by the woman’s
age or duration of time since menopause at the start of HT.
Among hysterectomized women using CE alone, risk of all-
cause mortality, myocardial infarction and global index
(a composite of stroke, pulmonary embolism, colorectal can-
cer, endometrial cancer, hip fracture and death risk) were all
lowest in the youngest age group (50 -- 59 years), and risk
increased significantly with increasing age (p for trend by
age group = 0.02 for myocardial infarction and global index;
p = 0.04 for mortality) [18]. Those outcomes did not signifi-
cantly differ by age in the CE/MPA trial [18]; however,
women < 10 years since menopause had a lower risk of coro-
nary heart disease (CHD) (HR 0.88; 95% CI, 0.54 -- 1.43)
compared with women 10 -- 19 years postmenopause (HR
1.23; 95% CI, 0.85 -- 1.77) or > 20 years postmenopause
(HR 1.66; 95% CI, 1.14 -- 2.41) (p = 0.05 for the trend) [21].
Risk of breast cancer was greater among women who began
CE/MPA within 5 years of menopause (HR 1.41; 95% CI,
1.14 -- 1.74) compared with those who started > 5 years after
menopause (HR 1.15; 95% CI, 0.96 -- 1.37), but this differ-
ence was not statistically significant (p = 0.08) [16]. In hyster-
ectomized women who received CE alone, there was no
statistically significant difference (p = 0.68) in breast cancer
risk by time since menopause [17].

Selective estrogen receptor modulators (SERMS), such as
raloxifene, bazedoxifene (BZA) and tamoxifen, are effective
for osteoporosis and/or breast cancer prevention and treat-
ment but increase the risk of VMS and therefore cannot be
used to treat menopausal symptoms [22-28]. Some, particularly
tamoxifen, also have estrogenic effects on the endometrium,
whereas others have a neutral effect (raloxifene) or possibly
even an antagonistic effect (BZA) [23-27,29,30].

Paroxetine is the first nonhormonal treatment approved for
moderate-to-severe VMS of menopause [31]. Paroxetine is a
selective serotonin reuptake inhibitor. Itsmechanism in treating
VMS is unknown [31] but two serotonin receptors (5-HT1a and
5-HT2a) are known to contribute to thermoregulation [32].

Paroxetine 7.5 mg/day for 12 weeks (n = 614) or 24 weeks
(n = 570) was evaluated in two randomized, placebo-
controlled Phase III studies of postmenopausal women who
were experiencing a mean of at least seven to eight moder-
ate-to-severe hot flushes per day or 50 -- 60 per week at
screening [32]. Paroxetine modestly but significantly reduced
the frequency of VMS compared with placebo; mean weekly
reductions at week 12 were --43.5 versus --37.3 (p = 0.0090)
in the first study and --37.2 versus --27.6 (p = 0.0001) in the
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second trial. Reductions in mean weekly hot flush severity
at week 12 were significant in the 24-week study (--0.12 vs
--0.07; p = 0.0114) but not the 12-week study (--0.10 vs
--0.09; p = 0.2893). Paroxetine provides a potentially useful
alternative for women who do not want to take or are not
eligible for hormonal treatments; however, given the small
magnitude of effect seen in this study, paroxetine is not likely
to be as effective as HT in relieving VMS.

At the approved dose of paroxetine (7.5 mg/day), which is
lower than that used to treat psychiatric conditions, rates of
serious AEs are similar to placebo. However, the labeling still
carries warnings concerning suicidality and other risks associ-
ated with selective serotonin reuptake inhibitors [31]. At the
approved dose, paroxetine did not increase body weight or
sexual dysfunction [33]. Given that paroxetine, which is a
strong CYP2D6 inhibitor, reduces the efficacy of tamoxifen,
it is not a good treatment option for many breast cancer
patients [31].

4. Market review

Both randomized WHI trials of HT were terminated
early [15,34,35]. In 2002, the WHI study of CE/MPA in nonhys-
terectomized women was terminated by its Data Safety and
Monitoring Board (DSMB), which determined that benefits
were outweighed by an increased risk of invasive breast cancer,
as well as CHD, stroke and pulmonary embolism (as described
in Section 3 above) [15,35]. In 2004, the National Institutes of
Health terminated the WHI study of CE alone in hysterecto-
mized women, despite the DSMB’s assessment that none of
the predefined stopping boundaries had been crossed [34].
According to the National Institutes of Health, CE had not
affected CHD risk (positively or negatively) but had increased
the risk of stroke [34]. Around the same time, results began to
emerge from the Million Women Study, an observational
UK-population-based study, which also reported an associa-
tion between HT (particularly progestogen-estrogen combina-
tion therapies) and an increased risk of breast cancer [36].
Results of these studies, especially the WHI, were widely pub-
lished in the medical literature and lay press, and were fol-
lowed by a dramatic and steady decline in HT use [12,13].

Despite the decline in the number of HT prescriptions,
there are continued modest increases in wholesale expendi-
tures for HT in recent years (Table 1) [37]. According to figures
from the North American Menopause Society, using data

from IMS Health, Premarin (CEs) and estradiol each accoun-
ted for about one quarter of market share for estrogens;
Prometrium (progesterone) and MPA each accounted
for > 40% of the market share for progestogens; and Prempro
and Prempro low dose combined accounted for nearly 55% of
the market share for estrogen-progestogen combination prod-
ucts in 2010 (Figure 1) [37].

With the decline in HT use following the WHI and the
Million Woman Study, there is a need for new safe and effec-
tive alternatives to estrogen-progestogen HT for bothersome
menopausal symptoms. Physicians report that their patients
frequently ask about alternatives to traditional oral HT regi-
mens [38]. As rates of overall HT use have fallen, prescriptions
for vaginal products containing one or more estrogens, which
are thought to have fewer systemic effects, have steadily risen
89% from 2001 to 2010, and the popularity of compounded
menopausal hormones has increased (despite a lack of efficacy
and safety data), attesting to an ongoing demand for products
that can provide relief from menopausal symptoms [37,39].

5. Current research goals

Research has focused on the development of menopausal ther-
apies that come closer to the ideal therapy described earlier.
A primary goal has been to design a treatment that preserves
the beneficial effects of estrogens on VMS, VVA and bone,
but with improved breast and endometrial safety profiles.
The greatest need is for alternatives to combination estrogen-
progestogen therapy for nonhysterectomized women because
the biggest risks appear to be associated with progestogen-
containing regimens.

One regulatory consideration for all estrogen- or estrogen/
progestin-containing therapies in development is the US
FDA requirement for a black box warning in the product
labeling that contains a description of the risks observed in
the WHI trials [19,20]. Because early preclinical findings and
intermediate risk markers did not predict many of the adverse
outcomes observed in the large, randomized WHI trials, for a
new hormone-based agent to have the black box removed
from its label, a safety study of sufficient size and duration
to determine impact on potentially hormone-mediated chro-
nic disease risk would be needed.

6. Scientific rationale

Estrogens and SERMs interact with and activate ERs. There
are two ER types -- a and b [10]. The relative expression of
ER-a and -b varies in different tissues [10]. Individual estro-
gens and SERMs each induce a unique ER conformation [10,40]

and also differ with regard to recruitment of coactivator or
corepressor proteins [10,40]. As a result, estrogens, SERMs
and their combinations vary with regard to effects on gene
regulation [40-43]. In other words, each estrogen and SERM
has a unique profile with regard to its ER activity in different
tissues. Thus, it may be possible to come closer to the ideal by

Table 1. Wholesale amounts for hormone therapy

products: 2009 and 2010 [37].

2009 2010

Estrogens $1.542 billion $1.576 billion
Progestogens $229 million $243 million
Estrogen-progestogen
combinations

$394 million $399 million

Emerging hormonal treatments for menopausal symptoms
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selecting or designing hormonal therapies with improved
profiles of ER activity.
New menopausal therapies that obviate the need for a pro-

gestogen in women with a uterus are also desirable. Progester-
one has various proliferative effects in the breast, independent
of estrogens and the ER [44-48]. For example, progesterone
receptor signaling activates pathways that may contribute to
breast carcinogenesis (e.g., RANKL, cyclin D1, WNT4) and
angiogenesis (VEGF) and other progesterone receptor signal-
ing pathways (Stat3, c-Myc) may also downregulate the
tumor suppressor miR-16 [45-47].

7. Competitive environment

Six new therapies for treatment of menopausal symptoms are
in late-stage development or recently approved (Table 2).
Therapies currently in Phase III trials include two new for-
mulations of vaginal estrogen therapies for treatment of
VVA, a new oral combination of estradiol and micronized
progesterone, and a combination of dehydroepiandrosterone
(DHEA) and the ER antagonist acolbifene. A new SERM,
ospemifene, was recently approved in the US as an oral

treatment for moderate-to-severe dyspareunia, a symptom
of VVA, due to menopause [49], and is currently under review
in the European Union for treatment of VVA in postmeno-
pausal women [50]. In addition, CE 0.45 mg/BZA
20 mg -- the first tissue selective estrogen complex (TSEC)
consisting of a combination of estrogen(s) and an
SERM -- was approved by the US FDA in 2013 for treatment
of moderate--to-severe VMS associated with menopause and
prevention of postmenopausal osteoporosis [51]. CE/BZA is
currently under review in the European Union for treatment
of menopausal symptoms (VMS and VVA) and prevention
of osteoporosis.

7.1 Investigational vaginal estrogen therapies for

VVA
Vaginal estrogen products in the form of creams, pessaries,
tablets and rings are effective treatments of VVA and have
fewer systemic effects than oral estrogens, although endome-
trial stimulation remains a potential concern [52]. The 2013
North American Menopause Society (NAMS) Position State-
ment on VVA recommends low-dose vaginal estrogen therapy
for women whose VVA does not respond satisfactorily to
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Figure 1. Market share in 2010 for individual estrogens (A), progestogens (B) and combination products (C) [37].
Adapted from [37] with permission from the North American Menopause Society.

MPA: Medroxyprogesterone acetate.
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nonhormonal interventions (e.g., lubricants, moisturizers,
regular sexual activity) and notes that it is more effective and
has a lower risk profile than oral HT for women whose only
menopausal symptoms are vaginal [53]. Two new vaginal
estrogen products for treatment of VVA are in Phase III devel-
opment: TX-004 (estradiol VagiCap vaginal suppository) and
WC-3011 (estradiol cream/gel) [54-59].

TX-004HR is tear-shaped estradiol softgel capsule that may
be inserted manually (without an applicator) into the vagina
where it dissolves quickly without producing a burning sensa-
tion [54]. Repeated applications of TX-004HR over 28 days
were found to be nonirritating in rabbits [60]. Two single-
dose crossover pharmacokinetic studies, reported only in press
releases to date, showed less systemic absorption and lower
maximal concentration and overall systemic exposure with
TX-004HR (10 or 25 µg) than with Vagifem vaginal estradiol
tablets (10 or 25 µg) [61,62].

Once daily TX-004HR administered for 2 weeks was eval-
uated in a Phase II, placebo-controlled pilot study of

postmenopausal women with VVA (n = 48) [54]. According
to the sponsor, TX-004HR was associated with significant
decreases in parabasal cells (p < 0.0001) and increases in
superficial cells (p = 0.0002) [maturation index 44.48 vs
7.08 with placebo], as well as decreases in vaginal pH
(--0.92 vs --0.40; p = 0.0002). Furthermore, TX-004HR
reduced atrophic effects on epithelial integrity and vaginal
secretions [54].

The sponsor has indicated that a 12-week Phase IIB/III trial
will start in the third quarter of 2014. This study will ran-
domly assign women to TX-004HR at doses of 4, 10, or
25 µg (n = 150 -- 200 subjects each) or placebo (n = 100).
End points will include superficial and parabasal cell changes,
pH, and VVA-related symptoms of dyspareunia and vaginal
dryness [54].

Several Phase III studies of WC-3011 estradiol cream/
gel are listed as having recently been completed on clinical-
trials.gov (Table 3); however, results have not yet been
reported [55-59].

Table 2. Competitive environment.

Compound Company Chemical name Indication Stage of

development

Mechanism

of action

TX-004HR (Estra-
diol VagiCap
vaginal suppository)

TherapeuticsMD (17b)-Estra-1,3,5(10)-tri-
ene-3,17-diol

VVA Phase IIb/III was
initiated Q3 2014

Vaginal ER
agonist

WC-3011 (estradiol
cream/gel)

Actavis (for-
merly Warner
Chilcott)

Estra-1,3,5(10)-triene-
3,17-diol, (17b)-

Postmenopausal vaginal
dryness due to VVA

Phase III Vaginal ER
agonist

TX-001HR (17-b
estradiol/
progesterone)

TherapeuticsMD Estra-1,3,5(10)-triene-
3,17-diol (17b)-
[CAS] + Pregn-4-ene-
3,20-dione-

Menopausal symptoms Phase III Oral fixed dose
combination of
ER
agonist+proges-
terone receptor
agonist

Prasterone (dehy-
droepiandrosterone
[DHEA])/acolbifene

Endoceutics (3b)-17-Oxoandrost-5-en-
3-yl heptanoate + (2S)-
3-(4-Hydroxyphenyl)-
4-methyl-2-{4-[2-(1-piperi-
dinyl)ethoxy]phenyl}-2H-
chromen-7-ol

Symptoms of menopause
including bone loss,
muscle loss,
type 2 diabetes, fat
accumulation, osteoporo-
sis, hot flushes, memory
loss, cognition loss, and
Alzheimer’s disease

Phase III (Canada) Oral fixed dose
combination of
protein synthe-
sis stimulant +
SERM

Ospemifene Shionogi Z-2-[4-(4-chloro-
1,2-diphenylbut-1-enyl)
phenoxy]ethanol

Moderate/severe dyspar-
eunia, a symptom of VVA
due to menopause

Approved in the
US in 2013;
EU review pending

Oral SERM

Conjugated estro-
gens/bazedoxifene

Pfizer Sodium (13S)-13-methyl-
17-oxo-
7,8,9,11,12,13,14,15,16,-
17-decahydro-6H-cyclo-
penta[a]phenanthren-3-yl
sulphate + 1-(p-(2-(Hexa-
hydro-1H-azepin-1-yl)eth-
oxy)benzyl)-2-(p-hydroxy-
phenyl)-3-methylindol-5-ol
monoacetate (salt)

US: moderate/severe VMS
and prevention of
postmenopausal osteopo-
rosis. EU (pending):
symptoms of estrogen
deficiency (VMS, VVA)
and prevention of
postmenopausal
osteoporosis

Approved in the
US in 2013;
EU review pending

Oral fixed-dose
combination of
ER agonists +
SERM

ER: Estrogen receptor; EU: European Union; SERM: Selective estrogen receptor modulator; VMS: Vasomotor symptoms; VVA: Vulvar-vaginal atrophy.
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7.2 A new combination estrogen/progesterone

therapy
TX-001HR is the first product being developed for FDA
approval to combine 17-b estradiol and progesterone into a
single oral capsule. The individual components have long
been available, but combined estradiol/micronized progester-
one has been available only through pharmacy compounding.
According to the US FDA, although some pharmacists are
well-trained and capable of preparing compounded medica-
tions correctly, pharmacy-compounded drugs may be associ-
ated with added safety risks or potentially reduced efficacy if
poor-quality compounding practices are employed [63].
According to the American College of Obstetrics and Gyne-
cology, compounded estradiol/micronized progesterone is
not supported by evidence of benefit in treating VMS [64].
TX-001HR contains micronized progesterone and 17-b estra-
diol in a solubilized gelatin capsule that does not contain pea-
nut oil (a common allergen, present in other commercial
progesterone products) [54,65,66].
Estradiol and micronized progesterone are often referred to

as ‘bioidentical’ hormones [39]. However, the US FDA does

not recognize the term ‘bioidentical’ and points out that
definitions of this term by major medical societies are incon-
sistent [63]. The FDA has sent letters to compounding phar-
macies warning them that claims that ‘bioidentical hormone
replacement therapy’ drugs are more ‘natural’, safer or more
effective than FDA-approved drugs are false/misleading
claims not backed by credible scientific evidence [63].

In a single-dose, crossover trial in healthy postmenopausal
women aged 40 to 65 years (n = 66), TX-001HR exhibited
bioavailability comparable to that of coadministered Prome-
trium (progesterone) and Estrace (17-b estradiol) with similar
extent of absorption, but more rapid estradiol absorption [66].
Compared with Estrace and Prometrium given concurrently,
the fixed combination of TX-001HR was associated with a
slightly faster rate of estradiol absorption (Tmax 9.0 vs
10.0 min, respectively) [66].

A Phase III, randomized, double-blind, trial (REPLEN-
ISH, NCT01942668) is ongoing [54,67]. REPLENISH is
enrolling approximately 1750 healthy postmenopausal
women with a uterus who had serum estradiol £ 50 pg/ml
at screening and who were seeking relief from VMS.

Table 3. Phase III trials of WC-3011 estradiol gel for VVA.

Clinicaltrials.gov

identifier

Target enrollment Interventions Description Primary end

points

Status

NCT01400776
(VENUS Study) [55]

722 healthy postmeno-
pausal women with
moderate-to-severe
vaginal dryness

4 arms: WC-3011 once
daily for 2 weeks, then
either twice weekly or
thrice weekly for
10 weeks or placebo gel
once daily for 2 weeks,
then either twice weekly
or thrice weekly for
10 weeks

Randomized, dou-
ble-blind, vehicle-
controlled trial

Change in vaginal
cytology and
vaginal pH and
change in self-
assessed vaginal
dryness from
baseline to week
12

Completed

NCT01816139 [59] 576 healthy postmeno-
pausal women with
moderate-to-severe
vaginal dryness

WC-3011 (0.15 mg estra-
diol/0.5 g vehicle) or
vehicle (0.5 g) daily for
14 days then twice
weekly for 10 weeks

Randomized, dou-
ble-blind, vehicle-
controlled trial

Change in self-
assessed intensity
of vaginal dryness,
and change in
vaginal pH and
percentage of
vaginal superficial
cells from baseline
to week 12

Completed

NCT01845649 [57] 550 healthy postmeno-
pausal women who are
sexually active with self-
identified moderate-to-
severe dyspareunia and
most bothersome
symptom of VVA

WC-3011 (0.03 mg estra-
diol/g) or vehicle daily for
14 days, then thrice
weekly for 10 weeks

Randomized, dou-
ble-blind, vehicle-
controlled trial

Change in self-
assessed dyspareu-
nia, and in
maturation index,
and vaginal pH
from baseline to
week 12

Completed

NC-
T01455597 [56,59]

(VENUS Study
Extension)

309 nonhysterectomized,
healthy postmenopausal
women with VVA

WC-3011 (0.017 mg
estradiol/g) thrice weekly
for 40 weeks

Open-label exten-
sion of VENUS to
evaluate long-term
safety and efficacy

Number of subjects
without endome-
trial hyperplasia or
worse at week 40

Completed

VVA: Vulvar-vaginal atrophy.
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Participants were randomly assigned to four active-treatment
groups (not specified; n = 400 in each) or placebo (n = 150).
End points include VMS frequency and severity at weeks
4 and 12, and the incidence of endometrial hyperplasia at
12 months. REPLENISH also includes a 12-week VMS sub-
study, which is enrolling women with a minimum of seven
moderate-to-severe hot flushes per day or 50 per week.

7.3 DHEA + ER antagonist
A combination of oral prasterone (DHEA) and acolbifene is
being investigated for treatment of menopausal symptoms [68].
and possibly for prevention of osteoporosis, breast cancer and
Alzheimer’s disease [69]. DHEA is converted intracellularly
into estrogens and/or androgens in peripheral target tissues
and serves as a significant source of estrogens postmeno-
pause [70]. Endogenous DHEA declines with age but to a
widely varying extent [70]. Acolbifene is a SERM reported to
have ER antagonist activity in the breast and uterus but estro-
gen agonist effects on bone [71].

The rationale for combining DHEA with acolbifene is to
potentially derive a product that combines the benefits of
both components. For example, benefits with regard to pre-
vention of osteoporosis may be additive given DHEA’s ana-
bolic effects (i.e., stimulation of bone formation) and
acolbifene’s ability to reduce bone loss [70] (Labrie, written
communication May 14, 2014). In preclinical studies, topi-
cally applied DHEA combined with oral acolbifene increased
the compactness of collagen fibers in the lamina propria, vag-
inal muscle thickness, mucification, and the density of nerve
fibers in the vaginas of ovariectomized rats [72,73].

A Phase III multi-centre Canadian trial of DHEA/acolbi-
fene in postmenopausal women with moderate-to-severe hot
flushes (n = 238) has been completed (NCT01452373) [68]

but data have not yet been reported. The primary end points
of this study were change from baseline to week 12 in frequency
and severity of moderate-to-severe hot flushes. Secondary end
points consisted of change from baseline to week 12 in VVA
(i.e., superficial/parabasal cell counts, pH, atrophy symptoms),
as well as sexual function and quality of life (based on question-
naires). Safety/tolerability is also a secondary end point.

7.4 A new SERM
Ospemifene was approved by the US FDA in 2013 as an oral
treatment for moderate-to-severe dyspareunia associated with
VVA and menopause [49]. The approved dose is 60 mg once
daily, taken with food [49].

A Phase III, 12-week, randomized, double-blind, placebo-
controlled trial (NCT00276094) of ospemifene 30 or
60 mg was conducted in postmenopausal women (n = 826)
with VVA, defined as £ 5% superficial cells, pH > 5.0, and
the presence of ‡ 1 moderate-to-severe VVA symptom [74].
Ospemifene 30 and 60 mg, compared with placebo, both sig-
nificantly (p < 0.001) increased the percentage of superficial
cells by 7.8 and 10.8%, versus 2.2%, respectively, and
decreased the percentage of parabasal cells by 21.9 and

30.1%, versus 3.98%, respectively [74]. Vaginal pH decreased
by 0.67 in women treated with the 30 mg dose of ospemifene
and by 1.01 with the 60 mg dose compared with 0.10 with
placebo [74]. Symptom severity was assessed via patient self-
report using a Likert scale (0 = none, 1 = mild, 2 = moderate,
3 = severe). The ospemifene 60-mg dose significantly decrea-
sed dyspareunia such that the severity score was decreased by
1.19 versus 0.89 with placebo (p = 0.023) in women who
reported that dyspareunia was their most bothersome VVA
symptom. Both the 30 and 60 mg doses significantly
(p < 0.05) decreased vaginal dryness compared with placebo
among women for whom dryness was the most bothersome
VVA symptom (score reductions of 1.22, 1.26, and 0.84,
respectively) [74].

Similar results were reported in another Phase III, 12-week
study (NCT00729469) of ospemifene 60 mg in postmeno-
pausal women with moderate-to-severe dyspareunia
(n = 605) [75]. At the end of the 12-week treatment period,
the ospemifene group experienced a 40.2% reduction in para-
basal cells, a 12.3% increase in superficial cells, a 0.94 reduc-
tion in pH, and a 1.5 point reduction in severity of
dyspareunia (using the same Likert scale defined above),
whereas the placebo group had no reduction in parabasal cells,
a 1.7% increase in superficial cells, a 0.07 reduction in pH,
and a --1.2 point change in severity score (p £ 0.0001 for all
comparisons) [75]. In both 12-week studies, hot flushes were
the most common adverse event (AE) (6.6 to 9.6% vs 3.4 to
3.6% with placebo) [74,75].

Ospemifene 60 mg also was evaluated in a 12-month, ran-
domized, double-blind, placebo-controlled safety and efficacy
study (NCT00566982) in postmenopausal women with
VVA, defined as £ 5% superficial cells and pH > 5
(n = 426) [76]. As in the 12-week studies, ospemifene signifi-
cantly (p < 0.0001) increased superficial cells (5% vs 0), and
decreased parabasal cells (--40% vs 0) and vaginal pH
(--1.21 vs --0.16) compared with placebo. Hot flushes were
again the most common AE (12.6 vs 6.5%). Bleeding/
spotting and breast pain were reported in 1.4 and 1.1%
respectively, compared with none of the controls. There
were two cerebrovascular accidents and one deep vein throm-
bosis in the ospemifene group.

Ospemifene has some ER agonistic effects on the endome-
trium; therefore, proper consideration should be given to its
use in women with a uterus [49]. In all three of the studies,
including a 40-week extension of the first 12-week study,
there was an increase in endometrial thickness (evaluated by
transvaginal ultrasound) with ospemifene (0.40 -- 1.14 mm)
relative to placebo (--0.04 -- 0.17) [74-77]. Endometrial histol-
ogy assessments showed active endometrial proliferation in
1.0 -- 1.6% of the ospemifene-treated women and none of
the controls [75-77].

7.5 Tissue selective estrogen complex
The rationale for combining estrogens with a SERM is to
retain beneficial effects of estrogens on VMS, VVA, and

Emerging hormonal treatments for menopausal symptoms
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bone while incorporating the anti-estrogenic effects of the
SERM on the breast and endometrium to improve the overall
safety profile [14,78]. It was recently demonstrated that CE and
BZA can form ER heteroligand dimer complexes resulting in
cooperative gene regulation [79]. Furthermore, BZA has been
found to degrade the ER in the endometrium and breast, sug-
gesting it acts more like the pure antiestrogen fulvestrant than
like other SERMs in these tissues [42,43,80,81]. BZA’s antiestro-
genic effects in endometrial tissue eliminate the need to
include a progestin when combined with estrogens in women
with a uterus.

Five Phase III, randomized, double-blind Selective estro-
gens, Menopause, And Response to Therapy (SMART) trials
established the efficacy and safety of CE/BZA use for up to
2 years [82-94]. The design of the SMART trials is summarized
in Table 4. CE 0.45 mg/BZA 20 mg and CE 0.625 mg/BZA
20 mg effectively reduced the frequency and severity of
VMS [83,87]. For example, in SMART-2, women with moder-
ate-to-severe hot flushes who received CE 0.45mg/BZA 20mg
or CE 0.625 mg/BZA 20 mg had a 74 or 80%, respectively,
reduction in mean daily number of hot flushes, compared
with a 51% reduction in the placebo group [87]. In that study,
average daily hot flush severity was calculated as the sum of
mild (1 point), moderate (2 points) and severe (3 points) hot
flushes divided by the total number of hot flushes that day.
SMART-2 participants taking CE 0.45 mg/BZA 20 mg and
CE 0.625 mg/BZA 20 mg showed a reduction from baseline
in average daily hot flush severity score at week 12 that was
statistically significant compared with placebo (--0.87 and
--1.21 vs --0.26, respectively; both p < 0.001) [87].

SMART-2 and SMART-5 demonstrated that CE/BZA
improves sleep parameters and menopause-related quality of
life [88,93]. A SMART-5 substudy (n = 459) evaluated sleep
and health-related quality of life using the Medical Outcomes
Study sleep scale and Menopause-Specific Quality of Life
(MENQOL) scale. Twelve weeks of CE 0.45 mg/BZA
20 mg and CE 0.625 mg/BZA 20 mg significantly improved
time to fall asleep (--16.2 and --16.0, respectively, vs --8.6 with
placebo; p < 0.05 for both), as well as sleep disturbance
(--17.4 and --18.6 vs --12.0; p < 0.05 and p < 0.001, respec-
tively) [93]. Total MENQOL score was significantly improved
with CE 0.45 mg/BZA 20 mg (--1.42) and CE 0.625 mg/
BZA 20 mg (--1.60) compared with placebo (--0.87; both
p < 0.001), largely driven by improvements in vasomotor
function domain score (--2.79 and --2.79 vs --1.14; both
p < 0.001) [93].

CE/BZA reduced VVA in the SMART-1 and SMART-3
trials [83,89]. SMART-3 enrolled women with VVA (£ 5%
superficial cells, vaginal pH > 5, and endorsement of at least
1 bothersome, moderate-to-severe symptom of VVA) [89]. In
nonparametric analyses, both CE 0.45 mg/BZA 20 mg and
CE 0.625 mg/BZA 20 mg produced significantly greater
increases in percentage of superficial cells (p < 0.01) (and
decreases in parabasal cells (p £ 0.001) compared with pla-
cebo.) At week 12, mean vaginal pH was significantly

(p < 0.001) lower in the CE 0.625 mg/BZA 20 mg group
compared with placebo, and CE 0.625 mg/BZA 20 mg also
significantly (p < 0.048) reduced the most bothersome VVA
symptoms. Both doses improved ease of lubrication [90].

The SMART trials demonstrated that CE/BZA increases
bone mineral density (BMD) [85,91,94]. For example, in
SMART-1, adjusted annual per cent change in lumbar spine
BMD was a mean of 0.94 with CE 0.45 mg/BZA 20 mg,
1.04 with CE 0.625 mg/BZA 20 mg and --1.08 with placebo
in women who were > 5 years postmenopause, had a baseline
lumbar spine or hip BMD of --1 to --2.5, and who
had ‡ 1 other osteoporosis risk factor (Osteoporosis Substudy
1) [85]. Adjusted annual per cent change in lumbar spine
BMD was a mean of 1.01, 0.55 and --1.41 in those treatment
arms, respectively, in women 1 -- 2 years postmenopause who
had at least 1 osteoporosis risk factor (Osteoporosis Substudy
2) [85]. In both substudies, CE 0.45 mg/BZA 20 mg and CE
0.625 mg/BZA 20 mg were also associated with significant
increases in total hip, femoral neck, femoral intertrochanteric
and trochanteric region BMD [85]. In Substudy 2, both CE/
BZA doses produced significantly (p < 0.001) greater reduc-
tions in bone turnover markers (osteocalcin and C-telopep-
tide) compared with placebo.

CE/BZA is generally well tolerated. Among women treated
with CE/BZA in the SMART studies, rates of ischemic stroke,
cardiovascular events and VTE were low and similar to
placebo [83,87,91,94].

Despite the absence of a progestin, CE 0.45 mg/BZA
20 mg and CE 0.625 mg/BZA 20 mg produced minimal
stimulation of the endometrium [82,87,94]. SMART-1 and
SMART-5, which evaluated endometrial hyperplasia as a pri-
mary end point, did not find an increased risk of hyperplasia
with CE 0.45 mg/BZA 20 mg or CE 0.625 mg/BZA 20 mg
compared with placebo (Table 5) [82,94]. In SMART-5, there
were small but significant increases in endometrial thickness
(0.17 mm with CE 0.45 mg/BZA 20 mg [p < 0.05] and
0.51 mm with CE 0.625 mg/BZA 20 mg [p < 0.001], vs
0.09 mm with placebo) but no difference between groups in
proliferative endometrium [94]. No significant differences in
endometrial thickness were found with CE/BZA versus pla-
cebo in SMART-1 [82].

In both SMART-1 and SMART-5 rates of vaginal bleeding
among women taking either dose of CE/BZA were low
(1.2 -- 7.0%), similar to placebo (2.6 -- 8.4%) and signifi-
cantly (p < 0.001) less than the rate of bleeding with CE/
MPA in SMART-5 (22.3%) (Table 5) [84,94]. Similarly, cumu-
lative rates of amenorrhea over 13 cycles were similar to pla-
cebo and significantly (p < 0.001) higher than the rate in
the CE/MPA arm (Table 5).

Across the SMART studies, CE 0.45 mg/BZA 20 mg and
CE 0.625 mg/BZA 20 mg showed no evidence of breast stim-
ulation [86,92,94]. Mammographic breast density was not
increased [86,92]. Rates of breast cancer, breast pain/tenderness
and fibrocystic breast disease were no different than with pla-
cebo during the up to 2 years of follow-up [91,92,94].
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Furthermore, rates of breast tenderness were significantly
(p < 0.01) lower than with CE/MPA in SMART-5 [94].
Thus, CE/BZA has shown an excellent endometrial and

breast safety profile; however, it should be noted that SMART
trial participants were followed for no longer than 2 years. Its
safety profile over longer durations of use and follow-up
requires further evaluation. Breast safety in the subpopulation
of women with breast cancer risk factors also has not been
evaluated.

8. Potential development issues

Endometrial and breast safety are key development hurdles
for any new menopausal therapies. With traditional HT,
estrogen(s) cannot be given without a progestin to nonhyster-
ectomized women because unopposed systemic estrogens
increase the risk of endometrial cancer [11]; however, com-
bined estrogen-progestin therapy has been associated with an
increased risk of breast cancer and related mortality in women
with a uterus [15,16]. Furthermore, whereas SERMs as a class
consistently have shown neutral or protective antiestrogenic
activity in the breast [25,26,95], some (especially tamoxifen
and lasofoxifene) exhibit adverse estrogenic stimulation of
the endometrium [23,26,96]. In contrast to CE/BZA, TSEC
combinations that have incorporated raloxifene, which is
thought to have a neutral effect on the endometrium when
given as monotherapy [25], have failed to progress through
clinical development due to unacceptable endometrial safety
profiles [97,98]. Vaginal estrogens are generally thought to be
safe to use without a progestin in women with a uterus,
although the NAMS guideline on VVA notes that ‘long-
term data are limited’ [53]. Furthermore, vaginal estrogens

are beneficial for VVA but do not address other common
menopausal symptoms.

9. Conclusion

New and emerging menopausal therapies have the potential
to fill an unmet need in the post-WHI era for effective relief
of menopausal symptoms with improved safety profiles. Based
on the WHI, the greatest risk appears to be associated with
combined estrogen-progestin therapy; therefore, recent strate-
gies have focused on eliminating the need for progestins either
through use of topical estrogens without a progestin for VVA
or by combining estrogen(s) or DHEA with potentially safer
options (e.g., micronized progesterone, SERMs) to reduce
endometrial stimulation.

10. Expert opinion

Health authorities, physicians, medical caregivers and women
themselves should refocus their attention on the need for bet-
ter treatment of symptoms and prevention of diseases linked
to the early loss of sex steroids. Improved methods of preven-
tion ultimately could lead to reduced disability for women in
the latest stage of their lives.

The combination of an SERM with estrogens (CE/BZA)
represents a new and interesting approach that obviates the
need for a progestin. Based on the successful development of
this combination, others are likely to follow. Preclinical and
clinical data to date have found unfavorable endometrial
safety profiles with other TSEC combinations that have incor-
porated SERMs with either CE or estradiol [97-99]. However,
combinations of SERMS with other hormonal agents may

Table 5. Effect of CE/BZA on risk of endometrial outcomes and vaginal/uterine bleeding at month 12 in

SMART-1 and SMART-5.

SMART-1 [82,84] SMART-5 [94]

CE 0.45 mg/

BZA 20 mg

CE 0.625 mg/

BZA 20 mg

PBO CE 0.45 mg/

BZA 20 mg

CE 0.625 mg/

BZA 20 mg

PBO CE/MPA

Endometrial
hyperplasia,
n/N (%)

0/433 (0) 1/414 (0.32) 0/427 (0) 1/335 (0.30) 1/368 (0.27) 1/354 (0.28) 0/149 (0)

Proliferative
endometrium,
n/N (%)

12/337 (3.56) 17/314 (5.41)* 5/317 (1.58) 2/338 (0.59) 1/370 (0.27) 1/356 (0.28) 1/153 (0.65)

Bleeding-related
AEs, n/N (%)

14/433 (3.2) 5/414 (1.2) 11/427 (2.6) 31/445 (7.0) 27/474 (5.7) 40/474 (8.4) 49/220 (22.3)

Cumulative
amenorrhea rate
in cycles 1 -- 13,
n/N (%)

357/429 (83.2) 358/410 (87.3) 359/421 (85.3) 312/355 (87.9)z 331/390 (84.9)z 318/379 (83.9) 86/158 (54.4)§

*p = 0.009 vs placebo.
zp < 0.001 vs CE/MPA.
§p < 0.001 vs PBO.

AEs: Adverse events; BZA: Bazedoxifene; CE: Conjugated estrogens; CE/MPA: Conjugated estrogens/medroxyprogesterone acetate; PBO: Placebo;

SMART: Selective estrogens, Menopause, and Response to Therapy.
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be feasible. As noted previously, DHEA/acolbifene is one such
combination in development. Unlike estrogen-progestin ther-
apies, DHEA increases androgen levels (e.g., testosterone, del-
ta4-androstenedione), while still significantly increasing
estrogens, progesterone, b-endorphin, sex-hormone binding
globulin and allopregnanolone levels and decreasing cortisol
levels [100,101]. As previously reviewed by one of the authors
(Dr Genazzani), DHEA is a neurosteroid found at increased
concentrations in the brain (relative to plasma), where it mod-
ulates release of a variety of neurotransmitters and is believed
to play a role in female sexual desire, cognitive function and
mood [100]. Use of DHEA to treat sexual function in post-
menopausal women remains controversial due to conflicting
results from randomized trials, many of which were small or
had other methodologic limitations [100]. However, in a study
of healthy postmenopausal women treated with oral DHEA
alone, improvements in menopausal symptoms and in the fre-
quency and enjoyment of sex were comparable to those of
estradiol/dihydrogesterone over 1 year of use [101]. Whether
or not DHEA has benefits over CE or estradiol when com-
bined with SERMs as part of a TSEC requires further investi-
gation. Data from initial studies of acolbifene/DHEA are still
awaited.

Development of SERMs and TSECs -- which act as estro-
gen agonists in some tissues and antagonists in others -- has
contributed greatly to our overall understanding of ER activ-
ity. Estrogens, antiestrogens and SERMs are all ER ligands,
and each results in a unique estrogen-receptor conformation
and gene expression profile [10,41,102,103]. For SERMs, by def-
inition, agonist/antagonist activity is tissue selective [102].
With TSECs, combined binding of the SERM and estrogen
components to the same receptor can result in a receptor-
heteroligand dimer complex and cooperative stimulation of
gene expression [79]. The different estrogen-receptor confor-
mations of agonists, partial agonists and antagonists affect
recruitment of coactivators versus corepressors, respectively,
from the cell environment, which contributes to the differen-
ces in their gene expression profiles [102,103]. Conversely, cell-
specific distribution of ER-a/ER-b and ratios of coactivators
to coregulators may influence whether a ligand has agonist
versus antagonist activity in a given tissue [102]. It is also note-
worthy that, unlike most other SERMs, BZA has been found
to downregulate ER-a protein expression by degrading the
receptor in the breast and endometrium, allowing it to serve

as a pure antiestrogen in two of the tissues in which estrogenic
activity is of greatest concern [42,43,80,81,104]. Lessons learned
from recent investigations regarding all these mechanisms
points to the potential for future development of hormonal
treatments with targeted tissue-selective effects of benefit in
the treatment of menopausal symptoms as well as other indi-
cations (e.g., breast cancer).

New and emerging hormonal treatments for managing
menopausal symptoms are likely to improve the safety profile
of traditional estrogen-progestogen therapy. The ultimate
goal is to get closer to the profile of the ideal menopausal
therapy -- that is, to relieve bothersome menopausal symp-
toms and reduce the risk of osteoporosis and cardiovascular
disease, without increasing the risk of endometrial or breast
cancer. In coming years, as products with improved safety
profiles become available, an increasing number of postmeno-
pausal women are likely to use some form of HT, primarily
the ones described in this review. Women’s preferences
and level of compliance with these products remain to be
determined.

Long-term safety data will be needed to clarify cardiovascu-
lar and breast safety profiles of all new hormonal treatments
for menopausal symptoms. The large-scale WHI trial identi-
fied a number of risks associated with use of estrogens alone
that were not apparent in smaller trials or observational stud-
ies; therefore, large-scale safety studies of new estrogen-
containing therapies are needed to ameliorate safety concerns.
Until such data are available, a conservative approach should
be used in interpreting available safety data from small trials
of short duration.
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