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1 Executive Summary
1.1 Introduction
TX-004HR is a vaginally administered solubilized 17-estradiol product indicated for the 
treatment of moderate to severe dyspareunia, a symptom of vulvar and vaginal atrophy 
due to menopause. TX-004HR is designed as a  capsule (vaginal insert), without 
the need for an applicator.  The active ingredient is  17-estradiol (as 
estradiol  The formulation (as compared to the approved tablets for the 
same indication – Vagifem®) has been designed to mitigate the common limitations 
found with other vaginal forms of estradiol, ease vaginal administration, provide 
improved convenience and acceptability, and provide low systemic estrogen levels 
compared to currently available estrogen tablets. 

This submission constitutes an NDA Resubmission, responding to the FDA’s Complete 
Response Letter (CRL) dated May 5, 2017, and post CRL communications. There is no 
new or updated nonclinical information included in this submission. The sponsor 
continues to seek approval via the 505(b)(2) pathway and intends to rely in part on 
published literature (estradiol) for the nonclinical toxicology, genotoxicity and 
carcinogenicity sections of this NDA, rather than the Agency’s findings of safety and 
efficacy of an approved estradiol product. The submitted nonclinical literature will inform 
Sections 8 and 13 of the labeling. 

1.2 Brief Discussion of Nonclinical Findings
The safety of estradiol is well-established and documented in the published literature 
following many years of clinical use.  There are also a number of approved products 
that contain estradiol as the active pharmaceutical ingredient at the same or similar 
doses, and for the same or similar indication as TX-004HR (e.g. Vagifem, Femring, 
Estrace, Estring).  As such, the sponsor has not conducted any nonclinical studies of 
their own for estradiol, and proposes to rely on relevant published literature to support 
the nonclinical safety of estradiol, and to inform nonclinical sections of labeling.  The 
literature that the sponsor has submitted is adequate to support the nonclinical safety of 
estradiol without relying on previous findings of safety for an approved product.  

Upon initial submission of this NDA (SDN1, 7-7-2016), the pharmacology/toxicology 
review team recommended approval of TX-004HR for the treatment of moderate to 
severe dyspareunia, a symptom of vulvar and vaginal atrophy, due to menopause.  This 
determination has not changed.  We reference the previous NDA review submitted to 
DARRTS on 3-29-2017 for a full nonclinical review.  
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2.6 Proposed Clinical Population and Dosing Regimen
The proposed clinical population is postmenopausal women, as the indication is for 
treatment of moderate to severe dyspareunia, a symptom of vulvar and vaginal atrophy, 
due to menopause.

TX-004HR is a small, light pink, tear-shaped, immediate release,  capsule 
(vaginal insert) containing 4 μg, 10 μg,  μg of solubilized estradiol.  TX-004HR is 
intended for intravaginal administration only.  One  capsule should be inserted 
vaginally once daily for 14 days, then twice weekly thereafter for maintenance (for 
example, Monday and Thursday).   Therapy should be started at the lowest effective 
dose and the shortest duration consistent with treatment goals and risks. Dosage 
adjustment should be guided by the clinical response.

2.7 Regulatory Background
The IND for this product and indication (IND 118439) has been in-house since May 
2013 (Primary nonclinical reviewer – Kimberly Hatfield, PhD).  The 30-d safety review 
contained no nonclinical studies, as the sponsor stated that the nonclinical assessment 
would be based on previous findings of safety for the active moiety, estrogen.  The 
sponsor also stated at the time that the clinical safety assessment would be based on 
comparison to the approved tablet product Vagifem®.  The dose of TX-004HR used in 
the Phase 1 studies was a single 10 or 25 g capsule and is equal to the approved dose 
for Vagifem® (estradiol vaginal tablet, 10 and 25 g). Phase 2 clinical studies 
investigated TX-004HR 10 g for 14 days. The Phase 3 clinical trial investigated TX-
004HR at 4 μg, 10 μg and 25 μg doses for 12 weeks. The difference between TX-
004HR and Vagifem® is the identity of the inactive ingredients, as TX-004HR is a 
capsule (vaginal insert) and Vagifem® is a tablet.  

In written responses dated 7-18-2014, it was agreed that the TX-004HR formulation 
had been adequately assessed from a nonclinical perspective in order to proceed 
with the proposed Phase 3 trial as well as in support of the planned new drug 
application, pending review of the final report of the 28-day repeat dose toxicity study 
of  in rabbits. It was also noted at that meeting that the sponsor (in their 
meeting package) intended to rely upon ‘existing preclinical and clinical data from 
Estrace, Estring and/or Femring NDAs and relevant published literature’.  

At the pre-NDA meeting on December 17, 2015, the following were communicated:
 Study report /1013/G/T077 (28-day repeat dose toxicity study of  

 in rabbits) adequately assesses the proposed formulation.
 The Division does not agree with a submission that only addresses “de minimis 

nonclinical requirements” or that the proposed NDA constitutes a 505(b)(1) 
application.

o FDA provided two options for Pharmacology/Toxicology under a 
505(b)(2) pathway:
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 Submit published literature for information necessary to inform 
Section 8 (Use in Specific Populations) and Section 13 
(Nonclinical Toxicology) of labeling. If relevant clinical data in the 
literature are more informative than animal data, this could be 
used as an alternative, provided it does not reference a specific 
product. 

 Refer to a Listed Drug. Under this option, labeling language from 
the listed drug can be used for your product as long as you 
establish a bridge demonstrating that your product and the listed 
drug are sufficiently similar.  No literature submissions would be 
necessary.

In response, TherapeuticsMD stated that they intend to submit a 505(b)(2) application.

TherapeuticsMD submitted the initial NDA on July 7, 2016.  The review cycle ended 
with the sponsor receiving a Complete Response Letter on May 5, 2017.  Following 
post-CR communications with the Division, the sponsor resubmitted this NDA on 
November 29, 2017.

3 Studies Submitted
3.1 Studies Reviewed 
No new or updated nonclinical information was submitted.

3.3 Previous Reviews Referenced
IND 118439, SD#1 (non-eCTD), 5-10-2013 (Reviewed by Kimberly Hatfield, PhD)
IND 118439, SD#8 (eCTD # 006), 7-15-2014 (Reviewed by Kimberly Hatfield, PhD)
IND 118439, SD#25 (eCTD #0023), 5-13-2015 (Reviewed by Kimberly Hatfield, PhD)
NDA 208564, SD#1 (eCTD #001), 3-29-2017 (Reviewed by Kimberly Hatfield, PhD)

11 Integrated Summary and Safety Evaluation
TX-004HR is a vaginally administered solubilized 17-estradiol product proposed for the 
treatment of moderate to severe dyspareunia (painful sexual intercourse), a symptom of 
vulvar and vaginal atrophy due to menopause. TX-004HR is designed as a  
capsule vaginal insert, with the active ingredient being  17-estradiol (as 
estradiol  The new formulation (as compared to the approved tablets for 
the same indication – Vagifem®) has been designed to mitigate the common limitations 
found with other vaginal forms of estradiol, ease vaginal administration, provide 
improved convenience and acceptability, and provide low systemic estrogen levels 
compared to currently available estrogen tablets. 

This submission constitutes an NDA Resubmission, responding to the FDA’s Complete 
Response Letter (CRL) dated May 5, 2017, and post CRL communications. There is no 
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new or updated nonclinical information included in this submission. The sponsor 
continues to seek approval via the 505(b)(2) pathway and intends to rely in part on 
published literature (estradiol) for the nonclinical toxicology, genotoxicity and 
carcinogenicity sections of this NDA, rather than the Agency’s findings of safety and 
efficacy of an approved estradiol product. The submitted nonclinical literature will inform 
Sections 8 and 13 of the labeling. 

The safety of estradiol has already been established and is well-documented in the 
published literature and through many years of clinical use.  Estradiol, at the same or 
similar dose, is also approved for use in other products, also for the same or similar 
indication of symptoms of vulvar and vaginal atrophy due to menopause (e.g. Vagifem, 
Femring, Estrace, Estring).  The sponsor does not intend to rely on previous findings of 
safety of an approved product, and has submitted relevant published literature in order 
to support the nonclinical safety of estradiol in TX-004HR, and to inform nonclinical 
sections of labeling.  The data provided from this literature are adequate to support the 
nonclinical safety of estradiol without relying on previous findings of safety for an 
approved product.  This information was reviewed during the first review cycle under the 
initial submission of NDA 208564 (7-7-2016), and was found to support approval of this 
product.   

Nonclinical issues regarding labeling:
The nonclinical team reviewed the pharmacologic class in Highlights, Section 8.1-8.3 
and Section 13.  The Labeling Review Team made initial changes to Section 8 to 
conform to PLLR, which are noted via underline and strikethrough in the table below.  
Other than the proposed deletion under Indications and Usage in Highlights, the 
nonclinical team did not have any additional edits to the label.  
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Overall Conclusions:  Pharmacology/Toxicology recommends approval for TX-004HR 
for the treatment of moderate to severe dyspareunia, a symptom of vulvar and vaginal 
atrophy due to menopause.
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1.3 Recommendations
1.3.1 Approvability
Nonclinical data support approval of TX-004HR for the treatment of moderate to severe 
dyspareunia, a symptom of vulvar and vaginal atrophy, due to menopause.

1.3.2 Additional Non Clinical Recommendations
No additional nonclinical studies are recommended.

1.3.3 Labeling
Labeling for this product will be conducted under separate review.

2 Drug Information
2.1 Drug
CAS Registry Number:  

Generic Name: Estradiol, 17β-estradiol, estradiol 
17β-estradiol 

Code Name: TX-004HR; TX-12-004HR

Chemical Name: Estra-1,3,5(10)-triene-3, 17-diol

Molecular Formula/Molecular Weight: C18H24O2 , ½ H2O; 272.39 g/mol
( )

Structure or Biochemical Description

Pharmacologic Class: Estrogen

2.2 Relevant INDs, NDAs, BLAs and DMFs
IND 114477:  Estradiol and Progesterone Capsule; Therapeutics MD

(Treatment of vasomotor symptoms in postmenopausal women)
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004HR at 4 μg, 10 μg and 25 μg doses for 12 weeks. The difference between TX-
004HR and Vagifem® is the identity of the inactive ingredients, as TX-004HR is a 
capsule and Vagifem® is a tablet.  

In written responses dated 7-18-2014,  it was agreed that the TX-004HR formulation 
had been adequately assessed from a nonclinical perspective in order to proceed 
with the proposed Phase 3 trial as well as in support of the planned new drug 
application, pending review of the final report of the 28-day repeat dose toxicity study 
of  in rabbits. It was also noted at that meeting that the sponsor (in their 
meeting package) intended to rely upon ‘existing preclinical and clinical data from 
Estrace, Estring and/or Femring NDAs and relevant published literature’.  

At the pre-NDA meeting on December 17, 2015, the following were communicated:
 Study report /1013/G/T077 (28-day repeat dose toxicity study of  

 in rabbits) adequately assesses the proposed formulation.
 The Division does not agree with a submission that only addresses “de minimis 

nonclinical requirements” or that the proposed NDA constitutes a 505(b)(1) 
application.

o FDA provided two options for Pharmacology/Toxicology under a 
505(b)(2) pathway:
 Submit published literature for information necessary to inform 

Section 8 (Use in Specific Populations) and Section 13 
(Nonclinical Toxicology) of labeling. If relevant clinical data in the 
literature are more informative than animal data, this could be 
used as an alternative, provided it does not reference a specific 
product. 

 Refer to a Listed Drug. Under this option, labeling language from 
the listed drug can be used for your product as long as you 
establish a bridge demonstrating that your product and the listed 
drug are sufficiently similar.  No literature submissions would be 
necessary.

In response, TherapeuticsMD stated that they intend to submit a 505(b)(2) application.

3 Studies Submitted
3.1 Studies Reviewed 
Study # /1013/G/T077: 28 day repeated dose toxicity study of  in New 

Zealand white female rabbits by vaginal route

3.2 Studies Not Reviewed 
N/A
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3.3 Previous Reviews Referenced
IND 118439, SD#1 (non-eCTD), 5-10-2013 (Reviewed by Kimberly Hatfield, PhD)
IND 118439, SD#8 (eCTD # 006), 7-15-2014 (Reviewed by Kimberly Hatfield, PhD)
IND 118439, SD#25 (eCTD #0023), 5-13-2015 (Reviewed by Kimberly Hatfield, PhD)

4 Pharmacology
The Sponsor has not conducted any nonclinical pharmacology studies with TX-004HR, 
but has submitted relevant literature documenting the pharmacology of estradiol. A brief 
summary, as submitted by the sponsor, follows.

“17β-estradiol is the primary female sex hormone and the most potent human 
estrogen (Kuhl 2005). The biological effect of estrogens including estradiol is 
based on interaction with estrogen receptors, ERα and ERβ, which are ligand-
activated transcription factors that alter the synthesis of messenger RNA from 
target genes (Goodman et al. 2001). Estradiol is highly efficacious and selective, 
with a relative binding affinity (RBA) of 100 for both ERα and ERβ. Additional 
signaling mechanisms for estrogens include cell membrane receptors coupled 
with G-proteins which can activate intracellular signal cascades (Kuhl 2005).

The secondary pharmacological effects of estradiol and other estrogens are 
dose-related and are, at least in part, traditionally associated with unopposed 
estrogen treatment at large doses without a progestin component. Because TX-
004HR is a low-dose, vaginally-administered, solubilized 17β-estradiol product (4 
to 25 μg/day), no clinically meaningful secondary pharmacologic effects are 
anticipated.”

5 Pharmacokinetics/ADME/Toxicokinetics
The Sponsor has not conducted any nonclinical pharmacokinetic studies with TX-
004HR.  However, the PK of estradiol has been widely established with various routes 
of administration (oral, parenteral, transdermal, topical; see Goodman et al., 2001).  A 
brief summary, as submitted by the sponsor, follows.

“Due to the lipophilic nature of estrogens including estradiol, absorption is 
generally good across dosing routes with the appropriate formulation. 
Preparations of low-dose estrogen products are available for topical 
administration to the vagina. These products, including TX-004HR, are intended 
to promote local effects only and low doses are utilized to limit the potential for 
systemic absorption. TX-004HR is a low-dose (4 to 25 μg/day) vaginally-
administered  17β-estradiol product intended for a local treatment 
effect. No significant amount of systemic absorption, distribution, metabolism, or 
excretion is anticipated with TX-004HR.

Reference ID: 4076581
Reference ID: 4271237

(b) (4)



NDA # 208564 Reviewer: Kimberly Hatfield, PhD

12

Estradiol is extensively bound to plasma proteins in blood, including sex steroid-
binding globulin (SSBG) and serum albumin (Goodman et al. 2001). Due to its 
size and lipophilic nature, estradiol readily distributes past the vascular space 
and into tissues. In general, estradiol undergoes rapid biotransformation with a 
half-life of minutes. Estradiol is metabolized by 17β-hydroxysteroid 
dehydrogenase to estrone, which is in turn converted by 16α-hydroxylation and 
17-keto reduction to estriol, the major urinary metabolite along with a variety of 
sulfate and glucuronide conjugates. Estrogens also undergo enterohepatic 
recirculation by the formation of sulfate and glucuronide conjugates in the liver 
followed by biliary secretion into the intestine, hydrolysis and then reabsorption 
by the gut.” 

6 General Toxicology
The Sponsor has submitted relevant literature documenting the nonclinical safety of 
estradiol.  These references also provide data to inform Sections 8 and 13 of patient 
labeling.   Most literature references did not refer to a named product, but others 
referred to the use of named previously approved products (e.g. Vagifem, or an 
“Organon” product), so they cannot be used for support under 505(b)(2) regulations 
(Simunic et al., 2003; Nilsson and Heimer, 1992; MacKenzie, 1955).  However, these 3 
articles are not necessary for the approval of TX-004HR. 

The sponsor has submitted two references to support the general toxicity of estradiol.  
The sponsor’s summary of Biegel et al., 1988a and 1988b is as follows:

“In a 90-day repeat study by Biegel et al. (Biegel et al. 1998a; Biegel et al. 
1998b), male and female rats were administered estradiol in the diet for an 
average dose of 0. 0.003, 0.16, 0.61, or 3.7 mg/kg/day. Effects of estradiol in this 
study consisted of dose-dependent decreases in body weight and food 
consumption, minimal to mild non-regenerative anemia and lymphopenia, and 
changes in the weights of several organs, including liver, spleen, epididymides, 
accessory sex organs, and testes in males and spleen, uterus, and ovaries in 
females. Histopathology revealed diffuse hyperplasia of the pituitary gland, 
mammary gland hyperplasia in females, cystic ovarian follicles, hypertrophy of 
the endometrium and endometrial glands in the uterus, degeneration of the 
seminiferous epithelium, and atrophy of the testes and accessory sex glands.”

7 Genetic Toxicology
The sponsor has submitted a reference from Dhillon and Dhillon, 1995 to support the 
genotoxicity of estradiol.  The sponsor’s summary of this study is as follows:

“In genotoxicity studies published by Dhillon and Dhillon (Dhillon and Dhillon 
1995) estradiol was unable to induce any significant dose-related increase in the 
mean number of revertants/plate both with and without S9 mix. The actual 
number of revertants was not provided. A significant increase in the aberration 
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frequencies was observed in a dose- and time-dependent manner without 
metabolic activation. Six hours of treatment with estradiol in the presence of S9 
mix induced a significant increase in aberration frequencies at the highest doses 
(10 and 100 μg/mL) as compared to the results obtained without metabolic 
activation. In human lymphocyte cultures, both chromatid and chromosomal type 
aberrations were observed. However, the frequency of chromatid-type 
aberrations was more than chromosomal type. The highest doses of the estradiol 
(1.0 and 10 mg/kg) caused a significant increase in the number of 
micronucleated polychromatic erythrocytes and sister chromatid exchanges as 
compared to the negative controls.”

8 Carcinogenicity
The sponsor has submitted four references to support the carcinogenicity of estradiol 
(Highman et al., 1980; Highman et al., 1978, Welsch et al., 1977; IARC, 1987).  The 
sponsor’s summary of the data from these studies is as follows:

“These studies demonstrate that estradiol administration in mice can increase the 
incidences of mammary, pituitary, uterine, cervical, vaginal, testicular, lymphoid 
and bone tumors. In rats, there was an increased incidence of mammary and 
pituitary tumors.” 

9 Reproductive and Developmental Toxicology
The sponsor has submitted two references to support the reproductive and 
developmental toxicity of estradiol.  The sponsor’s summary of Leighton et al., 2000, 
and Schofield, 1962 is as follows:

“Leighton et al., 2000 describes a full battery of reproductive toxicity studies with 
17β-estradiol in rats.  This monograph also provides an extensive review on the 
pharmacology and toxicology of 17β-estradiol as well.  Schofield, 1992 examines 
a rabbit embryofetal development study conducted with 17β-estradiol.  

Estradiol administered in the feed to female Crl:CD BR rats at doses equal to 0, 
0.003, 0.17, 0.69, or 4.1 mg/kg/day and to males at doses equal to 0, 0.003, 
0.14, 0.53, or 3.2 mg/kg/day resulted in a decrease in the number of matings and 
no pregnancies at the two highest doses. For the three groups with pregnancies, 
there was no difference in gestation length, however, gestation body weight gain, 
food consumption, and mean number of implants were affected. 

Mean number of live births was significantly decreased in the 0.17 mg/kg/day 
group compared to control. Parental administration of estradiol did not affect the 
anogenital distance in male or female pups. Onset of sexual maturity, as 
measured by prepubertal separation in males, was significantly delayed in the 
0.17 mg/kg/day group. Onset of sexual maturity, as measured by vaginal opening 
in females, was decreased in both the 0.003 and 0.17 mg/kg/day dosed groups 
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Table 6: Study design (Study /1013/G/T077)

Observations and Results
Mortality: No animals died on study prior to necropsy. 

Clinical observations: Erythema, edema and discharge were observed at very slight 
and slight severity at all doses, but with increased incidence at higher doses. White 
vaginal discharge was also noted in one mid-dose and one high dose rabbit at Day 
14, but was not considered by the sponsor to be treatment-related. Hyperactivity 
was noted in 1 mid-dose female and 2 high dose females.

 
Incidence out of 6 animals per dose group

Observation Vehicle Low dose Mid-dose High dose
Erythema –

very slight to slight
0 1 1 4

Edema -
very slight to slight

0 1 2 3

Discharge -
very slight to slight

0 1 2 1

Body weight: No treatment-related effects were noted. 

Gross necropsy: Two high dose females had congested vaginal mucosa. This was 
confirmed microscopically as vascular congestion of moderate severity. However, 
microscopic vascular congestion was noted in all control and dose groups, so this 
was not treatment related. No other gross pathology was observed. 

Histopathology: In the vagina, histopathology changes were not significantly different 
than control in regards to incidence and severity of findings (based on scoring of 
findings: epithelial changes, leukocyte infiltration, vascular congestion and edema). 
The group irritation score was considered to be in the ‘minimal’ range for all four 
groups.  The irritation index via microscopy was considered ≤0 (dose group score 
minus the control group score) for each dose group, therefore the test item was 
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