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Oral 17b-estradiol/progesterone (TX-001HR) and quality of life in
postmenopausal women with vasomotor symptoms
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Abstract
Objective: The aim of the study was to describe the effects of TX-001HR (17b-estradiol [E2] and natural

progesterone [P4] in a single oral capsule) on menopause-specific quality of life in women with moderate to severe
vasomotor symptoms (VMS).

Methods: The REPLENISH study (NCT01942668) was a phase 3, randomized, double-blind, placebo-con-
trolled, multicenter trial which evaluated four E2/P4 doses in postmenopausal women with VMS and a uterus.
Women with moderate to severe hot flushes (�7/d or�50/wk) were included in a VMS substudy. Participants self-
administered the Menopause-Specific Quality of Life (MENQOL) questionnaire. Baseline changes in MENQOL
overall and domains were determined as well as correlations between changes in MENQOL scores and VMS
frequency or severity.

Results: In the VMS substudy, women treated with E2/P4 had significantly greater improvements from baseline
in their MENQOL overall score at week 12, and months 6 and 12, compared with placebo (all, P< 0.05, except the
lowest E2/P4 dose at months 6 and 12). Improvements from baseline for the MENQOL vasomotor domain score
were significantly greater with TX-001HR doses versus placebo at all time points (all, P< 0.01). Changes in
MENQOL vasomotor scores moderately correlated with changes in VMS frequency (r¼ 0.56, P< 0.0001) and
severity (r¼ 0.55, P< 0.0001).

Conclusion: In the REPLENISH trial, women with moderate to severe VMS treated with most E2/P4 doses
reported significant improvements in quality of life from baseline to 12 weeks compared with placebo, which were
maintained up to 12 months. TX-001HR, if approved, may provide the first oral hormone therapy formulation in a
single capsule containing E2 and P4 for the treatment of VMS in postmenopausal women with a uterus.
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motor symptoms (VMS) are widely considered (HT) for relief of VMS,7 many women stopped taking US
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E2/P4 AND QUALITY OF LIFE IN MENOPAUSE
compounded ‘‘natural’’ products, falsely believing they are
safer.9,10 Since then, use of unapproved, compounded HT
formulations has skyrocketed,9-12 reaching 39 million pre-
scriptions.13 Efficacy and safety of compounded HT, which
may not provide sufficient endometrial protection, has, how-
ever, not been rigorously tested.14-18

Although micronized progesterone (P4), which is chemi-
cally identical to endogenous hormones, may be safer than the
synthetic progestogens typically included in approved HT
formulations, according to recent data on risk of breast
cancer19,20 and venous thromboembolism,21 no FDA-
approved formulation combines natural 17b-estradiol (E2)
and P4 in a single capsule. The combination of E2 and P4 in a
single capsule has been historically challenging because of the
differences in their structure and solubility.22 Recently, an
investigational combination of E2 and P4 (sometimes referred
to as bioidentical) in a single, oral, softgel capsule (TX-
001HR; TherapeuticsMD, Boca Raton, FL) was evaluated
in the REPLENISH trial for the treatment of moderate to
severe VMS in postmenopausal women with a uterus. The
REPLENISH trial found that women taking TX-001HR
versus placebo had statistically significant and clinically
meaningful decreases in moderate to severe VMS frequency
from baseline to week 12 (all, P � 0.002) with significant
improvement in VMS severity from baseline to week 12 with
the three highest doses.23 No endometrial hyperplasia or
cancer was found with any of the doses.23

With more than half (60%) of women in midlife seeking
medical care or advice at least once for menopausal symp-
toms, as reported in one survey,24 a need for effective treat-
ments that relieve VMS is apparent. Although the direct effect
of treatment on VMS frequency and severity is important,
evaluating effects of treatment should also include its impact
on quality of life measures. A more complete understanding
of treatment effects could allow healthcare providers to better
counsel their patients regarding treatment options. The objec-
tive of this analysis was to determine the effects of TX-001HR
on quality of life when used for the treatment of moderate to
severe VMS in the REPLENISH trial, using the Menopause-
Specific Quality of Life (MENQOL) questionnaire.
METHODS

Study design and participants
The REPLENISH trial (NCT01942668) was a phase 3,

prospective, randomized, double-blind, placebo-controlled,
multicenter trial evaluating four doses of E2/P4 combined in
a single, oral, softgel capsule formulation (TX-001HR) for the
treatment of moderate to severe VMS in postmenopausal
women . Enrollment began in August 2013 and the last
participant completed the trial in October 2016. The study
was designed, conducted, and monitored in accordance with
ethical guidelines of Good Clinical Practice and the Declaration
of Helsinki, and all participants gave written informed consent.

Details of the trial, including inclusion and exclusion
criteria, are reported elsewhere.23 Briefly, participants were
healthy postmenopausal women (40-65 y, �34 kg/m ) with a
uterus who were seeking treatment for VMS. Women were
eligible for the VMS substudy if they experienced a minimum
of 7 moderate to severe VMS (hot flushes) daily or 50 per
week before enrollment. Women eligible for the VMS sub-
study were randomly assigned 1:1:1:1:1 to daily oral E2/P4
(mg/mg) at doses of 1/100, 0.5/100, 0.5/50, or 0.25/50, or to
matching placebo, whereas women not eligible for the VMS
substudy were randomized 1:1:1:1 to the active E2/P4 doses
only (no placebo) for 12 months (to assess endometrial and
overall safety, as reported elsewhere23). Women were ran-
domized to treatment at each site using a reproducible,
computer-generated block randomization schedule. Because
the different doses were two different sizes, a double-blind,
double-dummy design was used to maintain blinding; all
women took two capsules (one large and one small capsule;
one of which was a placebo capsule) with food at bedtime.
Participants were instructed to use a dosing diary to record all
treatment doses taken and missed; the diary was used to
determine study compliance (defined as �80% of study drug
taken).

Each participant was instructed to complete a daily VMS
diary by recording the number and severity of their VMS
through week 12. The severity of hot flushes was defined as
mild (sensation of heat without sweating), moderate (sensa-
tion of heat with sweating, able to continue activity), or severe
(sensation of heat with sweating, causing cessation of activ-
ity). Baseline number and severity of VMS per week for each
participant were determined before randomization; women
with frequent moderate to severe VMS (�7/d or 50/wk) were
enrolled in the VMS substudy. On-treatment weekly severity
score was defined as the [(number of mild hot flushes for 7 d)
� 1þ (number of moderate hot flushes for 7 d)� 2þ (number
of severe hot flushes for 7 d) � 3]/(total number of mild,
moderate, and severe hot flushes over 7 d).

The four coprimary efficacy endpoints were mean changes
in frequency and severity of moderate to severe VMS with
E2/P4 doses versus placebo from baseline to weeks 4 and
12 in the VMS substudy and the primary safety endpoint
was the incidence of endometrial hyperplasia with E2/P4 at
12 months. A secondary efficacy endpoint was to evaluate the
effects of TX-001HR on quality of life when used for the
treatment of moderate to severe VMS.

Quality of life assessment
To determine associations between VMS treatment and

quality of life, women self-administered the validated MEN-
QOL questionnaire25 at baseline, week 12, and months 6 and
12. The MENQOL questionnaire consists of 29 items (symp-
toms) which, if experienced over the previous 1-month
period, were rated on a 7-point Likert scale ranging from
0¼ ‘‘not at all bothered’’ to 6¼ ‘‘extremely bothered.’’ Items
were grouped into four domains: vasomotor (3 items), psy-
chosocial (7 items), physical (16 items), and sexual (3 items).
Scores in each domain were converted to an analysis score
with a range of 1 (no symptoms) to 8 (extremely bothered).
Menopause, Vol. 26, No. 5, 2019 507
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Statistical analysis
The modified intent-to-treat (MITT) population included

all randomized participants who took at least one dose (two
capsules with blinding) of the study medication. The MITT-
VMS population was the primary efficacy population and
included all women randomized to the VMS substudy who
took at least one dose (two capsules) of study medication, had
�5 days of VMS diary data at baseline, and had �4 days of
VMS diary data for one on-treatment week. Sample size
determined for the VMS population was 150 women per
treatment group who provided at least 90% power to test
the primary VMS hypotheses of the 12-week VMS substudy
while allowing a 20% discontinuation rate, as previously
reported.

MENQOL outcomes were assessed in both MITT and
MITT-VMS populations. Changes from baseline in the over-
all MENQOL score and each of the four domains were
analyzed in the MITT-VMS population using analysis of
covariance with treatment group and region as factors, and
baseline score as covariate for the MITT-VMS and MITT
populations separately. Handling of missing MENQOL data
was performed as follows: if �50% of the items were
answered for each domain function score (ie, �8 of 16
questions were answered for physical domain, �4 of 7 for
psychosocial domain, and �2 of 3 for vasomotor domain and
sexual domain), then a domain score was calculated based on
the mean of the non-missing responses; if �50% of the items
were missing, no score was calculated and will be considered
missing. Missing data were not imputed.
1 mg E2/ 
100 mg P4

P

0.5 mg E2
100 mg P4Popula�on, n (%)

MITT
Randomized
Analyzed*
Completed at 52 weeks
MITT-VMS Substudy

Randomized
Completed at 12 weeks
Completed at 52 weeks

416
416

284 (68.2)

141
125 (88.7)

98 (69.5)

423
422

304 (71.9)

149
135 (90.6)
118 (79.2)

FIG. 1. Patient disposition in the MITT-VMS population. �Two women were
first randomization number and treatment for each woman was utilized. E2,
vasomotor symptoms.

508 Menopause, Vol. 26, No. 5, 2019
The relationship between changes in the frequency and
severity of moderate to severe VMS and changes in MEN-
QOL domain and overall scores from baseline to week 12
were examined using Pearson correlations in the MITT-VMS
population, regardless of treatment. Analyses were performed
with Statistical Analysis System 9.2 (SAS Institute Inc, Cary,
NC) and results were statistically significant at P< 0.05.

RESULTS

Disposition and demographics
A total of 1,845 women were randomized into the trial, and

1,833 were included in the MITT population; 1,273 com-
pleted 52 weeks of treatment (Fig. 1). Of the 726 included
in the MITT-VMS population, 647 (89%) completed the
12-week efficacy VMS substudy and 517 (71%) completed
the 52-week study. The most common reasons for discontin-
uation at 52 weeks were adverse events (8.5%), lost to follow-
up (6.7%), consent withdrawal (6.7%), protocol deviation
(3.7%), lack of efficacy (2.6%), other (0.3%), and investigator
or sponsor decision (0.1%).

Women in the VMS substudy had a mean age of 55 years
(range, 40-65 y) and mean BMI of 27 kg/m2; 67% were white
and 31% were African American (Table 1). Mean time since
menopause onset was 5.9 years. Moderate to severe VMS at
baseline occurred with a mean frequency of 72.1 to 77.0 per
week, and with a mean weekly severity baseline score of 2.50
to 2.54. Mean MENQOL overall scores ranged from 4.3 to 4.7
and mean vasomotor domain scores ranged from 6.9 to 7.2
at baseline.
Screen failures
n=3175

Randomized to treatment 
n=1845

articipants screened for eligibility
n=5020

/ Placebo0.5 mg E2/ 
50 mg P4

0.25 mg E2/ 
50 mg P4

Did not take study drug
n=10

421
421

312 (74.1)

147
130 (88.4)
104 (70.7)

424
423

280 (66.2)

154
139 (90.3)
104 (67.5)

151
151

93 (61.6)

135
118 (87.4)
93 (68.9)

screened and randomized at two separate sites, for analysis purposes, the
17b-estradiol; MITT, modified intent-to-treat; P4, progesterone; VMS,
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TABLE 1. Demographics and baseline characteristics in the modified intent-to-treat vasomotor symptom (MITT-VMS) population

Estradiol/Progesterone

Characteristic 1 mg/100 mg 0.5 mg/100 mg 0.5 mg/50 mg 0.25 mg/50 mg Placebo

N 141 149 147 154 135
Age, y 54.7� 4.8 54.9� 4.5 54.8� 4.6 54.5� 3. 8 54.3� 4.3
Race, n (%)

White 95 (67.4) 99 (66.4) 99 (67.3) 102 (66.2) 91 (67.4)
African American 45 (31.9) 48 (32.2) 43 (29.3) 48 (31.2) 41 (30.4)
Othera 1 (0.7) 2 (1.3) 5 (3.4) 4 (2.6) 3 (2.2)

BMI, kg/m2 26.5� 3.9 27.1� 4.3 26.6� 3.9 26.4� 4.0 26.6� 3.8
Time since menopause, y 6.1� 5.5 6.5� 5.4 6.0� 4.8 5.2� 4.8 5.7� 4.9
Bilateral oophorectomy, n (%) 3 (2.1) 3 (2.0) 1 (0.7) 1 (0.6) 0
Moderate–severe VMS

Weekly frequency 74.4� 35.3 72.1� 27.8 75.9� 28.0 77.0� 30.4 72.4� 23.3
Weekly severity 2.54� 0.32 2.51� 0.25 2.50� 0.23 2.51� 0.26 2.52� 0.25

MENQOL scores
Overall 4.5� 1.2 4.3� 1.3 4.7� 1.4 4.5� 1.3 4.6� 1.3
Vasomotor 7.1� 0.9 6.9� 1.1 7.1� 1.0 7.1� 1.0 7.2� 1.0
Psychosocial 3.4� 1.7 3.2� 1.7 3.6� 1.9 3.4� 1.8 3.6� 1.9
Physical 3.7� 1.6 3.6� 1.5 4.0� 1.7 3.7� 1.5 3.8� 1.6
Sexual 3.7� 2.4 3.6� 2.4 3.9� 2.5 3.9� 2.4 4.0� 2.4

Data expressed as mean�SD unless stated otherwise.
BMI, body mass index; SD, standard deviation; MENQOL, Menopause-Specific Quality of Life questionnaire; VMS, vasomotor symptoms.
aOther includes: other (n¼ 10), American Indian or Alaska Native (n¼ 2), Native Hawaiian or Pacific Islander (n¼ 2), and unknown (n¼ 1).

E2/P4 AND QUALITY OF LIFE IN MENOPAUSE
MENQOL overall and domain scores
For the overall MENQOL score, women in the MITT-VMS

population treated with all doses of E2/P4 had significantly
greater mean improvements from baseline than with placebo
at 12 weeks (all, P< 0.05; Fig. 2A). At months 6 and 12,
overall MENQOL scores significantly improved for the three
highest E2/P4 groups versus placebo. Differences in the least
squares (LS) mean change from baseline in the overall score
between E2/P4 doses and placebo ranged from �0.32 to
�0.58 at week 12 and from �0.30 to �0.73 at month 12.
Similar results were observed in the MITT population, with
significant differences in the MENQOL overall score between
the E2/P4 and placebo groups at week 12 (differences in LS
mean change:�0.42 to�0.62; all P< 0.001) and at month 12
(�0.37 to �0.62; all P< 0.01).

Mean improvements from baseline in the MENQOL vaso-
motor domain score were significantly greater in all E2/P4
groups versus placebo group at all time points (all, P< 0.01)
in the MITT-VMS population (Fig. 2B). Differences in the LS
mean change from baseline in the vasomotor domain between
E2/P4 doses and placebo ranged from �1.04 to �1.65 at
week 12 and from �0.72 to �1.46 at month 12. Similarly,
significant differences in the MENQOL vasomotor domain
for the MITT population were observed between all active
treatment groups and placebo at week 12 (differences in LS
mean change:�1.25 to�1.92; all P< 0.001) and at month 12
(�1.08 to �1.65; P< 0.001).

In the MITT-VMS or MITT populations, no consistent
statistically significant differences were noted between the
E2/P4 groups and placebo for the physical, psychosocial, or
sexual domains, except for improvements in the sexual
domain observed with the two highest E2/P4 doses versus
placebo at month 12 in the MITT population. In the MITT
population, differences in LS mean change between E2/P4
doses and placebo for the sexual domain were �0.44
(P¼ 0.029) for 1 mg E2/100 mg P4 and �0.45 (P¼ 0.026)
for 0.5 mg E2/100 mg P4 at 12 months. These differences
between E2/P4 and placebo for the sexual domain in the
MITT-VMS population were �0.21 (P¼ 0.421) for 1 mg
E2/100 mg P4 and �0.49 (P¼ 0.044) for 0.5 mg E2/100 mg
P4 at 12 months.

Relationship between MENQOL scores and VMS
frequency and severity

Correlations between changes in MENQOL overall and
domain scores and changes in moderate to severe VMS
frequency and severity from baseline to week 12 were sta-
tistically significant (Table 2). The largest correlations were
observed between changes in the MENQOL vasomotor
domain score and changes in moderate to severe VMS
frequency (r¼ 0.562) and severity (r¼ 0.554), followed
by a moderate correlation between the overall MENQOL
score with VMS frequency (r¼ 0.397) and severity
(r¼ 0.406). Correlations between VMS frequency and sever-
ity with the MENQOL physical, psychosocial, and sexual
domains were not only smaller but also statistically significant
(Table 2).

DISCUSSION
In this analysis of the REPLENISH trial, women with

moderate to severe VMS who took TX-001HR, an oral
capsule combining biosimilar E2 and P4, experienced statisti-
cally significant improvements in menopause-related quality
of life as measured by MENQOL for up to 12 months. In
addition, changes in VMS frequency and severity moderately
correlated with changes with the MENQOL vasomotor score,
supporting the hypothesis that reducing VMS frequency in
postmenopausal women can lead to improvement in their
quality of life. With respect to postmenopausal women with
vasomotor symptoms, measuring the effects of treatment on
Menopause, Vol. 26, No. 5, 2019 509



-2.5

-2

-1.5

-1

-0.5

0

0 3 6 9 12

M
ea

n 
re

du
c�

on
 fr

om
 b

as
el

in
e

Months

1 mg E2/100 mg P4

0.5 mg E2/100 mg P4

0.5 mg E2/50 mg P4

0.25 mg E2/50 mg P4

 Placebo

*

†
‡

‡
‡‡

*
*

†

†

MENQOL Overall Score

-5

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0 3 6 9 12

M
ea

n 
re

du
c�

on
 fr

om
 b

as
el

in
e

Months

1 mg E2/100 mg P4

0.5 mg E2/100 mg P4

0.5 mg E2/50 mg P4

0.25 mg E2/50 mg P4

 Placebo

‡

‡

‡

‡

†‡‡ †

‡
‡

‡

‡

MENQOL Vasomotor Domain

A

B

FIG. 2. Change in (A) overall MENQOL and (B) MENQOL vasomotor domain scores over 12 months with E2/P4 groups versus placebo in the MITT-
VMS population. �P< 0.05; yP< 0.01; zP< 0.001 versus placebo. E2, 17b-estradiol; MENQOL, Menopause-Specific Quality of Life Questionnaire;
MITT, modified intent-to-treat; P4, progesterone; VMS, vasomotor symptoms.

TABLE 2. Pearson correlations (r) between changes in MENQOL overall and domain scores and changes in moderate to severe vasomotor
symptoms (VMS) frequency and severity

Change in VMS frequency Change in VMS severity

Change in MENQOL r P r P

Overall score 0.397 <0.0001 0.406 <0.0001
Vasomotor domain 0.562 <0.0001 0.554 <0.0001
Physical domain 0.260 <0.0001 0.257 <0.0001
Psychosocial domain 0.183 <0.0001 0.212 <0.0001
Sexual domain 0.159 <0.0001 0.142 0.0004

MENQOL, menopause-specific quality of life questionnaire.
For all variables, change is from baseline to week 12.
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quality of life provides valuable information to the prescribing
clinician.

HT has been shown to greatly improve quality of life in
postmenopausal women with bothersome symptoms.26 Not
surprisingly, women with no bothersome symptoms at base-
line have no significant improvement in their quality of life
with treatment,26 as observed in the Women’ Health Initia-
tive.27,28 Also important for treatment evaluation is the use of
appropriate validated menopause-specific tools, such as the
MENQOL questionnaire, as opposed to more generic instru-
ments, such as the Medical Outcomes Study 36-item Short-
Form Survey (SF-36).26 Although, the SF-36 has been used to
evaluate QOL in older populations with chronic disease,
it does not address specific menopausal-related outcomes.
For the REPLENISH trial here, quality of life outcomes
in women with VMS were assessed using the validated
menopause-specific MENQOL questionnaire.

A clinically important difference (CID) is the change in a
treatment outcome that an individual patient would identify as
important and beneficial.29 Some groups have suggested that
a change of 1.0 for each of the MENQOL domains is an
appropriate threshold for CID.30,31 In this study, the 1.0 CID
threshold for the MENQOL vasomotor domain was reached
for all women who took TX-001HR from baseline to
12 months as shown by the differences in LS mean change
>1.0 observed between TX-001HR and placebo. Therefore,
VMS improvements could be considered clinically important
and beneficial in women who took the three highest doses of
TX-001HR for the treatment of moderate to severe VMS. In
addition, women randomized to the two highest TX-001HR
doses reported significant improvements in their MENQOL
sexual domain after 12 months of treatment.

Although MENQOL is a validated questionnaire25 for the
assessment of postmenopausal women’s symptoms and is an
effective, widely used instrument, some of its weaknesses
include its limited focus (symptoms-based), lack of psycho-
metric assessments, and lack of validation across various
cultures and populations.32 Despite these limitations, MEN-
QOL remains an appropriate instrument for measuring
changes in quality of life that is reliable, valid, practical to
administer, easy to score, and specific to postmenopausal
women. Other limitations of this study include a study
population that was composed of US women only, and a
high discontinuation rate (�30%) at 1 year, which could limit
conclusions generated from the longer-term data.

Finally, use of unapproved compounded HT has become
the most prevalent form of HT used in the United States by
prescription volume, exposing women to risks of inadequately
studied and nonstandardized hormone preparations.13 The
challenge with these unregulated, compounded ‘‘bioidenti-
cal’’ hormones is the lack of safety and efficacy data. For
women who prefer to use natural hormones and for clinicians
who prefer to prescribe them, the new formulation of E2/P4 in
TX-001HR, if approved, may provide a well-studied and
FDA-approved option, in contrast with compounded hormone
formulations. TX-001HR also combines E2 and P4 in a single
oral capsule, which may be more convenient, potentially
increasing adherence, which may, in turn, influence effec-
tiveness and, by preventing use of estrogen without proges-
terone, endometrial safety.33,34

CONCLUSIONS
Data from the REPLENISH trial showed that treatment of

moderate to severe VMS with TX-001HR, an oral, continu-
ous-combined dose of E2/P4, significantly improved meno-
pause-related quality of life. In conjunction with previously
reported data demonstrating clinically meaningful and sta-
tistically significant reductions in moderate to severe VMS
with E2/P4, and without increasing the incidence of endo-
metrial hyperplasia,23 these data show that TX-001HR, if
approved, may provide the first new oral HT formulation for
the treatment of moderate to severe VMS in postmenopausal
women with a uterus.
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