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Estradiol and progesterone bioavailability for moderate to severe
vasomotor symptom treatment and endometrial protection with the
continuous-combined regimen of TX-001HR (oral estradiol and
progesterone capsules)
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Abstract
Objective: In the REPLENISH trial, women receiving TX-001HR—an oral, softgel capsule, combining 17b-

estradiol (E2) and progesterone (E2 mg/P4 mg 1/100, 0.5/100), had significantly improved vasomotor symptoms,
while having their endometrium protected from hyperplasia. The objective here was to describe P4 levels sufficient
to counteract the potential endometrial effects of 1 or 0.5 mg oral E2 with TX-001HR.

Methods: In REPLENISH (phase 3; NCT01942668), serum P4, E2, and estrone (E1) levels were characterized in
postmenopausal women treated with TX-001HR (E2 mg/P4 mg: 1/100, 0.5/100, [0.5/50, 0.25/50 and placebo not
reported here]) at baseline, week 12, and month 12 for P4, and at baseline, weeks 4 and 12, and months 6, 9, and 12
for E2 and E1. In a phase 1 study, pharmacokinetic parameters were assessed after 7 daily doses of oral E2 mg/P4 mg
(1/100 and 0.5/100).

Results: In REPLENISH (n¼ 1,835), mean P4 levels were 0.39 to 0.55 ng/mL with 100-mg P4 doses; E2 levels
were 42.3 to 45.6 pg/mL and 23.0 to 27.4 pg/mL for the 1-mg and 0.5-mg E2 doses, respectively; E1 levels were 214
to 242 pg/mL and 114 to 129 pg/mL for the 1-mg and 0.5-mg E2 doses. In the phase 1 study (n¼ 40; day 7), mean
Cavg for P4 was 0.66 ng/mL with 100-mg P4 doses; E2 was 38.1 pg/mL and 29.2 pg/mL for 1 mg and 0.5 mg E2,
respectively; and E1 was 211 and 106 pg/mL for 1 mg and 0.5 mg E2. All three analytes reached steady state within
7 days; accumulation ratios were 1.36 to 1.94.

Conclusions: P4 levels observed with TX-001HR were similar in the phase 1 and 3 studies, and were associated
with no endometrial hyperplasia with either E2 daily dose over 1 year in the REPLENISH phase 3 study, which
showed significant improvements in menopausal vasomotor symptoms.
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ESTRADIOL/PROGESTERONE LEVELS WITH TX-001HR
uterus, the addition of a progestin to estrogen therapy has
been shown to protect the uterus from estrogen-induced
endometrial hyperplasia and endometrial cancer.5,6

Various combinations of estrogen (conjugated equine
estrogens [CEEs], ethinyl estradiol, 17b-estradiol [E2]) and
synthetic progestogens (norethindrone acetate, drospirenone,
norgestimate, medroxyprogesterone acetate [MPA]) products
are currently available, including oral and transdermal prod-
ucts. However, oral formulations of E2 and progesterone (P4)
in a single capsule have been challenging because of their
differences in structure and solubility; as of 2017, no com-
bined oral E2/P4 capsule had been approved by the US Food
and Drug Administration (FDA).7 To address this unmet
treatment option, clinicians have been prescribing E2 and
P4 products separately to their patients. Many women prefer
using E2 and P4, as they are bioidentical to the natural
hormones produced by the body.8-12 While, up to 21 million
US FDA-approved and compounded hormone therapy pre-
scriptions containing P4 were estimated to be filled in the
United States per year,13,14 serum P4 levels required for
endometrial protection in a continuous-combined regimen
have not been well characterized.

An oral hormone therapy (TX-001HR; TherapeuticsMD,
Boca Raton, FL) combining natural E2 with P4 in a softgel
capsule was investigated for the treatment of moderate to
severe VMS in postmenopausal women with a uterus. The
phase 3 REPLENISH trial, which evaluated the safety and
efficacy of four doses of TX-001HR (E2 mg/P4 mg: 1/100,
0.5/100, 0.5/50, 0.25/50) compared with placebo, found no
cases of endometrial hyperplasia or cancer with up to
12 months of continuous use, while significantly reducing
the frequency and severity of moderate to severe VMS with
the two highest doses.15 In October 2018, the oral 1-mg E2/
100-mg P4 dose was approved by the FDA as Bijuva (Ther-
apeuticsMD, Boca Raton, FL).

The primary objective of these analyses was to describe the
levels of P4 in the phase 3 REPLENISH trial, which were
sufficient to counteract any potential estrogenic effects of 1 or
0.5 mg oral E2 on the endometrial compartment when dosed
continuously for 12 weeks. Progesterone levels in a phase 1
study with two of the same doses in REPLENISH were also
analyzed. Serum levels of E2 and its main metabolite, estrone
(E1) were examined in the phase 3 and phase 1 studies.

METHODS
The serum levels of E2, E1, and P4 with select TX-001HR

doses were characterized in two studies: one from a single
time point in the phase 3 REPLENISH trial and another from a
multitime point phase 1 trial. In both trials, women were
administered TX-001HR in the evening with food. Serum
hormone levels were quantified at InVentiv Clinical Labora-
tories, Inc. (Princeton, NJ) using the same validated liquid
chromatography or gas chromatography-tandem mass spec-
trometry (LC/GC-MS/MS) methods.

Both trials were conducted in accordance with the regu-
lations of the International Conference on Harmonization
Guideline for Good Clinical Practice and the Declaration
of Helsinki. All participants provided written informed con-
sent before participating in any study-related activities.

Phase 3 REPLENISH trial
The REPLENISH trial (NCT01942668) was a phase 3,

randomized, double-blind, placebo-controlled, multicenter
trial evaluating the efficacy and safety of daily doses of
E2/P4 in nonhysterectomized, postmenopausal women with
vasomotor symptoms.15 The trial was conducted at 117 US
sites between August, 2013 and October, 2015. The four co-
primary endpoints of the trial were changes from baseline to
weeks 4 and 12 in the frequency and severity of moderate to
severe VMS compared with placebo, and the primary safety
endpoint was the incidence of endometrial hyperplasia at
12 months.15

Inclusion and exclusion criteria of the REPLENISH trial
were typical of randomized trials evaluating menopausal
hormonal therapies and have been described elsewhere.15

Briefly, healthy postmenopausal women, aged 40 to
65 years, �34 kg/m2 with a uterus and who were seeking
treatment for VMS were eligible to enroll in the REPLEN-
ISH study. At baseline, postmenopausal participants had to
have a serum E2 level of �50 pg/mL with �12 months of
spontaneous amenorrhea, or �6 months of spontaneous
amenorrhea with serum follicle-stimulating hormone
(FSH) level of >40 mIU/mL, or �6 weeks postoperative
bilateral oophorectomy. Women were randomized to daily,
oral doses of E2 mg/P4 mg (1/100, 0.5/100, 0.5/50, 0.25/50)
or placebo for up to 12 months; data for the E2 mg/P4 mg
doses 1/100 and 0.5/100 are presented here. To maintain
study blinding, a double-dummy technique was used
because different doses were different-sized capsules (ie,
all women took two capsules).

Serum hormone concentrations of P4, E2, and E1 were
measured in all enrolled women. Serum concentrations were
assessed at baseline, week 12 and month 12 for P4 and at
baseline, weeks 4 and 12, and months 6, 9, and 12 for E2 and
E1. Samples were generally collected 9 to 16 hours after the
previous evening dose. Mean hormone levels at each time
point for TX-001HR doses are reported in this analysis. Only
the E2 mg/P4 mg doses (1/100, 0.5/100) that were registered
for US FDA approval have been included in this report.

Phase 1 multidose trial
This phase 1, open-label, randomized, parallel-group, mul-

tidose trial assessed serum levels of P4, E2, and E1 in healthy
postmenopausal women who received TX-001HR (E2 mg/P4
mg: 1/100 and 0.5/100). The study was conducted at one site
in 2017. The primary objectives of the study were to describe
the single-dose and steady-state pharmacokinetic (PK) param-
eters after seven daily doses of TX-001HR.

Healthy women (aged 40-65 years; BMI 18-30 kg/m2) were
enrolled if they had �12 months of spontaneous amenorrhea,
�6 months of spontaneous amenorrhea with a screening
serum FSH >40 mIU/mL; �6 weeks postoperative bilateral
Menopause, Vol. 26, No. 7, 2019 721
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oophorectomy; or <55 years of age with a history of hyster-
ectomy without bilateral oophorectomy before natural meno-
pause with screening FSH >40 mIU/mL. Menopausal VMS
were not assessed in this trial and were not a requirement for
enrollment. Exclusion criteria were similar to those of the
REPLENISH trial.

Eligible participants were randomized to two E2 mg/P4 mg
doses (1/100 or 0.5/100), which were administered orally,
once daily for 7 days. Venous blood samples were obtained on
day 1 at 60, 30, and 0 minutes before drug administration
(average of these time points represent the baseline) and then
at 20, 40, 60, and 90 minutes and 2, 3, 4, 6, 8, 12, 18, and 24
hours after drug administration. On day 7, venous blood
samples were obtained at 0, 20, 40, 60, and 90 minutes,
and at 2, 3, 4, 6, 8, 12, 18, 24, 36, and 48 hours after
drug administration.

The PK parameters assessed included maximum serum
concentration (Cmax), time to maximum serum concentration
(tmax), area under the concentration-time curve during the
dosing interval (t) calculated using the linear trapezoidal
method (AUCt; calculated using linear interpolation between
data points) on days 1 and 7, and Cavg at steady state on day 7.
Steady state levels were tested with trough concentrations
(Ctrough; serum concentration at the end of the dosage interval
prior to the next dose) on days 6, 7, and 24 hours after day 7.
Hormone accumulation ratios between day 7 and day 1
(AUCt day 7/AUCt day 1) were also assessed.

Analytical methods
In both trials, bioanalysis was performed at InVentiv

Clinical Laboratories, Inc. (Princeton, NJ). Venous blood
samples of 10 mL each were collected without anticoagulant
for serum assessment of P4, E2, and E1.

Progesterone was extracted from serum using a liquid-
liquid extraction procedure. P4 bioanalysis was performed
using a validated LC-MS/MS assay with a lower limit of
quantification (LLOQ) of 0.05 ng/mL and upper limit of
quantification (ULOQ) of 50 ng/mL. The coefficient of
variation (CV) for P4 standards was 4.65% for between-
run precision, and the bias was 2.08% for between-
run accuracy.

Estradiol and E1 were extracted from serum using a solid-
phase extraction procedure. Simultaneous E2 and E1 bioa-
nalysis was performed using a validated GC-MS/MS. For E2,
the LLOQ was 2.0 pg/mL and the ULOQ was 500 pg/mL. For
E1, the LLOQ was 5.0 pg/mL and the ULOQ was 1000 pg/
mL. The CV for E2 standards was 3.51% for between-run
precision and the bias was 0.00% for between-run accuracy,
and for E1 standards the CV was 5.37% for between-run
precision and the bias was 2.50% for between-run accuracy.

Statistical analyses
For both studies, baseline and demographic variables were

descriptively summarized by treatment group. Descriptive
and statistical analyses were performed using SAS v.9.2
(SAS Institute, Cary, NC). Data for both studies presented
722 Menopause, Vol. 26, No. 7, 2019
here are unadjusted for baseline values. In the REPLENISH
trial, sample values estimated as below the limit of quantifi-
cation were replaced by the LLOQ for that analyte, as
determined during method validation (P4, 0.05 ng/mL; E2,
2.0 pg/mL; E1, 5.0 pg/mL). In the phase 1 study, sample
values estimated as below the limit of quantification were
replaced by a ‘‘0’’ when calculating the PK parameters,
except for when calculating AUCt which has embedded or
trailing values and therefore those values were treated as
‘‘missing.’’ Statistical analyses comparing PK measurements
between days 1 and 7 were not performed, and were reported
descriptively. Dose proportionality for E2 was analyzed using
the following power model: Ln(Y)¼ alphaþ beta � ln(dose)
þ error, where beta (slope) measures the proportionality
between doses; beta¼ 0 implies dose independence and
beta¼ 1 implies dose proportionality.

RESULTS

Phase 3 REPLENISH trial
A total of 1,845 women were randomized to the study;

1,835 women took one full dose of the study drug and were
included in the safety population. Of these, 415 women were
randomized to 1 mg E2/100 mg P4, 424 women to 0.5 mg E2/
100 mg P4 (with 996 randomized to the remaining doses and
placebo; results not included in this report). Of the 1,835
women, 1,275 (69.5%) completed the 12-month study. Over-
all, baseline demographic characteristics of women random-
ized to the different E2/P4 doses (Table 1) were not different
between treatment groups, including overall mean age (54.6
years) and BMI (26.6 kg/m2). The majority (67%) were white
and 31% were African American. Baseline serum P4 levels
were below level of quantification (0.05 ng/mL) for the
majority of women. Mean baseline serum levels were
6.1 pg/mL for E2 and 23.3 pg/mL for E1.

Over the 12-month trial, mean levels for P4 were 0.39 to
0.55 ng/mL for the 100-mg P4 doses (Fig. 1A). For E2, mean
serum levels were 42.3 to 45.6 pg/mL for the 1-mg E2 dose
and 23.0 to 27.4 pg/mL for the 0.5-mg E2 dose (Fig. 1B). For
E1, mean serum levels were 214 to 242 pg/mL for the dose
containing 1 mg E2 and 114 to 129 pg/mL for the dose
containing 0.5 mg E2 (Fig. 1C). A dose response was
observed for E2 and E1 with hormone levels remaining
consistent over time for each treatment.

Phase 1 multidose trial
In all, 40 participants were randomized into the phase 1

study; 20 in each dose group. Among them, 37 women
(92.5%) completed the study; 3 women who were randomized
to 0.5 mg E2/100 mg P4 discontinued early (withdrew [n¼ 2]
and lost to follow-up [n¼ 1]). All 40 randomized participants
received at least one dose of study drug and had sufficient data
to calculate at least one PK parameter. Baseline demographics
(Table 1) were not different between the two treatment
groups, including overall mean age (57.2 years) and BMI
(25.7 kg/m2). The majority were white (82.5%), followed by
African American (17.5%).
� 2019 The Author(s)



TABLE 1. Demographics and baseline characteristics for participants dosed with 1 mg or 0.5 mg E2 combined with 100 mg P4

REPLENISH trial Phase 1 study

Characteristics 1 mg E2/100 mg P4 0.5 mg E2/100 mg P4 1 mg E2/100 mg P4 0.5 mg E2/100 mg P4

N 415 424 20 20
Age, y 54.7� 4.4 54.5� 4.5 57.8� 5.7 56.6� 4.7
Race, n (%)

White 271 (65.3) 281 (66.3) 16 (80.0) 17 (85.0)
African American 134 (32.3) 136 (32.1) 4 (20.0) 3 (15.0)
Othera 10 (2.4) 7 (1.6) 0 0

BMI, kg/m2 26.8� 4.1 26.7� 4.3 25.1� 2.5 26.4� 2.9
Time since menopause, y 5.8� 4.9 6.0� 5.1 10.0� 5.0 6.5� 3.7
Bilateral oophorectomy, n (%) 4 (1.0) 6 (1.4) 4 (20.0) 1 (5.0)
Hysterectomy, n (%) 0b 0b 6 (30.0) 3 (15.0)
Baseline hormone values

Progesterone, ng/mL 0.056� 0.024 0.065� 0.150 0.006� 0.015 0.034� 0.107
Estradiol, pg/mL 6.3� 6.6 6.5� 7.2 6.0� 7.6 20.4� 41.1
Estrone, pg/mL 23.3� 12.6 23.3� 12.1 18.9� 7.6 32.0� 43.7

Data shown as mean�SD, unless stated otherwise.
BMI, body mass index; E2, 17b-estradiol; P4, progesterone; SD, standard deviation.
aOther includes other, Asian, American Indian or Alaska Native, Native Hawaiian or Pacific Islander, and unknown.
bAll study participants of the REPLENISH trial were required to have an intact uterus.

ESTRADIOL/PROGESTERONE LEVELS WITH TX-001HR
Baseline serum P4 levels were below level of quantification
(0.05 ng/mL) for the vast majority of women. Mean baseline
serum levels were 0.02 ng/mL for P4, 13.2 pg/mL for E2,
and 25.5 pg/mL for E1. Women randomized to the 0.5-mg
E2/100-mg P4 dose had higher hormone baseline values
than those randomized to the 1-mg E2/100-mg P4 dose
(Table 1).

Mean serum concentrations for P4, E2, and E1 on day 1 and
day 7 are shown in Fig. 2. A summary of unadjusted PK
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parameters for all three hormones are reported in Table 2. For
P4, mean Cmax ranged from 4.4 to 11.3 ng/mL, mean Cavg

ranged from 0.53 to 0.77 ng/mL, and mean AUCt ranged from
12.5 to 18.2 h ng/mL on day 7 with the two 100-mg P4
formulations. Both doses containing 100 mg P4 had an accu-
mulation ratio (AUCt day 7: AUCt day 1) of �1.4.

Statistical analysis of the 0.5-mg and 1-mg E2 doses for E2
PK parameters, AUCt, and Cmax, on days 1 and 7 showed that
the observed results were dose-dependent, although not dose-
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LOBO ET AL
proportional. Both doses had an accumulation ratio of �1.9
for E2. Similarly, day 7 mean Cavg for E1 was 211 pg/mL for
the 1-mg E2 dose and 106 pg/mL for the 0.5-mg E2 dose. The
accumulation ratio for E1 was �1.6 for both doses.
724 Menopause, Vol. 26, No. 7, 2019
Steady states for P4, E2, and E1 were shown by consistent
Ctrough levels from predose day 6 through 24 h postdose day 7
(Table 3), and thus, steady state was achieved within 1 week
of daily dosing regardless of dose administered.
� 2019 The Author(s)



DISCUSSION within several hours of dosing, there are clearly differences in

TABLE 2. Phase 1 study—unadjusted PK parameters for progesterone, estradiol, and estrone on days 1 and 7

Progesterone Estradiol Estrone

Parameters (units)
1 mg E2/

100 mg P4
0.5 mg E2/
100 mg P4

Parameters
(units)

1 mg E2/
100 mg P4

0.5 mg E2/
100 mg P4

1 mg E2/
100 mg P4

0.5 mg E2/
100 mg P4

Day 1 (n¼ 20) (n¼ 20) Day 1 (n¼ 20) (n¼ 20) (n¼ 20) (n¼ 20)
AUCt, h ng/mL 14.3� 9.9 10.6� 9.5 AUCt, h pg/mL 543� 250 559� 695 2,860� 883 1,754� 836
Cmax, ng/mL 6.5� 6.2 3.8� 3.2 Cmax, pg/mL 37.6� 35.5 33.8� 48.6 171� 67.3 99.2� 54.5
tmax, h 2.2� 1.5 2.5� 1.9 tmax, h 10.0� 6.8 11.1� 7.2 11.1� 5.8 11.8� 5.8

Day 7 (n¼ 20) (n¼ 17) Day 7 (n¼ 20) (n¼ 17) (n¼ 20) (n¼ 17)
AUCt, h ng/mL 18.2� 15.5 12.5� 10.9 AUCt, h pg/mL 910� 339 699� 567 5,046� 2,155 2,538� 1,170
Cavg, ng/mL 0.77� 0.64 0.53� 0.45 Cavg, pg/mL 38.1� 14.2 29.2� 23.7 211� 90.1 106� 48.9
Cmax, ng/mL 11.3� 23.1 4.4� 5.7 Cmax, pg/mL 48.2� 15.8 37.2� 28.7 257� 101 131� 56.2
tmax, h 2.6� 1.5 2.9� 2.3 tmax, h 5.6� 5.6 5.9� 4.4 5.5� 3.5 8.5� 4.9

Accumulation ratio 1.44� 0.95 1.36� 0.73 Accumulation ratio 1.81� 0.65 1.94� 1.96 1.72� 0.41 1.54� 0.25

All data expressed as mean�SD. Accumulation ratio¼AUCt day 7/AUCt day 1.
E2, 17b-estradiol; P4, progesterone.

ESTRADIOL/PROGESTERONE LEVELS WITH TX-001HR
Oral doses of 100 mg P4 were sufficient to counteract
potential estrogenic stimulation of the endometrium with
1 mg or 0.5 mg of oral E2 for over 12 months, as shown
in the REPLENISH trial.15 Serum P4 levels averaged
0.39 to 0.55 ng/mL with the 100-mg P4 doses in the phase
3 study, generally 9 to 16 hours after dosing. Similar con-
centrations were observed in the phase 1 study, with serum
P4 levels averaging 0.53 to 0.77 ng/mL with the 100-mg P4
doses after 7 days of treatment at 8 to 12 hours after dosing.
While these trough levels of P4 are lower than luteal phase
levels in ovulatory women, these values are significantly
higher than the generally undetectable baseline levels of
postmenopausal and sufficient to ensure endometrial pro-
tection.

There are few PK data using micronized P4. In our phase 1
study, Cmax P4 levels were 11.3 ng/mL for 1-mg E2/100-mg
P4 doses and 4.4 ng/mL for 0.5 mg E2/100 mg P4 after 7 days
of daily treatment. One older study reported a Cmax of 17.3 ng/
mL after only 5 days of oral 100 mg P4 (assessment method
not reported),16 whereas another reported a Cmax of 6.5 ng/mL
after 1 day of oral 100 mg P4 (analyzed by radioimmunoas-
say).17 Another small study only examined levels over time
and found P4 levels of 1.16 ng/mL after about 2 weeks
(analyzed by competitive binding immunoenzymatic
assay).18 While this latter value is more similar to our data
TABLE 3. Phase 1 study—unadjusted s

Progesterone, ng/mL

Ctrough

1 mg E2/
100 mg P4

(n¼ 20)

0.5 mg E2/
100 mg P4

(n¼ 17)
1

Day 6 (predose) 0.15� 0.13a 0.16� 0.14b 2
Day 7 (predose) 0.18� 0.15 0.16� 0.14 3
Day 7 (24-h postdose) 0.15� 0.11c 0.12� 0.07d 3

All data expressed as mean�SD.
E2, 17b-estradiol; P4, progesterone; SD, standard deviation.
an¼ 18.
bn¼ 15.
cn¼ 19.
dn¼ 14.
assay methodology between these studies.
Historically, very high oral doses of crystalline P4 were

needed to have biological effects due to low absorption.19

Better absorption was achieved with micronized P4 particles
suspended in an oil-based formulation.19 Creating a product
that combines E2 and P4 in a single oral pill has also been
challenging due to the differing structures and solubilities of
E2 and P4, and could have resulted in poor P4 bioavailability.
The unique formulation of TX-001HR allows E2/P4 to be
combined in a single softgel capsule, while retaining pharma-
cologically effective absorption of both E2 and P4 as shown in
this report.

The REPLENISH trial is the first randomized controlled
trial, powered to detect endometrial hyperplasia to show that
continuous daily use of oral 100 mg P4 with 0.5 or 1 mg E2
can protect postmenopausal women from endometrial hyper-
plasia.15 Multiple clinical trials have demonstrated that
sequential use of oral 200 mg P4 for 12 to 14 days each cycle
may offer protection against estrogen-induced endometrial
hyperplasia.2,20-22 The Postmenopausal Estrogen/Progestin
Interventions (PEPI) trial was the first randomized controlled
trial to evaluate the potential protective effect of P4 on the
endometrium from estrogen-induced stimulation. While the
PEPI study was not fully powered to demonstrate endometrial
protection, women taking 200 mg P4 cyclically for 12 days
teady-state (Ctrough) hormone levels

Estradiol, pg/mL Estrone, pg/mL

1 mg E2/
00 mg P4
(n¼ 20)

0.5 mg E2/
100 mg P4

(n¼ 17)

1 mg E2/
100 mg P4

(n¼ 20)

0.5 mg E2/
100 mg P4

(n¼ 17)

8.4� 12.1 23.1� 36.3 171.5� 81.6 88.4� 38.4
4.2� 17.4 24.2� 21.5 173.7� 83.0 88.1� 40.6
0.3� 12.9 22.7� 18.7 176.0� 85.3 88.8� 50.5
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plus 0.625 mg CEE for up to 36 months had rates of endome-
trial hyperplasia similar to that of placebo.2 On the contrary,
two European observational studies—the Etude Epidémiolo-
gique Auprès de Femmes de l’Education Nationale (E3N) and
the European Prospective Investigation into Cancer and
Nutrition (EPIC) trials—reported an increased risk of endo-
metrial cancer with P4 use.23,24 The risk of endometrial cancer
in these studies was not analyzed by type of dose or timing
(sequential or continuous), and therefore their conclusions
may be of limited applicability.23,24 Also, it was postulated by
Gompel25 that because the risk of endometrial cancer was
similar between the E2-only and the E2 with P4 treatments in
those studies, which is at odds with the results of other
randomized controlled trials or observational cohort studies,
that it might have been caused by a lack of compliance with
P4, which was not present in any oral combination, and was
taken separately from the E2. In contrast, a French study using
percutaneous E2 and micronized P4 continuously for 21 to
25 days detected no hyperplasia and reported that the endo-
metria was generally inactive on biopsy.26 It has been recog-
nized that, with respect to endometrial protection, the duration
of progestogen treatment is more important than the dose, but
that the dose, regimen, route of administration, and ratio of
estrogen to P4 are also important factors.27

It has been shown that relatively low doses of P4 can inhibit
endometrial glandular mitotic activity, and that this is related
to the duration of treatment, requiring at least 9 days or more
of exposure.28 It has also been argued that using larger doses
of P4 on a sequential basis and causing full secretory trans-
formation of the endometrium are not necessary and does not
provide additional benefit for the prevention of hyperplasia.28

Constant doses of P4, as the ones observed in these trials,
could down-regulate endometrial estrogen receptors and turn
off mitotic activity and proliferation. Most of the participants
in the REPLENISH trial had an atrophic endometrium after
1 year of therapy.15 Based on these results, the continuous
daily exposure of P4 appears to be sufficient to oppose the
action of E2 on the endometrium, despite P4’s shorter dura-
tion of elevated serum concentration. One hypothesis that
could explain this is that the effects of P4 on gene expression
at the tissue level outlast its measurable serum level.

The combination of P4 with E2 in the same capsule did not
inhibit the effects of E2 on VMS relief. TX-001HR containing
1 mg or 0.5 mg of E2 combined with 100 mg P4 in the
REPLENISH trial significantly improved the frequency
and/or severity of moderate to severe VMS as early as 3 weeks
and up to 12 weeks.15 There is also evidence that progestogens
alone can be effective for treatment of VMS at higher doses.29

In the REPLENISH trial, E2 serum levels averaged 42.3 to
45.6 pg/mL for the 1-mg E2/100-mg P4 dose and 23.0 to
27.4 pg/mL for the 0.5-mg E2/100-mg P4 dose over 12
months. Similar values for E2 were also observed in the
phase 1 study, with serum levels averaging 38.1 pg/mL for
the 1-mg E2/100-mg P4 dose and 29.2 pg/mL for the 0.5-mg
E2/100-mg P4 dose on day 7, with steady-state levels
achieved within 7 days.
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TX-001HR is the first oral formulation that combines
bioidentical E2 and P4 in a single softgel capsule being
evaluated for the treatment of moderate to severe VMS in
postmenopausal women with a uterus. Combining both E2
and P4 in a single capsule may facilitate compliance and
convenience to the patient,30 but may also increase efficacy
and safety while reducing the incidence of withdrawal bleed-
ing.15,31,32 Additionally, various studies have suggested that
bioidentical P4 may have a better side effect profile than
synthetic progestogens regarding breast cancer33,34 and
venous thromboembolism.35

Some of the limitations of these studies include the fact that
the populations were mostly healthy, which may limit the
applicability of the results to the general population. Also,
while demographic characteristics were similar between the
two treatment groups of the phase 1 study, hormone levels
appeared somewhat different at baseline.
CONCLUSIONS
In the REPLENISH study, levels of P4 were associated

with endometrial protection from E2 administered at 1 mg or
0.5 mg daily over 12 months, and levels of E2 were associated
with improvement in moderate to severe VMS frequency and
severity by week 3.15 Similar P4, E2, and E1 levels were
observed in this phase 1 PK study and the phase 3 REPLEN-
ISH trial, with steady state levels of the three hormones
achieved within 7 days. Continuous dosing with 100 mg P4
appears to be adequate to counteract the potential estrogenic
effects of 0.5 mg or 1 mg E2 on the endometrium. The
evaluations reported here help to further our understanding
of levels of P4 required for endometrial protection when
dosed in a continuous combined regimen with E2 in post-
menopausal hormone therapy.
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