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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 210598 are owned by Theravance Biopharma Ireland 
Limited or are data for which Theravance Biopharma Ireland Limited has obtained a 
written right of reference.
Any information or data necessary for approval of NDA 210598 that Theravance 
Biopharma Ireland Limited does not own or have a written right to reference constitutes 
one of the following: (1) published literature, or (2) a prior FDA finding of safety or 
effectiveness for a listed drug, as reflected in the drug’s approved labeling.  Any data or 
information described or referenced below from reviews or publicly available summaries 
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of a previously approved application is for descriptive purposes only and is not relied 
upon for approval of NDA 210598.
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(  three lots of 175 mcg/vial strength) for up to 6 
months under accelerated storage conditions and up to 12 months under recommended 
storage conditions.  In contrast, ten semi-VOCs were identified above  mcg/vial 

 safety concern threshold [SCT]) :












All ten semi-VOCs observed as leachables were observed in the controlled extraction 
studies.  Except for , the levels of the semi-VOCs were 
higher in the extraction studies than the leachable study.  Based on the controlled 
extraction studies with the  and the aluminum foil laminate 
pouches (see results for controlled extraction studies above), all ten semi-VOCs appear 
to come from the LDPE   In silico mutagenicity assessment by two orthogonal 
methods (DEREK and Leadscope) for these ten semi-VOCs were considered negative.  
Thus, based on PQRI guidance, the qualification threshold was 5 mcg/day.

The highest observed level of each leachable was below the PQRI threshold of 5 
mcg/day for organic compounds lacking genotoxic potential and irritant potential and 
below the PQRI threshold of 1.5 mcg/day for compounds with genotoxic potential.  As 
such, the levels of each compound detected in the leachable study with the registration 
stability batches was considered qualified for safety.  Overall, there appear to be no 
nonclinical safety concerns for the revefenacin inhalation solution based on data 
provided from the extractable and leachable studies.  It is noted that the same LDPE 

 is used with other approved inhaled products administered in a similar manner.

1.3 Recommendations
1.3.1 Approvability
Refer to NDA 210598 for Pharmacology/Toxicology Review and Evaluation, dated July 
12, 2018.

There are no outstanding nonclinical issues with the CCS for the revefenacin inhalation 
solution.
1.3.2 Additional Nonclinical Recommendations
None
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2 Drug Information
2.1 Drug
CAS Registry Number
864750-70-9

Trade name
Yupelri

Generic Name
Revefenacin

Code Name
TD-4208, THRX-134853, GSK1160724A

Chemical Name
1-(2-{4-[(4-carbamoylpiperidin-1-yl)methyl]-N-methylbenzamido}ethyl)piperidin-4-yl N-
({1,1'-biphenyl}-2-yl)carbamate

Molecular Formula
C35H43N5O4

Molecular Weight
597.76

Structure or Biochemical Description

Pharmacologic Class
Anticholinergic

2.2 Relevant INDs, NDAs, BLAs and DMFs
IND 119840 (revefenacin by Theravance Biopharma Ireland LTD)
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All ten semi-VOCs observed as leachables were observed in controlled extraction 
studies.  Except for , the levels of the semi-VOCs were 
higher in the extraction studies than the leachable study.  Based on the controlled 
extraction studies with the  and multi-layer aluminum foil 
pouches (see results for controlled extraction studies above), all ten semi-VOCs appear 
to come from the LDPE   In silico mutagenicity assessments using two orthogonal 
methods (DEREK and Leadscope) for these ten semi-VOCs were considered negative.  
Thus, based on PQRI guidance, the qualification threshold was 5 mcg/day.

Since all the leachable peaks were semi-VOCs (no VOCs and no non-VOCs), the 
Applicant plans to conduct only semi volatile testing for routine extractable analysis of 
the LDPE 

As shown in Table 22, the highest observed level of each leachable was below the 
PQRI threshold of 5 mcg/day for organic compounds lacking genotoxic potential and 
irritant potential and below the PQRI threshold of 1.5 mcg/day for compounds with 
genotoxic potential.  As such, the levels of each compound detected in the leachable 
study with the registration stability batches was considered qualified for safety.
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binding affinity of metabolite THRX-195518 compared to revefenacin was not 
considered significant based upon the variability observed in these studies. In a 
radioligand ([3H]-N-methyl scopolamine) kinetic binding assay in CHO-K1 cells 
transfected with hM3 receptor, the kon and koff were 0.069 nM-1min-1 and 0.060 min-1, 
respectively.  The receptor dissociation t1/2 was 11 minutes.  In a separate experiment, 
metabolite THRX-195518 produced concentration-dependent antagonism of agonist-
mediated contraction by acetylcholine in rat isolated trachea with t½ = 1.1 hours, which 
was approximately 12-fold shorter than that observed with revefenacin. 

Metabolite, THRX-195518, appears to be generated in the liver after systemic 
absorption of revefenacin. Available in vitro data suggested that formation of THRX-
195518 in the lung was low. There was limited data to assess the functional 
antimuscarinic activity of metabolite THRX-195518 and the comparable activity of the 
metabolite relative to revefenacin. It was concluded that metabolite THRX-195518 could 
contribute to potential systemic antimuscarinic pharmacodynamic activity of 
revefenacin.

ADME: Revefenacin contains a primary amide group that undergoes amide hydrolysis 
to form the carboxylic acid metabolite, THRX-195518. This reaction can be mediated by 
amidases. Amidases are important in phase I metabolism of drugs. Amidases are a 
group of nonspecific hydrolytic enzymes, which are present in microsomes and soluble 
cytoplasm. In in vitro studies using human hepatocytes, the major route of metabolism 
of revefenacin was hydrolysis of the primary amide to a carboxylic acid metabolite, 
THRX-195518. Similarly, in in vitro studies with hepatocytes from rat, dog, rabbit, and 
mouse, the major route of metabolism of revefenacin was hydrolysis of the primary 
amide to a carboxylic acid metabolite, THRX-195518. Metabolic profiles were generally 
similar between humans and nonclinical species. THRX-195518 was more stable than 
revefenacin in hepatocytes from all species tested. No detectable metabolism of 
revefenacin was observed in human lung preparations (microsomes and S9 fractions).

Figure 1 Enzymatic hydrolysis of a primary amide mediated by amidases
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Figure 2 Conversion of revefenacin to THRX-195518

In in vivo nonclinical studies with rats, dogs, mice, and rabbits that received revefenacin 
by various routes (inhalation, oral, subcutaneous, intravenous), THRX-195518 
constituted greater than 10% of systemic exposure. In COPD patients, following inhaled 
administration of revefenacin, metabolism to THRX-195518 occurred rapidly and 
plasma exposures to THRX-195518 exceeded those of revefenacin by approximately 4- 
to 6-fold (based on AUC), suggesting extensive conversion of revefenacin to THRX-
195518. In healthy subjects, conversion of revefenacin to THRX-195518 was also rapid 
after inhaled administration; however, plasma exposure (AUC) was lower, averaging 
approximately 30% to 98% of revefenacin exposure.

Toxicology: Chronic inhalation toxicology studies with revefenacin were conducted in 
rats (26 weeks) and dogs (39 weeks). There were no treatment-related deaths in either 
study. Pharmacodynamic effects were observed in dogs that consisted of increased 
heart rate, which was associated with decreases of the RR, PR, and QT intervals, and 
decreased tear production. The cardiac effects in dogs were considered potentially 
adverse, but monitorable in the clinical setting. The most notable histopathology findings 
in rats were identified in the larynx (hyperplasia/metaplasia, exudate, and mononuclear 
cell inflammation of epiglottis) and judged to be nonspecific irritant effects associated 
with the aerosol inhalation and not considered relevant to humans. There were no 
notable histopathology findings in dogs. The NOAEL in rats was judged to be the high-
dose.  The NOAEL in dogs was considered the mid-dose based on the increased heart 
rate at the high-dose, but the high-dose was used for exposure margin calculations 
based on the clinical monitorability of the increased heart rate and the lack of treatment-
related histopathology findings.  Revefenacin and, metabolite, THRX-195518 in rats 
constituted about 76% and 24% of total systemic exposure, respectively. Revefenacin 
and metabolite, THRX-195518, in dogs constituted about 35% and 65% of total 
systemic exposure, respectively. Exposures to revefenacin and carboxylic acid 
metabolite, THRX-195518, in rats and dogs provided adequate safety margins (≥1) for 
human exposures at the clinical dose of 175 µg QD.

Genetic Toxicity: Revefenacin was negative in a standard battery of in vitro and in vivo 
genotoxicity assays. Its metabolite, THRX-195518, was negative in an in vitro Ames 
bacterial reverse mutation assay.
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Carcinogenicity: There was no evidence of tumorigenic potential in 2-year 
carcinogenicity studies conducted in CD-1 mice and Sprague-Dawley rats.

Reproductive Toxicity: The Sponsor conducted reproductive toxicity studies with 
revefenacin that included a fertility and early embryonic development study in rats, 
embryo-fetal development studies in rats and rabbits, and a pre- and post-natal 
development study in rats. Revefenacin was administered by the subcutaneous route in 
these studies to increase systemic exposure relative to the inhalation route. 
Revefenacin did not affect fertility or reproductive performance in male and female mice 
treated with doses of revefenacin up to 500 mcg/kg/day.  In embryo-fetal development 
studies with pregnant rats and rabbits dosed during the period of organogenesis, 
revefenacin was not teratogenic and did not affect fetal survival at maternal 
subcutaneous doses up to 500 mcg/kg/day.  Placental transfer of revefenacin and 
metabolite THRX-195518 was observed in pregnant rabbits.  In a pre- and postnatal 
development study in pregnant rats dosed from gestation day (GD) 6 to lactation day 
(LD) 20, revefenacin had no adverse developmental effects on pups at maternal doses 
up to 500 mcg/kg/day.  Revefenacin and metabolite THRX-195518 were present in milk 
of lactating rats on LD 22.

Safety Evaluation of Impurities: See Dr. Salicru’s review dated June 20, 2018 for a 
safety evaluation of specified impurities in the drug substance. Levels of the 5 specified 
impurities were judged to be qualified with respect to safety. Dr. Robison’s review dated 
July 13, 2018 evaluated levels of organic impurities with structural alerts (Class 1 and 3 
impurities), residual solvents, and inorganic/elemental impurities. No safety issues were 
identified as levels of these compounds and elements were low. Dr. Salicru was 
preparing a review of extractables and leachables studies conducted with the container 
closure system at the time of this review; a preliminary assessment indicated that there 
were no safety issues.

Labeling: Dr. Salicru’s review dated July 13, 2018 evaluated product labeling in 
Indications and Usage under Highlights of Prescribing Information, Section 8.1 
(Pregnancy), Section 8.2 (Lactation), Section 12.1 (Mechanism of Action), and Section 
13.1 (Carcinogenesis, Mutagenesis, Impairment of Fertility). I concur with Dr. Salicru’s 
recommendations for changes to the product label. See Dr. Salicru’s review for 
additional details of changes to the product labeling.

Given that revefenacin and its metabolite, THRX-195518, were pharmacologically 
active, safety margins for the proposed clinical dose of revefenacin (175 µg QD) relative 
to NOAELs in nonclinical studies were calculated using the summed exposures (AUCs) 
of revefenacin and THRX-195518. It should be noted that summed exposures could be 
used for the parent drug and metabolite even if the metabolite lacked significant 
pharmacologic activity as potential toxicity might not be excluded. 

Section 12.1 (Mechanism of Action) is very similar to that of other approved inhaled 
inhibitors of muscarinic receptors, M1 to M5, for treatment of COPD; however, an 
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additional paragraph was included to describe the pharmacologic activity of THRX-
195518 (see below). 

The carboxylic acid metabolite, THRX-195518, formed by hepatic metabolism and 
potentially other sources, possesses activity at target muscarinic receptors that was 
slightly lower (approximately one-third to one-tenth) than revefenacin. The high plasma 
exposures to this metabolite suggest that it could contribute to potential systemic 
antimuscarinic effects at therapeutic doses.

Recommendation: From the nonclinical perspective, approval of the application is 
recommended. 

There are no outstanding nonclinical issues.
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organogenesis produced no evidence of fetal harm at respective exposures 
approximately 209 times the exposure at the maximum recommended human dose 
(MRHD) (on an area under the curve [AUC] basis) (see Data).

The estimated background risk of major birth defects and miscarriage for the indicated 
population is unknown.  In the U.S. general population, the estimated background risk of 
major birth defects and miscarriage in clinically recognized pregnancies is 2-4% and 15-
20%, respectively.

Data
Animal Data
In an embryo-fetal development study in pregnant rats dosed during the period of 
organogenesis from gestation days 6 to 17, revefenacin was not teratogenic and did not 
affect fetal survival at exposures up to 209 times the MRHD (based upon summed 
AUCs for revefenacin and its carboxylic acid metabolite, THRX-195518, at maternal 
subcutaneous doses up to 500 mcg/kg/day).

In an embryo-fetal development study in pregnant rabbits dosed during the period of 
organogenesis from gestation days 7 to 19, revefenacin was not teratogenic and did not 
affect fetal survival at exposures up to 694 times the MRHD (based upon summed 
AUCs for revefenacin and its carboxylic acid metabolite at maternal subcutaneous 
doses up to 500 mcg/kg/day).

Placental transfer of revefenacin and its carboxylic acid metabolite was observed in 
pregnant rabbits.

In a pre- and postnatal development (PPND) study in pregnant rats dosed during the 
periods of organogenesis and lactation from gestation day 6 to lactation day 20, 
revefenacin had no adverse developmental effects on pups at exposures up to 196 
times the MRHD (based upon summed AUCs for revefenacin and its carboxylic acid 
metabolite at maternal subcutaneous doses up to 500 mcg/kg/day).

8.2. Lactation
Risk Summary
There is no information regarding the presence of revefenacin in human milk, the effects 
on the breastfed infant, or the effects on milk production.  However, revefenacin was 
present in the milk of lactating rats following dosing during pregnancy and lactation (see 
Data).

The developmental and health benefits of breastfeeding should be considered along 
with the mother’s clinical need for TRADENAME  and 
any potential adverse effects on the breastfed infant from TRADENAME or from the 
underlying maternal condition.

Data
Animal Data
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In a PPND study (see Section 8.1) revefenacin and its carboxylic acid metabolite were 
present in milk of lactating rats on lactation day 22.  Milk-to-plasma concentration ratios 
were up to 10 for revefenacin and its metabolite.

11. DESCRIPTION
TRADENAME  is a sterile, clear, colorless, aqueous 
solution of revefenacin.  Revefenacin, the active component of TRADENAME, is an 
anticholinergic .  
The chemical name for revefenacin is 1-(2-{4-[(4-carbamoylpiperidin-1-yl)methyl]-N-
methylbenzamido}ethyl) piperidin-4-yl N-([1,1’-biphenyl]-2-yl)carbamate; its structural 
formula is:

12. CLINICAL PHARMACOLOGY
12.1. Mechanism of Action
Revefenacin is a long-acting muscarinic antagonist, which is often referred to as an 
anticholinergic.  It has similar affinity to the subtypes of muscarinic receptors M1 to M5.  
In the airways, it exhibits pharmacological effects through inhibition of M3 receptor at 
the smooth muscle leading to bronchodilation.  The competitive and reversible nature of 
antagonism was shown with human and animal origin receptors and isolated organ 
preparations.  In preclinical in vitro as well as in vivo models, prevention of 
methacholine- and acetylcholine-induced bronchoconstrictive effects was dose-
dependent and lasted longer than 24 hours.  The clinical relevance of these findings is 
unknown.  The bronchodilation following inhalation of revefenacin is predominantly a 
site-specific effect.

The carboxylic acid metabolite, THRX-195518, formed by hepatic metabolism and 
potentially other sources, possesses activity at target muscarinic receptors that was 
slightly lower (approximately one-third to one-tenth) than revefenacin.  The high plasma 
exposures to this metabolite suggest that it could contribute to potential systemic 
antimuscarinic effects at therapeutic doses.

13. NONCLINICAL TOXICOLOGY
13.1. Carcinogenesis, Mutagenesis, Impairment of Fertility
Two-year inhalation studies in Sprague-Dawley rats and CD1 mice were conducted to 
assess the carcinogenic potential of revefenacin.  No evidence of tumorigenicity was 
observed in male and female rats at inhaled doses up to 338 mcg/kg/day 
(approximately 35 times the MRHD based upon summed AUCs for revefenacin and its 
carboxylic acid metabolite, THRX-195518).  No evidence of tumorigenicity was 
observed in male and female mice at inhaled doses up to 326 mcg/kg/day 
(approximately 40 times the MRHD based on summed AUCs for revefenacin and its 
carboxylic acid metabolite).
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 For the male and female fertility study, toxicokinetic data were not available so 
exposure margins were based on mg/m2 (see Table 2).  The Applicant appeared 
to have extrapolated AUCs from other studies.

Animal to Human Exposure Margins
For determination of exposure margins, human exposure values for revefenacin and 
metabolite THRX-195518 at the dose level of 175 mcg were obtained from the Clinical 
Pharmacology Team based on Phase 2 popPK modeling estimates (from Phase 2 
studies in COPD patients).  Table 1, shows the exposure margins for the reproductive 
and developmental toxicity studies (only EFD and PPND studies) based on AUC 
between the relevant animal and clinical studies.  For both the clinical and nonclinical 
studies, the relevant AUC exposure for revefenacin and metabolite THRX-195518 were 
summed to provide a total exposure estimate.  For the male and female fertility study, 
toxicokinetic data were not available so exposure margins were based on mg/m2 (see 
Table 2).

Table 1 Animal to Human Exposure Margins for Revefenacin and Metabolite 
THRX-195518 Based on Summed AUC for the Proposed Clinical Dose 
of 175 mcg/day (Phase 2 popPK Modeling in COPD Patients)

AUC0-24hr (ng*hr/mL) 
for Revefenacin + 
Metabolite THRX-

1955181

Animal to Human 
Exposure Margin2

Study NOAEL 
(mcg/kg/day)

TK 
Analysis M F

M + 
F 

Avg.
M F

M + 
F 

Avg.
Reproductive and 
Developmental 
Toxicity 
(Subcutaneous)
EFD rat (CRN:  14-001-
12)

HD = 500 
(developmental) GD 17 189 209

MD = 100 
(maternal) GD 17 35.7 40

EFD rabbit (CRN:  14-
001-13)

HD = 500 
(developmental) GD 19 625 694

MD = 100 
(maternal) GD 19 127.8 142

PPND rat (CRN:  15-
018-01)

HD = 500 (F1 
males and 
females)

LD 22 177 196

MD = 100 (F0 
Females) LD 22 56.0 62

Carcinogenicity 
(Inhalation)3

2-year rat (CRN:  14-
003-07) HD = 300 (338) Day 182 30.4 33.1 31.8 34 37 35
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AUC0-24hr (ng*hr/mL) 
for Revefenacin + 
Metabolite THRX-

1955181

Animal to Human 
Exposure Margin2

Study NOAEL 
(mcg/kg/day)

TK 
Analysis M F

M + 
F 

Avg.
M F

M + 
F 

Avg.
2-year mouse (CRN:  
14-003-06) HD = 300 (326) Day 182 39.8 33.1 36.4 44 37 40

Abbreviations:  AUC = area under the curve; Avg. = average; EFD = embryo-fetal development; F = 
female; GD = gestation day; HD = high-dose; LD = lactation day; M = male; MD = mid-dose; NOAEL = no 
observed adverse effect level; PPND = pre- and postnatal development; TK = toxicokinetic
Notes:
1AUC0-24hr exposure for revefenacin and metabolite THRX-195518 were summed to provide a total 
exposure estimate

2Based on human AUC of 0.901 ng*hr/mL for the sum of revefenacin and metabolite THRX-195518 at 
dose level of 175 mcg based on Phase 2 PK modeling in COPD patients (estimates provided by Clinical 
Pharmacology Team)

3For inhalation studies, the NOAEL is shown as nominal dose (achieved dose)

Table 2 Animal to Human Exposure Margins for Revefenacin in Male and 
Female Fertility Study in Rats Based on mg/m2 for the Proposed 
Clinical Dose of 175 mcg/day

Clinical: Age mg/dose # Daily 
Doses mg/day kg mg/kg Factor mg/m2

Adult >18 0.175 1 0.175 60 0.0029 37 0.11

Nonclinical: Route NOAEL 
(mg/kg/day)

Conv. 
Factor mg/m2

Dose 
Ratio in 
Adults

Rounded 
Dose 

Ration in 
Adults

Male and 
Female 
Fertility 
Study Rats 
(CRN:  14-
018-01)

SC 0.5 6 3 27.80 30

Abbreviations:  # = number; Conv. = conversion; NOAEL = no observed adverse effect level; SC = 
subcutaneous
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including , was categorized as nonmutagenic based on the Applicant’s in 
silico assessments (DEREK and Leadscope) and, therefore, controlled in accordance 
with the ICH Q3A(R2) Guidance. Further,  was tested in the in vitro Ames 
bacterial reverse mutation assay and found to be negative (See Dr. Salicru’s review 
dated July 12, 2018). See Dr. Salicru’s review dated June 20, 2018 for the safety 
qualification of the 5 impurities with a specification of % that exceeded the ICH 
Q3A(R2) qualification threshold of 0.15%. It was noted that specification of % was 
equivalent to  µg/day and less than the TTC of 1.5 µg/day.
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Three Class 1 and 3 Class 3 compounds were reported at quantifiable levels in either 
revefenacin or isolated intermediates and were categorized as “actual” impurities in the 
assessment. 
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General Toxicology
Several Good Laboratory Practice (GLP)-compliant repeat-dose inhalation toxicology 
studies were conducted with revefenacin free base in a citrate-buffered saline nebulized 
aerosol for up to 13-weeks in mice, 26-weeks in rats, and 39-weeks in dogs.  In the 
pivotal 26-week chronic study in rats, animals received revefenacin at target doses of 0, 
100, 300, or 1000 mcg/kg/day (achieved doses of 0, 125, 331, or 1260 mcg/kg/day).  
There were no deaths that were attributed to treatment.  The most notable 
histopathology findings were in the larynx (hyperplasia/metaplasia, exudate, and 
mononuclear cell inflammation of epiglottis) and were judged to be nonspecific irritant 
effects associated with aerosol inhalation and irrelevant to humans.  The no observed 
adverse effect level (NOAEL) was considered the high-dose (achieved dose of 1260 
mcg/kg/day).  Toxicokinetic measurement demonstrated systemic exposure to 
revefenacin and its carboxylic acid metabolite, THRX-195518.  Revefenacin and 
metabolite THRX-195518 constituted about 76% and 24% of total systemic exposure, 
respectively.

In the pivotal 39-week chronic study in dogs, animals received revefenacin at target 
doses of 0, 30, 100, or 300 mcg/kg/day (achieved doses of 0, 35.2, 124, or 315 
mcg/kg/day).  There were no deaths that were attributed to treatment.  Treatment with 
the high-dose of revefenacin increased heart rate and decreased the RR, PR, and QT 
intervals in male and female dogs.  These findings were considered adverse, but were 
expected pharmacodynamic effects of the drug, which are monitorable in a clinical 
setting.  Treatment with mid-dose and high-dose revefenacin decreased mean tear 
production in males and female dogs (this was an expected pharmacodynamic effect of 
treatment with revefenacin).  There were no notable histopathology findings.  The 
NOAEL was considered the mid-dose based on the increased heart rate at the high-
dose, but the high-dose was used for exposure margin calculations based on the clinical 
monitorability of the increased heart rate and the lack of histopathology findings at the 
high-dose.  Toxicokinetic measurement demonstrated systemic exposure to revefenacin 
and its carboxylic acid metabolite, THRX-195518.  Revefenacin and metabolite THRX-
195518 constituted about 35% and 65% of total systemic exposure, respectively.

Genetic Toxicology and Carcinogenicity
Revefenacin was negative for genotoxicity in a standard battery of genetic toxicology 
tests.  Carboxylic acid metabolite THRX-195518 was negative for mutagenicity in the 
Ames test for bacterial gene mutation.  No treatment-related tumor findings were 
identified in two-year inhalation studies with Sprague-Dawley rats and CD1 mice that 
were conducted to assess the carcinogenic potential of revefenacin and metabolite 
THRX-195518.

Reproductive and Developmental Toxicology
Revefenacin did not affect fertility or reproductive performance in male and female mice 
treated with subcutaneous doses of revefenacin up to 500 mcg/kg/day.  In embryo-fetal 
development (EFD) studies with pregnant rats and rabbits dosed subcutaneously during 
the period of organogenesis, revefenacin was not teratogenic and did not affect fetal 
survival at maternal subcutaneous doses up to 500 mcg/kg/day.  Placental transfer of 
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revefenacin and carboxylic acid metabolite THRX-195518 was observed in pregnant 
rabbits.  In a pre- and postnatal development (PPND) study in pregnant rats dosed from 
gestation day (GD) 6 to lactation day (LD) 20, revefenacin had no adverse 
developmental effects on pups at maternal subcutaneous doses up to 500 mcg/kg/day.  
Revefenacin and metabolite THRX-195518 were present in milk of lactating rats on LD 
22.

Conclusions
The nonclinical pharmacology and toxicology studies were adequate to support the 
safety of revefenacin and its carboxylic acid metabolite for marketing.  There are no 
outstanding concerns from the nonclinical perspective.

1.3 Recommendations
1.3.1 Approvability
From the nonclinical perspective, NDA 210598 is recommended for approval.

There are no outstanding nonclinical issues.
1.3.2 Additional Nonclinical Recommendations
None
1.3.3 Labeling
Nonclinical sections of the product label are evaluated in a separate review.

2 Drug Information
2.1 Drug
CAS Registry Number
864750-70-9

Trade name
Yupelri

Generic Name
revefenacin

Code Name
TD-4208, THRX-134853, and GSK1160724A

Chemical Name
1-(2-{4-[(4-carbamoylpiperidin-1-yl)methyl]-N-methylbenzamido}ethyl)piperidin-4-yl N-
({1,1'-biphenyl}-2-yl)carbamate

Molecular Formula
C35H43N5O4
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Results of fertility studies should be submitted before the initiation of large scale or long 
duration trials (Phase 3).  Refer to ICH M3(R2) Guidance for the requirement and timing 
of fertility and reproductive toxicology studies.

Determination of the adequacy of reproductive toxicology studies conducted by the 
inhalation route will be a review issue.  Specifically, if sufficient systemic exposure is not 
achieved via the inhalation route, to ensure proper characterization of reproductive risk, 
studies by an alternate route of administration (e.g., subcutaneous) may be requested.

Meeting Discussion
This question was not discussed.

A pre-NDA meeting occurred with Theravance on March 16, 2017, to discuss specific 
clinical, nonclinical, and regulatory questions related to the NDA submission for 
revefenacin (see meeting minutes dated April 12, 2017).  The Applicant’s nonclinical 
questions, the Division’s responses, and the meeting discussion are reproduced below.

Question 1
Does the Agency agree that the nonclinical program meets the Agency’s requirements 
for a 505(b)(1) filing and appears adequate to support approval of an NDA for 
revefenacin? (Section 6)

FDA Response
We note that the in-life portion of the two-year inhalation carcinogenicity studies in mice 
and rats have been completed and the results are under evaluation.  The nonclinical 
program appears potentially adequate to support NDA filing.  The adequacy of the data 
from the nonclinical studies will be a review issue.

Meeting Discussion
This question was not discussed.

Question 2
Does the Agency agree that the nonclinical program supports the proposed labeling for 
revefenacin? (Appendix 1)

FDA Response
The nonclinical program appears sufficient to support the proposed labeling.  The final 
wording of the label will be determined upon review of the NDA.  We note that the 
indications and usage statement in the Highlights section should identify the established 
pharmacological classification (i.e., anticholinergic).

Meeting Discussion
This question was not discussed.
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Additional Nonclinical Comment
For an NDA, provide safety qualification for leachables (and extractables, as 
appropriate) from the container closure system.  For further information, see USP 1663, 
Assessment of Extractables Associated with Pharmaceutical Packaging/Delivery 
Systems, and USP 1664, Assessment of Drug Product Leachables Associated with 
Pharmaceutical Packaging/Delivery Systems.

Post-Meeting Comment
To facilitate the statistical review of carcinogenicity studies, to be provided in 
your future NDA, submit the tumor data set for each study in conformance to the 
electronic format specified in Study Data Specifications, Version 2.0 (July 18, 
2012).  This document is available at:  
http://www.fda.gov/downloads/ForIndustry/DataStandards/StudyDataStandards/U
CM312964.pdf.

The NDA for revefenacin inhalation solution was submitted on November 10, 2017, and 
the application was filed on January 12, 2018, for standard review, with a user fee goal 
date of November 13, 2018.

3 Studies Submitted
Revefenacin is also identified by codes names, TD-4208, THRX-134853, and 
GSK1160724A in the studies listed below.

3.1 Studies Reviewed
Primary Pharmacology:

Study Title Study Number Reviewed

Duration of Action of THRX-
134853 in a Guinea Pig Model of 
Acetylcholine-Induced 
Bronchoconstriction

Theravance No.:  04-134853-
PH-01

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of THRX-
134853 Antagonist Potency to 
Inhibit Muscarinic Receptor 
Agonist-Mediated Increases in 
Intracellular Calcium Measured 
by FLIPR® Using CHO-K1 Cells 
Expressing the Human M1, M3, 
M4-G16α or Chimpanzee M5 
Receptors

Theravance No.:  05-134853-
MCB-02

Eleni Salicru, PhD
Current Review
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Study Title Study Number Reviewed

In Vitro Pharmacological 
Characterization of Functional 
Antagonism of THRX-134853 for 
the Human M2 Muscarinic 
Receptor Subtype; Blockade of 
Agonist-Mediated Inhibition of 
cAMP Production

Theravance No.:  05-134853-
MCB-03

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of Functional 
Antagonism of THRX-134853 for 
the Human M2 Muscarinic 
Receptor Subtype; Inhibitory 
Potency in Ligand-Mediated 
[35S]GTPγS Binding

Theravance No.:  05-134853-
MCB-04

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of THRX-
134853 for the Human M2 
Muscarinic Receptor Subtype; 
Schild Analysis of Ligand-
Mediated [35S]GTPγS Binding

Theravance No.:  05-134853-
MCB-05

Eleni Salicru, PhD
Current Review

Radioligand Binding Isotherms 
with [3H]THRX-134853 to Cloned 
Human M1, M2, M3, M4 and M5 
Muscarinic Receptor Subtypes

Theravance No.:  05-134853-
MCB-06

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of Binding 
Kinetics of [3H]THRX-134853 at 
Human M2 and M3 Receptors 
Expressed in CHO Cell 
Membranes

Theravance No.:  05-134853-
MCB-07

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological Study of 
[3H] THRX-134853 Dissociation 
Binding Kinetics from Human M2 
and M3 Receptors; 'Infinite' 
Dilution Method

Theravance No.:  05-134853-
MCB-08

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of Potential 
Metabolites of THRX-134853 for 
the Five Human Muscarinic 
Receptor Subtypes; [3H]NMS 
Displacement

Theravance No.:  05-134853-
MCB-12

Eleni Salicru, PhD
Current Review

Reference ID: 4290594



NDA 210598 Reviewer:  Eleni Salicru, PhD

19

Study Title Study Number Reviewed

In Vitro Pharmacological 
Characterization of THRX-
134853 Binding Affinity for 
Guinea Pig Lung Tissue 
Membranes; [3H]NMS 
Displacement

Theravance No.:  05-134853-
MCB-17

Eleni Salicru, PhD
Current Review

In Vivo Bronchoprotective 
(Einthoven Model) and 
Antisialagogue Effects of Single 
and 7-Day Repeat Dosed THRX-
134853 and Tiotropium in Rats

Theravance No.:  07-134853-
PH-01

Eleni Salicru, PhD
Current Review

Muscarinic Antagonist Potency 
and Duration of Action of THRX-
134853 in Isolated Rat Trachea

Theravance No.:  07-134853-
PH-03

Eleni Salicru, PhD
Current Review

Muscarinic Antagonist Potency 
and Duration of Action of THRX-
195518 in Isolated Rat Trachea

Theravance No.:  07-195518-
PH-04

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of THRX-
134853 Binding to Five Human 
Muscarinic Receptors:  
Displacement of [3H]NMS 
Binding

Theravance No.:  09-134853-
MCB-01

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of Binding 
Kinetics of [3H]THRX-134853 at 
Human M2 and M3 Receptors 
Expressed in CHO-K1 Cell 
Membranes

Theravance No.:  09-134853-
MCB-02

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of THRX-
195518 Binding to Five Human 
Muscarinic Receptors:  
Displacement of [3H]NMS 
Binding

Theravance No.:  09-195518-
MCB-01

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of THRX-
195518 Binding to Human 
Muscarinic M3 Receptors:  
Unlabeled Ligand Binding 
Kinetics

Theravance No.:  09-195518-
MCB-02

Eleni Salicru, PhD
Current Review
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Secondary Pharmacology:

Study Title Study Number Reviewed

In Vitro Pharmacology: Diversity 
Profile Study of THRX-134853

CRO No.:  893075
Theravance No.:  05-134853-
MCB-09

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological Study of 
THRX-134853 Antagonist 
Potency to Histamine H1 
Receptor:  Inhibition of Agonist-
Mediated Increases in 
Intracellular Calcium Measured 
by FLIPR®-Tetra in CHO-K1 
Cells Expressing the Human 
Histamine H1 Receptor

Theravance No.:  05-134853-
MCB-11

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of THRX-
134853 Binding to Recombinant 
Human 5-HT4(c) Receptors:  
Displacement of [3H]-GR113808 
Binding

Theravance No.:  05-134853-
MCB-13

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of THRX-
134853 Interaction with Human 
Recombinant 5-HT4 Receptors:  
Schild Regression Analysis of 
THRX-134853 on 5-HT 
Stimulated Whole Cell cAMP 
Accumulation in HEK293 Cells 
Stably-Transfected with Human 
5-HT4(c) Receptor cDNA

Theravance No.:  05-134853-
MCB-14

Eleni Salicru, PhD
Current Review

In Vitro Pharmacological 
Characterization of THRX-
134853 Interaction with Human 
Recombinant 5-HT4(c) Receptors:  
Measurement of Whole-Cell 
cAMP Accumulation in HEK293 
Cells Stably-Transfected with 
Human 5-HT4(c) cDNA

Theravance No.:  05-134853-
MCB-15

Eleni Salicru, PhD
Current Review

In Vitro Pharmacology:  Diversity 
Profile

CRO No.:  100000404 Eleni Salicru, PhD
Current Review
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Safety Pharmacology:

Title Study Number Reviewed

THRX-195518: Effect on Cloned 
hERG Potassium Channels 
Expressed in Human Embryonic 
Kidney Cells

CRO No.:  130213.UIF
Theravance No.:  CRN: 13-
017-01

Nikunj S. Patel, 
PhD
02/21/2014

GSK1160724A: Acute 
Neurobehavioral Effects 
Following Inhalation 
Administration in the Conscious 
CD™™ Rat (Safety 
Pharmacology Study)

CRO No.:  692110
.:  R60793

Nikunj S. Patel, 
PhD
02/21/2014

GSK1160724A: Acute Effects on 
Respiratory Function During and 
Following Inhalation 
Administration in the Conscious 
CD™ Rat (Safety Pharmacology 
Study)

CRO No.:  692111
:  G07138

Nikunj S. Patel, 
PhD
02/21/2014

GSK1160724A:  The Effect of 
Single Intravenous 
Administration, of a Range of 
Doses, on Cardiovascular 
Function in the Conscious 
Beagle Dog

:  D27559 Nikunj S. Patel, 
PhD
02/21/2014

GSK1160724A:  Effect on hERG 
Tail Current Recorded from 
Stably Transfected HEK-293 
Cells

.:  V27601 Nikunj S. Patel, 
PhD
02/21/2014

Pharmacokinetics/ADME/Toxicokinetics:

Title Study Number Reviewed

Pharmacokinetics and 
Bioavailability of THRX-134853 
Following Intravenous, Oral, or 
Subcutaneous Administration to 
Male Rats

Theravance No.:  05-134853-
PK-01

Eleni Salicru, PhD
Current Review

Pharmacokinetics and 
Bioavailability of THRX-134853 
Following Intravenous, Oral or 
Inhalation Administration to Male 
Guinea Pigs

Theravance No.:  05-134853-
PK-03

Eleni Salicru, PhD
Current Review
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Title Study Number Reviewed

Absorption, Tissue Distribution, 
Excretion and Metabolism of 3H-
THRX-134853 Following 
Intravenous or Oral 
Administration in Male Beagle 
Dogs

Theravance No.:  05-134853-
PK-05

Eleni Salicru, PhD
Current Review

Pharmacokinetics of THRX-
134853 Following Multiple 
Inhalation Administration to Male 
and Female Rats

Theravance No.:  05-134853-
PK-08

Eleni Salicru, PhD
Current Review

Pharmacokinetics of THRX-
195518 in Male Rats Following 
Intravenous Administration

Theravance No.:  05-134853-
PK-12

Eleni Salicru, PhD
Current Review

Pharmacokinetics of TD-4208 
and THRX-195518 Following 
Single Inhalation Administration 
to Male Rats

Theravance No.:  06-4208-PK-
18

Eleni Salicru, PhD
Current Review

Pharmacokinetics of TD-4208 
Following Inhalation 
Administration Over a Range of 
Doses to Male Dogs

Theravance No.:  06-4208-PK-
19

Eleni Salicru, PhD
Current Review

Pharmacokinetics, Absorption 
and Excretion of [14C]TD-4208 
Following a Single Intravenous 
Administration or a Single Oral 
Administration in Male and 
Female Dogs

Theravance No.:  15-4208-PK-
31

Eleni Salicru, PhD
Current Review

Absorption, Disposition, 
Metabolism and Excretion of 3H-
THRX-134853 in Rats Following 
Intravenous or Oral 
Administration

Theravance No.:  05-134853-
PK-04

Eleni Salicru, PhD
Current Review

Lung, Liver and Plasma 
Concentrations of THRX-134853 
Following Inhalation 
Administration to Male Guinea 
Pigs Using a Whole-Body 
Exposure Dosing Chamber

Theravance No.:  05-134853-
PK-06

Eleni Salicru, PhD
Current Review

Lung, Liver and Blood 
Concentrations of THRX-134853 
Following Inhalation 
Administration to Male Rats 
Using a Whole-Body Exposure 
Dosing Chamber

Theravance No.:  05-134853-
PK-07

Eleni Salicru, PhD
Current Review
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Title Study Number Reviewed

Plasma Protein Binding of 
THRX-134853

Theravance No.:  05-134853-
PK-10

Eleni Salicru, PhD
Current Review

The Effect of Multiple Inhalation 
Dosing on Plasma and Lung 
Concentrations of THRX-134853 
in Male Guinea Pigs

Theravance No.:  05-134853-
PK-11

Eleni Salicru, PhD
Current Review

Rat, Dog, Mouse, Rabbit, and 
Human Plasma Protein Binding 
of THRX-195518

Theravance No.:  12-4208-PK-
20

Eleni Salicru, PhD
Current Review

Pharmacokinetics, Absorption 
and Excretion of [14C]TD-4208 
Following a Single Intravenous 
Administration to Male and 
Female Rats

Theravance No.:  15-4208-PK-
30

Eleni Salicru, PhD
Current Review

Quantitative whole-body 
autoradiography following a 
single oral or a single 
intravenous administration of 
[14C]GSK1160724 diphosphate 
trihydrate to male Lister Hooded 
pigmented rats at target dose 
levels of 5 and 2.5 mg free 
base/kg, respectively

CRO No.:  BVR1155 Eleni Salicru, PhD
Current Review

The In Vitro Metabolism of 
[14C]GSK1160724 in Male 
Mouse, Rat, Dog, Human and 
Female Rabbit Hepatocytes

:  07DMW050 Eleni Salicru, PhD
Current Review

In Vitro Stability of TD-4208 in 
Lung Microsome and S9 
Incubations

Theravance No.:  14-4208-PK-
28

Eleni Salicru, PhD
Current Review

Metabolic Profiles of [14C]TD-
4208 in Dog Plasma, Urine and 
Feces After Oral and Intravenous 
Administration of [14C]TD-4208

Theravance No.:  15-4208-PK-
25

Eleni Salicru, PhD
Current Review

Metabolic Profiles of [14C]TD-
4208 in Rat Plasma After 
Intravenous Administration of 
[14C]TD-4208

Theravance No.:  15-4208-PK-
27

Eleni Salicru, PhD
Current Review

TD-4208: Subcutaneous 
Embryo-fetal Development and 
Toxicokinetic Study for Effects in 
Rabbits

CRO Study No.:  8299479
Theravance No.:  CRN: 14-
001-13

Eleni Salicru, PhD
Current Review
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Title Study Number Reviewed

In Vitro Metabolism and 
Evaluation of THRX-134853 and 
THRX-195518 as an Inhibitor of 
Human Cytochrome P450 
Enzymes

Theravance No.:  05-134853-
PK-09

Clinical 
Pharmacology 
Review

Determination of the Human 
Cytochrome P450 (CYP) 
Isoforms Involved in the 
Metabolism of THRX-195518

Theravance No.:  17-4208-PK-
35

Clinical 
Pharmacology 
Review

In Vitro Permeability of THRX-
134853 and THRX-195518 in 
Caco-2 Cells

Theravance No.:  05-134853-
PK-14

Clinical 
Pharmacology 
Review

Evaluation of Cytochrome P450 
CYP2B6 and CYP2C9 Inhibition 
Potential of TD-4208 and Its Acid 
Metabolite THRX-195518 in 
Human Liver Microsomes

Theravance No.:  14-4208-PK-
29

Clinical 
Pharmacology 
Review

In Vitro Evaluation of TD-4208-
PK-32 and THRX-195518 as 
Inducers of Cytochrome P450 
Expression in Cultured Human 
Hepatocytes

CRO No.:  XT143114
Theravance No.:  17-4208-PK-
32

Clinical 
Pharmacology 
Review

In vitro Interaction Studies of TD-
4208 and THRX-195518 with 
human BCRP and MDR1 Efflux 
(ABC) Transporters

Theravance No.:  17-4208-PK-
33

Clinical 
Pharmacology 
Review

In vitro Interaction Studies of TD-
4208 and THRX-195518 with the 
human OAT1, OAT3, OATP1B1, 
OATP1B3, and OCT2 Uptake 
Transporters

Theravance No.:  17-4208-PK-
34

Clinical 
Pharmacology 
Review

Repeat-Dose Toxicity:

Title Study Number Reviewed

TD-4208: A 13-Week Inhalation 
Toxicity and Toxicokinetic Study 
of a Nebulized Aerosol 
Formulation in the Dog with a 28-
Day Recovery Period

CRO No.:  7300147
Theravance No.:  CRN: 13-
003-49

Wei Sun, PhD 
06/08/2018
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Title Study Number Reviewed

TD-4208: A 39-Week Inhalation 
Toxicity and Toxicokinetic Study 
of a Nebulized Aerosol 
Formulation in the Dog with a 28 
Day Recovery Period

CRO No.:  7300223
Theravance No.:  CRN: 14-
003-05

Eleni Salicru, PhD
Current Review

TD-4208: A 28-Day Inhalation 
Toxicity and Toxicokinetic Study 
of a Nebulized Aerosol 
Formulation in the Dog with a 28-
Day Recovery Period

CRO No.:  7300092
Theravance No.:  CRN: 13-
003-11

Nikunj S. Patel, 
PhD
02/21/2014

TD-4208: A 13-Week Inhalation 
Toxicity and Toxicokinetic Study 
of Nebulized Aerosol Formulation 
in the Mouse with a 28 Day 
Recovery Period

CRO No.:  7300145
Theravance No.:  CRN: 13-
003-47

Nikunj S. Patel, 
PhD
01/25/2017

TD-4208: A 13-Week Inhalation 
Toxicity and Toxicokinetic Study 
of a Nebulized Aerosol 
Formulation in the Rat with a 28 
Day Recovery Period

CRO No.:  7300146
Theravance No.:  CRN: 13-
003-48

Nikunj S. Patel, 
PhD
01/25/2017

TD-4208: A 26-Week Inhalation 
Toxicity and Toxicokinetic Study 
of a Nebulized Aerosol 
Formulation in the Rat with a 28 
Day Recovery Period

CRO No.:  7300222
Theravance No.:  CRN: 14-
003-04

Wei Sun, PhD 
06/08/2018

TD-4208: A 28-Day Inhalation 
Toxicity and Toxicokinetic Study 
of a Nebulized Aerosol 
Formulation in the Rat with a 28 
Day Recovery Period

CRO No.:  7300091
Theravance No.:  CRN: 13-
003-10

Nikunj S. Patel, 
PhD
02/21/2014

Genotoxicity:

Title Study Number Reviewed

GSK1160724A: Bacterial 
Mutation Assay (Ames Test) with 
Salmonella typhimurium and 
Escherichia coli

CRO No.:  2990/122
.:  V27474

Eleni Salicru, PhD
Current Review

GSK1160724A: In Vitro Mutation 
Assay with L5178Y Mouse 
Lymphoma Cells at the TK Locus

CRO No.:  2990/123
:  V27475

Eleni Salicru, PhD
Current Review

GSK1160724A:  Intravenous 
Bone Marrow Micronucleus 
Assay in Rats

CRO No.:  961548
:  R27476

Eleni Salicru, PhD
Current Review
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Title Study Number Reviewed

THRX-195518: Bacterial 
Reverse Mutation Test
in Salmonella typhimurium and 
Escherichia coli

CRO No.:  9600370
Theravance No.:  CRN: 13-
003-16

Eleni Salicru, PhD
Current Review

Carcinogenicity:

Title Study Number Reviewed

TD-4208: A 104-Week Inhalation 
Carcinogenicity Study of a 
Nebulized Aerosol Formulation in 
the Albino Mouse

CRO No.:  7300228
Theravance No.:  CRN: 14-
003-06

Eleni Salicru, PhD
06/19/2018

TD-4208: A 104-Week Inhalation 
Carcinogenicity Study of a 
Nebulized Aerosol Formulation in 
the Albino Rat

CRO No.:  7300229
Theravance No.:  CRN: 14-
003-07

Eleni Salicru, PhD
06/19/2018

Reproductive and Developmental Toxicity:

Title Study Number Reviewed

TD-4208: Male and Female 
Fertility Toxicity Study by the 
Subcutaneous Route in the Rat 
(Segment I)

CRO No.:  AB20665
Theravance No.:  CRN: 14-
018-01

Eleni Salicru, PhD
Current Review

TD-4208: Subcutaneous Dose 
Range-Finding Developmental 
Toxicity and Toxicokinetics Study 
in Rats

CRO No.:  8299475
Theravance No.:  CRN: 14-
001-10

Eleni Salicru, PhD
Current Review 
(summarized)

TD-4208: Subcutaneous Dose 
Range-Finding Developmental 
Toxicity and Toxicokinetic Study 
in Rabbits

CRO No.:  8299476
Theravance No.:  CRN: 14-
001-11

Eleni Salicru, PhD
Current Review 
(summarized)

TD-4208: Subcutaneous 
Embryo-fetal Development and 
Toxicokinetic Study for Effects in 
Rats

CRO No.:  8299478
Theravance No.:  CRN: 14-
001-12

Eleni Salicru, PhD
Current Review

TD-4208: Pre- and Postnatal 
Development Study by 
Subcutaneous Route in the Rat 
(Segment III)

CRO No.:  AB20919
Theravance No.:  CRN: 15-
018-01

Eleni Salicru, PhD
Current Review
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3.2 Studies Not Reviewed
Primary Pharmacology:

Title Study Number

Duration of Action of THRX-134853 in a Guinea Pig 
Model of Acetylcholine-Induced 
Bronchoconstriction

Theravance No.:  03-134853-PH-
01

Efficacy of THRX-134853 in a Guinea Pig Model 
After 1, 3, and 7 Days of Treatment

Theravance No.:  04-134853-PH-
02

Onset of Action of THRX-134853 in a Guinea Pig 
Model of Acetylcholine-Induced 
Bronchoconstriction

Theravance No.:  04-134853-PH-
06

Anti-Sialagogue Effects of Inhaled THRX-134853 in 
Guinea Pigs

Theravance No.:  05-134853-PH-
03

Anti-Depressor Effects of Inhaled THRX-134853 in 
Conscious Guinea Pigs

Theravance No.:  05-134853-PH-
04

Antagonist Potency and Duration of Effect of 
THRX-134853 in Guinea Pig Electric Field 
Stimulated Trachea, In Vitro

Theravance No.:  05-134853-PH-
05

In Vivo Bronchoprotective (Einthoven Model) and 
Antisialagogue Effects of THRX-134853 and 
Tiotropium in Guinea Pigs

Theravance No.:  07-134853-PH-
02

Effect of Pretreatment with THRX-134853 on 
Bronchoconstriction Using a Dog Model of 
Bronchospasm

Theravance No.:  07-134853-PH-
04

Effect of Intratracheal GSK1160724 on 
Acetylcholine-Induced Bronchoconstriction in 
Guinea Pigs

.:  CH2007/00061/00

GSK1160724A:  Functional In Vitro Muscarinic 
Receptor Antagonist Reversibility Profile in Human 
Bronchus Using Static and Superfusion Organ Bath 
with Carbachol Challenge

:  CH2007/00066/00

GSK1160724A:  In Vitro Reversibility 
Characterization at Cloned Human M1, M2 and M3 
Receptors in Calcium Mobilization Assays

:  CH2007/00127/00

Secondary Pharmacology:

Title Study Number

In Vitro Pharmacological Characterization of THRX-
134853 Radioligand Binding Affinity for the Human 
Histamine H1 Receptor; [3H]Pyrilamine Competition 
Binding

Theravance No.:  05-134853-
MCB-10
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Safety Pharmacology:

Title Study Number

Exploratory In Vitro Study of the Effects of THRX-
134853 on Potassium Currents Recorded from 
CHO-K1 Cells Stably Transfected with hERG cDNA

Theravance No.:  05-134853-
MCB-16

Assessment of the Effects of Subcutaneously 
Administered THRX-134853 on Surface ECG in 
Conscious Beagle Dogs

CRO No.:  SPT05-039
Theravance No.:  CRN: 05-006-
17

Pharmacokinetics:

Title Study Number

Method Validation for the Quantitation of TD-4208 
and THRX-195518 (Metabolite of TD-4208) in 
Treated Rat Plasma by Turbo Ion Spray LC/MS/MS

CRO No.:  130122VCWB_TSC

Method Validation for the Quantitation of TD-4208 
and THRX-195518 (Metabolite of TD-4208) in 
Treated Rat Plasma by Turbo Ion Spray LC/MS/MS

CRO No.:  
130122VCWB_TSC_R1

Method Validation for the Quantitation of TD-4208 
and THRX-195518 (Metabolite of TD-4208) in 
Treated Rat Plasma by Turbo Ion Spray LC/MS/MS

CRO No.:  
130122VCWB_TSC_R2

Method Validation for the Quantitation of TD-4208 
and THRX-195518 (Metabolite of TD-4208) in Dog 
Plasma by Turbo Ion Spray LC/MS/MS

CRO No.:  130123VCWB_TSC

Method Validation for the Quantitation of TD-4208 
and THRX-195518 (Metabolite of TD-4208) in Dog 
Plasma by Turbo Ion Spray LC/MS/MS

CRO No.:  
130123VCWB_TSC_R1

Method Validation for the Quantitation of TD-4208 
and THRX-195518 (Metabolite of TD-4208) in 
Treated Mouse Plasma by Turbo Ion Spray 
LC/MS/MS

CRO No.:  130808VCWB_TSC

Method Validation for the Quantitation of TD-4208 
and THRX-195518 (Metabolite of TD-4208) in 
Treated Mouse Plasma by Turbo Ion Spray 
LC/MS/MS

CRO No.:  
130808VCWB_TSC_R1

Method Validation for the Quantitation of TD-4208 
and THRX-195518 (Metabolite of TD-4208) in 
Treated Rat Lung Homogenate by Turbo Ion Spray 
LC/MS/MS

CRO No.:  131201VCWB_TSC

Method Validation for the Quantitation of TD-4208 
and THRX-195518 (Metabolite of TD-4208) in 
Treated Rabbit Plasma by Turbo Ion Spray 
LC/MS/MS

CRO No.:  131580VCWB_TSC
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Title Study Number

Method Validation for the Quantitation of TD-4208 
and THRX-195518 (Metabolite of TD-4208) in 
Treated Rabbit Plasma by Turbo Ion Spray 
LC/MS/MS

CRO No.:  
131580VCWB_TSC_R1

Method Validation for the Quantitation of TD-4208 
(THRX-134853) and THRX-195518 (Metabolite of 
TD-4208) in Rat Milk by Turbo Ion Spray 
LC/MS/MS

CRO No.:  150389VCWB_TSC

Method Validation for the Quantitation of TD-4208 
(THRX-134853) and THRX-195518 (Metabolite of 
TD-4208) in Rat Milk by Turbo Ion Spray 
LC/MS/MS

CRO No.:  
150389VCWB_TSC_R1

The Validation of a Method for the Determination of 
GSK1160724 and GSK1762245 in Dog Plasma 
(Range 0.1 to 100 ng/mL) Using HPLC-MS/MS
The Abbreviated Validation of a Method for the 
Determination of GSK1160724 in Rat Plasma 
(Range 50 to 50000 ng/mL) using HPLC-MS/MS
The Validation of a Method for the Determination of 
GSK1162245 in Rat Plasma (Range 0.1 to 100 
ng/mL) Using HPLC-MS/MS
Pharmacokinetics and Bioavailability of THRX-
134853 in Male Beagle Dogs Following Intravenous 
or Oral Administration

Theravance No.:  05-134853-PK-
02

Pharmacokinetics of THRX-195518 in Male Beagle 
Dogs Following Intravenous or Oral Administration

Theravance No.:  05-134853-PK-
13

Elimination of Radioactivity Following a Single 
Intravenous or a Single Oral Administration of 
[14C]GSK1160724 Diphosphate Trihydrate to Bile-
Duct Cannulated Male Rats at 1 mg Free Base/kg

:  07DMW046

Pharmacokinetics of TD-4208 and THRX-195518 in 
Female Rats Following Subcutaneous 
Administration of TD-4208

Theravance No.:  14-4208-PK-23

Pharmacokinetics of TD-4208 and THRX-195518 in 
Female Rabbits Following Subcutaneous 
Administration of TD-4208

Theravance No.:  14-4208-PK-24

The Effect of Multiple Inhalation Administration on 
Blood, Lung and Submaxillary Gland 
Concentrations of TD-4208 in the Rat and 
Comparison with Tiotropium

Theravance No.:  06-4208-PK-17

Metabolism of GSK1160724 in the Male and 
Female Isolated Perfused Rat Liver Following 
Administration of [14C]GSK1160724 Diphosphate 
Trihydrate Salt at 10 mg Free Base/kg Body Weight

:  07DMW051
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Local Tolerance:

Title Study Number

In Vitro Study for the Prediction of Dermal Irritation 
Using the EpiDerm™ Model (EPI-200) – 2 Test 
Articles

CRO No.:  CYP0225_R10a

In Vitro Screen for Prediction of Ocular Irritation 
Using the MatTek EpiOcular™ Model – 2 Test 
Article

CRO No.:  CYP0225_R10b

3.3 Previous Reviews Referenced
IND 119840 (revefenacin)

Nonclinical review dated February 21, 2014 (Preliminary 30-Day Safety Review of 
Revefenacin; Nikunj S. Patel, PhD)

Nonclinical review dated January 25, 2017 (Pharmacology/Toxicology IND Review and 
Evaluation of 13-Week Mouse and Rat Inhalation Toxicity Studies of Revefenacin; 
Nikunj S. Patel, PhD)

Nonclinical review dated June 8, 2018 (Pharmacology/Toxicology IND Review and 
Evaluation of 26-Week Rat and 13-Week Dog Inhalation Toxicity Studies of 
Revefenacin; Wei Sun, PhD)

NDA 210598 (revefenacin)
Nonclinical review dated June 19, 2018 (Pharmacology/Toxicology NDA Review and 
Evaluation of 2-Year Mouse and Rat Inhalation Carcinogenicity Studies with 
Revefenacin)

Nonclinical review dated June 20, 2018 (Pharmacology/Toxicology NDA Chemistry 
Consultation)

4 Pharmacology
4.1 Primary Pharmacology
Pharmacology studies demonstrated that revefenacin (THRX-134853) is a muscarinic 
receptor antagonist with similar affinity for all five muscarinic receptor subtypes (hM1 to 
hM5).  In the airways, the pharmacological action of revefenacin was mediated primarily 
through inhibition of the M3 receptor at the smooth muscle, leading to bronchodilation.  
Data from binding and functional assays showed that revefenacin dissociated from the 
recombinant hM3 receptor subtype with a t1/2 of about 81 minutes.  Revefenacin 
produced concentration-dependent antagonism of agonist-mediated contraction by 
acetylcholine in rat isolated trachea with a t1/2 of 13.3 hours.
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Pharmacology studies demonstrated that THRX-195518, a carboxylic acid metabolite 
formed by amide hydrolysis of revefenacin, is also active and has affinity for all five 
human muscarinic receptor subtypes.  Based on competition binding assays, metabolite 
THRX-195518 had a binding affinity 3-fold to 10-fold less than revefenacin for the 
muscarinic receptor subtypes.  The 3-fold to 10-fold lower binding affinity of metabolite 
THRX-195518 compared to revefenacin was not considered biologically significant.  
Metabolite THRX-195518 appears to be generated in the liver after systemic absorption 
of revefenacin.  Based on studies with human lung microsomes and S9 preparations 
from human and animal species, metabolism of revefenacin appeared to be negligible.  
There was limited data to assess the functional antimuscarinic activity of metabolite 
THRX-195518 and the comparable activity of the metabolite relative to revefenacin.  It 
was concluded that metabolite THRX-195518 could contribute to the systemic 
antimuscarinic pharmacodynamic activity of revefenacin.

Binding Activity Related to the Pharmacological Mechanism

Study Title:  Radioligand Binding Isotherms with [3H]THRX-134853 to Cloned 
Human M1, M2, M3, M4, and M5 Muscarinic Receptor Subtypes (Study/Reference 
No. 05-134853-MCB-06)

Experimental Design:  A saturation binding assay was used to assess the binding of 
[3H]THRX-134853 for the five human muscarinic receptor subtypes (hM1, hM2, hM3, 
hM4, and hM5).  Membranes from CHO-K1 cells stably expressing cloned hM1 – hM4 
receptors and commercially purchased membranes expressing hM5 receptor were 
incubated with radioligand [3H]THRX-134853 (final concentrations from 0.005 to 20 nM).  
Atropine (10 mcM) was used to determine non-specific binding.  The mean equilibrium 
dissociation constants (Kd values) for [3H]THRX-134853 were determined for each 
receptor subtype.

Results:  Based on a saturation binding assay, [3H]THRX-134853 displays high affinity 
for the five human muscarinic receptor subtypes with Kd values for hM1, hM2, hM3, hM4, 
and hM5 of 1.0, 0.61, 0.39, 0.46, and 4.2 nM, respectively.

Study Title:  In Vitro Pharmacological Characterization of Binding Kinetics of 
[3H]THRX-134853 at Human M2 and M3 Receptors Expressed in CHO Cell 
Membranes (Study/Reference No. 05-134853-MCB-07)

Experimental Design:  An atropine displacement assay was used to assess binding 
kinetics (association and dissociation) of [3H]THRX-134853 for the hM2 and hM3 
receptors.  For association kinetics, membranes from CHO-K1 cells stably expressing 
cloned hM2 and hM3 receptors were incubated with radioligand [3H]-N-methyl 
scopolamine (final concentration 1 nM), [3H]-tiotropium (final concentration 0.2 nM), and 
[3H]THRX-134853 (final concentration 1 nM).  Atropine (10 mcM) was used to determine 
non-specific binding at each time point.  For dissociation kinetics, membranes from 
CHO-K1 cells stably expressing cloned hM2 and hM3 receptors were preincubated with 
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radioligand [3H]-N-methyl scopolamine (final concentration 1 nM) and [3H]THRX-134853 
(final concentration 1 nM) for 30 minutes and with [3H]-tiotropium (final concentration 0.2 
nM) for 2 hours before adding atropine (10 mcM) at each time point.  The half-life for 
association (t1/2 on) and dissociation (t1/2 off) were calculated for each receptor subtype.

Results:  As shown in Table 2, the half-life for association (t1/2 on) of [3H]THRX-134853 
with hM2 and hM3 were 2.4 and 7.7 minutes, respectively.  The half-life for dissociation 
(t1/2 off) of [3H]THRX-134853 with hM2 and hM3 were 6.9 and 81.3 minutes, respectively.  
The data indicate that [3H]THRX-134853 binds to hM2 and hM3 quickly and dissociates 
from both receptor subtypes by 90 minutes.  The resulting Kd (Koff/Kon) values were 0.42 
nM and 0.1 nM for the hM2 and hM3 receptor subtypes, respectively.  Figure 1 shows 
the association and dissociation binding kinetics of [3H]THRX-134853 for hM2 and hM3 
receptors.

Table 2 Binding Parameters of [3H]THRX-134853 at hM2 and hM3 Receptors 
(Applicant’s Table)
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Figure 1 Association and Dissociation Binding Kinetics of [3H]THRX-134853 at 
hM2 and hM3 Receptors (Applicant’s Figure)

Study Title:  In Vitro Pharmacological Study of [3H]THRX-134853 Dissociation 
Binding Kinetics from Human M2 and M3 Receptors; ‘Infinite’ Dilution Method 
(Study/Reference No. 05-134853-MCB-08)

Experimental Design:  ‘Infinite’ dilution assays were used to determine the dissociation 
kinetics of [3H]THRX-134853 from hM2 and hM3 receptor subtypes.  Plasma membrane 
fractions from CHO-K1 cells stably expressing hM2 and hM3 receptor subtypes were 
preincubated with [3H]THRX-134853 (1 nM).  After 1 hour, the mixture of CHO-K1 cell 
membrane and THRX-134853 radioligand was diluted with buffer with or without 
atropine (± 10 mcM).  Membranes were then filtered at various time points and 
radioactivity was counted.  The dissociation half-life (t1/2 off) and Koff values were 
calculated.

Results:  As shown in Table 3, the dissociation half-life (t1/2 off) of [3H]THRX-134853 for 
the hM2 and hM3 receptors was 10.6 minutes and 75.4 minutes, respectively.  In the 
presence of atropine, the dissociation half-life (t1/2 off) of [3H]THRX-134853 for the hM2 
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and hM3 receptors was 7.1 minutes and 68.2 minutes, respectively.  Under these 
experimental conditions, [3H]THRX-134853 reversibly dissociated from hM2 and hM3.

Table 3 Dissociation Kinetics of [3H]THRX-134853 at hM2 and hM3 Receptors 
via Infinite Dilution in the Presence or Absence of Atropine 
(Applicant’s Table)

Study Title:  In Vitro Pharmacological Characterization of Potential Metabolites of 
THRX-134853 for the Five Human Muscarinic Receptor Subtypes; [3H]NMS 
Displacement (Study/Reference No. 05-134853-MCB-12)

Experimental Design:  A radioligand competition binding assay was used to assess 
the binding of metabolites THRX-195518 (amide hydrolysis metabolite), THRX-609075 
(carbamate hydrolysis metabolite), and THRX-162413 (metabolite of revefenacin) for 
the five human muscarinic receptor subtypes (hM1, hM2, hM3, hM4, and hM5).  
Saturation binding assays determined the Kd values of the radioligand [3H]-N-methyl 
scopolamine.  In the competition binding assay (displacement), membranes from cells 
expressing hM1 to hM5 receptor subtypes were incubated with radioligand [3H]-N-methyl 
scopolamine (1 nM final concentration) and metabolites THRX-195518, THRX-609075, 
and THRX-162413 at various concentrations in a 96-well format.  The membranes 
expressing hM1 to hM4 receptors came from CHO-K1 cells stably expressing hM1, hM2, 
hM3 or hM4 receptors, while the membranes expressing the hM5 receptor were 
purchased commercially.  Atropine, tiotropium, ipratropium, darifenacin, and 
scopolamine were used as reference muscarinic receptor antagonists.  The mean 
inhibition binding constant (Ki) values for metabolites THRX-195518, THRX-609075, 
and THRX-162413 were calculated from observed inhibitory concentration 50% (IC50) 
values and the dissociation constant (Kd) value of the radioligand (from saturation 
binding studies for each receptor subtype).

Results:  As shown in Table 4, based on radioligand competition binding, THRX-
609075 and THRX-162413 had insignificant binding to any of the five human muscarinic 
receptor subtypes.  In contrast, metabolite THRX-195518 bound to each of the five 
human muscarinic receptor subtypes.  The mean Ki values of metabolite THRX-195518 
for hM1, hM2, hM3, hM4, and hM5 receptors were 1.3, 2.1, 1.8, 1.6 and 11 nM, 
respectively.  In comparison, the mean Ki values for the parent compound THRX-
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134853 for hM1, hM2, hM3, hM4, and hM5 receptors were 0.50, 0.34, 0.67, 0.49, and 
3.30 nM, respectively.  The differences of Ki values between revefenacin and its 
carboxylic acid metabolite THRX-195518 were relatively small and may have little 
biological significance.

Table 4 Metabolites THRX-195518, THRX-609075, and THRX-162413 Binding 
to the Five Human Muscarinic Receptor Subtypes based on 
Radioligand Competition Binding Assay (Applicant’s Table)

Study Title:  In Vitro Pharmacological Characterization of THRX-134853 Binding 
Affinity for Guinea Pig Lung Tissue Membranes; [3H]NMS Displacement 
(Study/Reference No. 05-134853-MCB-17)

Experimental Design:  A radioligand competition binding assay was used to assess 
the binding affinity of THRX-134853 (revefenacin) for guinea pig lung tissue 
membranes.  Guinea pig lung tissue membranes were incubated with radioligand [3H]-
N-methyl scopolamine (final concentration 1 nM) and THRX-134853 (final 
concentrations from 1 pM to 10 mcM).  Tiotropium (final concentrations from 1 pM to 10 
mcM), ipratropium (final concentrations from 1 pM to 10 mcM), and atropine (final 
concentrations from 10 pM to 100 mcM) were used as reference muscarinic receptor 
antagonists.  The mean inhibition binding constant (Ki) values for THRX-134853 binding 
to guinea pig lung tissue membranes were calculated from observed IC50 values and 
the Kd value of the radioligand.

Results:  As shown in Table 5, based on radioligand competition binding, THRX-
134853 bound to guinea pig lung tissue membranes with a mean Ki value of 0.39.
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Table 5 THRX-134853 Binding to Guinea Pig Lung Tissue Membranes based 
on Radioligand Competition Binding Assay (Applicant’s Table)

Study Title:  In Vitro Pharmacological Characterization of THRX-134853 Binding to 
Five Human Muscarinic Receptors:  Displacement of [3H]NMS Binding 
(Study/Reference No. 09-134853-MCB-01)

Experimental Design:  A radioligand competition binding assay was used to assess 
the binding affinity of THRX-134853 (revefenacin) for the five human muscarinic 
receptor subtypes (hM1, hM2, hM3, hM4, and hM5).  Saturation binding studies were 
performed to determine the KD values of the radioligand using [3H]-N-methyl 
scopolamine.  For the competition binding assay (displacement), membranes from 
CHO-K1 cells stably expressing recombinant hM1 – hM4 receptors and membranes 
purchased commercially for hM5 receptor were incubated with radioligand [3H]-N-methyl 
scopolamine (final concentration 1 nM) and THRX-134853 (various concentrations) in a 
96-well plate format.  Tiotropium, glycopyrrolate, and aclidinium were used as reference 
muscarinic receptor antagonists.  The mean inhibition binding constant (Ki) values for 
THRX-134853 for each receptor subtype were calculated from observed IC50 values, 
radioligand concentration, and the Kd value of the radioligand (determined from 
saturation binding studies).

Results:  As shown in Table 6, based on radioligand competition binding, THRX-
134853 bound to each of the five human muscarinic receptor subtypes.  The mean Ki 
values for THRX-134853 for hM1, hM2, hM3, hM4, and hM5 receptors were 0.42, 0.32, 
0.18, 0.56 and 6.7 nM, respectively.

Reference ID: 4290594



NDA 210598 Reviewer:  Eleni Salicru, PhD

38

Table 6 THRX-134853 Binding to the Five Human Muscarinic Receptor 
Subtypes based on Radioligand Competition Binding Assay 
(Applicant’s Table)

Study Title:  In Vitro Pharmacological Characterization of Binding Kinetics of 
[3H]THRX-134853 at Human M2 and M3 Receptors Expressed in CHO-K1 Cell 
Membranes (Study/Reference No. 09-134853-MCB-02)

Experimental Design:  An atropine displacement assay was used to assess the 
binding kinetics of [3H]THRX-134853 for the M2 and M3 receptor subtypes.  For the 
association kinetic assay, membranes from CHO-K1 cells stably expressing hM2 or hM3 
receptors were incubated with radioligand [3H]THRX-134853 (final concentration of 1 
nM) for varying lengths of time prior to rapid filtration.  Binding at each time point was 
determined in the presence or absence of atropine (10 mcM).  For the dissociation 
kinetic assay, membranes from CHO-K1 cells stably expressing hM2 or hM3 receptors 
were preincubated with radioligand [3H]THRX-134853 followed by treatment with 
atropine (10 mcM) at each time point, prior to rapid filtration.  The association and 
dissociation curves were generated from specific and total radioligand binding, 
respectively, and the dissociation half-life (t1/2), koff, kon, and Kd (koff/kon) values were 
calculated.

Results:  As shown in Table 7, [3H]THRX-134853 associates quickly with the hM2 and 
hM3 receptors (kon = 0.25 and 0.09 nM-1min-1, respectively).  [3H]THRX-134853 
dissociates with hM2 and hM3 receptors with dissociation rates (koff) of 0.10 and 0.009 
min-1, respectively.  The dissociation half-lives (t1/2) of hM2 and hM3 were 6.9 and 81 
minutes, respectively.  Under these experimental conditions, Kd (koff/kon) for hM2 and 
hM3 were 0.42 and 0.1 nM, respectively.  [3H]THRX-134853 displays kinetic selectivity 
with a slower dissociation rate for the hM3 receptor over the hM2 receptor.
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Table 7 Kinetic Binding of [3H]THRX-134853 to hM2 and hM3 Receptor 
Subtypes (Applicant’s Table)

Study Title:  In Vitro Pharmacological Characterization of THRX-195518 Binding to 
Five Human Muscarinic Receptors:  Displacement of [3H]NMS Binding 
(Study/Reference No. 09-195518-MCB-01)

Experimental Design:  A radioligand competition binding assay was used to assess 
the binding of carboxylic acid metabolite THRX-195518 for the five human muscarinic 
receptor subtypes (hM1, hM2, hM3, hM4, and hM5).  Saturation binding studies were 
performed to determine the KD values of the radioligand using [3H]-N-methyl 
scopolamine.  In the radioligand competition binding assay (displacement), membranes 
from cells expressing hM1 – hM5 receptor subtypes were incubated with radioligand 
[3H]-N-methyl scopolamine (1 nM final concentration) and metabolite THRX-195518 
(concentrations ranging from 0.4 pM to 4 mcM).  The membranes expressing hM1 – hM4 
receptors came from CHO-K1 cells stably expressing hM1, hM2, hM3 or hM4 receptors, 
while the membranes expressing the hM5 receptor were purchased commercially.  
Tiotropium, glycopyrrolate, and aclidinium were used as reference muscarinic receptor 
antagonists.  The mean inhibition binding constant (Ki) values for metabolite THRX-
195518 for each of the receptor subtypes were calculated from observed IC50 values, 
radioligand concentration, and the KD value of the radioligand (from saturation binding 
studies).

Results:  As shown in Table 8, based on radioligand competition binding, metabolite 
THRX-195518 bound to each of the five human muscarinic receptor subtypes.  The 
mean Ki values for metabolite THRX-195518 for hM1, hM2, hM3, hM4, and hM5 receptors 
were 1.2, 2.0, 1.8, 1.6 and 17 nM, respectively.
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Table 8 Metabolite THRX-195518 Binding to the Five Human Muscarinic 
Receptor Subtypes based on Radioligand Competition Binding 
Assay (Applicant’s Table)

Study Title:  In Vitro Pharmacological Characterization of THRX-195518 Binding to 
Human Muscarinic M3 Receptors:  Unlabeled Ligand Binding Kinetics 
(Study/Reference No. 09-195518-MCB-02)

Experimental Design:  A radioligand kinetic binding assay was used to assess the 
binding of carboxylic acid metabolite THRX-195518 for the hM3 receptor.  Membranes 
from cells expressing hM3 receptor were added to radioligand [3H]-N-methyl 
scopolamine (1.6 nM final concentration) and metabolite THRX-195518 (calculated IC35 
or IC65 concentrations based on Ki values from competition binding assays) over a time 
course from 0 to 180 minutes.  The membranes expressing hM3 receptors came from 
CHO-K1 cells stably expressing hM3 receptors.  The mean association (kon) and 
dissociation (koff) rates were calculated.

Results:  Based on radioligand kinetic binding, metabolite THRX-195518 had a mean 
association kon of 0.069 nM-1min-1 and a mean dissociation koff of 0.060 min-1 for hM3.  
The receptor dissociation half-life (t1/2) was 11 minutes.
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Functional Activity Related to the Pharmacological Mechanism

Study Title:  Duration of Action of THRX-134853 in a Guinea Pig Model of 
Acetylcholine-Induced Bronchoconstriction (Study/Reference No. 04-134853-PH-
01)

Experimental Design:  A guinea pig model of acetylcholine-induced 
bronchoconstriction was used to evaluate the duration of THRX-134853 (revefenacin) 
bronchoprotective effects.  Water for injection or THRX-134853 (3, 10, 30, or 100 
mcg/mL) was administered to guinea pigs by the inhalation route using a whole-body 
exposure dosing chamber over 10 minutes.  The amount of intravenous acetylcholine 
necessary to double baseline pulmonary resistance was determined by whole-body 
plethysmograph at 1.5, 24, 48, 72, 168 and 240 hours after dosing.  Acetylcholine was 
given intravenously for 1 minute from a syringe pump at the following doses and times 
relative to the start of the experiment:  1.9 mcg/minute at 5 minutes, 3.8 mcg/minute at 
10 minutes, 7.5 mcg/minute at 15 minutes, 15 mcg/minute at 20 minutes, 30 
mcg/minute at 25 minutes, and 60 mcg/minute at 30 minutes.  Pulmonary function 
measurements were recorded for up to 35 minutes and included respiration frequency 
(breaths/minute), compliance (mL/cm H2O) and pulmonary resistance (cm H2O/mL per 
second).

Results:  THRX-134853 at ≥10 mcg/mL had bronchodilator effects against 
acetylcholine that lasted for up to 48 hours after dosing (see Figure 2 for representative 
example).  These effects were not seen at 3, 7 and 10 days after dosing with THRX-
134853.  The pharmacodynamic half-life (PDt1/2) for pharmacological effects of inhaled 
THRX-134853 was calculated to be 19 hours.
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Figure 2 Bronchoprotective Effects of THRX-134853 in the Guinea Pig at 48 
hours After Dosing (Applicant’s Figure)

Study Title:  Muscarinic Antagonist Potency and Duration of Action of THRX-
195518 in Rat Isolated Trachea (Study/Reference No. 07-195518-PH-04)

Experimental Design:  Isolated rat trachea was used in vitro to determine the affinity 
and duration of antagonist effect of carboxylic acid metabolite THRX-195518.  Tracheas 
were isolated from rats, sectioned into 5 mm rings, and mounted into an organ bath of 
Krebs buffer.  First, the maximum agonist response to acetylcholine (0.1 mM) was 
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determined.  Then, tracheas were washed and allowed to return to baseline.  To 
determine muscarinic antagonist affinity (pKB), either vehicle or metabolite THRX-
195518 (3 to 300 nM) was added to the bath and after a 2-hour equilibration period, 
acetylcholine (1 x 10-10 M to 1 x 10-2 M) was added in half-log increments to generate a 
concentration response curve.  To assess reversibility of the effect of metabolite THRX-
195518, tissues were primed with submaximal concentration of acetylcholine (3 mcM) 
and Krebs buffer was continuously perfused (2 ml/min).  Perfusion was halted 
temporarily at predetermined time points or halted permanently when acetylcholine 
response had returned to levels seen at the time of priming.  Schild regression analysis 
was used to calculate an antimuscarinic affinity estimate (pA2) and muscarinic 
antagonist affinity (pKB).  Tissue half-life (t1/2) was described as the perfusion time 
necessary for 50% reversal of the test compound’s inhibition of the acetylcholine 
response at time 0.

Results:  As shown in Figure 3, in isolated rat trachea, metabolite THRX-195518 (3, 
10, and 30 nM) produced a dose-dependent shift to the right of the acetylcholine 
concentration response curve.  As shown in Table 9, muscarinic antagonist affinity 
(pKB) for metabolite THRX-195518 was 9.4.  As shown in Table 10, tissue half-life (t1/2) 
for duration of muscarinic antagonist effect of metabolite THRX-195518 at 30 nM in 
isolated rat trachea was 1.1 hours.  In comparison, under similar conditions, muscarinic 
antagonist affinity (pKB) for the parent compound THRX-134853 was 10.5 and tissue 
half-life (t1/2) at 10 nM was 13.3 hours (see Study/Reference No .07-134853-PH-03).  
The tissue half-life (t1/2) for duration of muscarinic antagonist effect of metabolite THRX-
195518 at 30 nM was 12-fold less than that of the parent compound THRX-134853 at 
10 nM.  The in vivo significance of these differences observed in the in vitro setting 
between the parent drug and metabolite was unclear, particularly in a setting where 
exposure to the metabolite was at least 3.2-fold more abundant (i.e., COPD patients).

Figure 3 Antagonist Effect of Metabolite THRX-195518 on Acetylcholine-
Induced Response in Isolated Rat Trachea (Applicant’s Figure)
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Perfusion was halted temporarily at predetermined time points or halted permanently 
when acetylcholine response had returned to levels seen at the time of priming.  Schild 
regression analysis was used to calculate an antimuscarinic affinity estimate (pA2) and 
muscarinic antagonist affinity (pKB).  Tissue half-life (t1/2) was described as the perfusion 
time necessary for 50% reversal of the test compound’s inhibition of the acetylcholine 
response at time 0.

Results:  As shown in Figure 4, in isolated rat trachea, THRX-134853 (3, 10, 30, and 
100 nM) produced a dose-dependent shift to the right of the acetylcholine concentration 
response curve.  As shown in Table 11, average muscarinic antagonist affinity (pKB) for 
THRX-134853 was 10.5.  As shown in Table 12, tissue half-life (t1/2) for duration of 
muscarinic antagonist effect of THRX-134853 at 10 nM in isolated rat trachea was 13.3 
hours.

Figure 4 Antagonist Effect of THRX-134853 on Acetylcholine-Induced 
Response in Isolated Rat Trachea (Applicant’s Figure)
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minutes with increasing concentrations of THRX-134853 (2 x 10-11 to 2 x 10-6 M) and 
then stimulated with an EC90 concentration of the muscarinic agonist oxotremorine (prior 
to the experiment an agonist concentration-response curve in the same CHO-K1 cells 
had been determined for oxotremorine).  The concentration-response curve for THRX-
134853 was based on the peak height in fluorescence (maximal response) as 
measured by the FLIPR®-Tetra and antagonist Kobs values were determined.

Results:  As shown in Table 13, THRX-134853 had high potency for the inhibition of 
agonist-mediated (oxotremorine) intracellular Ca2+ release for hM1, hM3, hM4-G16α, and 
chimpanzee M5 receptors (Kobs = 0.13, 0.11, 0.01, and 0.38 nM, respectively).  THRX-
134853 did not stimulate intracellular Ca2+ release in CHO-K1 cells.

Table 13 Potency (Kobs) of THRX-134853, Tiotropium and Ipratropium for the 
Inhibition of Oxotremorine-mediated Intracellular Ca2+ Release 
Measured by FLIPR®-Tetra in CHO-K1 Cells Expressing the hM1, hM3, 
hM4-G16α, and Chimpanzee M5 Receptors (Applicant’s Table)

Study Title:  In Vitro Pharmacological Characterization of Functional Antagonism 
of THRX-134853 for the Human M2 Muscarinic Receptor Subtype; Blockade of 
Agonist-Mediated Inhibition of cAMP Production (Study/Reference No. 05-134853-
MCB-03)

Experimental Design:  The binding of muscarinic agonists (e.g., oxotremorine) to 
muscarinic receptors decrease adenylyl cyclase activity and cyclic AMP (cAMP) 
accumulation in the cell.  The functional activity of THRX-134853 (revefenacin) for the 
hM2 receptor subtype was assessed by its ability to block agonist (oxotremorine) 
inhibition of cAMP accumulation in a cAMP radioimmunoassay (i.e., Flashplate Adenylyl 
Cyclase Activation Assay System with 125I-cAMP).  First, CHO-K1 cells were stably 
transfected with hM2 receptor.  Transfected cells were then treated with 1 mcM 
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oxotremorine (muscarinic agonist), 25 mcM forskolin (stimulates cAMP accumulation), 
100 mcM to 0.1 nM THRX-134853 (muscarinic antagonists), and control muscarinic 
antagonists (methoctramine, scopolamine, and atropine).  cAMP levels were calculated 
based on the 125I-cAMP counts in the samples and the assay standards.  The Kobs was 
calculated using the EC50 of the agonist concentration-response curve and the agonist 
assay concentration as the KD (dissociation constant of the radioligand for the receptor) 
and concentration of free radioligand, respectively.

Results:  As shown in Table 14, under these test conditions, THRX-134853 inhibits 
oxotremorine-mediated inhibition of forskolin-stimulated cAMP accumulation in hM2 
transfected CHO-K1 cells with high potency (Kobs = 0.05 nM).

Table 14 THRX-134853 Potency for Blocking Oxotremorine-Mediated Inhibition 
of Forskolin-Stimulated cAMP Accumulation in CHO-K1 Cells 
Expressing hM2 Receptor (Applicant’s Table)

Study Title:  In Vitro Pharmacological Characterization of Functional Antagonism 
of THRX-134853 for the Human M2 Muscarinic Receptor Subtype; Inhibitory 
Potency in Ligand-Mediated [35S]GTPγS Binding (Study/Reference No. 05-134853-
MCB-04)

Experimental Design:  Activation of hM2 receptors leads to activation of the G-proteins 
Gαi and Gαo which can enhance the binding rate of exogenous [35S]GTPγS to the 
protein in the plasma membrane.  Thus, CHO-K1 cells stably expressing hM2 receptor 
subtype were treated with THRX-134853 (revefenacin) followed by treatment with 
muscarinic receptor agonist (i.e., oxotremorine) to enhance Gαi/Gαo protein binding to 
exogenous [35S]GTPγS.  Kobs (inhibition dissociation constant) values were determined.

Results:  As shown in Table 15, THRX-134853 inhibits agonist-mediated [35S]GTPγS 
binding to hM2 receptor expressing CHO-K1 cells with Kobs = 0.18 nM.
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Table 15 Potency of THRX-134853 Inhibition of Oxotremorine-Mediated 
[35S]GTPγS Binding to CHO-K1 Cell Membranes from Cells 
Expressing the hM2 Receptor (Applicant’s Table)

Study Title:  In Vitro Pharmacological Characterization of THRX-134853 for the 
Human M2 Muscarinic Receptor Subtype; Schild Analysis of Ligand-Mediated 
[35S]GTPγS Binding (Study/Reference No. 05-134853-MCB-05)

Experimental Design:  Activation of hM2 receptors leads to activation of the G-proteins 
Gαi and Gαo which can enhance the binding rate of exogenous [35S]GTPγS to the 
protein in the plasma membrane.  CHO-K1 cells stably expressing hM2 receptor subtype 
were treated with agonist (oxotremorine) in the presence of increasing concentrations of 
THRX-134853 (revefenacin), to determine if THRX-134853 had functional antagonism 
for the agonist response.

Results:  THRX-134853 caused right-ward shifts in the concentration response of 
agonist-mediated [35S]GTPγS to CHO-K1 cell membranes from cells expressing the 
hM2 receptor (Figure 5).  As shown in Table 16, based on Schild analysis, THRX-
134853 had high potency (pA2 = 9.4) with a slope of 1.05.
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Figure 5 Concentration-Response of Oxotremorine-Mediated [35S]GTPγS 
Binding in the Presence of THRX-134853 to CHO-K1 Cell Membranes 
from Cells Expressing the hM2 Receptor (Applicant’s Figure)

Table 16 Schild Analysis of THRX-134853 in the Inhibition of Oxotremorine-
Mediated [35S]GTPγS binding to CHO-K1 Cell Membranes from Cells 
Expressing the hM2 Receptor (Applicant’s Table)

Study Title:  In Vivo Bronchoprotective (Einthoven Model) and Antisialagogue 
Effects of Single and 7-Day Repeat Dosed THRX-134853 and Tiotropium in Rats 
(Study/Reference No. 07-134853-PH-01)
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Experimental Design:  The bronchoprotective and antisialagogue (decrease in saliva 
production) effects of THRX-134853 (revefenacin) and tiotropium were assessed after 
single or repeat-dosing in rats.  The bronchoprotective effects were measured in the 
Einthoven model by measuring inhibition of methacholine-induced bronchoconstriction 
in anesthetized artificially ventilated animals.  The antisialagogue effects were 
measured in the antisialagogue assay by measuring inhibition of pilocarpine-induced 
salivation in anesthetized animals.  In the single-dose study, bronchoprotective and 
antisialagogue effects were evaluated at 1 hour (antisialagogue), 1.5 hour 
(bronchoconstriction), 6 hours (both), and 24 hours (both) after inhalation of either 
vehicle, THRX-134853 (3, 10, 30, 100, 300, 1000 or 3000 mcg/mL), or tiotropium (0.3, 
1, 3, 10, 30, 100 or 300 mcg/mL).  In the repeat-dose study, rats were exposed by 
inhalation to seven daily doses of vehicle, THRX-134853 (3, 10, 100, or 1000 mcg/mL), 
or tiotropium (0.3, 1, 3, 10, 30, or 100 mcg/mL).  Bronchoconstriction and antisialagogue 
effects were measured 1 hour or 24 hours after the seventh dose.  The antisialagogue 
effects of tiotropium was also evaluated 6 hours after the seventh dose.  The 
bronchoprotective ID50 (dose of the test compound required to produce 50% inhibition of 
the bronchoconstrictor response to methacholine), antisialagogue ID50 (dose of the test 
compound required to produce 50% inhibition of the sialagogue response to 
pilocarpine), and lung selectivity index (ratio of antisialagogue ID50/bronchoprotective 
ID50) were determined.

Results:  As shown in Table 17, in the bronchoprotection assay, inhaled tiotropium 
inhibited methacholine induced bronchoconstriction in rats after 1.5 hours, 6 hours, and 
24 hours of single dosing (ID50 = 6.0, 3.1, and 3.9 mcg/mL, respectively) and 7 days of 
repeat dosing (ID50 = 3.7 mcg/mL).  Inhaled THRX-134853 inhibited methacholine 
induced bronchoconstriction in rats after 1.5 hours, 6 hours, and 24 hours of single 
dosing (ID50 = 22.0, 35.8, and 45.0 mcg/mL, respectively) and 7 days of repeat dosing 
(ID50 = 36.0 mcg/mL).

In the antisialagogue assay, inhaled tiotropium inhibited pilocarpine-induced salivation 
in rats after 1 hour, 6 hours, and 24 hours of single dosing (ID50 = 168.1, 87.0, and 
136.3 mcg/mL, respectively) and 7 days of repeat dosing (ID50 at 1 hour and 6 hours of 
11.4 and 38.0 mcg/mL, respectively).  Inhaled THRX-134853 inhibited pilocarpine-
induced salivation in rats after 1 hour, 6 hours, and 24 hours of single dosing (ID50 = 
1164, 1506, and ≥3000 mcg/mL, respectively) and 7 days of repeat dosing (ID50 at 1 
hour = 794 mcg/mL).

Based on the ID50 bronchoprotection vs. ID50 antisialogue effects, the single dose lung 
selectivity index was similar between tiotropium and THRX-134853 (22.3 and 25.9, 
respectively).  The repeat-dose lung selectivity index was greater for THRX-134853 
than tiotropium (22.1 and 3.3, respectively).  Under these experimental conditions in 
rats, THRX-134853 displayed bronchoprotective activity that persisted up to 24-hour 
postdose and had a higher lung selectivity index than tiotropium (6.7-fold higher).
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Table 17 Bronchoprotection and Antisialagogue Effects of Tiotropium and 
THRX-134853 after Single-Dose and Repeat-Dose Inhalation 
Exposure in Rats (Applicant’s Table)

4.2 Secondary Pharmacology
Secondary pharmacology studies demonstrated that revefenacin was selective for 
muscarinic receptors when compared to a standard panel of more than 80 receptors 
and enzymes.  In this panel, revefenacin had appreciable activity at histamine 1 (H1) 
and H3 receptors but in a functional assay, revefenacin had weak antagonist activity for 
H1.  In a radioligand binding displacement assay, revefenacin bound to human 
recombinant serotonin 5-hydroxytryptamine 4(c) (5-HT4(c)) receptor splice variant.  In 
functional assays, revefenacin was a weak, partial agonist and an antagonist of cloned 
human 5-HT4(c) receptors.  Since clinical studies show systemic exposure to revefenacin 
and carboxylic acid metabolite THRX-195518, there is a potential for partial agonist and 
antagonist activity for the 5-HT4(c) receptor at the systemic level.
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When screened in a standard panel of over 70 various receptors and enzymes, 
metabolite THRX-195518 was selective for muscarinic receptors and had no 
appreciable activity for other receptors or enzymes.

Study Title:  In Vitro Pharmacology:  Diversity Profile – Study of THRX-134853 
(Study/Reference No. 05-134853-MCB-09)

Experimental Design:  The effects of THRX-134853 (revefenacin) were assessed in a 
standard panel of in vitro receptor binding and enzyme assays (66 various receptors 
and 16 various enzymes) under typical experimental conditions.  For the receptor 
binding assays, the specific ligand binding to the receptor was the difference between 
total binding and nonspecific binding in the presence of excess unlabeled ligand.  
Results were expressed as percent of control specific binding and percent inhibition of 
control specific binding in the presence of THRX-134853.  For the enzyme assays, the 
results were expressed as percent of control values and as percent variation of control 
values in the presence of THRX-134853.

Results:  When screened in a panel of 66 various receptors, THRX-134853 was 
selective for muscarinic receptors but also had activity at H1 and H3 receptors (see 
Table 18).  In the receptor binding assays, the IC50 and Ki values for the reference 
compounds were within accepted historical control limits.  When screened in a panel of 
16 various enzymes THRX-134853 had no appreciable activity.  In the enzyme assays, 
the IC50 (inhibition) or EC50 (stimulation) value for each reference compound was within 
accepted historical control limits.

Since clinical studies show systemic exposure to revefenacin and carboxylic acid 
metabolite THRX-195518, there is a potential for partial antagonist activity for the H1, 
H2, and H3 receptors at the systemic level; however, a functional study, discussed 
below, indicated no activity at these receptors.

Table 18 Notable Effects of THRX-134853 in Receptor Binding Assays

Assay % of Control Specific Binding % Inhibition of Control Specific 
Binding

H1 (central)
14.5 (1st)
12.1 (2nd)

13.3 (mean)
87

H2

83.0 (1st)
73.0 (2nd)

78.0 (mean)
22

H3

27.0 (1st)
28.4 (2nd)

27.7 (mean)
72

M (non-selective)
-1.5 (1st)
1.1 (2nd)

-0.2 (mean)
100

Notes:  Test concentration of THRX-134853 was 1 x 10-6 M
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Study Title:  In Vitro Pharmacology:  Diversity Profile (Study/Reference No. 
100000404)

Experimental Design:  The effects of carboxylic acid metabolite THRX-195518 were 
assessed in a standard panel of in vitro receptor binding and enzyme assays (71 
various receptors and 24 various enzymes) under typical experimental conditions.  For 
the receptor binding assays, results were expressed as percent inhibition of control 
specific binding in the presence of metabolite THRX-195518.  For the enzyme assays, 
the results were expressed as percent inhibition of control values in the presence of 
metabolite THRX-195518.

Results:  When screened in a panel of various receptors and enzymes, metabolite 
THRX-195518 was selective for muscarinic receptors but had no appreciable activity for 
other receptors or enzymes (see Table 19).

Table 19 Select Examples of Metabolite THRX-195518 in Receptor Binding 
Assays

Assay % Inhibition of Control Specific Binding

H1

9.2
13.5
11.4

H2

-39.7
-22.4
-31.0

H3

-12.9
-2.8
-7.8

M (non-selective)
101.0
98.5
99.8

5-HT (non-selective)
0.0

-12.4
-6.2

Notes:  Test concentration of metabolite THRX-195518 was 2 x 10-7 M

Study Title:  In Vitro Pharmacological Study of THRX-134853 Antagonist Potency 
to Histamine H1 Receptor:  Inhibition of Agonist-Mediated Increases in 
Intracellular Calcium Measured by FLIPR®-Tetra in CHO-K1 Cells Expressing the 
Human Histamine H1 Receptor (Study/Reference No. 05-134853-MCB-11)

Experimental Design:  Histamine causes the Gq-mediated release of calcium.  The 
FLIPR® assay utilizes a calcium sensitive dye that fluoresces when free calcium binds, 
which is measured in real time by the FLIPR® (measures calcium mobilization).  In this 
experiment, CHO-K1 cells were stably transfected with human H1 receptor subtype and 
treated with a membrane-permeable, calcium-sensitive dye.  CHO-K1 cells were treated 
for 20 minutes with increasing concentrations of THRX-134853 (2 x 10-11 to 2 x 10-6 M) 
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and then stimulated with an EC90 concentration of the agonist histamine (prior to the 
experiment an agonist concentration-response curve in the same CHO-K1 cells had 
been determined for histamine).  The concentration-response curve for THRX-134853 
was based on the peak height in fluorescence (maximal response) as measured by the 
FLIPR®-Tetra and antagonist Kobs values were determined.

Results:  As shown in Table 20, THRX-134853 had no potency for the inhibition of 
agonist-mediated (i.e., histamine) intracellular Ca2+ release for human H1 receptor 
subtype (Kobs >10000 nM).  Further, THRX-134853 did not stimulate intracellular Ca2+ 
release in CHO-K1 cells expressing the human H1 receptor.

Table 20 Potency (Kobs) of THRX-134853 for the Inhibition of Histamine-
Mediated Intracellular Ca2+ Release Measured by FLIPR®-Tetra in 
CHO-K1 Cells Expressing Human Histamine H1 Receptor (Applicant’s 
Table)

Study Title:  In Vitro Pharmacological Characterization of THRX-134853 Binding to 
Recombinant Human 5-HT4(c) Receptors:  Displacement of [3H]-GR113808 Binding 
(Study/Reference No. 05-134853-MCB-13)

Experimental Design:  A radioligand displacement binding assay was used to 
determine the binding affinity of THRX-134853 (revefenacin) for the human recombinant 
5-HT4(c) receptor splice variant.  In this assay THRX-134853 (eleven concentrations 
from 10 pm to 100 mcM) was used to displace the binding of the radioligand [3H]-
GR113808 (at 0.15 nM) to membranes prepared from human embryonic kidney (HEK) 
293 cells stably transfected with human 5-HT4(c) receptor.  Non-specific binding was 
determined in the presence of unlabeled GR113808 (at 1 mcM).  GR113808 is an 
antagonist for the 5-HT4 receptor and was tested in parallel.  The inhibitory constant Ki 
was calculated from the IC50 values obtained after analysis of the displacement curves.  
Data were expressed as pKi (negative decadic logarithm Ki) values.
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Results:  As shown in Table 21, THRX-134853 binds to cells expressing human 5-
HT4(c) receptor with a pKi of 7.58.  For comparison, the 5-HT receptor agonist GR113808 
binds to cells expressing human 5-HT4(c) receptor with a pKi of 10.72.

Table 21 Binding Affinity (pKi)a for Binding of THRX-134853 and GR113808 to 
Membranes Prepared from Cells Expressing Human 5-HT4(c) Receptor 
(Applicant’s Table)

Study Title:  In Vitro Pharmacological Characterization of THRX-134853 
Interaction with Human Recombinant 5-HT4 Receptors:  Schild Regression 
Analysis of THRX-134853 on 5-HT Stimulated Whole Cell cAMP Accumulation in 
HEK293 Cells Stably-Transfected with Human 5-HT4(c) Receptor cDNA 
(Study/Reference No. 05-134853-MCB-14)

Experimental Design:  The antagonist activity of THRX-134853 (revefenacin) against 
human 5HT4 receptors was evaluated by pretreating HEK293 cells heterologously-
expressing human recombinant 5-HT4(c) receptors with THRX-134853 and measuring 5-
HT-mediated cAMP accumulation by radioimmunoassay.  GR113808, a 5-HT4 receptor 
selective antagonist, was used in parallel, as a positive control.  Potencies were 
calculated as the EC50 for cAMP accumulation.  Dose ratios were calculated using the 
5-HT EC50 value in the absence of antagonist and equieffective 5-HT concentrations in 
the presence of test compound. pKb values were determined by Schild regression 
analysis.

Results:  As shown in Table 22, the 5-HT4 receptor selective antagonist (GR113808) 
generated an affinity estimate (pKb) value of 10.30.  Similarly, THRX-134853 generated 
a pKb value of 6.61.  Under the experimental conditions tested, THRX-134853 was a 
competitive antagonist at the human recombinant 5-HT4(c) receptor of 5-HT-mediated 
cAMP accumulation in HEK293 cells stably-transfected with human 5-HT4(c) receptor 
cDNA.
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Table 22 GR113808 and THRX-134853 Affinity Values (pKb)a Against 5-HT in 
cAMP Radioimmunoassays on Cells Heterologously-expressing 
Cloned Human 5-HT4(c) Receptors (Applicant’s Table)

Study Title:  In Vitro Pharmacological Characterization of THRX-134853 
Interaction with Human Recombinant 5-HT4(c) Receptors:  Measurement of Whole-
Cell cAMP Accumulation in HEK293 Cells Stably-Transfected with Human 5-HT4(c) 
cDNA (Study/Reference No. 05-134853-MCB-15)

Experimental Design:  The agonist potency and intrinsic activity of THRX-134853 
(revefenacin) at the human 5-HT4(c) receptor was evaluated by treating HEK293 cells 
stably-transfected with h5-HT4(c) receptor cDNA with THRX-134853 and measuring 
cAMP by radioimmunoassay.  Potency was calculated as the negative decadic 
logarithm of the EC50 required for cAMP accumulation.  Where appropriate, the intrinsic 
activity of THRX-134853 relative to 5-HT was calculated as a percentage of the 
maximum THRX-134853-evoked-response relative to the maximum 5-HT-evoked-
response.

Results:  THRX-138453 weakly stimulated cAMP accumulation in HEK293 cells 
expressing the h5-HT4(c) receptor (pEC50 = 6.59) with low potency and intrinsic activity 
(equal to 9 compared to 5HT).
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Table 23 Agonist Potencies pEC50a and Intrinsic Activityb Values for THRX-
134853 and 5HT in cAMP Radioimmunoassays in Cells 
Heterologously Expressing h5HT4(c) Receptors (Applicant’s Table)

4.3 Safety Pharmacology
Revefenacin was evaluated in a standard battery of safety pharmacology studies.  In 
vitro, revefenacin and carboxylic acid metabolite THRX-195518 inhibited human ether-
à-go-go-related gene (hERG) channel current in HEK293 cells stably expressing hERG, 
with IC50 values of 11.4 and 564.1 mcM, respectively.  In an in vivo cardiovascular 
safety pharmacology study in conscious male beagle dogs (single intravenous doses of 
0, 1, 3 and 10 mcg/kg revefenacin), marginal increases in blood pressure were noted at 
3 and 10 mcg/kg at various timepoints starting approximately 70 to 75 minutes 
postdose.  No changes in heart rate or ECG parameters were noted.  No test-article 
related effects were noted in a respiratory safety pharmacology study conducted in 
conscious male rats using single inhaled doses of up to 1169 mcg/kg.  In a central 
nervous system (CNS) safety pharmacology study in rats (single inhaled doses of 0, 30, 
100, 1000 mcg/kg revefenacin), reduced arousal was noted at all doses up to 49-hours 
postdose, but was statistically significant only at 1000 mcg/kg.  No other test-article 
related effects were observed in the Functional Observational Battery (FOB), however 
reduced urination was noted at 1.25 hours postdose for animals receiving inhaled doses 
of 100 and 1000 mcg/kg TD-4208.  Taken together, revefenacin did not have any 
significant adverse effects on the cardiovascular, CNS, and respiratory parameters that 
were evaluated.

5 Pharmacokinetics/ADME/Toxicokinetics
5.1 PK/ADME
Absorption
Revefenacin was quickly absorbed after inhalation administration to rats and guinea 
pigs.  Bioavailability was high after inhalation (59% to 85%) and subcutaneous (99%) 
administration to rats, but modest after inhalation administration to dogs (21% to 38%).
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Distribution
Revefenacin had extensive distribution into tissues after intravenous administration in 
rats (Vss = 14.7 L/kg).  Carboxylic acid metabolite THRX-195518 had limited distribution 
into tissues after intravenous administration in rats (Vss = 0.501 L/kg; similar to total 
body water and greater than blood volume, which in rats are 0.7 L/kg and 0.05 L/kg, 
respectively) relative to revefenacin.

After oral administration of [14C]GSK1160724 to male Lister Hooded pigmented rats, 
concentrations of radioactivity indicated limited absorption and distribution.  After 
intravenous administration of [14C]GSK1160724 to male Lister Hooded pigmented rats, 
radioactivity was widely distributed across tissues except for the brain (below the lower 
limit of quantification at all time points).  After intravenous administration, there was 
binding in the uveal tract/retina, indicating an association with melanin.

Revefenacin was moderately bound to proteins in human, dog, and guinea pig plasma 
in a dose independent manner (68% to 74% bound in human plasma, 55% to 63% in 
dog plasma, and 38% to 45% in guinea pig plasma).  Metabolite THRX-195518 was 
moderately bound to dog, human, mouse, rabbit and rat plasma proteins independent of 
dose (36.1% to 47.2% bound in dog, 36.5% to 47.8% bound in human, 44.4% bound in 
mouse, 29.9% to 33.1% bound in rabbit, and 35.6% to 49/8% bound in rat).

After inhaled administration of revefenacin to rats and guinea pigs, the lung to plasma 
ratios were high.

Metabolism
Revefenacin was extensively metabolized in nonclinical species.  THRX-195518 was 
identified as a major metabolite (>10% of systemic exposure; product of amide 
hydrolysis - primary amide to carboxylic acid).  Metabolites were generally similar 
across species.  There were no metabolites unique to humans.

Intrinsic clearance of revefenacin in rat, dog, and human lung microsomes was low (<1); 
100% of the parent drug remained (no turnover detected).  Intrinsic clearance of 
revefenacin in rat, dog, and human lung S9 was low (1 or <1); >95% of the parent drug 
remained (low turnover detected).

Excretion
Bile and/or feces were the major routes of excretion for revefenacin after intravenous or 
oral administration in rats or dogs.

Absorption
Study Title:  Pharmacokinetics and Bioavailability of THRX-134853 Following 
Intravenous, Oral or Subcutaneous Administration to Male Rats (Study/Reference 
No. 05-134853-PK-01)
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Experimental Design:  The pharmacokinetics of THRX-134853 (revefenacin) and 
carboxylic acid metabolite THRX-195518 were evaluated following single doses of 2.5 
mg/kg intravenous, 0.5 mg/kg subcutaneous, or 5.0 mg/kg oral administration of THRX-
134853 to male rats (Study/Reference Nos. 05-067-074).  Blood samples were 
collected from three animals per route of administration at predose, 0.033 (intravenous 
and subcutaneous only), 0.083, 0.25, 0.5, 1, 2, 4, 8, and 24 hours following 
administration.  Blood concentrations of THRX-134853 and metabolite THRX-195518 
were determined by LC-MS/MS with a limit of quantitation of 0.10 ng/mL and 0.50 
ng/mL, respectively.  Some of the pharmacokinetic parameters that were calculated 
included Cmax, Tmax, Tlast, AUC, volume of distribution at steady state (Vss), clearance, 
T1/2, and percent bioavailability (F).

Results:  As shown in Table 24, Tmax for THRX-134853 was reached by 0.189 and 2.03 
hours for the subcutaneous and oral routes, respectively.  Cmax for THRX-134853 was 
2700, 62, and 37.4 ng/mL for the intravenous, subcutaneous, and oral routes, 
respectively.  AUC0-t for THRX-134853 was 1080, 218, and 147 ng*hr/mL for the 
intravenous, subcutaneous, and oral routes, respectively.  The Vss for THRX-134853 is 
14.7 L/kg following intravenous administration (large volume of distribution).  T1/2 for 
THRX-134853 is 7.41, 5.99, and 5.44 hours for the intravenous, subcutaneous, and oral 
routes respectively.  Bioavailability after subcutaneous and oral administration were 
98.5% and 6.83%, respectively.

The metabolite THRX-195518 formed rapidly after intravenous dosing with THRX-
134853.  Tmax was 0.033 hours for the intravenous route of administration.  After 
intravenous, subcutaneous, and oral administration, Cmax ratios of metabolite to parent 
were 0.024, <0.008, and <0.031, and AUC ratios of metabolite to parent were 0.017, 
<0.055 and <0.096, respectively.
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Table 24 Summary of Blood Pharmacokinetic Parameters of THRX-134853 and 
Metabolite THRX-195518 in Male Rats After Intravenous, 
Subcutaneous, or Oral Administration of THRX-134853 (Applicant’s 
Table)

Study Title:  Pharmacokinetic and Bioavailability of THRX-134853 Following 
Intravenous, Oral or Inhalation Administration to Male Guinea Pigs 
(Study/Reference No. 05-134853-PK-03)

Experimental Design:  The pharmacokinetics of THRX-134853 (revefenacin) and 
carboxylic acid metabolite THRX-195518 in plasma were evaluated following 2.5 mg/kg 
intravenous, 5.0 mg/kg oral, or 0.034 mg/kg (estimated) inhalation administration of 
THRX-134853 as a single dose to male guinea pigs in Study/Reference Nos. 04-082-
030 (intravenous administration) and 04-082-019 (oral and inhalation administration).  
Blood samples were collected from three animals each at predose, 0 (inhalation only), 
0.033 (intravenous and inhalation only), 0.083, 0.25, 0.5, 1, 2, 4, 8 and 24 hours 
following administration.  Plasma concentrations of THRX-134853 and metabolite 
THRX-195518 were determined by LC-MS/MS.  The limit of quantitation for both the 
parent and metabolite compounds after intravenous administration was 2.5 ng/mL, and 
was 0.050 ng/mL and 0.10 ng/mL for THRX-134853 and metabolite THRX-195518, 
respectively, after oral and inhalation administration.  Some of the pharmacokinetic 
parameters that were calculated included Cmax, Tmax, Tlast, AUC, clearance, T1/2, and 
percent bioavailability (F).
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Results:  As shown in Table 25, Tmax for THRX-134853 was reached by 0.444 and 
0.033 hours for the oral and inhalation routes, respectively.  Cmax for THRX-134853 was 
12700, 156, and 38.4 ng/mL for the intravenous, oral, and inhalation routes, 
respectively.  AUC0-t for THRX-134853 was 1640, 218, and 10.3 ng*hr/mL for the 
intravenous, oral, and inhalation routes, respectively.  Bioavailability after oral and 
inhalation administration were 6.7% and 46%, respectively.  The metabolite THRX-
195518 formed rapidly after dosing with THRX-134853 by all routes of administration.  
Tmax values were 0.033, 0.667, and 0.083 hours for the intravenous, oral, and inhalation 
routes of administration, respectively.  After intravenous, oral, and inhalation 
administration, Cmax ratios of metabolite to parent were 0.12, 0.43 and 0.037, and AUC 
ratios of metabolite to parent were 0.086, 0.65 and 0.15, respectively.  Formation of the 
metabolite appears to be highest with the oral route, which might suggest first pass 
metabolism in the liver.

Table 25 Summary of Plasma Pharmacokinetic Parameters of THRX-134853 
and Metabolite THRX-195518 in Male Guinea Pigs After Intravenous, 
Oral or Inhalation Administration of THRX-134853 (Applicant’s Table)

Study Title:  Pharmacokinetics of THRX-134853 Following Multiple Inhalation 
Administration to Male and Female Rats (Study/Reference No. 05-134853-PK-08)

Experimental Design:  The pharmacokinetics of THRX-134853 (revefenacin) and 
carboxylic acid metabolite THRX-195518 were evaluated in male and female rats 
following administration of 4.4 mg/mL THRX-134853 (about 245 mcg/kg of drug dose 
was delivered to the lung, based on assumption that 10% of respired drug dose was 
delivered to the lung, although exposure by other routes cannot be excluded) by 
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inhalation (over 10 minutes using a whole-body exposure dosing chamber) as either a 
single dose or seven daily consecutive days (repeat-dose).  Blood samples were 
collected at six time points (0.083, 0.5, 1, 2, 8 and 24 hours) via the jugular vein or 
cardiac puncture (at the 24 hour timepoint) from three animals at each time point in a 
staggered fashion, so that blood was collected from each animal at 3/6 time points.  
Blood and plasma concentrations of THRX-134853 and metabolite THRX-195518 were 
determined by LC-MS/MS.  Limits of quantitation for THRX-134853 and metabolite 
THRX-195518 were 0.10 and 0.25 ng/mL in blood and 0.25 and 0.10 ng/mL in plasma, 
respectively.  Some of the pharmacokinetic parameters that were calculated included 
Cmax, Tmax, Tlast, and AUC.

Results in Blood:  As shown in Table 26 for blood, Tmax for THRX-134853 was 
reached by 0.0830 hours in males and females after a single inhaled dose and seven 
repeat inhaled doses of THRX-134853.  Cmax for THRX-134853 was 12.8 and 36.3 
ng/mL in males and females, respectively, after a single inhaled dose of THRX-134853, 
and 24.9 and 18.6 ng/mL in males and females, respectively, after seven repeat inhaled 
doses of THRX-134853.  AUC0-24hr for THRX-134853 was 38.3 and 26.6 ng*hr/mL in 
males and females, respectively, after a single inhaled dose of THRX-134853, and 56.0 
and 37.2 ng*hr/mL in males and females, respectively, after seven repeat inhaled doses 
of THRX-134853.

Tmax for metabolite THRX-195518 was reached by 0.0830 hours in males and females 
after a single inhaled dose and seven repeat inhaled doses of THRX-134853.  Cmax for 
metabolite THRX-195518 was 8.03 and 19.4 ng/mL in males and females, respectively, 
after a single inhaled dose of THRX-134853, and 11.9 and 12.4 ng/mL in males and 
females, respectively, after seven repeat inhaled doses of THRX-134853.  AUC0-24hr for 
metabolite THRX-195518 was 3.35 and 6.62 ng*hr/mL in males and females, 
respectively, after a single inhaled dose of THRX-134853, and 4.16 and 4.74 ng*hr/mL 
in males and females, respectively, after seven repeat inhaled doses of THRX-134853.

After a single inhaled dose of THRX-134853, Cmax ratios of metabolite to parent were 
0.63 and 0.53 and AUC ratios of metabolite to parent were 0.075 and 0.23 for males 
and females, respectively.  After seven repeat inhaled doses of THRX-134853, Cmax 
ratios of metabolite to parent were 0.48 and 0.67 and AUC ratios of metabolite to parent 
were 0.066 and 0.12 for males and females, respectively.
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Table 26 Summary of Blood Pharmacokinetic Parameters of THRX-134853 and 
Metabolite THRX-195518 in Male and Female Rats Following 
Inhalation Administration of THRX-134853 for 1 Day or 7 Days 
(Applicant’s Table)

Results in Plasma:  As shown in Table 27 for plasma, Tmax for THRX-134853 was 
reached by 0.0830 hours in both males and females after both a single inhaled dose 
and seven repeat inhaled doses of THRX-134853.  Cmax for THRX-134853 was 16.7 
and 28.5 ng/mL in males and females, respectively, after a single inhaled dose of 
THRX-134853, and 18.8 and 13.2 ng/mL in males and females, respectively, after 
seven repeat inhaled doses of THRX-134853.  AUC0-24hr for THRX-134853 was 21.5 
and 23.6 ng*hr/mL in males and females, respectively, after a single inhaled dose of 
THRX-134853, and 23.3 and 13.6 ng*hr/mL in males and females, respectively, after 
seven repeat inhaled doses of THRX-134853.

Tmax for metabolite THRX-195518 was reached by 0.0830 hours in both males and 
females after both a single inhaled dose and seven repeat inhaled doses of THRX-
134853.  Cmax for metabolite THRX-195518 was 17.0 and 38.7 ng/mL in males and 
females, respectively, after a single inhaled dose of THRX-134853, and 18.7 and 19.2 
ng/mL in males and females, respectively, after seven repeat inhaled doses of THRX-
134853.  AUC0-24hr for metabolite THRX-195518 was 7.80 and 13.7 ng*hr/mL in males 
and females, respectively, after a single inhaled dose of THRX-134853, and 8.94 and 
9.01 ng*hr/mL in males and females, respectively, after seven repeat inhaled doses of 
THRX-134853.

After a single inhaled dose of THRX-134853, Cmax ratios of metabolite to parent were 
1.02 and 1.36 and AUC ratios of metabolite to parent were 0.319 and 0.543 for males 
and females, respectively.  After seven repeat inhaled doses of THRX-134853, Cmax 
ratios of metabolite to parent were 0.995 and 1.46 and AUC ratios of metabolite to 
parent were 0.338 and 0.535 for males and females, respectively.
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Table 27 Summary of Plasma Pharmacokinetic Parameters of THRX-134853 
and Metabolite THRX-195518 in Male and Female Rats Following 
Inhalation Administration of THRX-134853 for 1 Day or 7 Days 
(Applicant’s Table)

Study Title:  Pharmacokinetics of THRX-195518 in Male Rats Following 
Intravenous Administration (Study/Reference No. 05-134853-PK-12)

Experimental Design:  The pharmacokinetics of carboxylic acid metabolite THRX-
195518 were evaluated following administration of a single 2.5 mg/kg intravenous dose 
of metabolite THRX-195518 to male rats (Study/Reference Nos. 05-067-107).  Blood 
samples were collected from each group of three animals at predose, 0.033, 0.083, 
0.25, 0.5, 1, 2, 4, 8, and 24 hours following administration.  Blood concentrations of 
metabolite THRX-195518 were determined by LC-MS/MS with a limit of quantitation of 
2.5 ng/mL.  Some of the pharmacokinetic parameters that were calculated included C0, 
Tlast, AUC, volume of distribution at steady state (Vss), clearance, and T1/2.

Results:  As shown in Table 28, mean Tlast for metabolite THRX-195518 was 2.67 
hours.  Mean AUC0-t for metabolite THRX-195518 was 816 ng*hr/mL.  The mean Vss for 
metabolite THRX-195518 was 0.501 L/kg following intravenous administration (the 
volume of distribution was smaller than the parent drug, THRX-134853; however, it was 
similar to total body water and greater than blood volume, which in rats are 0.7 L/kg and 
0.05 L/kg, respectively).  Mean T1/2 for metabolite THRX-195518 was 0.532 hours.
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Table 28 Summary of Pharmacokinetic Parameters in Male Rats After 
Intravenous Administration of Metabolite THRX-195518 (Applicant’s 
Table)

Study Title:  Pharmacokinetics of TD-4208 and THRX-195518 Following Single 
Inhalation Administration to Male Rats (Study/Reference No. 06-4208-PK-18)

Experimental Design:  The pharmacokinetics of TD-4208 (revefenacin) and carboxylic 
acid metabolite THRX-195518 were determined after single inhalation administration 
(10-minute exposure period using a whole-body exposure dosing chamber) of TD-4208 
or metabolite THRX-195518 to male rats.  Estimated lung doses of TD-4208 were 8.9 
and 61.7 mcg/kg and estimated lung doses of metabolite THRX-195518 were 6.0 and 
59.6 mcg/kg, based on the assumption that 10% of the respired dose was deposited in 
the lung, although exposure by other routes cannot be excluded.  Blood samples were 
collected up to 24 hours after dosing from three male rats per group.  Blood 
concentrations of TD-4208 and metabolite THRX-195518 were determined by LC-
MS/MS.  Limits of quantitation for TD-4208 and metabolite THRX-195518 were 0.0500 
and 0.0125 ng/mL in blood, respectively.  Some of the pharmacokinetic parameters that 
were calculated included Cmax, Tmax, Tlast, AUC, T1/2, and % bioavailability (F).

Results:  As shown in Table 29, after inhalation of TD-4208, mean Tmax in blood was 
observed within 0.02 hours for TD-4208 and within 0.05 hours for metabolite THRX-
195518.  TD-4208 blood concentrations increased with dose and increases in Cmax and 
AUC of TD-4208 and metabolite THRX-195518 were roughly dose proportional.  
Overall, 85% and 59% of TD-4208 was bioavailable following inhalation administration 
for the 8.9 and 61.7 mcg/kg lung doses, respectively.  The Cmax ratios of the metabolite 
to parent were 0.30 and 0.12 for the 8.9 and 61.7 mcg/kg lung doses, respectively.  The 
AUC ratios of the metabolite to parent were 0.032 and 0.044 for the 8.9 and 61.7 
mcg/kg lung doses, respectively.
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After inhalation of metabolite THRX-195518, mean Tmax was reached by 0.111 and 
0.0663 hours for the 6.0 and 59.6 mcg/kg lung doses, respectively.  Metabolite THRX-
195518 blood concentrations increased with dose and increases in Cmax and AUC were 
generally dose proportional.  Metabolite THRX-195518 bioavailability was similar 
between doses (54.0% and 50.5% for the 6.0 and 59.6 mcg/kg lung doses, 
respectively).

After inhalation administration of TD-4208 and metabolite THRX-195518 at similar lung 
doses, both had early Tmax and comparable Cmax.  In contrast, the AUC of metabolite 
THRX-195518 was lower than TD-4208, indicating that the metabolite may be more 
rapidly eliminated from systemic circulation than the parent compound TD-4208.

Table 29 Summary of Blood Pharmacokinetic Parameters of TD-4208 and 
Metabolite THRX-195518 in Male Rats Following Inhalation 
Administration of TD-4208 and Metabolite THRX-195518 (Applicant’s 
Table)

Study Title:  Pharmacokinetics of TD-4208 Following Inhalation Administration 
Over a Range of Doses to Male Dogs (Study/Reference No. 06-4208-PK-19)

Experimental Design:  The pharmacokinetics of TD-4208 (revefenacin) and carboxylic 
acid metabolite THRX-195518 were evaluated after a range of single inhaled doses 
(3.3, 12.5, and 30.5 mcg/kg nominal doses) of TD-4208 were administered to male 
beagle dogs over a 0.5-, 2-, or 5-minute exposure period.  Plasma samples were 
collected up to 24 hours after dosing from four animals in the 3.3 and 12.5 mcg/kg dose 
groups and two animals in the 30.5 mcg/kg dose group.  Plasma concentrations of TD-
4208 and metabolite THRX-195518 were determined by LC-MS/MS.  Limits of 
quantitation for TD-4208 and metabolite THRX-195518 were 0.0125 and 0.0100 ng/mL 
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in plasma, respectively.  Some of the pharmacokinetic parameters that were calculated 
included Cmax, Tmax, Tlast, AUC and % bioavailability (F).

Results:  As shown in Table 30, after inhalation of TD-4208, Tmax in plasma was 
observed within 0.0830 hours for TD-4208 and within 0.125 hour for metabolite THRX-
195518.  TD-4208 plasma concentrations increased with dose and increases in Cmax 
and AUC were roughly dose proportional for TD-4208 and greater than dose 
proportional for metabolite THRX-195518.  Overall, 21%, 33%, and 38% of TD-4208 
was bioavailable following inhalation administration for the nominal doses of 3.3, 12.5, 
and 30.5 mcg/kg, respectively.  The Cmax ratios of the metabolite to parent were 0.15, 
0.28, and 0.48 for the nominal doses of 3.3, 12.5, and 30.5 mcg/kg, respectively.  The 
AUC ratios of the metabolite to parent were 0.53, 1.2, and 1.5 for the nominal doses of 
3.3, 12.5, and 30.5 mcg/kg, respectively.

Table 30 Summary of Plasma Pharmacokinetic Parameters of TD-4208 and 
Metabolite THRX-195518 in Male Dogs Following Inhalation 
Administration of TD-4208 Over a Range of Single Doses (Applicant’s 
Table)

Distribution
Study Title:  Quantitative Whole-Body Autoradiography Following a Single Oral or 
a Single Intravenous Administration of [14C]GSK1160724 Diphosphate Trihydrate 
to Male Lister Hooded Pigmented Rats at Target Dose Levels of 5 and 2.5 mg Free 
Base/kg, Respectively (Study/Reference No. BVR1155; GLP)

Experimental Design:  Tissue distribution of [14C]GSK1160724 diphosphate trihydrate 
(revefenacin) was evaluated by administering a single oral or single intravenous dose of 
[14C]GSK1160724 diphosphate trihydrate (5 and 2.5 mg free base/kg, respectively) to 
male pigmented (Lister Hooded rats) and measuring radioactivity by quantitative whole-
body autoradiography at various time points after dosing (oral:  1 and 4 hours, and 1, 3, 
10, and 35 days after administration; intravenous:  5 minutes, 4 hours, and 1, 3, 10, and 
35 days after administration).
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Results:  As shown in Table 31, after oral administration of [14C]GSK1160724, 
concentrations of radioactivity showed limited absorption and distribution.  Tissue 
radioactivity concentrations were below the lower limit of quantification (i.e., 0.021 mcg 
equivalents GSK1160724 free base/g tissue) in most of the tissues analyzed, across 
time points.  In cases where radioactivity was detected, the most radioactivity was 
detected in excretory/metabolic tissue (liver, renal cortex, and renal medulla) or the 
alimentary canal (mucosa of esophagus, stomach, small intestine, cecum, large 
intestine, and rectum).  Three days after dosing, radioactivity was only quantifiable in 
the liver.  By 10 days after dosing radioactivity was below the lower limit of quantification 
for all tissues.  Bioavailability of revefenacin by the oral route was low, which resulted in 
low tissue exposures to drug.

As shown in Table 32, after intravenous administration of [14C]GSK1160724, 
concentrations of radioactivity were widely distributed across tissues except for the 
brain (below the lower limit of quantification at all time points).  The highest 
concentrations of radioactivity were noted in the thyroid, renal cortex and medulla, 
pituitary, liver, pancreas, pineal gland and meninges.  Radioactivity was noted as early 
as 5 minutes after intravenous dosing.  Radioactivity began to decline by 3 days after 
dosing for most tissues, but was still detected in the uveal tract/retina (association with 
melanin), pituitary, meninges, rectum mucosa, exorbital lacrimal gland, large intestine 
mucosa, testis, spleen and renal cortex at day 35.  Regarding the distribution of 
revefenacin to the uveal tract/retina, there appears to be no clinical or nonclinical data 
suggesting that revefenacin possesses any potential for phototoxicity. 
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Table 31 Radioactivity in Tissues of Male Lister Hooded Pigmented Rats After 
Single Oral Administration of [14C]GSK1160724 (Applicant’s Table)
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Table 32 Male Lister Hooded Pigmented Rat Tissue Radioactivity After Single 
Intravenous Administration of [14C]GSK1160724 (Applicant’s Table)
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Study Title:  Lung, Liver and Plasma Concentrations of THRX-134853 Following 
Inhalation Administration to Male Guinea Pigs Using a Whole-Body Exposure 
Dosing Chamber (Study/Reference No. 05-134853-PK-06)

Experimental Design:  The concentrations of THRX-134853 (revefenacin) and 
carboxylic acid metabolite THRX-195518 were determined in the lung, liver, and plasma 
of male guinea pigs over time after single inhalation administration of THRX-134853 
(nebulized solution of 44 mcg/mL using a whole-body exposure dosing chamber).  
Animals were exposed to THRX-134853 for 10 minutes and lung, liver, and plasma 
samples were collected at time points of 1.5, 24, 48, 72, 96, and 168 hours after dosing.  
Concentrations of THRX-134853 and metabolite THRX-195518 were determined by LC-
MS/MS with lower limits of quantitation of 10 or 2 ng/g in the lung, 1.5 or 0.75 ng/g in 
the liver, and 1 or 2.5 ng/mL in plasma, respectively.

Results:  As shown in Table 33, THRX-134853 was detected in the lung at all time 
points after inhalation administration of a single dose of THRX-134853.  In contrast, 
THRX-134853 was minimally detected in the liver and not detected in plasma.  As such, 
the lung to plasma concentration ratio decreased over the time course of the study from 
>830 at 1.5 hours after dosing to >25 at 168 hours after dosing.  As shown in Table 34, 
metabolite THRX-195518 was not detected in lung, liver, or plasma at any time points 
after inhalation administration of a single dose of THRX-134853.

Table 33 Lung, Liver, and Plasma Concentrations of THRX-134853 in Male 
Guinea Pigs After Single Inhalation Administration of THRX-134853 
(Applicant’s Table)

Note:  Data are from Study 04-082-041
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Table 34 Lung, Liver, and Plasma Concentrations of Metabolite THRX-195518 
in Male Guinea Pigs After Single Inhalation Administration of THRX-
134853 (Applicant’s Table)

Note:  Data are from Study 04-082-041

Study Title:  Lung, Liver and Blood Concentrations of THRX-134853 Following 
Inhalation Administration to Male Rats Using a Whole-Body Exposure Dosing 
Chamber (Study/Reference No. 05-134853-PK-07)

Experimental Design:  The concentrations of THRX-134853 (revefenacin) and 
carboxylic acid metabolite THRX-195518 were determined in the lung, liver, and blood 
of male rats over time after single inhalation administration of THRX-134853 (nebulized 
solution of 44 mcg/mL using a whole-body exposure dosing chamber).  Animals were 
exposed to THRX-134853 for 10 minutes.  Lung, liver, and blood samples were 
collected at time points of 1.5, 24, 48, 72, 96, and 168 hours after dosing.  
Concentrations of THRX-134853 and metabolite THRX-195518 were determined by LC-
MS/MS with lower limits of quantitation of 2 or 20 ng/g in the lung, 1.5 or 3.75 ng/g in 
the liver, and 0.25 or 0.25 ng/mL in blood, respectively.

Results:  As shown in Table 35, THRX-134853 was detected in the lung at all time 
points after inhalation administration of a single dose of THRX-134853.  THRX-134853 
was detected in the liver at 1.5 hours and up to 24 hours after dosing.  THRX-134853 
was not detected in the blood at any time point after dosing.  The lung to blood 
concentration ratio decreased over the time course of the study from >4690 at 1.5 hours 
after dosing to >78.4 at 168 hours after dosing.  The lung to liver concentration ratio was 
188 and 157 at 1.5 hours and 24 hours after dosing, respectively.  As shown in Table 
36, metabolite THRX-195518 was not detected in the lung at any time points after 
inhalation administration of a single dose of THRX-134853.
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Table 35 Lung, Liver, and Blood Concentrations of THRX-134853 in Male Rats 
After Single Inhalation Administration of THRX-134853 (Applicant’s 
Table)

Table 36 Lung Concentrations of THRX-134853 and Metabolite THRX-195518 
in Male Rats After Single Inhalation Administration of THRX-134853 
(Applicant’s Table)

Study Title:  Plasma Protein Binding of THRX-134853 (Study/Reference No. 05-
134853-PK-10)

Experimental Design:  In vitro binding of THRX-134853 (revefenacin; 0.001 to 1 
mcg/mL) was evaluated in human, dog, and guinea pig plasma.  Frozen plasma from 
human, dog, and guinea pig were thawed and spiked with 3H-THRX-134853 and 
unlabeled THRX-134853 to achieve final concentrations in the range of 0.001 to 1 
mcg/mL and were evaluated by the ultrafiltration method using Centrifree® 
Micropartition Device.
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Results:  As shown in Table 37, THRX-134853 displayed moderate binding to human, 
dog, and guinea pig plasma but % binding was highest in human plasma.  Protein 
binding was dose independent and over the concentration range was from 68% to 74% 
bound in human plasma, 55% to 63% in dog plasma, and 38% to 45% in guinea pig 
plasma.

Table 37 Protein Binding in Human, Dog, and Guinea Pig Plasma (Applicant’s 
Table)

Study Title:  Rat, Dog, Mouse, Rabbit, and Human Plasma Protein Binding of 
THRX-195518 (Study/Reference No. 12-4208-PK-20)

Experimental Design:  In vitro binding of carboxylic acid metabolite THRX-195518 was 
evaluated in rat, dog, mouse, rabbit, and human plasma.  Frozen plasma samples were 
spiked with metabolite THRX-195518 (1 nM and 10 nM) and were evaluated by 
equilibrium dialysis.

Results:  As shown in Table 38, metabolite THRX-195518 displayed moderate binding 
to dog, human, mouse, rabbit and rat plasma independent of dose (63.9% to 52.8% 
unbound [36.1% to 47.2% bound] in dog, 63.5% to 52.2% unbound [36.5% to 47.8% 
bound] in human, 55.6% unbound [44.4% bound] in mouse, 70.1% to 66.9% unbound 
[29.9% to 33.1% bound] in rabbit, and 64.4% to 50.2% unbound [35.6% to 49/8% 
bound] in rat).
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Table 38 Unbound Metabolite THRX-195518 in Plasma (Applicant’s Table)

Study Title:  The Effect of Multiple Inhalation Dosing on Plasma and Lung 
Concentrations of THRX-134853 in Male Guinea Pigs (Study/Reference No. 05-
134853-PK-11)

Experimental Design:  The concentrations of THRX-134853 (revefenacin) and 
carboxylic acid metabolite THRX-195518 were determined in the lung and plasma of 
male guinea pigs after multiple inhalation administration of THRX-134853.  Animals in 
three groups were exposed to THRX-134853 (10 mcg/mL solution administered using a 
whole-body exposure dosing chamber) for 10 minutes once per day for either 1 day, 3 
days, or 7 consecutive days.  Lung and plasma samples were collected at 24 hours 
after dosing in each group.  Concentrations of THRX-134853 and metabolite THRX-
195518 were determined by LC-MS/MS with lower limits of quantitation of 10.0 or 2.0 
ng/g in the lung and 1.0 or 2.5 ng/mL in plasma, respectively.

Results:  As shown in Table 39, THRX-134853 was detected in the lung after 
inhalation administration of 1, 3, and 7 doses of THRX-134853.  THRX-134853 was not 
detected in the plasma.  The lung to plasma concentration ratios were >28 with 1 dose 
received, >72 with 3 doses received, and >117 with 7 doses received.  As shown in 
Table 40, metabolite THRX-195518 was not detected in the lung or plasma after 
inhalation administration of multiple doses of THRX-134853.

Table 39 Lung and Plasma Concentrations of THRX-134853 in Male Guinea 
Pigs After Inhalation Administration of THRX-134853 for 1, 3, or 7 
Days (Applicant’s Table)

Note:  Data are from Study 04-082-042
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Table 40 Lung and Plasma Concentrations of Metabolite THRX-195518 in Male 
Guinea Pigs After Inhalation Administration of THRX-134853 for 1, 3, 
or 7 Days (Applicant’s Table)

Note:  Data are from Study 04-082-042

Metabolism
Study Title:  The In Vitro Metabolism of [14C]GSK1160724 in Male Mouse, Rat, 
Dog, Human and Female Rabbit Hepatocytes (Study/Reference No. 07DMW050)

Experimental Design:  The metabolism of GSK1160724 (revefenacin) was 
investigated by incubating 10 and 50 mcM [14C]GSK1160724 diphosphate trihydrate salt 
with male mouse, rat, dog, and human hepatocytes and female rabbit hepatocytes for 0, 
1, 3, and 5 hours.  The positive control was 25 mcM 7-ethoxycoumarin and the 
appropriate negative controls were without hepatocytes and without drug.  Radioactivity 
was measured by HPLC.

Results:  Based on the extent of metabolic turnover in most species, the 1-hour 
incubations at 10 mcM [14C]GSK1160724 were considered the most appropriate for 
studying the primary routes of metabolism for GSK1160724.  In human hepatocytes, 
62% of the radioactivity was measured as metabolites under these conditions.  The 
most notable peak was M34, which represented 14% of metabolism and corresponded 
to hydrolysis of the primary amide to a carboxylic acid (see Table 41).  Other peaks 
representing 11% and 7% of total metabolism corresponded to oxidative deamination 
(M08) and oxygenation (M27), respectively.  Additional metabolism was seen from 
carbamate hydrolysis, N-demethylation, N, N dealkylation, oxygenation and 
dehydrogenation on the amide piperidine.  In hepatocytes from the nonclinical species, 
hydrolysis of the primary amide to a carboxylic acid (M34) accounted for 34 to 50% of 
total metabolism (see Table 41).  Thus, the major routes of metabolism were the same 
in humans and nonclinical species.
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Table 41 Examples of HPLC Analyses of Hepatocytes Incubated with 
[14C]GSK1160724 for 1 Hour (Applicant’s Table)
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Study Title:  In Vitro Stability of TD-4208 in Lung Microsome and S9 Incubations 
(Study/Report No. 14-4208-PK-28)

Experimental Design:  The in vitro metabolic stability of TD-4208 (revefenacin) in lung 
microsomes and lung S9 preparations was evaluated in rat, dog, and human.  Lung 
microsomes from rat, dog, and human (1 mg/mL) were incubated with TD-4208 (0.1, 1, 
or 10 mcM) or positive control (7-ethoxycoumarin at 1 or 10 mcM) and after 10 minutes 
NADPH (1 mM final) was added to initiate the reaction.  Aliquots were taken at 0, 5, 10, 
20, 40, and 60 minutes and protein was precipitated.  Lung S9 preparations from rat, 
dog, or human (1 mg/mL protein) were supplemented with NADPH (1 mM final) for 10 
minutes and then spiked with TD-4208 (0.1, 1, or 10 mcM)  Benfluorex (1 mcM) was the 
postive control.  Aliquots were taken at 0, 5, 10, 20, 40, and 60 minutes and protein was 
precipitated.

Results:  As shown in Table 42, intrinsic clearance in rat, dog, and human lung 
microsomes was low (<1) at all three concentrations of TD-4208 that were tested.  In all 
cases, 100% of the parent drug remained (no turnover detected).  As shown in Table 
43, intrinsic clearance in rat, dog, and human lung S9 was low (1 or <1) at all three 
concentrations of TD-4208 that were tested.  In most cases, >95% of the parent drug 
remained (low turnover detected).  Extrapolating from these study results, 
bronchodilatory activity in the lungs was attributed almost exclusively to revefenacin 
with little or no contribution from its metabolites.

Table 42 Lung Microsome Intrinsic Clearance for TD-4208 (Applicant’s Table)
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Table 43 Lung S9 Intrinsic Clearance for TD-4208 (Applicant’s Table)

Study Title:  Metabolic Profiles of [14C]TD-4208 in Dog Plasma, Urine and Feces 
After Oral and Intravenous Administration of [14C]TD-4208 (Study/Reference No. 
15-4208-PK-25)

Experimental Design:  In this study, the metabolic profile of [14C]TD-4208 
(revefenacin) in dog plasma, urine, and feces after single intravenous and oral 
administration of [14C]TD-4208 to male and female dogs was evaluated.

Male and female dogs (two/sex) were dosed intravenously or orally with TD-4208 (1 
mg/kg) with a specific activity of 20 mcCi/mg (20 mcCi/kg of radioactive dose).  Blood 
samples from animals dosed intravenously were collected predose and postdose 
(0.0833-, 0.167-, 0.5-, 1-, 2-, 4-, 8-, 24-, 48-, 72-, and 96-hours post dose).  Urine from 
animals dosed intravenously was collected predose and postdose (0-8, 8-24, and at 24-
hour intervals through 336 hours postdose).  Feces from animals dosed intravenously 
were collected predose and postdose (at 24-hour intervals through 336 hours 
postdose).  Blood samples from animals dosed orally were collected at predose and 
postdose (0.25-, 0.5-, 1-, 2-, 4-, 8-, 24-, 48-, 72-, and 96-hours postdose).  Urine from 
animals dosed orally was collected predose and postdose (0-8, 8-24, and at 24-hour 
intervals through 168 hours postdose).  Feces from animals dosed orally were collected 
predose and postdose (at 24-hour intervals through 168-hours postdose).

Plasma samples from animals dosed intravenously were pooled across animals 
resulting in individual pooled plasma samples for male and female dogs at 10 minutes, 
30 minutes, 1 hour, 2 hour, 4 hour and 8 hour.  Plasma samples from animals dosed 
orally were pooled across timepoints resulting in individual pooled plasma samples for 
male and female dogs that reflected the average exposure (AUC0-8hr or Cavg) for TD-
4208 and its metabolites.  Dog urine and fecal homogenates were pooled across time 
points resulting in a single pooled sample per animal.  Samples were then extracted and 
analyzed by LC-MS.
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Results:  As shown in Table 44, after intravenous administration of [14C]TD-4208, 
seven metabolites were detected in dog plasma.  The most abundant circulating 
metabolite in dog plasma was M2 (THRX-195518).  Between 10 minutes and 8 hours, 
M2 (THRX-195518) circulated between 37% to 61% of total radioactivity in male plasma 
and 30% to 48% of total radioactivity in female plasma.  In comparison, the parent 
compound TD-4208 circulated at 17% to 49% total radioactivity in male plasma and 
19% to 56% of total radioactivity in female plasma.

Table 44 Metabolic Profile of [14C]TD-4208 in Dog Plasma After Intravenous 
Administration of [14C]TD-4208 (Applicant’s Table)

As shown in Table 45, after intravenous administration of [14C]TD-4208, eight 
metabolites were detected in dog urine.  The most abundant metabolite in dog urine 
was M2 (THRX-195518).  M2 (THRX-195518) accounted for 28% of total radioactivity in 
male urine and 27% of total radioactivity in female urine.  In comparison, the parent 
compound TD-4208 accounted for 11% total radioactivity in male urine and 20% of total 
radioactivity in female urine.
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Table 45 Metabolic Profile of [14C]TD-4208 in Dog Urine After Intravenous 
Administration of [14C]TD-4208 (Applicant’s Table)

As shown in Table 46, after intravenous administration of [14C]TD-4208, six metabolites 
were detected in dog feces.  The most abundant metabolite in dog feces was M2 
(THRX-195518).  M2 (THRX-195518) accounted for 84% of total radioactivity in male 
feces and 83% of total radioactivity in female feces.  In comparison, the parent 
compound TD-4208 accounted for 4% of total radioactivity in male and female feces.  In 
dogs, fecal elimination appeared to be the major elimination pathway of TD-4208 after 
intravenous administration.
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Table 46 Metabolic Profile of [14C]TD-4208 in Dog Feces After Intravenous 
Administration of [14C]TD-4208 (Applicant’s Table)

As shown in Table 47, after oral administration of [14C]TD-4208, six metabolites were 
detected in dog plasma.  The most abundant circulating metabolites in dog plasma were 
M8, M9, and M10.  M8 circulated at 32% of total radioactivity in male plasma and 29% 
of total radioactivity in female plasma.  M9 circulated at 44% of total radioactivity in male 
plasma and 40% of total radioactivity in female plasma.  M10 circulated at 13% of total 
radioactivity in male plasma and 15% of total radioactivity in female plasma.  In 
comparison, the parent compound TD-4208 circulated at 0.96% total radioactivity in 
male plasma and 1.44% of total radioactivity in female plasma.
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Table 47 Metabolic Profile of [14C]TD-4208 in Dog Plasma After Oral 
Administration of [14C]TD-4208 (Applicant’s Table)

As shown in Table 48, after oral administration of [14C]TD-4208, eight metabolites were 
detected in dog urine.  The most abundant metabolites in dog urine were M8, M9, and 
M10.  M8 accounted for 33% of total radioactivity in male urine and 30% of total 
radioactivity in female urine.  M9 accounted for 43% of total radioactivity in male and 
female urine.  M10 accounted for 14% of total radioactivity in male and female urine.  In 
comparison, the parent compound TD-4208 accounted for 0.33% total radioactivity in 
male urine and 0.61% of total radioactivity in female urine.
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Table 48 Metabolic Profile of [14C]TD-4208 in Dog Urine After Oral 
Administration of [14C]TD-4208 (Applicant’s Table)

As shown in Table 49, after oral administration of [14C]TD-4208, nine metabolites were 
detected in dog feces.  The most abundant metabolite in dog feces was M2 (THRX-
195518).  M2 accounted for 48% of total radioactivity in male feces and 53% of total 
radioactivity in female feces.  In comparison, the parent compound TD-4208 accounted 
for 15% of total radioactivity in male feces and 12% of total radioactivity in female feces.
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Table 49 Metabolic Profile of [14C]TD-4208 in Dog Feces After Oral 
Administration of [14C]TD-4208 (Applicant’s Table)

Based on these findings, TD-4208 appeared to be extensively metabolized after single 
intravenous and oral administration to male and female dogs.

Study Title:  Metabolic Profiles of [14C]TD-4208 in Rat Plasma after Intravenous 
Administration of [14C]TD-4208 (Study/Reference No. 15-4208-PK-27)

Experimental Design:  In this study, the metabolic profile of [14C]TD-4208 
(revefenacin) in rat plasma after single intravenous administration of [14C]TD-4208 to 
male and female rats was evaluated.  Twenty male and female rats were dosed 
intravenously with TD-4208 (2 mg/kg) with a specific activity of 51.2 mcCi/mg (100 
mcCi/kg of radioactive dose).  Blood samples were collected 0.083, 0.167, 0.5, 1, 2, 4, 
8, 12, 24, and 48-hours post dose.  Urine and feces were collected from the 48-hour 
time point animals but not analyzed.  Plasma samples were pooled across animals 
resulting in single pooled plasma samples for male and female dogs at 10 minutes, 30 
minutes, 1 hour, 4 hour and 8 hour.  Samples were then extracted and analyzed by LC-
MS.
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Results:  As shown in Table 50, after intravenous administration of [14C]TD-4208, four 
metabolites were detected in rat plasma (four in males and three in females).  The most 
abundant circulating metabolite in rat plasma was M1 (THRX-609075).  Between 10 
minutes and 8 hours, M1 (THRX-609075) circulated between 41% to 56% of total 
radioactivity in male plasma and 42% to 52% of total radioactivity in female plasma.  In 
comparison, the parent compound TD-4208 circulated between 34% to 51% total 
radioactivity in male plasma and 42% to 51% of total radioactivity in female plasma.  M2 
(THRX-195518) was observed at less than 5% of total radioactivity in male or female 
plasma.

Table 50 Metabolic Profile of [14C]TD-4208 in Rat Plasma After Intravenous 
Administration of [14C]TD-4208 (Applicant’s Table)

Excretion
Study Title:  Absorption, Disposition, Metabolism and Excretion of 3H-THRX-
134853 in Rats Following Intravenous or Oral Administration (Study/Reference 
No. 05-134853-PK-04)

Experimental Design:  The absorption, tissue distribution, excretion and metabolism of 
radiolabeled THRX-134853 (revefenacin) following intravenous or oral administration to 
female rats was evaluated.  THRX-134853 spiked with 3H-THRX-134853 was 
administered via intravenous bolus or oral gavage at doses of 1 mg/kg (100 mcCi/kg) 
and 5 mg/kg (100 mcCi/kg), respectively. Over the 24-hour period, urine and feces were 
cage collected.  After 24 hours of treatment, all animals were sacrificed and select 
tissues (spleen, bladder, submaxillary glands, kidney, liver, heart, lung, brain, stomach, 
small intestine, and large intestine, along with stomach contents, small gastrointestinal 
[GI] contents, and large GI contents) were removed for analysis.  Liquid scintillation 
counting, and in some cases oxidation, were used to determine the total radioactivity in 
tissues, plasma, urine and feces.  HPLC with radioactive flow detection was used to 
analyze urine, feces, liver and lung for the presence of potential metabolites.
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Results:  As shown in Table 51, the total dose of 3H-THRX-134853 recovered in the 
female rat following intravenous or oral administration were 59.6% and 86.2%, 
respectively.  Biliary excretion was likely the major route of elimination of THRX-134853.  
After intravenous administration 34% of the dose was recovered in feces, small intestine 
contents, and large intestine contents vs. 14% of the dose recovered in urine.  After oral 
administration 83% of the dose was recovered in feces, small intestine contents, and 
large intestine contents vs. 1.5% in urine.  After intravenous and oral administration 
5.53% and 1.05% of the dose, respectively, was recovered in the liver.  There was low 
CNS (brain and CSF) penetration after intravenous and oral administration.

After intravenous dosing of 3H-THRX-134853, most of the radioactive peaks in urine 
and feces were identified as metabolites.  In urine, one major metabolite (M1) 
accounted for 66% of total radioactivity and was identified as THRX-609075 (carbamate 
cleavage product).  In feces, two metabolites (M1 and M2 [THRX-195518]) accounting 
for 34% and 40% of radioactivity, respectively, were identified.  In the liver, the major 
radioactive peak was M1.  In the lung, the parent compound was the major radioactive 
peak.

After oral dosing of 3H-THRX-134853, M1 was the major radioactive peak in urine with a 
small amount of the parent molecule present (9% of the total radioactivity).  In feces, the 
major radioactive peak was thought to be the parent (85% of total radioactivity), while 
M2 was also present.  Peaks identified in the liver and lung were low and considered 
background.
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Table 51 Mean Tissue Distribution of 3H-THRX-134853 (based on total 
radioactivity) in Female Rats Following Intravenous or Oral 
Administration (Applicant’s Table)

Study Title:  Absorption, Tissue Distribution, Excretion and Metabolism of 3H-
THRX-134853 Following Intravenous or Oral Administration in Male Beagle Dogs 
(Study/Reference No. 05-134853-PK-05)
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Experimental Design:  The excretion routes, metabolism, and mass balance of 3H-
THRX-134853 were examined in male beagle dogs following single oral administration 
(1 mg/kg; n = 1) or intravenous administration (0.25 mg/kg; n = 1).  Immediately after 
dosing, both dogs were placed in separate metabolism cages.  Excreta and plasma (at 
0.5-, 2-, and 8-hours after dosing) were collected.  Excretion and mass balance of 
radioactivity were determined in urine and feces for 21 days after dosing.  Total 
radioactivity in select tissues was determined by oxidation and liquid scintillation 
counting.  Radiolabeled metabolite identification was made in selected tissues and 
excreta samples.

Results:  Following oral and intravenous administration of 3H-THRX-134853, the 
highest measured concentration of radioactivity achieved in plasma was 0.198 mcg 
equiv/g at 2-hours postdose, and 0.041 mcg equiv/g at 0.5-hours postdose.  As shown 
in Table 52, at 21-days after oral dosing, concentrations of radioactivity were only 
detected in the liver, eye and kidneys.  After intravenous dosing the highest 
concentrations of radioactivity were detected in the eye and liver, but radioactivity was 
minimally detected in the heart, adrenal glands, lungs, and kidney.

Table 52 Concentration and Percent of Radioactive Dose Recovered in 
Selected Tissues and Excreta of Male Beagle Dogs at 21-Days After 
Oral or Intravenous Dosing of 3H-THRX-134853 (Applicant’s Table)
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The orally- and intravenously-administered radioactive doses were recovered primarily 
in feces (72.66% and 91%, respectively).  Approximately 89% and 73% of orally- and 
intravenously-administered radioactivity, respectively, was excreted in the urine and 
feces during the first 48 hours after dosing.  The terminal half-life based on urinary 
excretion of the total radioactivity was approximately 46- and 69-hours after oral and 
intravenous administration, respectively.

Study Title:  Pharmacokinetics, Absorption and Excretion of [14C]-TD-4208 
Following a Single Intravenous Dose to Male and Female Rats (Study/Reference 
No. 15-4208-PK-30)

Experimental Design:  The pharmacokinetics, absorption, and excretion of [14C]TD-
4208 (revefenacin) were examined in male and female Sprague Dawley rats after a 
single intravenous dose.  As shown in Table 53, male and female rats were dosed 
intravenously with 2 mg/kg radioactive TD-4208 and blood (0.083, 0.167, 0.5, 1, 2, 4, 8, 
12, 24, and 48 hours after dosing), urine (0-8, 8-24, and 24-48 hours after dosing), 
feces (0-24 and 24-48 hours after dosing), and the carcass were collected.

Table 53 Study Design for Study 15-4208-PK-30 (Applicant’s Table)

Results:  The predominant route of elimination after intravenous administration of 
[14C]TD-4208 was fecal, with 44.4% and 40.3% radioactivity recovered in male and 
female rats, respectively, through 48-hours after dosing (see Table 54).  In urine, 15.1% 
and 9.24% radioactivity was recovered in male and female rats, respectively, through 
48-hours after dosing (see Table 54).
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Table 54 Cumulative Percent of Radioactivity in Urine, Feces, and Cage Rinse 
at Specified Times After Single Intravenous Administration of 
[14C]TD-4208 to Male and Female Sprague Dawley Rats (Applicant’s 
Table)

Study Title:  Pharmacokinetics, Absorption and Excretion of [14C]-TD-4208 
Following a Single Intravenous Administration or a Single Oral Administration in 
Male and Female Dogs (Study/Reference No. 15-4208-PK-31)

Experimental Design:  The pharmacokinetics, absorption, and excretion of [14C]TD-
4208 (revefenacin) were examined in male and female beagle dogs after a single 
intravenous or single oral dose.  As shown in Table 55, male and female dogs were 
dosed intravenously or orally with 1 mg/kg radioactive TD-4208 and blood (intravenous:  
0.083, 0.167, 0.5, 1, 2, 4, 8, 24, 48, 72, and 96 hours after dosing; oral:  0.25, 0.5, 1, 2, 
4, 8, 24, 48, 72, and 96 hours after dosing), urine (0-8, 8-24, and at 24-hour intervals 
through 168 hours after dosing [collections for intravenous dosing were extended 
through 336 hours after dosing]), and feces (predose and at 24-hour intervals through 
168 hours after dosing [collections for intravenous dosing were extended through 336 
hours after dosing]) were collected.
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Table 55 Study Design for Study 15-4208-PK-31 (Applicant’s Table)

Results:  The predominant route of elimination after intravenous and oral administration 
of [14C]TD-4208 to dogs was fecal, with 63.9% and 67.7% radioactivity recovered in 
male and female dogs after intravenous administration, respectively, and 62.7% and 
58.8% radioactivity recovered in male and female dogs after oral administration, 
respectively (see Table 56 and Table 57).
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Table 56 Cumulative Percent of Radioactivity in Urine, Feces, and Cage Rinse 
at Specified Times After Single Intravenous Administration of 
[14C]TD-4208 to Male and Female Beagle Dogs (Applicant’s Table)
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Table 57 Cumulative Percent of Radioactivity in Urine, Feces, and Cage Rinse 
at Specified Times After Single Oral Administration of [14C]TD-4208 
to Male and Female Beagle Dogs (Applicant’s Table)

5.2 Toxicokinetics
Toxicokinetics were evaluated in repeat-dose toxicity studies.

6 General Toxicology
6.2 Repeat-Dose Toxicity
GLP-compliant repeat-dose inhalation toxicology studies were conducted with 
revefenacin free base in a citrate-buffered saline nebulized aerosol in mice, rats, and 
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dogs for durations of 4-weeks (rat and dog), 13-weeks (mouse, rat, and dog), 26-weeks 
(rat), and 39-weeks (dog).  The 4-week (rat and dog), 13-week (mouse, rat, and dog), 
and 26-week (rat) studies were reviewed under IND 119840.  Refer to Nonclinical 
Pharmacology/Toxicology IND Review and Evaluations dated February 21, 2014, 
January 25, 2017, and June 8, 2018 for additional details.  Detailed review of the 39-
week dog study is provided below.

Study title:  TD-4208:  A 39-Week Inhalation Toxicity and Toxicokinetic 
Study of a Nebulized Aerosol Formulation in the Dog with a 28 Day 
Recovery Period

Study no.: Sponsor:  CRN:  14-003-05
Conducting Laboratory:  7300223

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: April 28, 2014 (date Study Director 
signed the study plan)
May 22, 2014 (date dosing began)

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: TD-4208 (revefenacin), lot # LM-X-4208-
02, 97.90% purity

Key Study Findings
 In a 39-week repeat-dose study with a 28-day recovery period, four Beagle 

dogs/sex/group received TD-4208 (revefenacin) by nose-only inhalation at target 
doses of 0 (control), 30 (low-dose), 100 (mid-dose), and 300 (high-dose) 
mcg/kg/day (estimated achieved doses of 0, 35.2, 124, and 315 mcg/kg/day, 
respectively).

 There were no mortalities during the study.

 A decrease in mean body weight (up to -14%) and body weight gain (-31%) was 
noted in male dogs treated with high-dose TD-4208.  Decreases in body weight 
and body weight gain were not evident during the recovery period.

 Treatment with high-dose TD-4208 influenced ECG parameters by increasing 
heart rate and decreasing the RR, PR, and QT intervals in male and female 
dogs.  The most notable increase in heart rate was at 1 to 4 hours postdose on 
Day 1 with an increase from Day 1 predose as high as +47% in males and 
females.  The observed changes can generally be attributed to the 
pharmacodynamic effects of the test article.  Effects on ECG parameters are 
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considered monitorable in a clinical setting.  There were no notable effects of TD-
4208 on the QRS interval or the QTcV interval (Van de Water’s formula).

 Treatment with mid-dose and high-dose TD-4208 decreased mean tear 
production in males and female dogs.  The greatest decrease in mean tear 
production was noted in Week 13 and Week 39 for males and females, 
respectively.  This was an expected pharmacodynamic effect.

 There were no notable effects of TD-4208 at any dose on histopathology after 39 
weeks of treatment in dogs.  Based on this, the high-dose was considered for 
exposure margin calculations.

 After inhalation of TD-4208, mean AUC0-24hr and Cmax for TD-4208 increased 
between doses on Day 1, Week 13, and Week 39 in a generally dose 
proportional manner.  There was drug accumulation over the course of the study 
period, especially for the high-dose.  After inhalation of TD-4208, mean AUC0-24hr 
and Cmax for metabolite THRX-195518 increased between doses on Day 1, Week 
13, and Week 39 in a generally dose proportional manner.  There was metabolite 
accumulation over the course of the study period, especially for the high-dose.  
Metabolite THRX-195518 exposure was greater than TD-4208 exposure at all 
doses on Day 1, Week 13, and Week 39.

 The NOAEL was identified as the mid-dose (target dose of 100 mcg/kg/day), 
based on adverse findings of increased heart rate in high-dose male and female 
dogs.  Since this finding at the mid-dose is considered a pharmacodynamic effect 
of treatment that is monitorable in a clinical setting, and there were no notable 
test-article related histopathological findings at the high-dose, the high-dose 
(target dose of 300 mcg/kg/day) was considered for exposure margin 
calculations.

 After repeat-dose inhalation of TD-4208, mean AUC0-24hr for TD-4208 at Week 39 
for males and females in the high-dose groups (target dose of 300 mcg/kg/day) 
were 20.8 and 22.5 ng*hr/mL, respectively.  After repeat-dose inhalation of TD-
4208, mean AUC0-24hr for metabolite THRX-195518 at Week 39 for males and 
females in the high-dose groups were 42.5 and 40.5 ng*hr/mL, respectively.
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Methods
Doses: Target:  0 (control), 30 (low-dose), 100 (mid-

dose), and 300 (high-dose) mcg/kg/day
Estimated achieved:  0 (control), 35.2 (low-
dose), 124 (mid-dose), and 315 (high-dose) 
mcg/kg/day

Frequency of dosing: Daily for 39 consecutive weeks
Route of administration: Inhalation (nose-only)

Formulation/Vehicle:  mM citrate buffered saline solution (pH 5.0 ± 
0.1)

Species/Strain: Dog/Beagle
Number/Sex/Group: Main:  4

Recovery:  2
Age: 7 to 8 months (at initiation of dosing)

Weight: Males:  7.1 to 9.9 kg (at initiation of dosing)
Females:  5.0 to 8.0 kg (at initiation of dosing)

Satellite groups: No
Unique study design: 28-day recovery period

Deviation from study protocol: Deviations from the protocol were described in 
the study report.  There were no deviations that 
affected the integrity of the study results.

Inhalation Exposure
All dogs were exposed to nebulized aerosols of vehicle (  mM citrate buffered saline) 
or test article doses (formulated in  mM citrate buffered saline) by oronasal mask 
inhalation for up to 60 minutes per day for 39 consecutive weeks.  As indicated in the 
study report, aerosols were generated using five (5) Pari-LC Plus nebulizers supplied 
with pre-dried compressed air that fed into the top of a positive flow delivery system 
(PFDS) fitted with an insert to reduce its internal volume.  The resulting atmosphere was 
carried to the dog mask.

Atmosphere Measurements and Characterization
Gravimetric analyses of the mask concentrations were conducted at least twice during 
each exposure occasion.  Chemical analyses (measurement of TD-4208 free base by 
high performance liquid chromatography [HPLC]) of the mask concentrations were 
made from samples collected in Week 1 and monthly thereafter.  Gravimetric and 
chemical analyses of particle size distribution were conducted from a reference 
sampling mask using a cascade impactor.  Samples were collected in Weeks 1, 5, 9, 
13, 17, 21, 26, 29, 36, and 39.

The mean TD-4208 mask concentrations (combined overall) for males were 1.27, 4.49, 
and 11.7 mcg/L for low-dose, mid-dose, and high-dose groups, respectively.  The mean 
TD-4208 mask concentrations (combined overall) for females were 1.37, 4.73, and 11.8 
mcg/L for low-dose, mid-dose, and high-dose groups, respectively.  The gravimetric 
particle size analysis for mass median aerodynamic diameter (MMAD) ± geometric 
standard deviations (GSD) was 1.2 mcm ± 2.1 for the control group.  The chemical 
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particle size analysis for MMAD ± GSD were 1.0 mcm ± 1.9, 1.0 mcm ± 2.0 and 1.1 
mcm ± 2.0 for low-dose, mid-dose, and high-dose groups, respectively.

Calculation of Achieved Dose
The following formula was used for calculation of TD-4208 achieved doses 
(mcg/kg/day) (excerpted from Study Report):

Table 58 Summary of TD-4280 Exposure Calculations in 39-Week Inhalation 
Study in Dogs

TD-4208 
Inhaled 
Target 
Dose

mcg/kg/
day

Gender

TD-4208 
Aerosol 
Conc.

mcg/L

TD-4208 
Inhaled 

Achieved 
Dose

mcg/kg/
day

Pulmonary 
Deposited 

Dose1

mcg/kg/
day

BW2

kg

TDD

mcg/
day

LW3

g

Pulmonary 
Deposited 

Dose

mcg/g LW/
day

30
Male
Female
Mean

1.27
1.37
1.32

33.4
37.0
35.2

8.35
9.25
8.8

9.8
8.1

8.95

81.830
74.925
78.378

72.247
64.017
68.132

1.13
1.17
1.15

100
Male
Female
Mean

4.49
4.73
4.61

118
129

123.5

29.50
32.25

30.875

9.9
7.6

8.75

292.05
245.10
268.58

71.748
57.135
64.442

4.07
4.29
4.18

300
Male
Female
Mean

11.7
11.8
11.75

309
321
315

77.25
80.25
78.75

9.6
7.6
8.6

741.60
609.90
675.75

71.186
57.753
64.470

10.42
10.56
10.49

Abbreviations:  BW = body weight; Conc.  = concentration; LW = lung weight; TDD = total deposited 
dose
Notes:
1Assumes 25% deposition factor for dogs
2Mean body weight on Day 273 (Week 39)
3Mean lung weight at time of terminal necropsy
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Observations and Results
Mortality
Dogs were observed twice daily (AM and PM).  There were no mortalities during the 
study.
Clinical Signs
Dogs were observed cageside once daily starting on Day -7 and throughout the dosing 
and recovery phases.  Detailed observations were made during the predose (once 
during Week -1), dosing (before dosing on Day 1 and weekly thereafter), and recovery 
phases (weekly).  Select clinical observations are shown in Table 59.  The observed 
clinical observations were considered sporadic and not test article-related.

Table 59 Select Clinical Observations in 39-Week Inhalation Study in Dogs

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)Observation

0 30 100 300 0 30 100 300
Tremors
# Observations
# Animals
Days from – to

- 2
1

236-252

1
1

162-162

2
2

36-36

1
1

230-230

1
1

252-252

2
2

1-1
Vocalization 
Increased
# Observations
# Animals
Days from – to

2
1

117-118
Eye Discharge
# Observations
# Animals
Days from – to

4
3

1-85

1
1

15-15

12
3

-6-71

7
4

71-85

4
1

207-249

4
3

71-244

8
2

71-204
Feces, Soft
# Observations
# Animals
Days from – to

6
3

37-298

12
5

6-284

21
6

-7-181

20
6

28-300

1
1

284-284

24
4

4-263

4
2

28-199
Material, Dry, 
Brown
# Observations
# Animals
Days from – to

2
2

60-60

6
3

60-239

2
2

143-143

5
5

1-258
Material, Dry, 
Yellow
# Observations
# Animals
Days from – to

3
3

27-27

1
1

2-2
Material, 
Foamy, Yellow
# Observations
# Animals
Days from – to

1
1

275-275

4
4

122-215
Material, 

Reference ID: 4290594



NDA 210598 Reviewer:  Eleni Salicru, PhD

102

Observation

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)

0 30 100 300 0 30 100 300
Mucoid, Yellow
# Observations
# Animals
Days from – to

2
2

294-294
Abbreviations:  # = number

Body Weights
Body weights were recorded during the predose (once in Week -1), dosing (prior to 
dosing on the day of dose initiation and weekly thereafter), and recovery phases 
(weekly).  On the day of necropsy, animals were weighed fasted.

During the dosing phase, mean body weight for high-dose males decreased >10% (-
10% to -14%) from Day 43 through the remainder of the dosing phase (statistical 
decrease on Days 71 and Day 169; -12.9% and -14.0%, respectively).  The decrease in 
mean body weight was not noted in high-dose recovery males indicating reversibility.  
As shown in Table 60, by Day 273 of dosing, high-dose males had -31% of the body 
weight gain of control males.  During the recovery phase the high-dose males had 43% 
of the body weight gain of control males.  Differences in body weight and body weight 
gain were not noted in female dogs.

Table 60 Mean Body Weight Changes in 39-Week Inhalation Study in Dogs

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)Parameter

0 30 100 0 30 30 0 30

Day 1 (kg) 8.8 8.2 8.4 8.3 6.4 6.4 6.4 6.3
Day 273 
(kg) 10.8 9.8 9.9 9.6 7.8 8.1 7.6 7.6

Day 301 
(kg) 11.0 9.3 11.3 11.1 7.6 8.0 8.1 8.6

Day 1 to 
273 
Change 
(kg)

2.0 1.6 1.5 1.3 1.4 1.7 1.2 1.3

Change as 
% of Day 1 
BW

22.7 19.5 17.9 15.7 21.9 26.6 18.8 20.6

% Control 0.0 -14.1 -21.4 -31.1 0.0 21.4 -14.3 -5.7

Day 273 to 
301 2.2 1.1 2.9 2.8 1.2 1.6 1.7 2.3
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Parameter

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)

0 30 100 0 30 30 0 30
Change 
(kg)
Change as 
% of Day 
273 BW

20.4 11.2 29.3 29.2 15.4 19.8 22.4 30.3

% Control 0.0 -44.9 43.8 43.2 0.0 28.4 45.4 96.7
Abbreviations:  % = percent; BW = body weight; kg = kilograms

Feed Consumption
Dogs were provided PMI Nutrition International Certified Canine Chow No. 5007 (25% 
protein) as a daily ration throughout the study and water ad libitum by an automatic 
watering system.  Food consumption was recorded daily during the predose (starting 
the last week of predosing), dosing, and recovery phases.  During the dosing phase, 
mean food consumption was decreased in high-dose males compared to control males 
in Week 1 (-18.7%) and Week 2 (-14.2%) but was generally not affected at later time 
points (e.g. +2.9% at Week 39).  During the dosing phase, mean food consumption was 
decreased in mid-dose females in Week 3 (-21.2%) and Week 4 (-21.5%) and in high-
dose females in Week 4 (-14.7%) compared to controls but was generally not affected 
at later time points (e.g., +9.6% and +3.4% for mid-dose and high-dose females, 
respectively, at Week 39).  The food consumption changes for females did not seem to 
translate into changes in body weight gain.
Ophthalmoscopy
Ophthalmic examinations were performed during the predose (Day -1) and dosing 
phases (Day 272/Week 39).  Examinations were performed by funduscope (indirect 
ophthalmoscopy) and biomicroscope (slit lamp) after dilation with a mydriatic agent (1% 
tropicamide).  There were no test article-related ophthalmic findings.
ECG
ECG were recorded during the predose (Day -9 for males and Day -8 for females), 
dosing (Day 1, Day 91/Week 13, and Day 273/Week 39), and recovery phases (Day 
274/24-hours after the last dose).  On Day 1, Day 91, and Day 273 of the dosing phase, 
ECG were recorded predose and between 1 to 4 hours postdose.  The following ECG 
parameters were calculated or determined:  heart rate, RR interval, PR interval, QRS 
interval, QT interval and QTcV interval (Van de Water’s formula).  Test article-related 
changes in ECG parameters were noted for heart rate, RR interval, PR interval, and QT 
interval.  The observed changes can generally be attributed to the pharmacodynamic 
effects of the test article.  Effects on ECG parameters are considered monitorable in a 
clinical setting.  There were no notable effects of the test article on the QRS interval or 
the QTcV interval.
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As shown in Table 61, on Day 1 postdose, heart rate was increased in high-dose male 
and high-dose female dogs compared to control dogs and Day 1 predose.  On Day 1 
postdose, the heart rate increase in high-dose males was +27% from control and +47% 
from Day 1 predose.  On Day 1 postdose, the heart rate increase in high-dose females 
was statistically significant and was +43% from control and +47% from Day 1 predose.  
Although the heart rate increase was most evident on Day 1 postdose, an increase in 
heart rate was also noted for high-dose males and high-dose females on Day 91 
postdose and Day 273 postdose, but to a lesser extent.

Table 61 ECG Summary in 39-Week Inhalation Study in Dogs:  Heart Rate 
(beats/minute)

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)Parameter

0 30 100 300 0 30 100 300
Day -9/Day -81 94 94 91 88 86 103 105 94
% Change from 
Control

0.0 0.0 -3.2 -6.4 0.0 19.8 22.1 9.3

Day 1 Predose 95 92 84 86 78 93 76 81
% Change from 
Day 1 Predose

% Change from 
Control

0.0

0.0

0.0

-3.2

0.0

-11.6

0.0

-9.5

0.0

0.0

0.0

19.2

0.0

-2.6

0.0

3.8

Day 1 Postdose 99 93 96 126 83 93 89 119***

% Change from 
Day 1 Predose

% Change from 
Control

4.2

0.0

1.1

-6.1

14.3

-3.0

46.5

27.3

6.4

0.0

0.0

12.0

17.1

7.2

46.9

43.4

Day 91 Predose 110 101 95 94 87 106 106 101
% Change from 
Day 91 Predose

% Change from 
Control

0.0

0.0

0.0

-8.2

0.0

-13.6

0.0

-14.5

0.0

0.0

0.0

21.8

0.0

21.8

0.0

16.1

Day 91 
Postdose 113 108 107 123 93 110 105 115

% Change from 
Day 91 Predose

% Change from 
Control

2.7

0.0

6.9

-4.4

12.6

-5.3

30.9

8.8

6.9

0.0

3.8

18.3

-0.9

12.9

13.9

23.7

Day 273 
Predose 86 97 95 93 87 101 95 104

% Change from 
Day 273 
Predose

% Change from 

0.0

0.0

0.0

12.8

0.0

10.5

0.0

8.1

0.0

0.0

0.0

16.1

0.0

9.2

0.0

19.5
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Parameter

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)

0 30 100 300 0 30 100 300
Control
Day 273 
Postdose 97 94 103 110 90 98 90 108

% Change from 
Day 273 
Predose

% Change from 
Control

12.8

0.0

-3.1

-3.1

8.4

6.2

18.3

13.4

3.4

0.0

-3.0

8.9

-5.3

0.0

3.8

20.0

Day 274 96 126 118 107 83 94 97 121
% Change from 
Control

0.0 31.3 22.9 11.5 0.0 13.3 16.9 45.8

Abbreviations:  % = percent
Notes:
1During the predose phase, ECG were recorded on Day -9 for males and Day -8 for females
***Statistical significance from control group by Dunnett, p ≤ 0.001 (statistical analysis performed by the 
Applicant)

As shown in Table 62, on Day 1 postdose, the RR interval was decreased (shortened) 
in high-dose male and high-dose female dogs compared to control dogs and Day 1 
predose.  On Day 1 postdose, the RR interval decrease in high-dose males was -19% 
from control and -30% from Day 1 predose.  On Day 1 postdose, the RR interval 
decrease in high-dose females was statistically significant and was -30% from control 
and -32% from Day 1 predose.  The RR interval decrease was also noted for high-dose 
males and high-dose females on Day 91 postdose and Day 273 postdose but to a 
lesser extent.  Shortening of the RR interval was related to the increase in heart rate.

Table 62 ECG Summary in 39-Week Inhalation Study in Dogs:  RR (mSec)

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)Parameter

0 30 100 300 0 30 100 300

Day -9/Day -81 648 650 663 706 721 599 587 653
% Change from 
Control

0.0 0.3 2.3 9.0 0.0 -16.9 -18.6 -9.4

Day 1 Predose 636 661 733 720 802 660 798 746
% Change from 
Day 1 Predose

% Change from 
Control

0.0

0.0

0.0

3.9

0.0

15.3

0.0

13.2

0.0

0.0

0.0

-17.7

0.0

-0.5

0.0

-7.0

Day 1 Postdose 620 667 650 505 732 659 679 511***

% Change from 
Day 1 Predose

-2.5 0.9 -11.3 -29.9 -8.7 -0.2 -14.9 -31.5
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Parameter

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)

0 30 100 300 0 30 100 300

% Change from 
Control

0.0 7.6 4.8 -18.5 0.0 -10.0 -7.2 -30.2

Day 91 Predose 560 614 639 650 719 583 588 616
% Change from 
Day 91 Predose

% Change from 
Control

0.0

0.0

0.0

9.6

0.0

14.1

0.0

16.1

0.0

0.0

0.0

-18.9

0.0

-18.2

0.0

-14.3

Day 91 
Postdose 540 571 570 502 690 572 581 526

% Change from 
Day 91 Predose

% Change from 
Control

-3.6

0.0

-7.0

5.7

-10.8

5.6

-22.8

-7.0

-4.0

0.0

-1.9

-17.1

-1.2

-15.8

-14.6

-23.8

Day 273 
Predose 702 647 641 677 721 614 642 593

% Change from 
Day 273 
Predose

% Change from 
Control

0.0

0.0

0.0

-7.8

0.0

-8.7

0.0

-3.6

0.0

0.0

0.0

-14.8

0.0

-11.0

0.0

-17.8

Day 273 
Postdose 641 669 599 556 678 626 674 571

% Change from 
Day 273 
Predose

% Change from 
Control

-8.7

0.0

3.4

4.4

-6.6

-6.6

-17.9

-13.3

-6.0

0.0

2.0

-7.7

5.0

-0.6

-3.7

-15.8

Day 274 625 530 513 561 730 642 624 505
% Change from 
Control

0.0 -15.2 -17.9 -10.2 0.0 -12.1 -14.5 -30.8

Abbreviations:  % = percent
Notes:
1During the predose phase, ECG were recorded on Day -9 for males and Day -8 for females
***Statistical significance from control group by Dunnett, p ≤ 0.001 (statistical analysis performed by the 
Applicant)

As shown in Table 63, on Day 1 postdose, the PR interval was decreased (shortened) 
in high-dose male and high-dose female dogs compared to control dogs and Day 1 
predose.  On Day 1 postdose, the PR interval decrease in high-dose males was -9% 
from control and -12% from Day 1 predose.  On Day 1 postdose, the PR interval 
decrease in high-dose females was -18% from control and -12% from Day 1 predose.  
The PR interval decrease was also noted for high-dose males and high-dose females 
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on Day 91 postdose and Day 273 postdose but to a lesser extent.  Shortening of the PR 
interval was related to the increase in heart rate.

Table 63 ECG Summary in 39-Week Inhalation Study in Dogs:  PR (mSec)

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)Parameter

0 30 100 300 0 30 100 300

Day -9/Day -81 75 85 80 79 92 84 84 83
% Change from 
Control

0.0 13.3 6.7 5.3 0.0 -8.7 -8.7 -9.8

Day 1 Predose 79 82 84 85 81 85 80 85
% Change from 
Day 1 Predose

% Change from 
Control

0.0

0.0

0.0

3.8

0.0

6.3

0.0

7.6

0.0

0.0

0.0

4.9

0.0

-1.2

0.0

4.9

Day 1 Postdose 82 84 78 75 91 79 80 75
% Change from 
Day 1 Predose

% Change from 
Control

3.8

0.0

2.4

2.4

-7.1

-4.9

-11.8

-8.5

12.3

0.0

-7.1

-13.2

0.0

-12.1

-11.8

-17.6

Day 91 Predose 81 82 80 77 87 87 78 83
% Change from 
Day 91 Predose

% Change from 
Control

0.0

0.0

0.0

1.2

0.0

-1.2

0.0

-4.9

0.0

0.0

0.0

0.0

0.0

-10.3

0.0

-4.6

Day 91 
Postdose 79 85 75 75 88 87 79 80

% Change from 
Day 91 Predose

% Change from 
Control

-2.5

0.0

3.7

7.6

-6.3

-5.1

-2.6

-5.1

1.1

0.0

0.0

-1.1

1.3

-10.2

-3.6

-9.1

Day 273 
Predose 80 86 84 80 91 91 86 88

% Change from 
Day 273 
Predose

% Change from 
Control

0.0

0.0

0.0

7.5

0.0

5.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

-5.5

0.0

-3.3

Day 273 
Postdose 82 88 80 79 97 88 81 84

% Change from 
Day 273 
Predose

% Change from 

2.5

0.0

2.3

7.3

-4.8

-2.4

-1.3

-3.7

6.6

0.0

-3.3

-9.3

-5.8

-16.5

-4.5

-13.4
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Parameter

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)

0 30 100 300 0 30 100 300
Control
Day 274 76 77 89 94 92 96 101 86
% Change from 
Control

0.0 1.3 17.1 23.7 0.0 4.3 9.8 -6.5

Abbreviations:  % = percent
Notes:
1During the predose phase, ECG were recorded on Day -9 for males and Day -8 for females

As shown in Table 64, on Day 1 postdose, the QT interval was slightly decreased in 
high-dose male and high-dose female dogs compared to control dogs and Day 1 
predose.  On Day 1 postdose, the QT interval decrease in high-dose males was -6% 
from control and -13% from Day 1 predose.  On Day 1 postdose, the QT interval 
decrease in high-dose females was -5% from control and -8% from Day 1 predose.  A 
slight decrease in the QT interval was also noted for high-dose males and high-dose 
females on Day 91 postdose and Day 273 postdose but to a lesser extent.  Shortening 
of the QT interval was related to the increase in heart rate.

Table 64 ECG Summary in 39-Week Inhalation Study in Dogs:  QT (mSec)

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)Parameter

0 30 100 300 0 30 100 300

Day -9/Day -81 207 212 218 208 206 201 199 209
% Change from 
Control

0.0 2.4 5.3 0.5 0.0 -2.4 -3.4 1.5

Day 1 Predose 204 212 229** 225** 211 205 221 224*

% Change from 
Day 1 Predose

% Change from 
Control

0.0

0.0

0.0

3.9

0.0

12.3

0.0

10.3

0.0

0.0

0.0

-2.8

0.0

4.7

0.0

6.2

Day 1 Postdose 209 219 212 196 218 208 212 207
% Change from 
Day 1 Predose

% Change from 
Control

2.5

0.0

3.3

4.8

-7.4

1.4

-12.9

-6.2

3.3

0.0

1.5

-4.6

-4.1

-2.8

-7.6

-5.0

Day 91 Predose 193 203 209 206 210 198 198 200
% Change from 
Day 91 Predose

% Change from 
Control

0.0

0.0

0.0

5.2

0.0

8.3

0.0

6.7

0.0

0.0

0.0

-5.7

0.0

-5.7

0.0

-4.8
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Parameter

Males Females

TD-4208 Target Dose (mcg/kg/day) TD-4208 Target Dose (mcg/kg/day)

0 30 100 300 0 30 100 300
Day 91 
Postdose 195 200 198 188 206 199 197 193

% Change from 
Day 91 Predose

% Change from 
Control

1.0

0.0

-1.5

2.6

-5.3

1.5

-8.7

-3.6

-1.9

0.0

0.5

-3.4

-0.5

-4.4

-3.5

-6.3

Day 273 
Predose 206 211 206 201 208 195 203 203

% Change from 
Day 273 
Predose

% Change from 
Control

0.0

0.0

0.0

2.4

0.0

0.0

0.0

-2.4

0.0

0.0

0.0

-6.3

0.0

-2.4

0.0

-2.4

Day 273 
Postdose 203 216 200 197 210 204 202 198

% Change from 
Day 273 
Predose

% Change from 
Control

-1.5

0.0

2.4

6.4

-2.9

-1.5

-2.0

-3.0

1.0

0.0

4.6

-2.9

-0.5

-3.8

-2.5

-5.7

Day 274 208 195 201 205 219 207 207 195
% Change from 
Control

0.0 -6.3 -3.4 -1.4 0.0 -5.5 -5.5 -11.0

Abbreviations:  % = percent
Notes:
1During the predose phase, ECG were recorded on Day -9 for males and Day -8 for females
*Statistical significance from control group by Dunnett, p ≤ 0.05 (statistical analysis performed by the 
Applicant)
**Statistical significance from control group by Dunnett, p ≤ 0.01 (statistical analysis performed by the 
Applicant)

Hematology
Blood samples for hematology and coagulation assessments were collected during the 
predose (Day -6), dosing (Weeks 13 and 39), and recovery (Week 43) phases.  A 
complete panel of hematology and coagulation parameters was assessed.  There were 
no test article-related effects on hematology or coagulation parameters.
Clinical Chemistry
Blood samples for clinical chemistry assessments (including Troponin I) were collected 
during the predose (Day -6), dosing (Weeks 13 and 39), and recovery (Week 43) 
phases.  A complete panel of clinical chemistry parameters was assessed.  There were 
no test article-related effects on clinical chemistry parameters (including Troponin I).
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Urinalysis
Urine samples for urinalysis were collected during the predose (Day -6), dosing (Weeks 
13 and 39), and recovery (Week 43) phases.  A complete panel of urinalysis parameters 
was assessed.  There were no test article-related effects on urinalysis parameters.
Gross Pathology
At the time of main study and recovery study necropsies (Week 39 and Week 43, 
respectively), dogs were fasted overnight, anesthetized with an intravenous injection of 
sodium pentobarbital, euthanized by exsanguination, and subjected to a complete 
necropsy.  The necropsy included evaluation of the carcass and musculoskeletal 
system, all external surfaces and orifices, cranial cavity and external surfaces of the 
brain, and thoracic, abdominal, and pelvic cavities with their associated organs and 
tissues.

Notable gross pathology findings are shown in Table 65.  Most gross pathology findings 
were of low incidence, did not exhibit a dose response relationship, and/or did not have 
a histologic correlate.  Two of four high-dose females had enlarged adrenal glands at 
the end of the main study.  There were no histologic correlates or organ weight 
differences for the adrenal gland, therefore this finding was not considered test article-
related.  Two of two mid-dose males, high-dose males, and low-dose females had dark 
discoloration of the lymph node.  According to the Study Pathologist, this finding 
correlated histologically with erythrocytosis and was considered procedure-related (i.e., 
jugular bleeding).

Table 65 Gross Pathology Findings in 39-Week Inhalation Study in Dogs

Males Females

TD-4208 (mcg/kg/day) TD-4208 (mcg/kg/day)Tissue/Organ

0 30 100 300 0 30 100 300
GLAND, ADRENAL 
Enlargement
…Main
…Recovery

0/4
0/2

0/4
0/2

0/4
0/2

0/4
0/2

0/4
0/2

0/4
0/2

0/4
0/2

2/4
0/2

LYMPH NODE 
Discoloration; dark
…Main
…Recovery

0/1
1/1

0/0
1/1

2/2
1/1

2/2
1/1

1/1
0/0

2/2
0/0

1/1
0/0

1/1
2/2

GLAND, PITUITARY 
Cyst; pale
…Main
…Recovery

0/4
0/2

1/4
0/2

1/4
1/2

0/4
0/2

0/4
0/2

0/4
0/2

1/4
0/2

1/4
1/2

LUNG
Focus; pale
…Main
…Recovery

0/4
0/2

1/4
0/2

0/4
0/2

0/4
0/2

0/4
0/2

0/4
0/2

0/4
0/2

1/4
0/2

LYMPH NODE, 
TRACHEOBRONCHIAL 
Focus; dark
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Tissue/Organ

Males Females

TD-4208 (mcg/kg/day) TD-4208 (mcg/kg/day)

0 30 100 300 0 30 100 300
…Main
…Recovery

0/4
-

0/4
-

0/4
-

0/4
-

0/4
-

0/4
-

0/4
-

1/4
-

SMALL INTESTINE, 
DUODENUM 
Discoloration; dark
…Main
…Recovery

0/4
-

0/4
-

0/4
-

0/4
-

0/4
-

0/4
-

0/4
-

1/4
-

SPLEEN
Focus; raised
…Main
…Recovery

0/4
0/2

0/4
0/2

1/4
0/2

0/4
0/2

0/4
0/2

0/4
0/2

0/4
1/2

1/4
1/2

THYMUS
Focus; dark
…Main
…Recovery

0/4
1/2

0/4
0/2

0/4
0/2

1/4
0/2

1/4
2/2

2/4
0/2

0/4
1/2

1/4
1/2

Organ Weights
On the day of necropsy, organ weights were measured for the brain, adrenal gland, 
pituitary gland, prostate gland, thyroid gland with parathyroid, heart, kidney, liver, lung, 
ovary, spleen, testis, thymus and uterus (paired organs were weighed together).  The 
relative organ weights were calculated as a percentage of the body weight on the day of 
necropsy.

Absolute heart weight and heart weight relative to brain weight were statistically 
decreased (-21% and -23%, respectively) in high-dose males compared to control 
males.  Absolute heart weight and heart weight relative to brain weight were also 
decreased (-17% and -19%) in high-dose females compared to control females, but the 
decreases were not statistically significant.  The decreases in absolute heart weight and 
heart weight relative to brain weight were not noted in high-dose males or females at 
the end of the recovery period.  Of note, the decreases in heart weight in high-dose 
males and females were generally not evident when comparing heart weight relative to 
body weight.  Changes in heart weight might be connected to decreases in body weight.

Absolute thymus weight was statistically decreased in mid-dose males (-45%) and high-
dose males (-40%) compared to control males.  By comparison, absolute thymus weight 
was decreased in mid-dose females (-10%) and high-dose females (-28%), but the 
noted decreases were not statistically significant.  Absolute thymus weight was still 
decreased compared to respective control groups in high-dose males (-31%), mid-dose 
females (-19%), and high-dose females (-42%) at the end of the recovery period.  

Absolute organ weight decreases were also seen in high-dose males compared to 
control males for thyroid gland (-19%), kidney (-14%), and spleen (-23%).  Mid-dose 
males also had a decrease in absolute spleen weight (-36%) compared to control 
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males.  Some of these decreases might be attributed to decreased body weight, as 
decreases in organ weights for thyroid gland, kidney, and spleen relative to body weight 
were not evident or less evident than the absolute organ weight decreases.  Overall, 
decreased weights for thyroid gland, kidney, and spleen were not evident or less 
evident at the end of the recovery period.

Table 66 Absolute Organ Weights in 39-Week Inhalation Study in Dogs

Males Females

Target TD-4208 (mcg/kg/day) Target TD-4208 (mcg/kg/day)Parameter

0 30 100 300 0 30 100 300

Body Weight
Main n = 
-Absolute (kg)
-% Change of 
Control

Recovery n = 
-Absolute (kg)
-% Change of 
Control

4
10.5
0%

2
11.0
0%

4
10.0

-4.8%

2
8.9

-19.1%

4
9.1*

-13.3%

2
11.0
0%

4
8.9**

-15.7%

2
10.5

-5.0%

4
7.7
0%

2
7.4
0%

4
7.9

2.6%

2
7.6

2.7%

4
7.1

-8.1%

2
7.6

2.7%

4
7.1

-7.5%

2
8.4

12.8%

Heart
Main n = 
-Absolute (g)
-% Change of 
Control

Recovery n = 
-Absolute (g)
-% Change of 
Control

4
86.988

0%

2
86.477

0%

4
85.838
-1.3%

2
81.255
-6.0%

4
79.917
-8.1%

2
89.041
2.9%

4
68.637**

-21.1%

2
93.696
8.3%

4
69.663

0%

2
54.505

0%

4
63.208
-9.3%

2
68.730
26.1%

4
60.032
-13.8%

2
62.217
14.2%

4
57.954
-16.8%

2
67.093
23.1%

Thymus
Main n = 
-Absolute (g)
-% Change of 
Control

Recovery n = 
-Absolute (g)
-% Change of 
Control

4
8.171
0%

2
7.204
0%

4
5.518

-32.5%

2
3.908

-45.8%

4
4.470*

-45.3

2
7.619
5.8%

4
4.878*

-40.3

2
5.007

-30.5%

4
5.063
0%

2
5.766
0%

4
5.103
0.8%

2
4.731

-17.9%

4
4.539

-10.3%

2
4.677

-18.9%

4
3.661

-27.7%

2
3.325

-42.3%

Gland, Thyroid
Main n = 
-Absolute (g)
-% Change of 
Control

Recovery n = 
-Absolute (g)
-% Change of 

4
0.819
0%

2
0.853
0%

4
0.932
13.9%

2
0.668

-21.7%

4
0.735

-10.2%

2
0.848
-0.6%

4
0.662

-19.2%

2
0.937
9.8%

4
0.617
0%

2
0.810
0%

4
0.644
4.5%

2
0.608

-24.9%

4
0.559
-9.4%

2
0.584

-27.9%

4
0.637
3.3%

2
0.805
-0.6%
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Parameter

Males Females

Target TD-4208 (mcg/kg/day) Target TD-4208 (mcg/kg/day)

0 30 100 300 0 30 100 300

Control

Kidney
Main n = 
-Absolute (g)
-% Change of 
Control

Recovery n = 
-Absolute (g)
-% Change of 
Control

4
48.688

0%

2
43.210

0%

4
51.092
4.9%

2
43.548
0.8%

4
43.855
-9.9%

2
58.358
35.1%

4
41.685
-14.4%

2
51.033
18.1%

4
34.277

0%

2
30.934

0%

4
35.858
4.6%

2
32.161
3.9%

4
32.441
-5.4%

2
32.571
5.3%

4
33.669
-1.8%

2
39.292
27.0%

Spleen
Main n = 
-Absolute (g)
-% Change of 
Control

Recovery n = 
-Absolute (g)
-% Change of 
Control

4
56.460

0%

2
43.322

0%

4
59.648
5.6%

2
42.077
-2.9%

4
35.892
-36.4%

2
61.252
41.4%

4
43.635
-22.7%

2
37.512
-13.4%

4
46.606

0%

2
23.847

0%

4
44.611
-4.3%

2
28.719
20.4%

4
52.419
12.5%

2
30.229
26.8%

4
51.063
9.6%

2
42.672
78.9%

Abbreviations:  % = percent
Notes:
*Statistical significance from control group by Dunnett, p ≤ 0.05 (statistical analysis performed by the 
Applicant)
**Statistical significance from control group by Dunnett, p ≤ 0.01 (statistical analysis performed by the 
Applicant)

Histopathology
Adequate Battery
Yes.  A complete battery of tissues/organs were collected and examined as shown in 
Table 67.
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Table 67 Tissue/Organ List in 39-Week Inhalation Study in Dogs (Applicant’s 
Table)

Peer Review
Yes.  An internal pathology peer review was performed.  The signed pathology peer 
review statement indicated that no significant differences of opinion were determined 
between the reviewing pathologist and the study pathologist and that the pathology 
report and data tables accurately reflect the agreed upon observations and conclusions 
of both pathologists.

Histological Findings
As shown in Table 68, most histopathology findings were of low incidence (incidental) 
and were not considered test article-related.  Of note, one high-dose female had 
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minimal pleural fibrosis of the lung, which has been described in the literature as a 
spontaneous microscopic lesion in normal Beagle dogs (incidence of 21% [139/647 
male and female dogs]).1, 2  Two of two mid-dose males, high-dose males, and low-dose 
females had erythrocytosis of the lymph node.  According to the Study Pathologist, this 
finding correlated with gross pathology findings of dark discoloration and was 
considered procedure-related (i.e., jugular bleeding).

Table 68 Histopathology Findings in 39-Week Inhalation Study in Dogs

Males Females

TD-4208 (mcg/kg/day) TD-4208 (mcg/kg/day)Tissue/Organ

0 30 100 300 0 30 100 300
Number of Animals
Main
Recovery

4
2

4
2

4
2

4
2

4
2

4
2

4
2

4
2

GLAND, PROSTATE
Main n = 
Inflammation; chronic, 
interstitial
...mild

Recovery n = 
Inflammation; chronic, 
interstitial

4

0
0

2

-

4

0
0

2

-

4

0
0

2

-

4

1
1

2

-

NA

NA

NA

NA

NA

NA

NA

NA

HEART
Main n = 
Inflammation, 
vascular/perivascular
...minimal

Recovery n = 
Inflammation, 
vascular/perivascular

4

0
0

2

-

4

0
0

2

-

4

0
0

2

-

4

0
0

2

-

4

0
0

2

-

4

0
0

2

-

4

0
0

2

-

4

1
1

2

-
KIDNEY
Main n = 
Basophilia; tubular
...minimal

Recovery n = 
Basophilia; tubular
...minimal

4
0
0

2
0
0

4
0
0

2
0
0

4
1
1

2
0
0

4
0
0

2
1
1

4
0
0

2
0
0

4
0
0

2
0
0

4
0
0

2
0
0

4
1
1

2
0
0

LUNG
Main n = 
Fibrosis; pleural
...minimal

Recovery n = 

4
0
0

2

4
0
0

2

4
1
1

2

4
0
0

2

4
0
0

2

4
0
0

2

4
0
0

2

4
1
1

2

1Hottendorf GH and Hirth RS.  1974.  Lesions of Spontaneous Subclinical Disease in Beagle Dogs.  Vet 
Path 11:240-258.

2Handbook of Toxicology - Third Edition (edited by Derelanko MJ and Auletta CS).  2014.  CRC Press – 
Taylor and Francis Group.

Reference ID: 4290594



NDA 210598 Reviewer:  Eleni Salicru, PhD

116

Tissue/Organ

Males Females

TD-4208 (mcg/kg/day) TD-4208 (mcg/kg/day)

0 30 100 300 0 30 100 300
Fibrosis; pleural
...mild

0
0

0
0

0
0

0
0

0
0

0
0

0
0

1
1

LYMPH NODE
Main n = 
Erythrocytosis
...minimal
...mild

Recovery n = 
Erythrocytosis
...minimal
...mild

1
1
1
0

1
1
0
1

0
-
-
-

1
1
1
0

2
2
0
2

1
1
0
1

2
2
0
2

1
1
1
0

1
1
0
1

0
-
-
-

2
2
0
2

0
-
-
-

1
1
1
0

0
-
-
-

1
1
0
1

2
2
2
0

LYMPH NODE, 
MESENTERIC
Main n = 
Erythrocytosis
...minimal

Recovery n = 
Erythrocytosis
...minimal

4
2
2

2
0
0

4
1
1

2
0
0

4
0
0

2
0
0

4
1
1

2
1
1

4
1
1

2
0
0

4
1
1

2
0
0

4
2
2

2
0
0

4
3
3

2
0
0

LYMPH NODE, 
TRACHEOBRONCHIAL
Main n = 
Erythrocytosis
...minimal

Hyperplasia; lymphoid
...minimal

Recovery n = 
Erythrocytosis

Hyperplasia; lymphoid
...minimal

4
0
0

0
0

2
-

0
0

4
0
0

0
0

1
-

0
0

4
0
0

0
0

2
-

0
0

4
0
0

0
0

2
-

1
1

4
0
0

0
0

2
-

0
0

4
0
0

0
0

2
-

0
0

4
1
1

0
0

2
-

1
1

4
1
1

1
1

2
-

0
0

SKIN
Main n = 
Inflammation; adnexa
...minimal

Recovery n = 
Inflammation; adnexa

4
0
0

2
-

4
0
0

2
-

4
0
0

2
-

4
1
1

2
-

4
1
1

2
-

4
0
0

2
-

4
0
0

2
-

4
1
1

2
-

TONGUE
Main n = 
Inflammation; mucosal
...minimal

Recovery n = 
Inflammation; mucosal

4
0
0

2
-

4
0
0

2
-

4
0
0

2
-

4
1
1

2
-

4
0
0

2
-

4
0
0

2
-

4
0
0

2
-

4
0
0

2
-

Abbreviations:  n = number examined:  NA = not applicable
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Special Evaluation
Tear production was evaluated by the Schirmer’s Tear Test during the predose (once) 
and dosing phases (Weeks 6, 13, and 39).  As shown in Table 69, mid-dose and high-
dose males and females had decreased mean tear production compared to the 
prestudy period and to concurrent controls.  The greatest decrease in mean tear 
production was noted in Week 13 and Week 39 for males and females, respectively. 
This was an expected pharmacodynamic effect of the test article.

Table 69 Tear Production by Schirmer’s Tear Test in 39-Week Inhalation Study 
in Dogs

Males Females

TD-4280 Target Dose (mcg/kg/day) TD-4280 Target Dose (mcg/kg/day)Parameter

0 30 100 300 0 30 100 300

Prestudy 18.83 20.08 21.17 19.42 18.92 18.33 20.67 21.42
% Change from 
Prestudy

% Change from 
Control

0

0.00

0

6.64

0

12.43

0

3.13

0

0.00

0

-3.12

0

9.25

0

13.21

Week 6 17.92 19.42 15.58 15.67 16.00 17.67 15.25 12.50
% Change from 
Prestudy

% Change from 
Control

-4.83

0.00

-3.29

8.37

-26.41

-13.06

-19.31

-12.56

-15.43

0.00

-3.60

10.44

-26.22

-4.69

-41.64

-21.88

Week 13 20.50 21.33 17.75 12.75 17.50 18.50 15.58 11.58
% Change from 
Prestudy

% Change from 
Control

8.87

0.00

6.23

4.05

-16.15

-13.41

-34.35

-37.80

-7.51

0.00

0.93

5.71

-24.63

-10.97

-45.94

-33.83

Week 39 17.42 20.50 20.33 15.42 18.83 20.50 16.33 11.50
% Change from 
Prestudy

% Change from 
Control

-7.49

0.00

2.09

17.68

-3.97

16.70

-20.60

-11.48

-0.48

0.00

11.84

8.87

-21.00

-13.28

-46.32

-38.93

Abbreviations:  % = percent

Toxicokinetics
Blood was collected from a jugular vein on Days 1, 90 (Week 13), and 273 (Week 39) of 
the dosing phase at predose and 1, 1.5, 2, 4, 6, and 24 hours postdose.  Plasma 
samples were assayed for TD-4208 and metabolite THRX-1985518 using a validated 
LC/MS/MS method with a lower limit of quantitation <0.100 ng/mL.  Toxicokinetic 
parameters that were calculated included Cmax, Tmax, and AUC0-24hr.
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TD-4208 was not detected in any of the vehicle control group samples (below the lower 
limit of quantitation of 0.100 ng/ml).  As shown in Table 70, after inhalation of TD-4208, 
mean Tmax on Day 1, Week 13, and Week 39 for TD-4208 was reached by 1 hour in all 
drug-treated groups.  Mean AUC0-24hr and Cmax for TD-4208 increased between doses 
on Day 1, Week 13, and Week 39 and increases were generally dose proportional.  
There was drug accumulation over the course of the study period, especially for the 
high-dose.

Table 70 Mean Composite Toxicokinetic Parameters for TD-4208 in Dog 
Plasma in 39-Week Inhalation Study:  Day 1, Week 13, Week 39 
(Applicant’s Table)
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Metabolite THRX-195518 was not detected in any of the vehicle control group samples 
(below the lower limit of quantitation of 0.100 ng/ml).  As shown in Table 71, after 
inhalation of TD-4208, mean Tmax on Day 1, Week 13, and Week 39 for metabolite 
THRX-195518 was reached by 1 hour in all drug-treated groups.  Mean AUC0-24hr and 
Cmax for metabolite THRX-195518 increased between doses on Day 1, Week 13, and 
Week 39 and increases were generally dose proportional.  There was metabolite 
accumulation over the course of the study period, especially for the high-dose.  
Metabolite THRX-195518 exposure was greater than TD-4208 exposure at all doses on 
Day 1, Week 13, and Week 39.
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Table 71 Mean Composite Toxicokinetic Parameters for Metabolite THRX-
195518 in Dog Plasma in 39-Week Inhalation Study:  Day 1, Week 13, 
Week 39 (Applicant’s Table)

Dosing Solution Analysis
Dose formulation samples from control, low-dose, mid-dose, and high-dose groups 
were analyzed by HPLC for concentration (middle stratum) during Weeks 1, 8, 13, 16, 
20, 26, 30, 34, and 39 of the dosing period.  The measured concentrations for the 
control samples (0 mg/mL) were all below the lower limit of quantitation.  With one 
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exception, the mean measured concentrations for the low-dose, mid-dose, and high-
dose samples were all within 10% of their respective theoretical concentrations 
(individual values within 15%), which met the acceptance criteria.  During Week 34, the 
low-dose sample and its backup did not meet the acceptance criteria for concentration 
(i.e., 74.8% and 76.3% mean percent of theoretical, respectively) so a new low-dose 
preparation was made, which met the acceptance criteria.

7 Genetic Toxicology
Revefenacin was negative for genotoxicity in a standard battery of genetic toxicology 
tests.  Metabolite THRX-195518 was negative for mutagenicity in the Ames test for 
bacterial gene mutation.

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
Revefenacin:
Study title:  GSK1160724A:  Bacterial Mutation Assay (Ames Test) with 
Salmonella typhimurium and Escherichia coli

Study no.: 2990/122
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: March 13, 2007 (date Study Director 
signed protocol)

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: GSK1160724A (diphosphate trihydrate 
salt), lot # LST005756, 98.7% w/w purity

Key Study Findings
The mutagenic potential of GSK1160724A (revefenacin) was evaluated in the Ames 
assay using the plate incorporation method at concentrations of 50, 150, 500, 1500, 
2500, and 5000 mcg/plate with or without metabolic activation (±S9-mix) in the 
Salmonella typhimurium tester strains TA98, TA100, TA1535 and TA1537 and 
Escherichia coli tester strain WP2uvrApKM101.  GSK1160724A doses up to 5000 
mcg/plate (with and without metabolic activation) were considered negative for 
mutagenicity in the Ames assay, under the conditions tested.
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Sponsor’s Criteria for a Positive Assay (text taken from Study Report):

1. The assay must be considered valid in accordance with the criteria for assay 
acceptance.

2. If the data for any treatment level shows a response ≥2 times the concurrent 
vehicle control value (TA98, TA100 and WP2uvrA (pKM101)), or ≥3 times the 
concurrent vehicle control value (TA1535 and TA1537), in conjunction with a 
dose-related response, the result is considered positive.

3. Where the data for any strain shows a dose-related response, but does not 
exceed the 2 or 3-fold threshold as detailed above, the result is considered 
equivocal and further testing may be required for clarification as follows:

a. Where an equivocal result is obtained in the presence of S9-mix, a second 
assay, Yahagi test, is conducted with pre-incubation [Yahagi, 1975].  
Alternatively, a different concentration of S9-mix may be used.

b. Where an equivocal result is obtained in the absence of S9-mix, a repeat 
assay is conducted to assess/confirm reproducibility.

The evaluation criteria (1-3 above) are applied to the results for either of the 
circumstances, “a” or “b” above.
Results that only partially satisfy the above criteria are considered on a case-by-case 
basis.  Where results remain inconclusive, further testing and/or test modification may 
be considered to better define the assay response.
Study Validity

 An adequate selection of tester strains was used in the presence and absence of 
exogenous metabolic activation (±S9-mix).

 The S9 used as an exogenous metabolizing system was purchased from 
  The composition and 

concentration of S9 in the S9-mix was acceptable (the S9-mix contained 10% v/v 
of S9 fraction).

 The maximum dose of GSK1160724A tested for the plate incorporation method 
was 5000 mcg/plate and was considered acceptable per ICH S2 (R1).

 The data for the vehicle-control revertant colony counts were within the 
acceptable ranges for the laboratory’s historical data.

 The positive controls induced clear unequivocal increases in numbers of 
revertant colonies and were within the laboratory’s historical data.

Results
No precipitation of GSK1160724A was seen.  The bacterial background lawn was 
reduced at 5000 mcg/plate in strains TA100, TA1535 and TA1537 in the presence and 
absence of S9-mix (mutation assay 1 and 2) and in strain TA98 in the absence of S9-
mix (mutation assay 1).  Under the conditions tested, there were no treatment-related 
increases in the numbers of revertant colonies at any concentration tested for any tester 
strain.
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Metabolite THRX-195518:
Study title:  THRX-195518:  Bacterial Reverse Mutation Test in Salmonella 
typhimurium and Escherichia coli

Study no.: Sponsor:  CRN: 13-003-16
Conducting laboratory:  9600370

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: May 21, 2013 (date Study Director signed 
protocol)

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: THRX-195518 (revefenacin), lot # TF-
11118-03, 99.6% purity

Key Study Findings
The mutagenic potential of carboxylic acid metabolite THRX-195518 was evaluated in 
the Ames assay using the plate incorporation method at concentrations of 1.58, 5.0, 
15.8, 50, 158, 500, 1581, and 5000 mcg/plate with or without metabolic activation (±S9-
mix) in the Salmonella typhimurium tester strains TA98, TA100, TA1535 and TA1537 
and Escherichia coli tester strain WP2uvr.  Metabolite THRX-195518 doses up to 5000 
mcg/plate (with and without metabolic activation) were considered negative for 
mutagenicity in the Ames assay, under the conditions tested.
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Methods
Strains: Salmonella typhimurium TA98, TA100, 

TA1535, and TA1537; Escherichia coli 
WP2uvr

 Concentrations in definitive study: 1.58, 5.0, 15.8, 50, 158, 500, 1581, and 
5000 mcg/plate (±S9-mix)

Basis of concentration selection: The maximum concentration tested was 
5000 mcg/plate (standard limit, if nontoxic)

Negative control: Phosphate buffered saline (PBS)
Positive control:  Sodium azide (0.5 mcg/plate for strains 

TA1535 and TA100, in the absence of 
S9-mix)

 9-Aminoacridine hemihydrate (50 
mcg/plate for strain TA1537, in the 
absence of S9-mix)

 2-Nitrofluorene (1 mcg/plate for strain 
TA98, in the absence of S9-mix)

 4-Nitroquinoline N-oxide (0.5 mcg/plate 
for strain WP2uvrA, in the absence of S9-
mix)

 2-Aminoanthracene (5 mcg/plate for 
TA1535, and 20 mcg/plate for WP2uvrA, 
in the presence of S9-mix)

 Benzo[a]pyrene (5 mcg/plate for strains 
TA1537, TA98 and TA100, in the 
presence of S9-mix)

Formulation/Vehicle: PBS
Incubation & sampling time: Plate incorporation for 64 hours and 27 

minutes

Sponsor’s Criteria for a Positive Assay (text taken from Study Report):

1. The results were considered positive (i.e., indicative of mutagenic potential) if 
both the following criteria were met.

 The results for the Test Item showed a substantial increase in revertant 
colony counts, i.e. response ≥2 times the concurrent Reference Item level for 
TA98, TA1535, TA1537 and WP2uvrA, or ≥1.5 times for TA100, with mean 
value(s) outside the laboratory historical control range (beyond the 98% 
tolerance limit).  Otherwise results were considered negative.

 The above increase was dose related and/or reproducible i.e. increases must 
be obtained at more than one experimental point (at least one strain, more 
than one dose level).

2. If the second criterion was not met, further testing might be appropriate to clarify 
equivocal results using an appropriately modified study design, e.g. a narrower 
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dose interval with the appropriate strain.  In such cases, if no substantial increase 
is obtained in the confirmatory test, the results would be considered negative.

Study Validity
 An adequate selection of tester strains was used in the presence and absence of 

exogenous metabolic activation (±S9-mix).
 The S9 used as an exogenous metabolizing system was purchased from 

.  The composition and concentration of S9 in the S9-mix was acceptable 
(the S9-mix contained 10% v/v of S9 fraction).

 The maximum dose of metabolite THRX-195518 tested for the plate 
incorporation method was 5000 mcg/plate and was considered acceptable per 
ICH S2 (R1).

 The data for the vehicle-control revertant colony counts were within the 
acceptable ranges for the laboratory’s historical data.

 The positive controls induced clear unequivocal increases in numbers of 
revertant colonies and were within the laboratory’s historical data.

Results
No precipitation or effect on background lawn was seen with metabolite THRX-195518 
at any concentration tested for any tester strain.  Under the conditions tested, there 
were no treatment-related increases in the numbers of revertant colonies at any 
concentration tested for any tester strain.

7.2 In Vitro Assays in Mammalian Cells
Study title:  GSK1160724A: In Vitro Mutation Assay with L5178Y Mouse 
Lymphoma Cells at the TK Locus

Study no.: 2990/123
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: March 14, 2007 (date Study Director 
signed protocol)

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: GSK1160724A (revefenacin), lot # 
LST005756, 98.7% w/w purity

Key Study Findings
The potential of GSK1160724A (revefenacin) to induce non-lethal gene mutations and 
chromosome damage in vitro was evaluated in the mouse lymphoma assay using 
L5178Y mouse lymphoma cells, which are heterozygous for thymidine kinase [TK+/-], 
an autosomal gene located on chromosome 11.  In the 3-hour treatment ±S9-mix, the 
concentrations tested were 0, 30, 60, 90, 120, 150, 175,200, 225, 250 and 300 mcg/mL.  
In the 24-hour treatment without S9-mix, the concentrations tested were 0, 4, 8, 12, 16, 

Reference ID: 4290594

(b) (4)

(b) (4)



NDA 210598 Reviewer:  Eleni Salicru, PhD

127

20, 24, 28, 35, 40, and 50 mcg/mL.  Cytotoxicity was noted at 175 and 150 mcg/mL for 
the-3-hour treatment (presence and absence of S9-mix, respectively), and 24 mcg/mL 
for the 24-hour treatment (absence of S9-mix).  Under the study conditions, 
GSK1160724 was not genotoxic in the mouse lymphoma L5178Y TK+/- assay (±S9-
mix).

Methods
Cell line: L5178Y mouse lymphoma cells (cell line is 

TK+/-, an autosomal gene located on 
chromosome 11)

Concentrations in definitive study: 3-hour treatment ±S9-mix:  0, 30, 60, 90, 
120, 150, 175,200, 225, 250 and 300 
mcg/mL
24-hour treatment without S9-mix:  0, 4, 8, 
12, 16, 20, 24, 28, 35, 40, and 50 mcg/mL

Basis of concentration selection: In a preliminary cytotoxicity test, 
GSK1160724 was tested from 103.1 to 
3300 mcg/mL (3-hour treatment) and from 
12.89 to 3300 mcg/mL (24-hour treatment).

 precipitation was seen at ≥1650 
mcg/mL for the 3-hour treatment 
(+S9-mix) and at 3300 mcg/mL for 
the 24-hour treatment (without S9-
mix)

 cytotoxicity increased with increasing 
concentration of GSK1160724.

 Relative total growth (RTG; 
cytotoxicity) was reduced to 10% and 
22% at 206.3 mcg/mL for 3-hour 
treatment without and with S9-mix, 
respectively.  RTG was reduced to 
25% at 25.78 mcg/mL for 24-hour 
treatment (without S9-mix).

Based on the results of the preliminary 
cytotoxicity test, the maximum 
concentration of 300 mcg/mL was chosen 
for the 3-hour treatment (±S9-mix) and the 
maximum concentration of 50 mcg/mL was 
chosen for the 24-hour treatment (without 
the S9-mix)

Negative control: DMSO
Positive control: See Table 74

Formulation/Vehicle: DMSO
Incubation & sampling time:  Cell culture treatment:  3-hour treatment 

(±S9-mix); 24-hour treatment (without 
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Study Validity
 The Aroclor 1254 induced rat liver post-mitochondrial fraction (S9) was obtained 

from  and was used as an exogenous oxidative metabolizing system.  
Final concentration of S9-fraction in cultures were 2% v/v.

 Regarding the vehicle controls, the mean value for the vehicle control mutant 
frequency (MF) was between 50 to 170 x 10-6, the mean cloning efficiency was 
between 65 – 120%, and the mean suspension growth was between 8 to 32 on 
Day 2 following 3 hour treatments.

 Regarding the positive controls, the positive controls showed either an absolute 
increase in mean total MF of at least 300 x 10-6 or an increase in small colony MF 
of at least 150 x 10-6 above the concurrent vehicle control.  Also, the mean RTG 
value for the positive controls was greater than 10%.

Results
RTG (cytotoxicity) was reduced to 17% at 150 mcg/mL for 3-hour treatment (without S9-
mix), 20% at 175 mcg/mL for 3-hour treatment (+S9-mix), and 15% at 24 mcg/mL for 
24-hour treatment (without S9-mix).  For all three treatments, the data were negative for 
genotoxicity because the mutant frequencies of the concentrations plated were all less 
than the sum of the mean control mutant frequency plus the global evaluation factor 
(GEF).

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)
Study title:  GSK1160724A:  Intravenous Bone Marrow Micronucleus Assay 
in Rats

Study no: 961548
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: March 28, 2007 (date Study Director 
signed protocol)

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: GSK1160724A (diphosphate trihydrate 
salt), lot # LST005756, 98.7% purity (salt 
form), 69.6% purity (free base)

Key Study Findings
The potential of GSK1160724 (revefenacin) to induce structural chromosomal damage 
and/or aneuploidy in vivo, was considered negative based on data from micronucleated 
polychromatic erythrocytes (MPCE)/2000 PCE analyzed from the bone marrow of rats 
treated intravenously with either 15 mg/kg/day or 30 mg/kg/day GSK1160724 for two 
consecutive days.  Under the conditions of this experiment, GSK1160724 was not 
considered genotoxic.
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Methods
Doses in definitive study: 15 or 30 mg/kg/day (maximum tolerated dose 

[MTD] based on dose range finding study)
Frequency of dosing: Once/day for two consecutive days

Route of administration: Intravenous
Dose volume: 10 mL/kg

Formulation/Vehicle:  mM citric acid in 0.9% (w/v) aqueous sodium 
chloride, pH 5

Species/Strain: Rat/Hsd:SD
Number/Sex/Group: 6 males/group for vehicle and test compound; 3 

males/group for positive control
Satellite groups: Analysis of plasma from satellite animals to 

confirm in vivo exposure to test compound
Basis of dose selection: Intravenous doses of 30 and 50 mg/kg/day 

GSK1160724 were evaluated in a dose range 
finding study with three males and three females 
treated once/day for two consecutive days.  The 
30 mg/kg/day dose resulted in decreased feces 
output.  Body weight gain was decreased 4.5% 
for both males and females.  The 50 mg/kg/day 
dose produced mortality in one male and one 
female immediately after treatment.  The 30 
mg/kg/day dose was considered the MTD.

Negative control: Vehicle of  mM citric acid in 0.9% (w/v) 
aqueous sodium chloride, pH 5

Positive control: Cyclophosphamide (administered only once, on 
Day 2 about 24 hours before sacrifice)

Table 75 shows the study design of the micronucleus assay.
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Results
Analysis of Plasma Samples from Satellite Animals:  The mean plasma concentration of 
GSK1160724 on Day 1 after intravenous administration of 30 mg/kg/day GSK1160724 
was 30500 ng/mL (range of 26900 to 34400 ng/mL; n = 3).

Clinical Signs:  All animals in the 15 and 30 mg/kg/day treatment groups had dark 
eyeballs (left and right) and decreased feces output.  One animal in the 30 mg/kg/day 
group had fur staining (red/tail).  One animal (no. 3004) was found dead immediately 
after dosing and was replaced by animal no. 3104.

Body weights:  Body weight gain was reduced compared to the control by about -6% 
and -7% for the 15 and 30 mg/kg/day groups, respectively, on Day 2, and about -10% 
and -11%, respectively, on Day 3.

Bone marrow toxicity and micronucleus evaluation:  Group mean %PCE decreased 
slightly for the 15 mg/kg/day and 30 mg/kg/day groups compared to the vehicle control 
group (45.0% and 49.6%, respectively, vs. 53.9%) but this was not considered bone 
marrow toxicity.  The group mean MPCE values for the 15 mg/kg/day and 30 mg/kg/day 
groups were similar to the vehicle control group (1.0 and 0.8, respectively, vs. 1.7).  In 
comparison, the group mean MPCE for the cyclophosphamide positive control was 
66.7.

7.4 Other Genetic Toxicity Studies
None

8 Carcinogenicity
Carcinogenicity studies are evaluated in a separate review (see nonclinical review dated 
June 19, 2018).

No treatment-related tumors were identified in two-year inhalation studies in Sprague-
Dawley rats and CD1 mice that were conducted to assess the carcinogenic potential of 
revefenacin and its amide hydrolysis metabolite.

9 Reproductive and Developmental Toxicology
Revefenacin is intended to be administered to patients by the inhalation route but the 
subcutaneous route of administration was chosen for reproductive and developmental 
toxicology studies to increase systemic exposure of the drug.
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9.1 Fertility and Early Embryonic Development
Study title:  TD-4208:  Male and Female Fertility Toxicity Study by the 
Subcutaneous Route in the Rat (Segment I)

Study no.: Sponsor:  CRN:  14-018-01
Conducting Laboratory:  AB20665

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: August 8, 2014 (date Study Director 
signed protocol)
September 8, 2014 (date dosing began)

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: TD-4208 (revefenacin), lot # LM-X-4208-
02, and 97.9% purity

Key Study Findings
 In a rat fertility study, virgin male and female rats (20/sex/group) were treated 

once daily for two weeks before being paired for mating, once daily throughout 
mating, and once daily up to the day before necropsy for males (about 6 weeks 
from first day of treatment) or until GD 7 for females with subcutaneous doses of 
TD-4208 (revefenacin) at 0 (control), 10 (low-dose), 100 (mid-dose), and 500 
(high-dose) mcg/kg/day.  The premating period of 2-weeks was selected 
because in repeat-dose toxicity studies up to 13 weeks with inhalation doses up 
to 1060 mcg/kg/day, which produced high systemic drug exposures, there was 
no evidence that TD-4208 had any adverse effects on the reproductive organs.

 There were no deaths in the test article-treated groups.

 Around the time that males were paired for mating (Day 14), high-dose males 
had 88% of the body weight gain of control males.  Near the end of the dosing 
period (Day 42), high-dose males had 93% of the body weight gain of control 
group males.

 Around the time that females were paired for mating (Day 14), the high-dose 
group had 88% of the body weight gain of the control group.  During the 
gestation period, on GD 8, the high-dose group had 94% of the body weight gain 
of the control group.  Decreases in body weight gain appeared to correlate with 
decreased food consumption.

 There we no significant effects of TD-4208 treatment on fertility parameters 
(estrus cycling, mating, sperm characteristics) in male or female rats.

 There was no effect of TD-4208 on mating performance or fertility in male or 
female rats.
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 The NOAEL for male and female fertility and mating performance was the high-
dose (500 mcg/kg/day).  The NOAEL for male and female toxicity was the mid-
dose (100 mcg/kg/day), based on slight decreases in body weight gain in high-
dose animals.

Methods
Doses: 0 (control), 10 (low-dose), 100 (mid-dose), and 

500 (high-dose) mcg/kg/day
Frequency of dosing: Once daily (see Study Design below)

Dose volume: 1 mL/kg
Route of administration: Subcutaneous injection

Formulation/Vehicle:  mM citrate buffered saline (pH 5.0 ± 0.1)
Species/Strain: Virgin male and female rats/Crl:OFA(SD)

Number/Sex/Group: 20
Satellite groups: None

Study design: Males and females were treated once daily for 
two weeks before being paired for mating, once 
daily throughout mating, and once daily up to 
the day before necropsy for males (about 6 
weeks from first day of treatment) or until GD 7 
for females.  The premating period of 2-weeks 
was selected because in repeat-dose toxicity 
studies up to 13 weeks with inhalation doses up 
to 1060 mcg/kg/day, which produced high 
systemic drug exposures, there was no 
evidence that TD-4208 had any adverse effects 
on the reproductive organs.

Deviation from study protocol: Deviations from the protocol were described in 
the study report.  There were no deviations that 
affected the integrity of the study results.

Observations and Results
Mortality
Rats were checked for morbidity/mortality at least twice daily.  One female (No. 22) in 
the control group was found dead on Gestation Day 3.  The cause of death was 
associated with changes in the abdomen.  There were no deaths in the test article-
treated groups.
Clinical Signs
Rats were checked for clinical signs at least twice daily.  A full clinical exam was 
performed weekly.  Two males in the high-dose group (No. 129 and 138) had 
occasional findings of chromodacryorrhea in the left and right eyes.  Male No. 129 also 
had lacrimation in the right eye.  These findings were considered incidental.  There were 
no clinical signs that were considered test article-related.
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Body Weight
Males
Male body weights were measured twice weekly.  Mean body weight curves for the 
control and drug-treated male groups are shown in Figure 6 with clear separation of the 
high-dose curve from the control curve.  As shown in Table 76, on Day 14 and Day 42, 
the high-dose group had 88% and 93%, respectively, of the body weight gain of the 
control group.

Figure 6 Mean Body Weights for Male Rats in Subcutaneous Fertility Study

Table 76 Mean Body Weight Changes for Male Rats in Subcutaneous Fertility 
Study

Males

TD-4208 (mcg/kg/day)Parameter

0 10 100 500

Day 0 (grams) 359.31 353.03 358.58 350.34
Day 14 (grams) 396.29 392.50 398.63 381.97
Day 42 (grams) 453.76 457.92 454.69 436.04

Day 0 to 14 Change (grams) 36.98 39.47 40.05 31.63
Change as % of Day 0 BW 10.29 11.18 11.17 9.03
% of Control 100.00 108.63 108.52 87.72

Day 0 to 42 Change (grams) 94.45 104.89 96.11 85.70
Change as % of Day 0 BW 26.29 29.71 26.80 24.46
% of Control 100.00 113.03 101.96 93.06

Day 14 to 42 Change (grams) 57.47 65.42 56.06 54.07
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Parameter

Males

TD-4208 (mcg/kg/day)

0 10 100 500

Change as % of Day 14 BW 14.50 16.67 14.06 14.16
% of Control 100.00 114.93 96.97 97.61
Abbreviations:  % = percent; BW = body weight

Females
Female body weights were measured twice weekly during the premating and mating 
periods (only premating data reported) and on GD 0, GD 4, GD 8, and GD 13.  Mean 
body weight curves for the control and drug-treated female groups are shown in Figure 
7 with clear separation of the high-dose curve from the control curve at all time points.  
As shown in Table 77, on Day 14, the high-dose group had 88% of the body weight 
gain of the control group.  During the gestation period, on GD 8, the high-dose group 
had 94% of the body weight gain of the control group.

Figure 7 Mean Body Weights for Female Rats in Subcutaneous Fertility Study

Abbreviations:  GD = gestation day
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Table 77 Mean Body Weight Changes for Female Rats in Subcutaneous 
Fertility Study

Females

TD-4208 (mcg/kg/day)Parameter

0 10 100 500

Day 0 (grams) 261.70 259.18 260.62 256.16
Day 14 (grams) 278.02 280.66 278.62 270.19

Day 0 to 14 Change (grams) 16.32 21.48 18.00 14.03
Change as % of Day 0 BW 6.24 8.29 6.91 5.48
% of Control 100.00 132.90 110.75 87.83

GD 0 (grams) 293.70 287.75 284.24w 273.86www

GD 8 (grams) 333.13 329.19 324.40 308.75www

GD 13 (grams) 360.07 355.56 352.82 337.52ww

GD 0 to GD 8 Change (grams) 39.43 41.44 40.16 34.89
Change as % of GD 0 BW 13.43 14.40 14.13 12.74
% of Control 100.00 107.27 105.24 94.90

GD 8 to GD 13 Change (grams) 26.94 26.37 28.42 28.77
Change as % of GD 8 BW 8.09 8.01 8.76 9.32
% of Control 100 99 108 115
Abbreviations:  % = percent; BW = body weight; GD = gestation day
Notes:
wStatistical significance by Williams 2-sided test, p < 0.05 (statistical analysis performed by Applicant)
wwStatistical significance by Williams 2-sided test, p < 0.01 (statistical analysis performed by Applicant)
wwwStatistical significance by Williams 2-sided test, p < 0.001 (statistical analysis performed by Applicant)

Feed Consumption
Rats were offered rat pelleted complete diet (Safe, A04C-10) and water ad libitum (by 
an automatic watering system before the beginning of gestation and by bottles during 
gestation).

Males
Male food consumption was measured during the premating period (once weekly).  As 
shown in Table 78, from 0 to 7 (first week), 7 to 14 (second week), and 0 to 14 (overall), 
mean food consumption in high-dose groups was statistically decreased about 10%, 
18% and 14%, respectively, compared to the control group.  Decreased food 
consumption correlated to decreased body weight gain for the high-dose group.
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Table 78 Mean Food Consumption Changes in Male Rats During the 
Premating Period in Subcutaneous Fertility Study

Males

TD-4208 (mcg/kg/day)Parameter1, 2, 3

0 10 100 500

0 – 7 27.21 27.21 26.86 24.61sss

% Change from 
Control 0.0 0.0 -1.3 -9.6

7 – 14 26.10 25.91 26.00 21.49*

% Change from 
Control 0.0 -0.7 -0.4 -17.7

0 – 14 26.65 26.56 26.43 23.05*

% Change from 
Control 0.0 -0.3 -0.8 -13.5

Notes:
sssStatistical significance by Shirley 2-sided test, p < 0.001 (statistical analysis performed by Applicant)
10 corresponds to first day of treatment
20 to 7 corresponds to 14 to 7 days before the start of mating
37 to 14 corresponds to 7 to 0 days before the start of mating

Females
Female food consumption was measured during the premating period (once weekly), 
during the mating period (Day 0 to 4, Day 4 to 8, and Day 8 to 13), and during the 
gestation period (GD 0 to 13).  As shown in Table 79 for the premating period, from 
Days 0 to 7 mean food consumption in high-dose groups was statistically decreased 
about 18% compared to the control group.  From Days 7 to 14 mean food consumption 
in high-dose groups was statistically increased about 4% compared to the control group.  
Decreased food consumption correlated to decreased body weight gain for the high-
dose group.

Table 79 Mean Food Consumption Changes in Female Rats During the 
Premating Period in Subcutaneous Fertility Study

Females

TD-4208 (mcg/kg/day)Parameter1, 2, 3

0 10 100 500

0 – 7 21.47 21.15 20.60s 17.51sss

% Change from 
Control 0.0 -1.5 -4.1 -18.4

7 – 14 21.69 21.49 21.91s 22.64sss

% Change from 
Control 0.0 -0.9 1.0 4.4

0 – 14 21.58 21.32 21.26s 20.08sss

% Change from 
Control 0.0 -1.2 -1.5 -7.0
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Notes:
sStatistical significance by Shirley 2-sided test, p < 0.05 (statistical analysis performed by Applicant)
sssStatistical significance by Shirley 2-sided test, p < 0.001 (statistical analysis performed by Applicant)
10 corresponds to first day of treatment
20 to 7 corresponds to 14 to 7 days before the start of mating
37 to 14 corresponds to 7 to 0 days before the start of mating

As shown in Table 80 for the gestation period, from GD 0 to 4, GD 4 to 8, GD 8 to 13, 
and GD 0 to 13 (overall), mean food consumption in high-dose groups was statistically 
decreased about 8%, 13%, 8%, and 9%, respectively, compared to the control group.  
However, body weight gain for high-dose females from GD 0 to 8 was only slightly 
decreased (5.1%).

Table 80 Mean Food Consumption Changes in Female Rats During Gestation 
Period in Subcutaneous Fertility Study

Females

TD-4208 (mcg/kg/day)Parameter

0 10 100 500

GD 0 – GD 4 25.26 24.89 26.70 23.28s

% Change from 
Control 0.0 -1.5 5.7 -7.8

GD 4 – GD 8 28.57 27.93 28.20 24.92sss

% Change from 
Control 0.0 -2.2 -1.3 -12.8

GD 8 – GD 13 29.88 28.57 29.82 27.53s

% Change from 
Control 0.0 -4.4 -0.2 -7.9

GD 0 – GD 13 28.06 27.24 28.36 25.42ss

% Change from 
Control 0.0 -2.9 1.1 -9.4

Abbreviations:  GD = gestation day
Notes:
sStatistical significance by Shirley 2-sided test, p < 0.05 (statistical analysis performed by Applicant)
ssStatistical significance by Shirley 2-sided test, p < 0.01 (statistical analysis performed by Applicant)
sssStatistical significance by Shirley 2-sided test, p < 0.001 (statistical analysis performed by Applicant)

Estrus Cycling
To determine the stage of estrus, vaginal smears were collected daily from each female 
from one week before treatment until identification of mating or separation from the 
male.  There was no effect of the test article on the estrus cycle (i.e., cycle length or 
percentage of estrus days).  See Table 81.
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Table 81 Estrus Cycle Data in Female Rats in Subcutaneous Fertility Study

Females

TD-4208 (mcg/kg/day)Parameter

0 10 100 500

Before Treatment

Cycle Length (Days) 3.8 3.9 3.8 4.0
Irregularity Index 0.0 0.0 0.0 0.0
Percentage of Estrus Days 32.1 36.4 33.3 32.1
Percentage of Females Acyclic 
or with Acyclic Period 40 45 70** 40

During Treatment

Cycle Length (Days) 4.1 4.0 4.0 4.2
Irregularity Index 0.2 0.3 0.2 0.3
Percentage of Estrus Days 30.7 30.7 28.8 28.3
Percentage of Females Acyclic1 
or with Acyclic Period2 0 10** 5 0
1Acyclic female:  female with no complete cycle.
2Acyclic period:  female with at least one cycle superior to 6 days and/or a cycle with no estrus.

Sperm Characteristics
For males, sperm analysis included an assessment of motility and sperm counts (using 
automated equipment).  As shown in Table 82, there were no differences between 
drug-treated groups and the control group in the means of any of the sperm motility 
parameters that were evaluated (i.e., total number of sperm, motile sperm [count and 
percent], progressive sperm [count and percent]).  There were no differences between 
drug-treated groups and the control group in testis weight and mean testis sperm count 
or in cauda epididymis weight and mean cauda epididymis sperm count (Table 82).  
There were no effects on sperm characteristics that were considered test article-related.

Table 82 Sperm Analysis (Motility and Counts) in Male Rats in Subcutaneous 
Fertility Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500
Mean Sperm Motility Data - 
Epididymis
Total Number of Sperm 1027 1108 985 1056
Motile Sperm Count 966 1048 925 996
Motile Sperm % 90 95 94 94
Progressive Sperm Count 631 662 585 631
Progressive Sperm % 59 60 60 60
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Parameter
TD-4208 (mcg/kg/day)

0 10 100 500

Mean Sperm Counts - Testis

Testis Weight (grams) 1.864 1.938 1.950 1.916
Millions/gram testis 125.0 142.1 133.9 137.2
Mean Sperm Counts - Cauda 
Epididymis
Cauda Epididymis Weight 
(grams) 0.309 0.313 0.320 0.307

Millions/gram Cauda Epididymis 777.0 740.3 601.7 700.0
Abbreviations:  % = percent

Toxicokinetics
Toxicokinetics were not evaluated.
Dosing Solution Analysis
For concentration verification (performed by HPLC), samples (middle stratum) from the 
vehicle control and all test article groups were collected from the first and last dose 
preparations.  The vehicle control samples were below the limit of quantitation.  The 
results for the test article samples were within range of acceptance criteria for 
concentration verification (mean results within or equal to ± 10% of their theoretical 
concentrations; individual values within or equal to ± 15%).
Necropsy
Rats were sacrificed by carbon dioxide inhalation followed by exsanguination.  
Necropsies were performed as follows:

 For males, necropsies were performed after the end of caesarean exams of the 
females

 For mated females, caesarean sections were performed on GD 13 (presumed)
 For females with an undetected day of mating, necropsies were performed the 

day after the end of the mating period

Gross Observations
All rats were submitted for a macroscopic exam for structural or pathological changes.

For males, findings in drug-treated groups were noted in the kidneys, but were 
considered incidental.  One male in the low-dose group had an enlarged left kidney, and 
one male in the mid-dose group and one male in the high-dose group had a dilated right 
kidney pelvis.  There were no gross pathology findings that were considered test article-
related.  Further, there were no gross pathology findings in male reproductive organs 
(prostate gland, seminal vesicles, epididymides, or testes) of male drug-treated groups.
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For females, findings in drug-treated groups were noted in the kidneys and 
skin/subcutis, but were considered incidental.  One female in the mid-dose group had a 
dilated right and left kidney.  One female in the low-dose group and one female in the 
mid-dose group had a dilated right kidney pelvis.  One female in the low-dose group had 
alopecia in the abdominal skin/subcutis.  There were no gross pathology findings that 
were considered test article-related.  Further, there were no gross pathology findings in 
female reproductive organs (ovaries, uterus, cervix, or vagina) of female drug-treated 
groups.

Organ Weights
Testes and epididymides were weighted separately for males.  There were no effects on 
testes or epididymides weights that were considered test article-related.

Paired ovaries were weighed for females.  Absolute weight for paired ovaries was 
statistically decreased (slight) in the high-dose group compared to the control group.  
This is likely due to the corresponding decrease (statistically significant) in terminal body 
weight for high-dose females.  The percentage of ovaries relative to body weight was 
not statistically decreased in the high-dose group (see Table 83).

Table 83 Organ Weights on Day 13 Relative to Mating Date in Female Rats in 
Subcutaneous Fertility Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

Necropsy BW (grams) 353.48 348.76 344.37 331.61**

Ovaries Absolute (grams) 0.17351 0.16818 0.17055 0.15229**

Ovaries Relative to BW (%) 0.04914 0.04825 0.04954 0.04592
Abbreviations:  % = percent; BW = body weight
Notes:
**Statistical significance from comparison to the control (statistical analysis performed by the Applicant)

Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss, etc.)
Mating
One male and one female from the same group were paired for mating for up to 14 
days.  Mating was confirmed by the presence of sperm in a vaginal smear or a vaginal 
plug.  Females were separated from males either once mating was confirmed and 
smearing stopped, or when undetected mating appeared to be the result of pregnancy.  
There was no effect of the test article on mating performance or fertility.  See Table 84.
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Table 84 Mating Performance and Fertility in Male and Female Rats in 
Subcutaneous Fertility Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

NUMBER OF MALES:

Paired 20 20 20 20
Copulated 20 19 20 19
Induced pregnancy 15 18 20 19

NUMBER OF FEMALES:

Paired 20 20 20 20
Inseminated 20 19 20 19
Pregnant 15 18 20 19
Not pregnant 5 1 0 0
Failed to mate 0 1 0 1
Not viable fetus 0 1 0 2

PRECOITAL INTERVAL (DAYS)

MEAN 3.3 2.2 2.8 2.8
SD 2.9 1.1 1.0 2.2
N 15 17 20 17

COPULATION INDEX (%) 100 95 100 95

FERTILITY INDEX (%) 75 95** 100** 100**

Abbreviations:  % = percent; N = number; SD = standard deviation

Caesarean Section Data
For females, the ovaries, uterus, and placenta were removed and examined.  Data that 
were assessed included:  pregnancy status, number of corpora lutea, number of 
intrauterine implantations, number of live fetuses, and number and distribution of 
intrauterine deaths (resorption sites).

As shown in Table 85, there was a statistically significant decrease in the mean number 
of corpora lutea for high-dose females compared to control females (14.4 vs. 18.1, 
respectively).  There was also a decrease in the mean number of implantations for high-
dose females compared to control females (13.7 vs. 17.6, respectively).  
Preimplantation loss was thus increased in high-dose females.  The study report 
indicates that this was due to a slightly higher number of corpora lutea and 
implantations in the concurrent control group compared to the historical control group 
range (15.6 to 18.0 and 14.6 to 17.0, respectively) and two atypical females in the high-
dose group with only two or four corpora lutea and a single implantation that 
disproportionally influenced the group means.  Exclusion of these two females brought 
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the mean number of corpora lutea and mean number of implantations within the 
historical control range.

As shown in Table 85, there was a statistically significant decrease in the mean number 
of live embryos for high-dose females compared to control females (13.1 vs. 16.8, 
respectively) that was also lower than the mean historical control data.  The study report 
indicates that this was due to two atypical females in the high-dose group with only a 
single implant that had no viable embryo.  Exclusion of these two females brought the 
mean number of live embryos within the historical control range.

There were no treatment-related changes in numbers of corpora lutea, implantations, 
pre- and postimplantation losses, and live fetuses.

Table 85 Summary of Cesarean Section Data in Female Rats in Subcutaneous 
Fertility Study

Females

TD-4208 (mcg/kg/day)Parameter

0 10 100 500

No. of Pregnant Females N = 15 18 20 19
Females Pregnant N = 15 18 20 19
Dams with Viable Fetuses 15 17 20 17
No. of Corpora Lutea (mean) 18.1 17.8 18.6 14.4ss

Sum 272 320 372 274
No. of Implantations (mean) 17.6 17.3 18.4 13.7s

Sum 264 311 368 260
Preimplantation Loss (mean) 0.53 0.50 0.20 0.74
Sum 8.0 9.0 4.0 14.0
Preimplantation Loss (%) 2.80 3.11 1.10 12.46
Postimplantation Loss 0.80 1.39 0.50 0.63
Sum 12.0 25.0 10.0 12.0
Postimplantation Loss (%) 4.65 11.33 2.66 13.48
No. of Live Embryos (mean) 16.8 15.9 17.9 13.1w, t

N 15 18 20 19
Abbreviations:  N = number; No. = number
Notes:
wWilliams 2-sided test, p < 0.05; t-test parametric 2-sided, p < 0.05 (Applicant’s statistical analysis)
sShirley 2-sided test, p < 0.05 (Applicant’s statistical analysis)
ssShirley 2-sided, p < 0.01 (Applicant’s statistical analysis)
tParametric 2-sided T-test, p < 0.05 (Applicant’s statistical analysis)
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9.2 Embryonic Fetal Development
Rat

Study title:  TD-4208: Subcutaneous Embryo-fetal Development and 
Toxicokinetic Study for Effects in Rats

Study no.: Sponsor:  CRN:  14-001-12
Conducting laboratory:  8299478

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: July 9, 2014 (date Study Director signed 
protocol)
July 14, 2014 (date dosing began)

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: TD-4208 (free base), lot # 11019-21-1, 
and 98.8% purity

Key Study Findings
 In a rat EFD study, four groups of 22 time-mated female Sprague-Dawley rats 

were treated by subcutaneous injection with 0 (control), 10 (low-dose), 100 (mid-
dose), and 500 (high-dose) mcg/kg/day TD-4208 (revefenacin) during the period 
of organogenesis from GD 6 to 17 (day of confirmed mating was GD 0).

 Maternal toxicity was noted in high-dose pregnant females as a slight decrease 
in body weight gain and food consumption.

 There were no effects of drug treatment on fetal body weights.

 There were no effects of drug treatment on external, visceral, or skeletal 
variations or malformations (i.e., no fetal anomalies).

 Toxicokinetic evaluation on GD 17 indicated that after subcutaneous injection of 
TD-4208, systemic exposure of TD-4208 increased with dose.  TD-4208 levels 
were not detected in fetal rats on GD 21.

 Toxicokinetic evaluation on GD 17 indicated that after subcutaneous injection of 
TD-4208 systemic exposure of metabolite THRX-195518 increased with dose.  
The levels of metabolite THRX-195518 were less than TD-4208 (11 to 14-fold 
less at comparable doses).  Metabolite THRX-195518 levels were not detected in 
fetal rats on GD 21.

 The NOAEL for maternal toxicity was the mid-dose (100 mcg/kg/day) and the 
NOAEL for EFD toxicity was the high-dose (500 mcg/kg/day).
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Methods
Doses: 0 (control), 10 (low-dose), 100 (mid-dose), and 

500 (high-dose) mcg/kg/day (see Basis of Dose 
Selection below)

Frequency of dosing: Main study:  Once daily from GD 6 to 17 (period 
of organogenesis)
Toxicokinetic study:  Once daily from GD 6 to 21

Dose volume: 1 mL/kg
Route of administration: Subcutaneous injection

Formulation/Vehicle:  mM citrate buffered saline (pH 5.0 ± 0.1)
Species/Strain: Rats/Crl:CD(SD)

Number/Sex/Group: Main study:  22 mated females/group
Toxicokinetic study:  3 mated females/control 
group and 9 mated females/drug-treated group

Satellite groups: Toxicokinetic
Study design: The day of mating confirmation was designated 

GD 0
Deviation from study protocol: Deviations from the protocol were described in 

the study report.  There were no deviations that 
affected the integrity or interpretability of the 
study results.

Basis of Dose Selection:
A dose range-finding study with TD-4208 (revefenacin) by the subcutaneous route of 
administration was conducted in rats (Study No. CRN:  14-001-10).  In the rat dose 
range-finding study, five groups of six time-mated female Sprague-Dawley rats were 
treated by subcutaneous injection with 0 (control), 10 (low-dose), 100 (mid-dose 1), 500 
(mid-dose 2), or 2500 (high-dose) mcg/kg/day TD-4208 during the period of 
organogenesis from GD 6 to 17.  Maternal toxicity was noted in pregnant females in the 
100, 500, and 2500 mcg/kg groups as a decrease in body weight gain and food 
consumption.  On GD 18, dose dependent decreases of mean body weight gains were 
noted, compared to control (99%, 83%, 79% and 68% of control, respectively).  At the 
time of Cesarean section, there were no test article-related effects on any of the 
Cesarean section data parameters.  There were no fetal abnormalities detected at the 
time of fetal gross examinations.  Toxicokinetic evaluation on GD 6 and GD 17 indicated 
that after subcutaneous injection of TD-4208, systemic exposure of TD-4208 and 
metabolite THRX-195518 increased with dose.  Based on the effects of high-dose TD-
4208 (2500 mcg/kg/day) on body weight and food consumption, the Sponsor selected 
500 mcg/kg/day as the high-dose for pivotal studies in rats, although maternal toxicity 
was evident at 100 mg/kg/day.

Observations and Results
Mortality
Rats were checked twice daily (AM and PM) for mortality.  All animals survived until 
scheduled necropsy.
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Clinical Signs
Rats were checked twice daily (AM and PM) for clinical signs.  There were no clinical 
signs that were considered test article-related.
Body Weight
Maternal body weights were measured on GD 0 (at the supplier), 4, 6, 8, 10, 12, 14, 16, 
18 and 21.  Maternal mean body weight curves for the control and drug-treated groups 
are shown in Figure 8.  It appears that starting on GD 8 maternal mean body weights 
for the mid-dose and high-dose groups started to decrease slightly compared to the 
control group.  As shown in Table 86, by GD 18 of dosing, the high-dose group had 
80% of the body weight gain of the control group.  From GD 18 until the end of the study 
on GD 21, the effect of drug-treatment on body weight gain was not evident.

Figure 8 Maternal Mean Body Weights in Rats in Subcutaneous EFD Study

Table 86 Maternal Body Weight Changes in Rats in Subcutaneous EFD Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

GD 6 (grams) 252 258 253 257
GD 18 (grams) 348 357 342 335
GD 21 (grams) 367 379 360 353
GD 6 to GD 18 Change 96 99 89 78
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Parameter
TD-4208 (mcg/kg/day)

0 10 100 500
(grams)
Change as % of GD 6 
BW 38 38 35 30

% of Control 100 101 92 80
GD 18 to GD 21 
Change (grams) 19 22 18 18

Change as % of GD 18 
BW 5.5 6.2 5.3 5.4

% of Control 100 113 96 98
Abbreviations:  % = percent; BW = body weight; GD = gestation day

Feed Consumption
Rats were offered Certified Rodent Diet #2016C (Harlan Laboratories, Inc., Lot Number 
052114MA) and water ad libitum.  Feed consumption was measured beginning on GD 4 
(predose).  Mean food consumption curves for maternal rats in control and drug-treated 
groups are shown in Figure 9.  It appears that from GD 6 to GD 8 mean food 
consumption for the mid-dose and high-dose groups (statistical) was decreased 
compared to the control group.  These decreases appeared to be recoverable as the 
study progressed.  As shown in Table 87 for high-dose females compared to control 
females, mean food consumption was consistently decreased >10% from GD 6 to 12, 
with statistical differences noted from GD 6 to 8 (-28%).  Notable decreases (although 
<10%) in food consumption for high-dose females were also evident from GD 12 to 18.
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Figure 9 Maternal Mean Food Consumption in Rats in Subcutaneous EFD 
Study

Table 87 Maternal Mean Food Consumption Changes in Rats in Subcutaneous 
EFD Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

GD 4 – GD 6 92.6 97.2 95.7 100.4
% Change from 
Control 0.0 5.0 3.3 8.4

GD 6 – GD 8 96.7 97.6 87.0 69.4*

% Change from 
Control 0.0 0.9 -10.0 -28.2

GD 8 – GD 10 101.0 101.0 93.9 85.5
% Change from 
Control 0.0 0.0 -7.0 -15.3

GD 10 – GD 12 102.4 105.2 98.7 90.6
% Change from 
Control 0.0 2.7 -3.6 -11.5

GD 12 – GD 14 104.7 107.3 102.7 97.4
% Change from 
Control 0.0 2.5 -1.9 -7.0

GD 14 – GD 16 109.3 113.0 108.5 105.3
% Change from 0.0 3.4 -0.7 -3.7
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Parameter
TD-4208 (mcg/kg/day)

0 10 100 500
Control
GD 16 – GD 18 117.4 117.9 114.3 108.1
% Change from 
Control 0.0 0.4 -2.6 -7.9

GD 18 – GD 21 125.9 135.8 129.9 127.9
Abbreviations:  GD = gestation day
Notes:
*Statistical significance by Dunnett Exact Homogeneous Test at 0.01 level (statistical analysis performed 
by Applicant)

Toxicokinetics
Maternal blood samples were collected from a jugular vein on GD 17 per the collection 
time points shown in Table 88.  Maternal and fetal blood samples were collected from a 
jugular vein and axillary vessel on GD 21 per the collection time points shown in Table 
89.  Toxicokinetic parameters that were calculated included Cmax, Tmax, and AUC0-24hr for 
TD-4208 and metabolite THRX-195518.

Table 88 Gestation Day 17 Collection Times from Maternal Blood Samples for 
Bioanalytical and Toxicokinetic Analysis in Rat EFD Study (Applicant’s Table)

Table 89 Gestation Day 21 Collection Times from Maternal and Fetal Rat Blood 
Samples for Bioanalytical and Toxicokinetic Analysis in 
Subcutaneous EFD Study (Applicant’s Table)

TD-4208 was not detected in any of the vehicle control group samples (below the lower 
limit of quantitation of 0.100 ng/ml).  As shown in Table 90, after subcutaneous injection 
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of TD-4208, mean Tmax on GD 17 for TD-4208 in pregnant females was reached by 
0.0833 hours in all drug-treated groups.  Mean AUC0-24hr for TD-4208 increased in a 
greater than dose proportional manner between the low-dose and mid-dose, and in a 
dose proportional manner between the mid-dose and high-dose.  Mean Cmax for TD-
4208 increased in a less than dose proportional manner between doses.  TD-4208 
levels were below the lower limit of quantitation (0.100 ng/ml) in fetal plasma on GD 21.

Table 90 Toxicokinetic Summary for TD-4208 in Plasma of Pregnant Rats on 
GD 17 in Subcutaneous EFD Study (Applicant’s Table)

Metabolite THRX-195518 was not detected in any of the vehicle control or low-dose 
group samples (below the lower limit of quantitation of 0.100 ng/ml).  As shown in Table 
91, after subcutaneous injection of TD-4208, mean Tmax on GD 17 for metabolite THRX-
195518 in pregnant females was reached by 0.500 hours in mid-dose groups and 2.00 
hours in high-dose groups.  Mean AUC0-24hr for metabolite THRX-195518 increased in a 
greater than dose proportional manner between the mid-dose and high-dose.  Mean 
Cmax for metabolite THRX-195518 increased in a less than dose proportional manner 
between the mid-dose and high-dose.  Metabolite THRX-195518 levels were below the 
lower limit of quantitation (0.100 ng/ml) in fetal plasma on GD 21.

Table 91 Toxicokinetic Summary for Metabolite THRX-195518 in Plasma of 
Pregnant Rats on GD 17 in Subcutaneous EFD Study (Applicant’s 
Table)
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Dosing Solution Analysis
Samples from the low-dose and high-dose groups (top, middle, and bottom stratums) 
were collected for homogeneity analysis and samples from all groups (middle stratum) 
were collected for concentration verification by HPLC.

The vehicle control samples were below the limit of quantitation.  The results for the test 
article samples were within range of acceptance criteria for homogeneity (relative 
standard deviations ≤5%) and concentration verification (mean results within or equal to 
± 10% of their theoretical concentrations; individual values within or equal to ± 15%).
Necropsy
After Cesarean section on GD 21, rats were sacrificed by carbon dioxide inhalation 
followed by exsanguination.  Rats were then examined macroscopically.  There were no 
gross pathology findings that were considered test article-related.  One female in the 
control group was not pregnant.  All other females in the control group and drug-treated 
groups were pregnant with live fetuses.
Cesarean Section Data (Implantation Sites, Pre- and Postimplantation Loss, etc.)
Cesarean sections were performed on GD 21.  The number of pregnant females at 
Cesarean section were 21, 22, 22, and 22 in the control, low-dose, mid-dose, and high-
dose groups respectively.  Cesarean section data that were assessed included the 
number of corpora lutea, implantation sites, implantation loss (pre- and post-), 
resorptions (early, late, and total), fetuses (dead and live), gravid uterine weight, and 
weight change (corrected and total).  Fetal data collected at the time of Cesarean 
section included number of male and female fetuses per litter and mean fetal weight.

As seen in Table 92, there were no test article-related effects on the number of corpora 
lutea, implantation sites, implantation loss (pre- and post-), resorptions (early, late, and 
total), fetuses (dead and live), gravid uterine weight, or fetal weight.  Mean corrected 
weight change (21.5 vs. 35.6 grams, respectively) and mean total weight change (108.8 
vs. 126.4 grams, respectively) were decreased in the maternal high-dose group 
compared to maternal control group.

Table 92 Summary of Rat Cesarean Section Data in Subcutaneous EFD Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500
Number of females pregnant at 
cesarean section 21 22 22 22

                                               n = 21 22 22 22

Corpora lutea (mean) 14.7 14.6 14.3 13.7
Implantation sites (mean) 12.2 12.0 12.3 12.3
Preimplantation loss (mean) 2.5 2.6 2.0 1.4
Preimplantation loss (%) (mean) 15.0 16.6 13.1 9.1
Early resorptions (mean) 0.4 0.5 0.5 0.6
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Parameter
TD-4208 (mcg/kg/day)

0 10 100 500

Late resorptions (mean) 0.0 0.2 0.1 0.0
Total resorptions (mean) 0.4 0.7 0.6 0.6
Dead fetuses (mean) 0 0 0 0
Postimplantation loss (mean) 0.4 0.7 0.6 0.6
Postimplantation loss (%) (mean) 3.4 6.0 4.6 5.2
Live fetuses (mean) 11.8 11.3 11.6 11.7
Gravid uterine weight (grams) 
(mean) 90.8 90.5 86.9 87.3

Corrected body weight (carcass 
weight) (grams) (mean) 276.5 288.6 273.4 265.8

Corrected weight change (grams) 
(mean) 35.6 42.9 31.8 21.5

Total weight change (weight 
change) (grams) (mean) 126.4 133.5 118.6 108.8

Mean Fetal Data
Number of Females with Live 
Fetuses 21 22 22 22

                                                n = 21 22 22 22
Mean number of male fetuses 
per litter (mean) 6.5 6.2 5.4 5.4

Mean number of female fetuses 
per litter (mean) 5.3 5.0 6.2 6.4

% Male fetuses (mean) 55.0 55.5 45.7 44.8
Mean fetal weight (grams) 
(mean) 5.68 5.79 5.64 5.61

Mean weight (grams) - male 
fetuses (mean) 5.82 5.93 5.81 5.79

Mean weight (grams) - female 
fetuses (mean) 5.54 5.60 5.49 5.47

Offspring (Malformations, Variations, etc.)
The sex and weight of fetuses (live or dead) were recorded.  All fetuses were examined 
for external abnormalities.  Then, half of the fetuses were processed for visceral 
examinations (i.e., internal organs of the thoracic and abdominal cavities were 
examined in the fresh state using Staples’ technique) and half were processed for 
skeletal examinations (i.e., after removing the organs, fetuses were processed for 
skeletal examination by the Alizarin Red S staining method).

Fetal External Observations
Upon external observation, there were no external abnormalities noted in the any of the 
fetuses in the drug-treated groups.
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Fetal Visceral Variations and Malformations
There were few visceral variations and malformations noted in drug-treated groups with 
greater numbers than in the control group.  For instance, one fetus (1/129) in the mid-
dose group had a variation of discolored kidney and two fetuses (2/130) in the high-
dose group (same litter) had a variation of discolored lung lobe not seen in the control 
group.  One fetus (1/129) in the mid-dose group had a malformation of the 
retroesophageal subclavian artery not seen in the control group.  A different fetus 
(1/129) in the mid-dose group had a malformation of microsplenia not seen in the 
control group.  Overall these visceral variations and malformations were not considered 
test article-related due to lack of a dose-response relationship and/or treatment 
relationship (e.g., increased incidence).

Fetal Skeletal Variations and Malformations
There were few skeletal variations noted in drug-treated groups with greater numbers 
than in the control group.  Notable skeletal variations included rudimentary rib in one 
high-dose fetus (1/128) and hyoid bipartite ossification in one high-dose fetus (1/128).  
Overall these skeletal variations were not considered test article-related due to lack of a 
dose-response relationship and/or treatment relationship (e.g., increased incidence).  
There were no skeletal malformations noted in any drug-treated group.  

Rabbit

Study title:  TD-4208: Subcutaneous Embryo-fetal Development and 
Toxicokinetic Study for Effects in Rabbits

Study no.: Sponsor:  CRN:  14-001-13
Conducting laboratory:  8299479

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: June 26, 2014 (date Study Director 
signed protocol)
July 13, 2014 (date dosing began)

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: TD-4208 (free base), lot # 11019-21-1, 
and 98.8% purity

Key Study Findings
 In a rabbit EFD study, four groups of 22 time-mated female Hra:(NZW)SPF 

rabbits were treated by subcutaneous injection with 0 (control), 10 (low-dose), 
100 (mid-dose), and 500 (high-dose) mcg/kg/day TD-4208 (revefenacin) from GD 
7 to 19 (day of confirmed mating was GD 0).
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 Maternal toxicity was noted in high-dose pregnant females as a decrease in body 
weight gain and food consumption.

 At the time of Cesarean section, there were no test article-related effects on post-
implantation loss (early and late resorptions) and numbers of live fetuses.

 There were no effects of drug treatment on fetal body weights.

 There were no effects of drug treatment on external, visceral, or skeletal 
variations or malformations (i.e., no fetal anomalies).

 Toxicokinetic evaluation on GD 19 indicated that after subcutaneous injection of 
TD-4208, systemic exposure of TD-4208 increased with dose.  TD-4208 was 
detected in high-dose fetal plasma on GD 29 (although at lower levels than in 
maternal rabbits) indicating that TD-4208 crossed the placenta after 
subcutaneous injection in pregnant rabbits.

 Toxicokinetic evaluation on GD 19 indicated that after subcutaneous injection of 
TD-4208 systemic exposure of metabolite THRX-195518 increased with dose.  
The levels of metabolite THRX-195518 were similar to TD-4208 at comparable 
doses.  Metabolite THRX-195518 was detected in high-dose fetal plasma on GD 
29 (although at lower levels than in maternal rabbits) indicating that metabolite 
THRX-195518 crossed the placenta after subcutaneous injection in pregnant 
rabbits.

 The NOAEL for maternal toxicity was the mid-dose (100 mcg/kg/day) and the 
NOAEL for EFD toxicity was the high-dose (500 mcg/kg/day).

Methods
Doses: 0 (control), 10 (low-dose), 100 (mid-dose), and 

500 (high-dose) mcg/kg/day (See Basis of Dose 
Selection below)

Frequency of dosing: Main study:  Once daily from GD 7 to 19
Toxicokinetic study:  Once daily from GD 7 to 29

Dose volume: 1 mL/kg
Route of administration: Subcutaneous injection

Formulation/Vehicle:  mM citrate buffered saline (pH 5.0 ± 0.1)
Species/Strain: Rabbits/Hra:(NZW)SPF

Number/Sex/Group: Main study:  22 mated females/group
Toxicokinetic study:  3 mated females/control 
group and 6 mated females/drug-treated group

Satellite groups: Toxicokinetic
Study design: The day of mating confirmation was designated 

GD 0
Deviation from study protocol: Deviations from the protocol were described in 

the study report.  There were no deviations that 
affected the integrity or interpretability of the 
study results.
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Basis of Dose Selection:
A dose range-finding study with TD-4208 (revefenacin) by the subcutaneous route of 
administration were conducted in rabbits (Study No. CRN:  14-001-11).  The rabbit dose 
range-finding study was conducted in two phases.  In phase one, five groups of three 
non-pregnant female Hra:(NZW)SPF rabbits were treated by subcutaneous injection 
with 0 (control), 10 (low-dose), 100 (mid-dose 1), 500 (mid-dose 2), or 2500 (high-dose) 
mcg/kg/day TD-4208 for 14 days.  On Day 13, mean body weights in the control group 
compared to low-dose, mid-dose 1, mid-dose 2, and high-dose groups were 3200 
grams vs. 3103, 3188, 3109, and 3037 grams, respectively.  There were marked food 
consumption decreases in the high-dose group.  Toxicokinetic evaluation on Day 1 and 
Day 14 indicated that after subcutaneous injection of TD-4208, systemic exposure of 
TD-4208 and metabolite THRX-195518 increased with dose.  In phase two, five groups 
of six time-mated female Hra:(NZW)SPF rabbits were treated by subcutaneous injection 
with 0 (control), 10 (low-dose), 100 (mid-dose 1), 500 (mid-dose 2), or 1000 (high-dose) 
mcg/kg/day TD-4208 during the period of organogenesis from GD 7 to 19.  On GD 20, a 
dose dependent decrease in mean body weight gain was noted for low-dose, mid-dose 
1, mid-dose 2, and high-dose groups (91%, 73%, 56% and 55% of control, respectively) 
compared to the control group, which recovered during the non-treatment period.  
During the dosing period, food consumption was decreased in a dose dependent 
manner in all drug-treated groups compared to the control group and recovered during 
the non-treatment period.  Maternal toxicity was evident at doses ≥100 mg/kg/day 
based upon decreased body weight gains exceeding 10% relative to the control group.  
At the time of Cesarean section, there was an increase in resorption rates and 
postimplantation losses in drug-treated groups dosed with ≥100 mcg/kg/day compared 
to the control group.  There were no fetal abnormalities detected at the time of fetal 
gross examinations.  Toxicokinetic analysis was not conducted in pregnant animals.

Observations and Results
Mortality
Rabbits were checked twice daily (AM and PM) for mortality.  All animals survived until 
scheduled necropsy.
Clinical Signs
Rabbits were checked twice daily (AM and PM) for clinical signs.  The most common 
clinical sign noted in control and drug-treated groups was few feces excretion (generally 
low incidence of animals in each group with similar duration).  The most common 
clinical signs seen in the high-dose group not seen in the control group were related to 
skin and pelage (alopecia, excessive hair/fur found in cage/pan, or scab).  There were 
no clinical signs that were considered test article-related.
Body Weight
Maternal body weights were measured on GD 0 (at the supplier), 4, 7, 9, 11, 13, 15, 18, 
20, 24, 27, and 29.  Maternal mean body weight curves for control and drug-treated 
groups are shown in Figure 10.  It appears that starting on GD 9 maternal mean body 
weights for the high-dose group started to decrease compared to the control group.  As 
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shown in Table 93, by GD 20 of dosing, the high-dose group had 52% of the body 
weight gain of the control group.  From GD 20 until the end of the study on GD 29, the 
effect of drug-treatment on body weight gain was reversible.

Figure 10 Maternal Rabbit Mean Body Weights in Subcutaneous EFD Study

Table 93 Maternal Rabbit Body Weight Changes in Subcutaneous EFD Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

GD 7 (grams) 3469 3422 3496 3416
GD 20 (grams) 3727 3686 3752 3548
GD 29 (grams) 3881 3866 3936 3793
GD 7 to GD 20 Change 
(grams) 258 264 256 132
Change as % of GD 7 
BW 7 8 7 4

% of Control 100 104 98 52
GD 20 to GD 29 
Change (grams) 154 180 184 245
Change as % of GD 20 
BW 4.1 4.9 4.9 6.9

% of Control 100 118 119 167
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Abbreviations:  % = percent; BW = body weight; GD = gestation day

Feed Consumption
Rabbits were offered Certified Rabbit Diet #2030C (Harlan Laboratories, Inc., Lot 
Number 021314MA, 051214MB) and water ad libitum.  Feed consumption was 
measured daily beginning on GD 4 (predose).  Maternal mean food consumption curves 
for control and drug-treated groups are shown in Figure 11.  It appears that for weekly 
intervals from GD 7 to GD 12 and from GD 13 to GD 14, mean food consumption for the 
high-dose group was statistically decreased compared to the control group.  These 
decreases appeared to be recoverable as the study progressed past the dosing period.  
As shown in Table 94, the largest decrease in maternal food consumption was noted 
the first week of dosing from GD 7 to 8, where maternal food consumption in the high-
dose group was decreased 36% compared to the control group.

Figure 11 Maternal Rabbit Mean Food Consumption in Subcutaneous EFD 
Study
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Table 94 Maternal Rabbit Mean Food Consumption Changes in Subcutaneous 
EFD Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

GD 4 – GD 5 127.4 136.4 141.0 122.3
% Change 0.0 7.1 10.7 -4.0
GD 5 – GD 6 117.8 144.2* 142.9* 129.5
% Change 0.0 22.4 21.3 9.9
GD 6 – GD 7 117.1 143.4 143.4 133.8
% Change 0.0 22.5 22.5 14.3
GD 7 – GD 8 119.1 140.9 125.6 76.2**

% Change 0.0 18.3 5.5 -36.0
GD 8 – GD 9 119.2 139.5 125.9 80.0*

% Change 0.0 17.0 5.6 -32.9
GD 9 – GD 10 125.4 138.9 132.3 88.5*

% Change 0.0 10.8 5.5 -29.4
GD 10 – GD 11 130.8 139.9 139.5 99.1**

% Change 0.0 7.0 6.7 -24.2
GD 11 – GD 12 127.5 138.6 130.6 103.5***

% Change 0.0 8.7 2.4 -18.8
GD 12 – GD 13 119.5 133.6 121.3 105.8
% Change 0.0 11.8 1.5 -11.5
GD 13 – GD 14 124.0 131.2 119.8 94.9***

% Change 0.0 5.8 -3.4 -23.5
GD 14 – GD 15 124.7 128.2 119.4 101.0
% Change 0.0 2.8 -4.3 -19.0
GD 15 – GD 16 126.4 136.9 126.4 110.0
% Change 0.0 8.3 0.0 -13.0
GD 16 – GD 17 126.1 145.7** 128.0 119.7
% Change 0.0 15.5 1.5 -5.1
GD 17 – GD 18 130.1 147.9* 136.4 123.8
% Change 0.0 13.7 4.8 -4.8
GD 18 – GD 19 138.4 146.1 133.7 126.1
% Change 0.0 5.6 -3.4 -8.9
GD 19 – GD 20 143.3 147.0 130.8 129.3
% Change 0.0 2.6 -8.7 -9.8
GD 20 – GD 21 146.1 147.5 144.6 140.1
% Change 0.0 1.0 -1.0 -4.1
GD 21 – GD 22 140.2 142.4 139.0 141.5
% Change 0.0 1.6 -0.9 0.9
GD 22 – GD 23 135.4 136.2 139.3 145.2
% Change 0.0 0.6 2.9 7.2
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Parameter
TD-4208 (mcg/kg/day)

0 10 100 500

GD 23 – GD 24 119.2 126.5 135.8 145.3
% Change 0.0 6.1 13.9 21.9
GD 24 – GD 25 107.9 110.3 130.9 138.3**

% Change 0.0 2.2 21.3 28.2
GD 25 – GD 26 103.9 107.7 119.7 136.3**

% Change 0.0 3.7 15.2 31.2
GD 26 – GD 27 98.6 108.9 119.3 127.5
% Change 0.0 10.4 21.0 29.3
GD 27 – GD 28 105.8 104.4 120.4 128.4
% Change 0.0 -1.3 13.8 21.4
GD 28 – GD 29 109.2 111.4 125.0 127.5
% Change 0.0 2.0 14.5 16.8
Abbreviations:  GD = gestation day
Notes:
*Statistical significance by Wilcoxon Rank Sum Test at 0.05 level (statistical analysis performed by 
Applicant)
**Statistical significance by Wilcoxon Rank Sum Test at 0.01 level (statistical analysis performed by 
Applicant)
***Statistical significance by Dunnett Exact Homogeneous Test at 0.01 level (statistical analysis performed 
by Applicant)

Toxicokinetics
Maternal blood samples were collected from a medial auricular artery on GD 19 per the 
collection time points shown in Table 95.  Maternal and fetal blood samples were 
collected from a medial auricular artery and by cardiac puncture, respectively, on GD 29 
per the collection time points shown in Table 96.  Toxicokinetic parameters that were 
calculated included Cmax, Tmax, and AUC0-24hr for TD-4208 and metabolite THRX-
195518.

Table 95 Gestation Day 19 Collection Times from Maternal Rabbit Blood 
Samples for Bioanalytical and Toxicokinetic Analysis in 
Subcutaneous EFD Study (Applicant’s Table)
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Table 96 Gestation Day 29 Collection Times from Maternal and Fetal Rabbit 
Blood Samples for Bioanalytical and Toxicokinetic Analysis in 
Subcutaneous EFD Study (Applicant’s Table)

TD-4208 was not detected in any of the vehicle control group samples (below the lower 
limit of quantitation of 0.100 ng/ml).  As shown in Table 97, after subcutaneous injection 
of TD-4208, mean Tmax on GD 19 for TD-4208 in pregnant females was reached by 
0.0833 hours in all drug-treated groups.  Mean AUC0-24hr and Cmax for TD-4208 
increased in a greater than dose proportional manner between the low-dose and mid-
dose and in was generally dose proportional between the mid-dose and high-dose.

Table 97 Toxicokinetic Summary for TD-4208 in Plasma of Pregnant Rabbits 
on GD 19 in Subcutaneous EFD Study (Applicant’s Table)

As shown in Table 98, TD-4208 levels were below the lower limit of quantitation (0.100 
ng/ml) in fetal plasma on GD 29 for the low-dose and mid-dose groups.  TD-4208 was 
detected in fetal plasma on GD 29 for the high-dose group (although at lower levels 
than in maternal rats) indicating that TD-4208 crossed the placenta after subcutaneous 
injection in pregnant rabbits.

Table 98 Mean Concentrations and Ratios for TD-4208 in Maternal and Fetal 
Rabbit Plasma on GD 29 in Subcutaneous EFD Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500
Maternal Plasma:
0.5 hrs. after dose LLOQ 4.31 ng/mL 50.8 ng/mL 309 ng/mL
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Parameter
TD-4208 (mcg/kg/day)

0 10 100 500
2 hrs. after dose 0.633 ng/mL 7.43 ng/mL 55.9 ng/mL

Fetal Plasma:
0.5 hrs. after dose
2 hrs. after dose

LLOQ
NA
NA

NA
NA

0.199 ng/mL
0.208 ng/mL

Maternal:Fetal Ratio
0.5 hrs. after dose
2 hrs. after dose

NA
NA
NA

NA
NA

1570
278

Abbreviations:  LLOQ = lower limit of quantitation (0.100 ng/mL); NA = not applicable

Metabolite THRX-195518 was not detected in any of the vehicle control samples (below 
the lower limit of quantitation of 0.100 ng/ml).  As shown in Table 99, after 
subcutaneous injection of TD-4208, mean Tmax on GD 19 for metabolite THRX-195518 
in pregnant females was reached by 0.500 hours in the low-dose group and by 1 hour in 
the mid-dose and high-dose groups.  Mean AUC0-24hr and Cmax for metabolite THRX-
195518 increased in a greater than dose proportional manner between the low-dose 
and mid-dose and was generally dose proportional between the mid-dose and high-
dose.

Table 99 Toxicokinetic Summary for Metabolite THRX-195518 in Plasma of 
Pregnant Rabbits on GD 19 in Subcutaneous EFD Study (Applicant’s 
Table)

As shown in Table 100, metabolite THRX-195518 levels were below the lower limit of 
quantitation (0.100 ng/ml) in fetal plasma on GD 29 for the low-dose and mid-dose 
groups.  Metabolite THRX-195518 was detected in fetal plasma on GD 29 for the high-
dose group (although at lower levels than in maternal rabbits) indicating that metabolite 
THRX-195518 crossed the placenta after subcutaneous injection in pregnant rabbits.
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Table 100 Mean Concentrations and Ratios for Metabolite THRX-195518 in 
Maternal and Fetal Rabbit Plasma on GD 29 in Subcutaneous EFD 
Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500
Maternal Plasma:
0.5 hrs. after dose
2 hrs. after dose

LLOQ 1.55 ng/mL
0.676 ng/mL

12.3 ng/mL
10.7 ng/mL

50.3 ng/mL
55.5 ng/mL

Fetal Plasma:
0.5 hrs. after dose
2 hrs. after dose

LLOQ
NA
NA

0
0.0353 ng/mL

0.412 ng/mL
0.685 ng/mL

Maternal:Fetal Ratio
0.5 hrs. after dose
2 hrs. after dose

NA
NA
NA

NA 128
81.7

Abbreviations:  LLOQ = lower limit of quantitation (0.100 ng/mL); NA = not applicable

Dosing Solution Analysis
Samples from the low-dose and high-dose groups (top, middle, and bottom stratums) 
were collected for homogeneity analysis and samples from all groups (middle stratum) 
were collected for concentration verification by HPLC.

The vehicle control samples were below the limit of quantitation.  The results for the test 
article samples were within range of acceptance criteria for homogeneity (relative 
standard deviations ≤5%) and concentration verification (mean results within or equal to 
± 10% of their theoretical concentrations; individual values within or equal to ± 15%) 
except for samples from the low-dose group which were out of range for concentration 
verification.  The percent of theoretical concentration for individual values in the low-
dose group ranged from 80.1% and 88.5% (see Table 101).  The Applicant could not 
determine why the low-dose group samples were out of range.
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Table 101 Homogeneity and Concentration Results in Rabbit Subcutaneous 
EFD Study (Applicant’s Table)

Necropsy
After Cesarean section on GD 29, rabbits were sacrificed by anesthesia with an 
appropriate barbiturate followed by exsanguination.  Rabbits were then examined 
macroscopically and gross pathology findings are shown in Table 102.  There were no 
gross pathology findings that were considered test article-related.  Four females in the 
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control group, two females in the low-dose group, two females in the mid-dose group, 
and one female in the high-dose group were not pregnant.  All other females in the 
control group and drug-treated groups were pregnant with live fetuses.

Table 102 Summary of Gross Pathology Findings in Rabbit Subcutaneous EFD 
Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

Liver               n = 22 22 22 22

Abnormal shape 0 1 0 0
Discolored 0 0 0 1
Firm 0 0 0 1
Large 0 0 0 1

Spleen            n = 22 22 22 22

Abnormal shape 0 1 0 0
spleen-
supernumerary 2 2 2 5

Abbreviations:  n = number examined

Cesarean Section Data (Implantation Sites, Pre- and Postimplantation Loss, etc.)
Cesarean sections were performed on GD 29.  The number of females pregnant at 
Cesarean section were 18, 20, 20, and 21 in the control, low-dose, mid-dose, and high-
dose groups respectively.  Cesarean section data that were assessed included the 
number of corpora lutea, implantation sites, implantation loss (pre- and post-), 
resorptions (early, late, and total), fetuses (dead and live), gravid uterine weight, and 
weight change (corrected and total).  Fetal data collected at the time of Cesarean 
section included number of male and female fetuses per litter and mean fetal weight.

As seen in Table 103, there were no test article-related effects on any of the Cesarean 
section data parameters.

Table 103 Summary of Rabbit Cesarean Section Data in Subcutaneous EFD 
Study

TD-4208 (mcg/kg/day)

0 10 100 500
Number of females pregnant at 
cesarean section 18 20 20 21

                                               n = 18 20 20 21

Corpora lutea (mean) 11.9 10.3 11.5 10.7
Implantation sites (mean) 10.0 9.2 9.8 9.1
Preimplantation loss (mean)1 1.9 1.1 1.8 1.8
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TD-4208 (mcg/kg/day)

0 10 100 500

Preimplantation loss (%) (mean)1 14.6 10.3 15.1 15.5
Early resorptions (mean) 0.2 0.1 0.1 0.3
Late resorptions (mean) 0.1 0.0 0.0 0.1
Total resorptions (mean) 0.3 0.1 0.1 0.4
Dead fetuses (mean) 0.1 0.1 0.0 0.0
Postimplantation loss (mean) 0.3 0.1 0.1 0.4
Postimplantation loss (%) (mean) 2.9 1.1 1.0 4.6
Live fetuses (mean) 9.7 9.1 9.7 8.7
Gravid uterine weight (grams) 
(mean) 553.9 530.6 512.6 509.8

Corrected body weight (carcass 
weight) (grams) (mean) 3327.1 3335.9 3423.6 3283.5

Corrected weight change (grams) 
(mean) -112.8 -36.4 -2.2 -96.4

Total weight change (weight 
change) (grams) (mean) 441.1 494.2 510.4 413.4

Mean Fetal Data
Number of Females with Live 
Fetuses 18 20 20 21

                                               n = 18 20 20 21

Mean number of male fetuses 
per litter (mean) 4.3 4.6 5.2 4.0

Mean number of female fetuses 
per litter (mean) 5.4 4.5 4.5 4.8

% Male fetuses (mean) 44.6 50.8 55.9 43.5
Mean fetal weight (grams) 
(mean) 40.0 41.1 38.3 41.5

Mean weight (grams) - male 
fetuses (mean)1 40.0 41.6 38.0 42.2

Mean weight (grams) - female 
fetuses (mean) 40.0 40.4 38.7 40.7

Abbreviations:  % = percent
Notes:
1n = 20 for high-dose group

Offspring (Malformations, Variations, etc.)
The sex and weight of fetuses (live or dead) were recorded.  All fetuses were examined 
for external abnormalities.  All the fetuses were processed for visceral examinations 
(i.e., internal organs of the thoracic and abdominal cavities were examined in the fresh 
state using Staples’ technique) and for skeletal examinations (i.e., after removing the 
organs, fetuses were processed for skeletal examination by the Alizarin Red S staining 
method).
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Fetal External Observations
Upon external observation, there were no external abnormalities noted in the any of the 
fetuses in the drug-treated groups.

Fetal Visceral Variations and Malformations
There were few visceral variations noted in drug-treated groups with greater numbers 
than in the control group.  The most notable finding was seen in the thymus.  For 
instance, three fetuses (3/182) in the low-dose group (same litter) and seven fetuses 
(7/183) in the high-dose group (three different litters) had a discolored thymus not seen 
in the control group.  There is a possibility that this finding is drug treatment-related but 
because it was not seen in the mid-dose group (lack of dose response) a decision is 
inconclusive.  In any case, this finding is not considered adverse.

There were few visceral malformations noted in drug-treated groups with greater 
numbers than in the control group.  For instance, in the mid-dose group, one fetus 
(1/193) had persistent ductus arteriosis in the blood vessel, one fetus (1/193) had a 
diaphragmatic hernia, and one fetus (1/104) had absent epididymis, testes (anorchia), 
and vas deferens.  One fetus (1/183) in the high-dose group had an absent gallbladder.  
None of these findings were seen in the control group.  Overall, these visceral 
malformations were not considered test article-related due to lack of a dose-response 
relationship and/or treatment relationship (e.g., increased incidence).

Fetal Skeletal Variations and Malformations
There were few skeletal variations noted in drug-treated groups with greater numbers 
than in the control group.  A notable skeletal variation included an additional ossification 
site (frontal/parietal) in the skull in one low-dose fetus (1/182), two mid-dose fetuses 
(2/193; different litters), and two high-dose fetuses (2/183; different litters).  Also in the 
skull, bent hyoid was noted in low-dose (5/182; four litters), mid-dose (3/193; three 
litters), and high-dose (4/183; four litters) fetuses.  None of the skeletal variations were 
considered test article-related due to lack of a dose-response relationship or treatment 
relationship (e.g., increased incidence).

There were few skeletal malformations noted in drug-treated groups with greater 
numbers than in the control group.  A notable skeletal malformation included a fused rib 
in one mid-dose (1/193) and one high-dose (1/183) fetus and fused mandible/zygomatic 
arch in the skull of three mid-dose fetuses (3/193; one litter) and one high-dose (1/183) 
fetus.  None of the skeletal malformations were considered test article-related due to 
lack of a dose-response relationship or treatment relationship (e.g., increased 
incidence).
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9.3 Prenatal and Postnatal Development
Study title:  TD-4208: Pre- and Postnatal Development Study by 
Subcutaneous Route in the Rat (Segment III)

Study no.: Sponsor:  CRN:  15-018-01
Conducting Laboratory:  AB20919

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: August 6, 2015 (date Study Director 
signed protocol)
August 17 to 20, 2015 (first day of 
treatment of F0 females)

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: TD-4208 (revefenacin), lot # LM-X-4208-
02, 99.2% purity

Key Study Findings
 In a rat PPND study, four groups of 24 virgin-mated female Sprague-Dawley rats 

(F0 generation) were treated by subcutaneous injection with 0 (control), 10 (low-
dose), 100 (mid-dose), and 500 (high-dose) mcg/kg/day TD-4208 (revefenacin) 
from GD 6 to LD 20.

 In the F0 generation, the high-dose group had 84% of the body weight gain of the 
control group by GD 20.  From LD 1 until the end of the study on LD 21, the high-
dose group had similar body weight gain as the control group.

 In the F0 generation, mean food consumption for the high-dose group was 
statistically decreased compared to the control group during the gestation and 
lactation periods.

 In the F0 generation, the mean gestation length was comparable in all groups 
(about 22 days) as was the mean number of implantation sites (about 13 to 14).  
The mean number of pups delivered per litter was similar across all groups 
(about 11 to 12).

 In the F0 generation, toxicokinetic evaluation on LD 22 indicated that after 
subcutaneous injection of TD-4208, systemic exposure of TD-4208 increased 
with dose (less than dose proportional).  TD-4208 was present in the milk of F0 
female rats at 5 minutes and 6 hours after dosing with TD-4208 on LD 22.

 In the F0 generation, toxicokinetic evaluation on LD 22 indicated that after 
subcutaneous injection of TD-4208 systemic exposure of metabolite THRX-
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195518 increased with dose.  Metabolite THRX-195518 was present in the milk 
of F0 female rats at 5 minutes and 6 hours after dosing with TD-4208 on LD 22.

 Body weights of F1 male and female pups (preweaning) in the high-dose group 
were statistically decreased compared to the control group on postnatal day 
(PND) 1, 4, 7, 14, and 21, although the decreases were slight (decrease from 
about 4% to 8%) and any biological significance was unclear.  From PND 1 to 21, 
the high-dose males and females had about 97% and 98%, respectively, of the 
body weight gain of the control group.

 There was no effect of drug-treatment of the F0 mother on the preweaning 
physical development (pinna unfolding, incisor eruption, and eye opening) of the 
F1 pups.

 There was no effect of drug-treatment of the F0 mother on the preweaning 
functional development (surface righting reflex, gripping reflex, and pupillary 
reflex and auditory reflex) of the F1 pups.

 On PND 4, the mean TD-4208 plasma concentration in F1 pups was below the 
lower limit of quantitation for the control, low-dose, and mid-dose groups and 
0.347 ng/mL for the high-dose group.  On PND 21, the mean TD-4208 plasma 
concentration in F1 pups was below the lower limit of quantitation for the control 
and all drug-treated groups.  These data suggest limited plasma exposure of TD-
4208 in pups through the mother’s milk.

 Plasma concentrations of metabolite THRX-195518 in pups were below the lower 
limit of quantitation for the control and all drug-treated groups 10 minutes after 
dosing the mother with TD-4208 on PND 4 and PND 21, suggesting no plasma 
exposure of metabolite THRX-195518 in pups through the mother’s milk.

 From Day 0 to 91, body weight gains of F1 generation males (postweaning) were 
unaffected.

 F1 generation female body weights of drug-treated groups (postweaning) were 
unaffected from Day 0 to 56 and during the gestation period from GD 0 to 13.

 There was no effect of drug-treatment of the F0 mothers on the postweaning 
sexual maturation/development of F1 males (assessed by preputial cleavage and 
body weight at time of occurrence) and F1 females (assessed by vaginal opening 
and body weight at time of occurrence).

 There was no effect of drug-treatment of the F0 mothers on the postweaning 
behavioral assessment of F1 offspring as assessed by the watermaze test (to 
evaluate learning capacity, memory retention, and motor activity), the open field 
test (to evaluate motor activity), and the auditory startle reflex test (to evaluate 
habituation and pre-pulse inhibition).

 There was no effect of drug-treatment of the F0 mothers on fertility in the F1 
offspring.
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 There was no effect of drug-treatment of the F0 mothers on numbers of corpora 
lutea, implantations, pre- and post-implantation losses, and live fetuses 
evaluated for pregnant F1 females.

 The NOAEL for maternal toxicity was the mid-dose (100 mcg/kg/day) based on 
decreases in body weight at the high-dose.  The NOAEL for the PPND study was 
the high-dose (500 mcg/kg/day).

Methods
Doses: 0 (control), 10 (low-dose), 100 (mid-dose), and 

500 (high-dose) mcg/kg/day
Frequency of dosing: Once daily from GD 6 to LD 20 (or up to Day 26 

postcoitum inclusive, when no litter delivered)
Dose volume: 1 mL/kg

Route of administration: Subcutaneous injection
Formulation/Vehicle:  mM citrate buffered saline (pH 5.0 ± 0.1)

Species/Strain: Virgin mated female rats/Crl:OFA(SD)
Number/Sex/Group: F0 generation:  24 females/group

Satellite groups: None
Study design: F0 dams were treated with TD-4208 from GD 6 

until weaning on LD 20.  F1 offspring were 
evaluated for preweaning viability, growth and 
development.  Select F1 offspring were kept as 
an F1 generation and were maintained without 
treatment to evaluate postweaning behavior and 
mating.

Deviation from study protocol: Deviations from the protocol were described in 
the study report.  There were no deviations that 
affected the integrity of the study results.

Observations and Results
F0 Dams
Survival:  Rats were checked twice daily (AM and PM) for mortality.  One F0 female (no. 
26) from the low-dose group was unable to deliver and was sacrificed on GD 24 
because of poor clinical condition (e.g., irregular breathing, thin, decreased activity).  
The mother and dead pups were necropsied.  There were no macroscopic findings of 
the mother at the time of necropsy.

The following six F0 females were sacrificed after perinatal death of their entire litter:  
one in the low-dose group (no. 31), three in the mid-dose group (nos. 49, 55 and 66) 
and two in the high-dose group (nos. 86 and 91).

Clinical Signs:  F0 females were checked daily for clinical observations and weekly for 
full clinical observations.  During the gestation period, localized hair loss was noted 
sporadically in the low-dose and mid-dose groups but also in the control group.  
Chromodacryorrhea (secretion of porphyrin-rich tears that are rust-colored) was noted 
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in the left eye of two high-dose F0 females (on GD 0, 6, 9, 12, 15, 18, and 20 for no. 76 
and on GD 6, 9, 12, and 15 for no. 96).  One F0 female (no. 82) had dark vaginal disc 
on GD 0.  Similar findings of localized hair loss and chromodacryorrhea were noted 
sporadically during the lactation period.  These findings were considered incidental and 
not related to treatment with the test article.

Body Weight:  Body weights for F0 females were measured on GDs 0, 6, 9, 12, 15, 18 
and 20 and LDs 1, 4, 7, 10, 14, 17 and 21.  F0 female mean gestation and mean 
lactation body weight curves for control and drug-treated groups are shown in Figure 12 
and Figure 13, respectively.  As shown in Table 104, by GD 20 of dosing, the high-
dose group had 84% of the body weight gain of the control group.  From LD 1 until the 
end of the study on LD 21, the high-dose group had similar body weight gain as the 
control group.

Figure 12 F0 Female Rat Gestation Body Weight in Subcutaneous PPND Study
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Figure 13 F0 Female Rat Lactation Body Weight in Subcutaneous PPND Study

Table 104 F0 Female Rat Body Weight Changes in Subcutaneous PPND Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

GD 0 (grams) 217.26 219.91 223.65s 227.67s

GD 6 (grams) 259.51 266.36 270.54w 269.06w

GD 20 (grams) 384.20 395.92 392.37 378.80
LD 1 (grams) 292.90 306.14 292.53 281.46
LD 21 (grams) 311.88 313.01 312.19 300.54w

GD 6 to GD 20 Change 124.69 129.56 121.83 109.74
Change as % of GD 6 BW 48.05 48.64 45.03 40.79
% of Control 100.00 101.23 93.72 84.89
LD 1 to LD 21 Change 18.98 6.87 19.66 19.08
Change as % of LD 1 BW 6.48 2.24 6.72 6.78
% of Control 100.00 34.63 103.71 104.61
Abbreviations:  % = percent; BW = body weight; LD = lactation day
Notes:
sStatistical significance by Shirley 2-sided test, p < 0.05 (statistical analysis performed by the Applicant)
wStatistical significance by Williams 2-sided test, p < 0.05 (statistical analysis performed by the Applicant)

Feed Consumption:  Rats were offered rat pelleted complete diet (Diet reference Safe, 
A04C-10) and water ad libitum.  Feed consumption for F0 females was measured 
during gestation (GDs 0 to 6, 6 to 9, 9 to 12, 12 to 15, 15 to 18 and 18 to 20) and 
lactation (LDs 1 to 4, 4 to 7, 7 to 10, 10 to 14, 14 to 17 and 17 to 21).
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Mean gestation food consumption curves for control and drug-treated F0 females are 
shown in Figure 14.  During the gestation period, from GD 6 to GD 20 (overall), mean 
food consumption for the high-dose group was statistically decreased compared to the 
control group.  As shown in Table 105, the overall decrease in maternal food 
consumption in the high-dose group was -8.2% compared to the control group.

Figure 14 F0 Female Rat Gestation Food Consumption in Subcutaneous PPND 
Study

Table 105 F0 Female Rat Gestation Food Consumption Changes in 
Subcutaneous PPND Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

GD 6 – GD 20 (Overall) 26.82 27.67 26.20 24.62ww

% Change from Control 0.0 3.2 -2.3 -8.2
Abbreviations:  % = percent; GD = gestation day
Notes:
wwStatistical significance by Williams 2-sided test, p < 0.01 (statistical analysis performed by the 
Applicant)

Mean lactation food consumption curves for control and drug-treated F0 females are 
shown in Figure 15.  During the lactation period, from LD 1 to LD 21 (overall), mean 
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food consumption for the high-dose group was statistically decreased compared to the 
control group.  As shown in Table 106, the overall decreases in maternal food 
consumption in the high-dose group was -9.3% compared to the control group.

Figure 15 F0 Female Rat Lactation Food Consumption in Subcutaneous PPND 
Study

Table 106 F0 Female Rat Lactation Food Consumption Changes in 
Subcutaneous PPND Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

LD 1 – LD 21 (Overall) 57.02 56.60 53.23 51.72sss

% Change from Control 0.0 -0.7 -6.6 -9.3
Abbreviations:  % = percent; LD = lactation day
Notes:
sssStatistical significance by Shirley 2-sided test, p < 0.001 (statistical analysis performed by the 
Applicant)

Pregnancy and Parturition:  F0 females were checked for date of mating (provided from 
supplier); duration of gestation; number of implantation sites; date of parturition (Day 0 
or LD 0); and abnormalities of delivery, nesting or nursing behavior.  See Table 107.
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The mean gestation length was comparable in all groups (about 22 days) as was the 
mean number of implantation sites (about 13 to 14).  The mean number of pups 
delivered per litter was similar across all groups (about 11 to 12).

The number of dead pups was higher in the mid-dose group on PND 1 compared to the 
control group (28 versus 3, respectively).  The study report indicates that three mid-
dose females (nos. 49, 55, and 66) had between 7 to 10 dead pups each and no viable 
pups.  Further, there was one female (no. 31) in the low-dose group and two females 
(nos. 86 and 91) in the high-dose group with perinatal death of the entire litter compared 
to none in the control group.  Female no. 86 in the high-dose group had signs of 
parturition but no pups were recorded and it was assumed that the pups were 
cannibalized.  The findings of pup mortality were not considered related to treatment 
with TD-4208, as the findings were not dose-related.  Further the live birth index in the 
high-dose group (97.2%) was comparable to the control group (99.3%) and historical 
control group (97.9%).

Table 107 Summary of Rat Delivery and Litter Data in Subcutaneous PPND 
Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

Females Completing Delivery 24 23 23 22
…with Liveborn Pups 24 22 20 20
…with Stillborn Pups 3 1 5 4
…with all Stillborn Pups 0 1 3 1
…with all Dead PND 21 0 1 3 2
Gestation Length (Days) (mean) 22.0 22.2 22.1 22.1
Number of Implantation Sites 
(mean) 13.3 13.8 13.4 14.0

% Pre-Birth Loss (mean) 9.35 14.60 16.22 15.98
Pups Delivered/Litter (mean) 12.0 11.8 11.3 11.3
Live Pups PND 0 (mean) 11.9 12.3 11.6 12.1
Live Pups PND 1 (mean) 11.8 12.3 11.6 12.0
Live Pups Precull (mean) 11.8 12.3 11.6 12.0
Live Pups Postcull (mean) 8.0 8.0 7.5 7.6
Live Pups PND 7 (mean) 8.0 8.0 7.4 7.6
Live Pups PND 14 (mean) 8.0 8.0 7.4 7.6
Live Pups PND 21 (mean) 8.0 7.9 7.4 7.6
Dead, Miss., Cannib. PND 0 
(sum) 3 1 28 7

Dead, Miss., Cannib. PND 1-4 
(sum) 2 0 0 2

Dead, Miss., Cannib. PND 5-21 
(sum) 1 2 1 0

Dead, Miss., Cannib. PND 0-21 
(sum) 6 3 29 9
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Parameter
TD-4208 (mcg/kg/day)

0 10 100 500

% Live Birth Index 99.3 99.6 89.2 97.2
% Viability Index 99.3 100.0 100.0 99.2
% Weaning Index 99.5 98.9 99.3 100.0
Sex Ratio PND 1 - % Males 
(mean) 50.8 49.7 48.5 50.7

Sex Ratio PND 21 - % Males 
(mean) 50.3 51.1 50.8 51.7

Abbreviations:  % = percent; Cannib. = cannibalized; Miss. = missing; PND = postnatal day

F0 Necropsy Macroscopic Observations:  Animals were sacrificed by carbon dioxide 
inhalation followed by exsanguination.  F0 females were sacrificed after weaning of the 
F1 pups.  A macroscopic examination for structural or pathological changes was 
performed.  One female in the low-dose group had alopecia of the skin (not seen in 
control group), one female in the mid-dose group had dilated pelvis of left kidney (seen 
in one control group female), and one female in the high-dose group had an enlarged 
right uterine horn (not seen in control group).  These findings were considered of low 
incidence (incidental).  There were no gross pathology findings that were considered 
test article-related.

F0 Toxicokinetics:  Blood samples for toxicokinetic evaluation were collected from three 
F0 females per group on LD 22 (before dosing and 5 minutes, 6 hours, and 24 hours 
after dosing).  Milk samples were collected from six females per group on LD 22 (5 
minutes after dosing from three females and 6 hours after dosing from three other 
females).  TD-4208 and metabolite THRX-195518 were measured in the plasma and 
milk samples using a validated LC/MS/MS method.  Toxicokinetic analysis included an 
estimation of Cmax, Tmax, AUC0-24hr, and milk:plasma ratios based on mean milk 
concentrations to mean plasma concentrations for TD-4208 and metabolite THRX-
195518.

TD-4208 was not detected in any of the vehicle control group plasma samples (below 
the lower limit of quantitation of 0.100 ng/ml).  As shown in Table 108, after 
subcutaneous injection of TD-4208, mean Tmax on LD 22 for TD-4208 in F0 females was 
reached by 0.0833 hours in all drug-treated groups.  Mean AUC0-24hr and Cmax for TD-
4208 increased in a less than dose proportional manner between doses.
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Table 108 Toxicokinetic Summary for TD-4208 in Plasma of F0 Female Rats on 
LD 22 in Subcutaneous PPND Study (Applicant’s Table)

As shown in Table 109, TD-4208 was present in the milk of F0 female rats at 5 minutes 
and 6 hours after dosing with TD-4208 on LD 22.  At 5 hours after dosing on LD 22, the 
milk:plasma ratios were 0.280, 0.287, and 0.471 for the low-dose, mid-dose, and high-
dose groups, respectively.  At 6 hours after dosing on LD 22, the milk:plasma ratios 
were 8.47 and 6.76 for the mid-dose and high-dose groups, respectively.
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Table 109 Milk:Plasma Ratios for TD-4208 in F0 Female Rats on LD 22 in 
Subcutaneous PPND Study (Applicant’s Table)

Metabolite THRX-195518 was not detected in any of the vehicle control group plasma 
samples (below the lower limit of quantitation of 0.100 ng/ml).  As shown in Table 110, 
after subcutaneous injection of TD-4208, mean Tmax on LD 22 for metabolite THRX-
195518 in F0 females was reached by 0.0833 hours for the mid-dose group and 6 hours 
for the high-dose group.  Mean Cmax for metabolite THRX-195518 increased with dose.  
Mean AUC0-24hr for metabolite THRX-195518 was only calculated for the high-dose.
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Table 110 Toxicokinetic Summary for Metabolite THRX-195518 in Plasma of F0 
Female Rats on LD 22 in Subcutaneous PPND Study (Applicant’s 
Table)

As shown in Table 111, metabolite THRX-195518 was present in the milk of F0 female 
rats at 5 minutes and 6 hours after dosing with TD-4208 on LD 22.  At 5 hours after 
dosing with TD-4208 on LD 22, the milk:plasma ratios for metabolite THRX-195518 
were 1.61 and 1.90 for the mid-dose and high-dose groups, respectively.  At 6 hours 
after dosing with TD-4208 on LD 22, the milk:plasma ratio for metabolite THRX-195518 
was 3.34 for the high-dose group.
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Table 111 Milk:Plasma Ratios for Metabolite THRX-195518 in F0 Female Rats on 
LD 22 in Subcutaneous PPND Study (Applicant’s Table)

Dosing Solution Analysis:
For concentration verification (performed by HPLC), samples from the vehicle control 
and all test article groups were collected from the first and last dose preparations.  The 
vehicle control samples were below the limit of quantitation.  The results for the test 
article samples were within range of acceptance criteria for concentration verification 
(mean results within or equal to ± 10% of their theoretical concentrations; individual 
values within or equal to ± 15%).

F1 Pups (Preweaning)
F1 litters were checked for number of male and female pups born alive and dead; 
external abnormalities of the pups; number, weight, and sex of pups on PNDs 1, 4, 7, 
14, and 21, and physical development of the offspring (based on an assessment of 
pinna unfolding, incisor eruption, and eye opening).

F1 Pup Body Weights (Preweaning):  The body weight of pups were checked on PND 1, 
4, 7, 14, and 21.  As shown in Table 112, pup body weights for males and females in 
the high-dose group were statistically decreased compared to the control group on PND 
1, 4, 7, 14, and 21, although the decreases were slight (decrease from about 4% to 8%) 
and any biological significance was unclear.  From PND 1 to 21, the high-dose males 
and females had about 97% and 98%, respectively, of the body weight gain of the 
control group.
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Table 112 F1 Rat Pup Body Weight and Body Weight Changes Preweaning in 
Subcutaneous PPND Study

Male Pups Female Pups

TD-4208 (mcg/kg/day) TD-4208 (mcg/kg/day)Parameter

0 10 100 500 0 10 100 500

PND 1 (grams) 7.63 7.63 7.25s 7.34s 7.20 7.32 6.99 6.94s

PND 4 (grams) 11.36 11.41 10.75 10.59ss 10.80 10.99 10.37 10.04ss

PND 4 – 
postculling 
(grams)

11.34 11.43 10.76 10.59ss 10.80 10.91 10.40 10.00w

PND 7 (grams) 18.20 18.43 17.70 16.96w 17.35 17.73 16.96 15.98ww

PND 14 
(grams) 36.19 36.41 35.15 33.23www 34.98 35.27 33.84 32.17ww

PND 21 
(grams) 59.84 59.63 58.04 56.29w 57.74 57.92 55.93 54.74w

PND 1 to 21 
Change 
(grams)

52.21 52.00 50.79 48.95 50.54 50.60 48.94 47.80

Change as % 
of PND 1 BW

684.27 681.52 700.55 666.89 701.94 691.26 700.14 688.76

% of Control 100.00 99.60 102.38 97.46 100.00 98.48 99.74 98.12
Abbreviations:  % = percent; BW = body weight; PND = postnatal day
Notes:
sStatistical significance by Shirley 2-sided test, p < 0.05 (statistical analysis performed by the Applicant)
ssStatistical significance by Shirley 2-sided test, p < 0.01 (statistical analysis performed by the Applicant)
wStatistical significance by Williams 2-sided test, p < 0.05 (statistical analysis performed by the Applicant)
wwStatistical significance by Williams 2-sided test, p < 0.01 (statistical analysis performed by the 
Applicant)
wwwStatistical significance by Williams 2-sided test, p < 0.001 (statistical analysis performed by the 
Applicant)

F1 Pup Clinical Observations (Preweaning):  Pups were checked daily for clinical 
observations and weekly for full clinical observations.  The main clinical observations 
were hematoma and scabs, which were seen in all drug-treated groups and the control 
group.  Drug-treatment of the mother did not appear to effect clinical signs in the F1 
pups.

F1 Pup Physical Development (Preweaning):  Physical development of the pups was 
based on pinna unfolding (PND 1 to 4), incisor eruption (PND 7 to 14), and eye opening 
(PND 12 to 17).  There was no effect of drug-treatment of the mother on the physical 
development of the F1 pups.

F1 Pup Functional Development (Preweaning):  Functional tests in all pups 
(preweaning) included surface righting reflex on PND 8, gripping reflex on PND 17/18, 
and pupillary reflex and auditory reflex on PND 21.  There was no effect of drug-
treatment of the mother on the functional development (preweaning) of the F1 pups.
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F1 Pup Necropsy Macroscopic Observations (Preweaning):  Sporadic findings of dilated 
renal pelvis (unilateral and bilateral) were noted in the drug-treated groups and in the 
control group, and therefore these findings were considered incidental.  Autolysis and 
cannibalization were noted in dead and stillborn pups.  There were no macroscopic 
observations in the F1 pups that were considered test article-related.

F1 Pup Toxicokinetics (Preweaning):  Blood samples for plasma concentrations of TD-
4208 and metabolite THRX-195518 in pups was collected 10 minutes after dosing of the 
mother with TD-4208 from pups culled on PND 4 (3 litters/group) and three male and 
three female pups on PND 21.  On PND 4, the mean TD-4208 plasma concentration in 
pups was below the lower limit of quantitation for the control, low-dose, and mid-dose 
groups and 0.347 ng/mL for the high-dose group.  On PND 21, the mean TD-4208 
plasma concentration in pups was below the lower limit of quantitation for the control 
and all drug-treated groups.  These data suggest limited plasma exposure of TD-4208 
in pups through the mother’s milk.

Plasma concentrations of metabolite THRX-195518 in pups were below the lower limit 
of quantitation for the control and all drug-treated groups 10 minutes after dosing the 
mother with TD-4208 on PND 4 and PND 21, suggesting no plasma exposure of 
metabolite THRX-195518 in pups through the mother’s milk.

F1 Generation (Post Weaning)
The size of each litter was adjusted to yield (where possible) four males and four 
females per litter.  After weaning of the F1 pups (PND 21), one male and one female 
pup per litter (where possible) were selected to yield 20 males and 20 females per 
group for postweaning behavioral tests and mating.

F1 Generation Survival:  Rats were checked twice daily (AM and PM) for mortality.  
There were no deaths in the F1 generation.

F1 Generation Clinical Signs:  F1 generation was checked daily for clinical observations 
and weekly for full clinical observations.  The main clinical observation in F1 generation 
males was chromodacryorrhea, which was seen in all drug-treated groups and the 
control group.  Additional incidental findings included scabs, (control and mid-dose 
groups), localized hair loss (mid-dose group), eyelid nodule (mid-dose group), and 
partially severed tail (mid-dose group).  Incidental clinical signs in F1 generation 
females in the premating period included chromodacryorrhea (one female in the control 
group and one female in the high-dose group), residual vaginal membrane (one female 
in the low-dose group), and localized hair loss (one female in the mid-dose group).  In 
addition, one F1 generation female (premating) in the high-dose group had a convulsive 
episode on Day 14.  Clinical signs in F1 generation females in the gestation period were 
limited to partially severed tail (one low-dose female) and chromodacryorrhea and 
lacrimation (one high-dose female).

F1 Generation Body Weight:  Body weights for F1 generation males were measured 
once weekly from the time of selection up to necropsy.  As shown in Table 113, F1 
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generation male body weights in the high-dose group were statistically decreased on 
Days 0 and 7 compared to the control group, although the decreases were slight 
(decreases at about 6% and 8%, respectively).  From Day 0 to 91, the high-dose males 
had about 107% the body weight gain of the control group.  These findings were not 
considered adverse.

Table 113 F1 Generation Male Rat Body Weight and Body Weight Changes in 
Subcutaneous PPND Study

TD-4280 (mcg/kg/day)Day Numbers Relative to Start 
Date 0 10 100 500

Day 0 (grams) 59.63 60.54 57.68 56.04*
Day 7 (grams) 99.31 98.89 95.00 91.43*
Day 14 (grams) 154.77 154.68 150.77 146.18
Day 21 (grams) 205.97 206.50 205.78 202.50
Day 28 (grams) 258.17 262.85 261.00 259.25
Day 35 (grams) 310.27 313.13 312.79 311.33
Day 42 (grams) 346.98 352.86 351.21 346.59
Day 49 (grams) 366.59 375.75 380.55 367.11
Day 56 (grams) 396.86 402.13 405.42 391.44
Day 63 (grams) 413.10 420.72 424.61 409.71
Day 70 (grams) 425.70 442.99 450.93 433.40
Day 77 (grams) 452.35 459.99 467.07 451.08
Day 84 (grams) 468.90 471.85 481.59 467.43
Day 91 (grams) 488.24 488.31 496.41 485.65

Day 0 to Day 91 Change 
(grams) 428.61 427.77 438.73 429.61

Change as % of Day 0 BW 718.78 706.59 760.63 766.61
% of Control 100.00 98.30 105.82 106.65
Abbreviations:  % = percent; BW = body weight
Notes:
*Statistical significance from automatic comparisons with control (statistical analysis performed by the 
Applicant)

Body weights for F1 generation females were measured weekly during premating and 
mating periods and on GDs 0, 4, 8, and 13.  As shown in Table 114, during the 
premating period, F1 generation high-dose females had about 107% the body weight 
gain of the control group from Day 0 to 56.  As shown in Table 115, during the gestation 
period, F1 generation high-dose females had about 105% the body weight gain of the 
control group from GD 0 to 13.  These findings were not considered adverse.
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Table 114 F1 Generation Female Rat Premating Body Weight and Body Weight 
Changes in Subcutaneous PPND Study

TD-4280 (mcg/kg/day)Day Numbers Relative to Start 
Date 0 10 100 500

Day 0 (grams) 57.52 58.25 55.46 54.63
Day 7 (grams) 92.11 91.36 86.64 86.07
Day 14 (grams) 136.24 137.09 130.12 130.24
Day 21 (grams) 169.51 167.84 163.46 165.79
Day 28 (grams) 194.13 191.64 190.34 190.93
Day 35 (grams) 211.54 211.78 209.13 211.38
Day 42 (grams) 229.26 227.10 228.37 227.92
Day 49 (grams) 241.40 238.68 241.20 239.67
Day 56 (grams) 249.72 246.59 249.06 250.08

Day 0 to Day 56 Change 
(grams) 192.20 188.34 193.60 195.45

Change as % of Day 0 BW 334.14 323.33 349.08 357.77
% of Control 100.00 96.76 104.47 107.07
Abbreviations:  % = percent; BW = body weight

Table 115 F1 Generation Female Rat Gestation Body Weight and Body Weight 
Changes in Subcutaneous PPND Study

TD-4280 (mcg/kg/day)Day Numbers Relative to 
Mating 0 10 100 500

GD 0 (grams) 261.91 263.63 268.84 260.87
GD 4 (grams) 283.63 286.77 288.56 283.55
GD 8 (grams) 299.91 302.27 304.26 300.16
GD 13 (grams) 320.74 324.76 325.92 322.50

GD 0 to GD 13 Change (grams) 58.83 61.13 57.08 61.63
Change as % of GD 0 BW 22.46 23.19 21.23 23.62
% of Control 100.00 103.23 94.52 105.18
Abbreviations:  % = percent; GD = gestation day; BW = body weight

Sexual Maturation/Development (Postweaning):  Females where checked from PND 28 
to detect the day of vaginal opening and males were checked from PND 38 to detect the 
day of balano preputial skinfold cleavage.  Body weights were also recorded on the day 
of occurrence of vaginal opening and preputial cleavage for females and males, 
respectively.  In female offspring, there was no effect of maternal treatment on the day 
of vaginal opening (mean of about 33 to 34 days for control and all drug-treated groups) 
or on body weight at the time of occurrence.  In male offspring, there was no effect of 
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maternal treatment on day of preputial cleavage (mean of about 42 days for control and 
all drug-treated groups) or on body weight at the time of occurrence.

Behavioral Assessment (Postweaning):  Behavioral tests included the watermaze test at 
about 8 and 9 weeks of age (to evaluate learning capacity, memory retention, and motor 
activity), the open field test at about 10 weeks of age (to evaluate motor activity), and 
the auditory startle reflex test at about 10 weeks of age (to evaluate habituation and pre-
pulse inhibition).  Based on the watermaze test, there was no effect of maternal 
treatment with the test article on their offspring’s learning capacity, memory retention, or 
motor activity.  Based on the open filed test, treatment of the mother with drug did not 
affect their offspring’s exploratory behavior (total distance traveled and time spent in 
corner regions, center regions, and lateral regions) and general movement (ambulatory 
activity, small movements, and inactivity).  Based on the auditory startle, treatment of 
the mother with drug did not affect habituation and pre-pulse inhibition.

Reproduction/Mating:  One male and one female from the same group was paired for 
up to 21 days.  Vaginal smears were taken daily during cohabitation.  GD 0 was 
confirmed by sperm in the vaginal smear or a vaginal plug.  A summary of mating 
performance and fertility data for the F1 generation is shown in Table 116.  There was 
no effect of maternal treatment with the test article on fertility in the F1 offspring.

Table 116 Mating Performance and Fertility of F1 Generation Rats in 
Subcutaneous PPND Study

TD-4208 (mcg/kg/day)
Parameter

0 10 100 500

NUMBER OF FEMALES
Paired 20 20 20 20
Inseminated 20 20 19 20
Pregnant 17 20 19 19
Not pregnant 3 0 0 1
Failed to mate 0 0 1 0
Mistimed pregnancy 0 1 0 0
PRE - COITAL INTERVAL 
(DAYS)
MEAN 2.7 3.3 3.9 2.8
SD 1.2 3.1 3.7 1.2
N 191 181 181 20
COPULATION INDEX (%) 100 100 95 100
FERTILITY INDEX (%) 85 100 100 95
Abbreviations:  % = percent; N = number; SD = standard deviation
Notes:
1Mating not detected for one pair of rats

Caesarean Data:  Cesarean sections for pregnant F1 females were performed on GD 
13.  The number of pregnant females at Cesarean section were 17, 19, 19, and 19 in 
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revefenacin, is also active as muscarinic receptor antagonist.  In clinical studies with 
COPD patients, metabolite THRX-195518 was found to constitute most of the drug-
related systemic exposure at steady state (i.e., about 76.1%).

In radioligand competition binding assays, the binding of revefenacin and metabolite 
THRX-195518 were evaluated for their binding to the five human muscarinic receptor 
subtypes (hM1, hM2, hM3, hM4, and hM5) in CHO-K1 cells stably expressing hM1, hM2, 
hM3, hM4 receptors, or hM5 receptor.  Based on binding affinity estimates (Ki) of the 
metabolite THRX-195518 and revefenacin from the same experiment, the mean Ki 
values of metabolite THRX-195518 for hM1, hM2, hM3, hM4, and hM5 receptors were 
1.3, 2.1, 1.8, 1.6 and 11 nM, respectively.  The mean Ki values for revefenacin for hM1, 
hM2, hM3, hM4, and hM5 receptors were 0.50, 0.34, 0.67, 0.49, and 3.30 nM, 
respectively.  As such, metabolite THRX-195518 was 2.6-, 6.2-, 2.7-, 3.3-, and 3.3-fold 
less potent than revefenacin for the hM1, hM2, hM3, hM4, and hM5 receptors, 
respectively.  Additional competition binding assays were conducted separately with 
revefenacin and metabolite THRX-195518 alone, although the greatest weight was 
placed on the study where the binding affinities of the parent drug and metabolite were 
examined from the same experiment.  Based on the totality of these competition binding 
assays, metabolite THRX-195518 had 3-fold to 10-fold less binding affinity than 
revefenacin for the muscarinic receptor subtypes.  The 3-fold to 10-fold reduced binding 
affinity of metabolite THRX-195518 compared to revefenacin was not considered 
biologically significant based upon the variability observed in these studies.

Data from binding and functional assays showed that revefenacin dissociated slowly 
from the recombinant hM3 receptor subtype.  In an atropine displacement assay to 
assess kinetic binding of revefenacin ([3H]THRX-134853) in CHO-K1 cells transfected 
with hM2 or hM3 receptor, the kon and koff for the hM3 receptor were 0.09 nM-1min-1 and 
0.009 min-1, respectively.  The receptor dissociation t1/2 for hM3 was 81 minutes.  In a 
separate experiment, revefenacin produced concentration-dependent antagonism of 
agonist-mediated contraction by acetylcholine in rat isolated trachea with a t1/2 = 13.3 
hours that slowly reversed.

Data from kinetic binding assays showed that metabolite THRX-195518 dissociated 
quickly from the hM3 receptor subtype.  In a radioligand ([3H]-N-methyl scopolamine) 
kinetic binding assay in CHO-K1 cells transfected with hM3 receptor the kon and koff were 
0.069 nM-1min-1 and 0.060 min-1, respectively.  The receptor dissociation t1/2 was 11 
minutes.  In a separate experiment, metabolite THRX-195518 produced concentration-
dependent antagonism of agonist-mediated contraction by acetylcholine in rat isolated 
trachea with a t1/2 = 1.1 hours, which was approximately 12-fold shorter than that 
observed with revefenacin.

For human COPD subjects receiving a clinical dose of revefenacin at 175 mcg/day, the 
plasma AUC for metabolite THRX-195518 was determined to be approximately 3.2-fold 
greater than the plasma AUC for revefenacin at steady state (metabolite THRX-195518 
constituted approximately 76.1% of total systemic exposure).  Further, half-lives of 
THRX-134853 and metabolite THRX-195518 in human subjects were relatively 
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comparable.  The Clinical Pharmacology Team raised concerns about metabolite 
THRX-195518 accumulation in special populations with comorbidities (e.g., COPD, 
renal impairment, hepatic impairment).

While the binding of metabolite THRX-195518 for the five human muscarinic receptors 
compared to revefenacin was adequately characterized, there was limited data to 
assess the functional antimuscarinic activity of the metabolite and the comparable 
activity of the metabolite relative to the parent.  Metabolite THRX-195518 appears to be 
generated in the liver after systemic absorption of revefenacin.  Based on studies with 
human lung microsomes and S9 preparations from human and animal species, 
metabolism of revefenacin appeared to be negligible.  Thus, it was concluded that 
metabolite THRX-195518 could contribute to potential systemic antimuscarinic 
pharmacodynamic activity in addition to the contribution of revefenacin.  It was decided 
that product labeling should describe that metabolite THRX-195518 is an active 
metabolite and could contribute to potential systemic antimuscarinic pharmacodynamic 
activity following administration of revefenacin.

In the airways, revefenacin exhibited pharmacological effects through inhibition of the 
M3 receptor at the smooth muscle leading to bronchodilation.  Metabolite THRX-195518 
probably had no significant contribution to the observed bronchodilatory activity due to 
little or no formation in the lungs.  However, in the systemic circulation, metabolite 
THRX-195518 constituted 76.1% of total systemic exposure (AUC) in COPD patients 
and could potentially make a significant contribution to systemic antimuscarinic effects. 
The clinical Cmax for revefenacin and metabolite THRX-195518 were a small fraction of 
their respective mean Ki values for hM3.  The clinical Cmax for metabolite THRX-195518 
(i.e., 0.196 ng/mL, based on Phase 2 popPK modeling from Clinical Pharmacology 
Team) was about 9% of the Ki for the hM3 receptor (i.e., 1.8 nM or 1.7 ng/mL). 
Antimuscarinic activity associated with Cmax effects appear unlikely to be affected. 
However, antimuscarinic activity associated with AUC might be impacted by metabolite 
THRX-195518.

Secondary pharmacology studies demonstrated that revefenacin was selective for 
muscarinic receptors when compared to a standard panel of more than 80 receptors 
and enzymes.  In this panel, revefenacin had appreciable activity at H1 and H3 receptors 
but in a functional assay, revefenacin had weak antagonist activity for the H1 receptor.  
In a radioligand binding displacement assay, revefenacin bound to the human 
recombinant 5-HT4(c) receptor splice variant.  In functional assays, revefenacin was a 
weak, partial agonist and an antagonist of cloned human 5-HT4(c) receptors.  Since 
clinical studies show systemic exposure to revefenacin and metabolite THRX-195518, 
there is a potential for partial agonist and antagonist activity for the 5-HT4(c) receptor at 
the systemic level.  When screened in a standard panel of over 70 various receptors 
and enzymes, metabolite THRX-195518 was selective for muscarinic receptors and had 
no appreciable activity for other receptors or enzymes.

Revefenacin was evaluated in a standard battery of safety pharmacology studies.  In 
vitro, revefenacin and metabolite THRX-195518 inhibited hERG channel current in 
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HEK293 cells stably expressing hERG, with IC50 values of 11.4 and 564.1 mcM, 
respectively.  In an in vivo cardiovascular safety pharmacology study in conscious male 
beagle dogs (single intravenous doses of 0, 1, 3 and 10 mcg/kg revefenacin), marginal 
increases in blood pressure were noted at 3 and 10 mcg/kg at various timepoints 
starting approximately 70 to 75 minutes postdose.  No changes in heart rate or ECG 
parameters were noted.  No test-article related effects were noted in a respiratory safety 
pharmacology study conducted in conscious male rats using single inhaled doses of up 
to 1169 mcg/kg.  In CNS safety pharmacology study in rats (single inhaled doses of 0, 
30, 100, 1000 mcg/kg revefenacin), reduced arousal was noted at all doses up to 49-
hours postdose, but was statistically significant only at 1000 mcg/kg.  No other test-
article related effects were observed in the FOB; however, reduced urination was noted 
at 1.25 hours postdose for animals receiving 100 and 1000 mcg/kg TD-4208.  Taken 
together, revefenacin did not have any significant adverse effects on the cardiovascular, 
CNS, and respiratory parameters that were evaluated.

Pharmacokinetics
Absorption
Revefenacin was quickly absorbed into the systemic circulation after inhalation 
administration to rats and guinea pigs.  Systemic bioavailability was high after inhalation 
(59% to 85%) and subcutaneous (99%) administration to rats, but lower after inhalation 
administration to dogs (21% to 38%). 

Distribution
Revefenacin had extensive distribution into tissues after intravenous administration in 
rats (Vss = 14.7 L/kg).  Metabolite THRX-195518 had limited distribution into tissues 
after intravenous administration in rats (Vss = 0.501 L/kg; similar to total body water and 
greater than blood volume, which in rats are 0.7 L/kg and 0.05 L/kg, respectively) 
relative to the parent drug.

After oral administration of [14C]GSK1160724 to male Lister Hooded pigmented rats, 
concentrations of radioactivity indicated limited absorption and distribution.  After 
intravenous administration of [14C]GSK1160724 to male Lister Hooded pigmented rats, 
radioactivity was widely distributed across tissues except for the brain (below the lower 
limit of quantification at all time points).  After intravenous administration, there was 
binding in the uveal tract/retina, indicating an association with melanin.  Regarding the 
distribution of revefenacin to the uveal tract/retina, there appears to be no clinical or 
nonclinical data suggesting that revefenacin possesses any potential for phototoxicity.

Revefenacin was moderately bound to proteins in human, dog, and guinea pig plasma 
in a dose independent manner (68% to 74% bound in human plasma, 55% to 63% in 
dog plasma, and 38% to 45% in guinea pig plasma).  Metabolite THRX-195518 was 
moderately bound to dog, human, mouse, rabbit and rat plasma proteins independent of 
dose (36.1% to 47.2% bound in dog, 36.5% to 47.8% bound in human, 44.4% bound in 
mouse, 29.9% to 33.1% bound in rabbit, and 35.6% to 49/8% bound in rat).
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After inhaled administration of revefenacin to rats and guinea pigs, the lung to plasma 
ratios were high.

Metabolism
Revefenacin was extensively metabolized in nonclinical species.  The proposed 
metabolic pathway of revefenacin in rats and dogs is shown in Figure 16.  THRX-
195518 was identified as a major metabolite (>10% of systemic exposure; product of 
amide hydrolysis - primary amide to carboxylic acid).  Metabolites were generally similar 
across species.  There were no metabolites unique to humans.

Figure 16 Proposed Metabolic Pathway of Revefenacin in Rats and Dogs 
(Applicant’s Figure)

Intrinsic clearance of revefenacin in rat, dog, and human lung microsomes was low (<1); 
100% of the parent drug remained (no turnover detected).  Intrinsic clearance of 
revefenacin in rat, dog, and human lung S9 was low (1 or <1); >95% of the parent drug 
remained (low turnover detected).  The results suggest minimal metabolism of 
revefenacin in lung.

Excretion
Bile and/or feces were the major routes of excretion for revefenacin after intravenous or 
oral administration in rats or dogs.
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General Toxicology
Several GLP-compliant repeat-dose inhalation toxicology studies were conducted with 
revefenacin free base in a citrate-buffered saline nebulized aerosol for up to 13-week in 
mice, 26-weeks in rats, and 39-weeks in dogs.  In the pivotal 26-week chronic inhalation 
study in rats, animals received revefenacin at target doses of 0, 100, 300, or 1000 
mcg/kg/day (achieved doses of 0, 125, 331, or 1260 mcg/kg/day).  There was a 28-day 
recovery period.  There were no deaths that were attributed to drug treatment.  The 
most notable histopathology findings were in the larynx (hyperplasia/metaplasia, 
exudate, and mononuclear cell inflammation of epiglottis) and were judged to be 
nonspecific irritant effects associated with aerosol inhalation and irrelevant to humans.  
Findings were also noted in the nasal cavity (inflammation of nasolacrimal duct, 
degeneration/regeneration of olfactory epithelium, squamous cyst, and tooth dysplasia) 
but were judged irrelevant to humans that would receive the drug by oral inhalation.  
The NOAEL was considered the high-dose (achieved dose of 1260 mcg/kg/day).

In the pivotal 39-week chronic inhalation study in dogs, animals received revefenacin at 
target doses of 0, 30, 100, or 300 mcg/kg/day (achieved doses of 0, 30, 124, or 315 
mcg/kg/day).  There was a 28-day recovery period.  There were no deaths that were 
attributed to drug treatment with.  Treatment with the high-dose of revefenacin 
increased heart rate (as much as +47% compared to predose on the day of dosing) and 
decreased the RR, PR, and QT intervals in male and female dogs.  These findings were 
considered adverse, but were expected pharmacodynamic effects of the drug, which 
are considered monitorable in a clinical setting.  Treatment with mid-dose and high-dose 
revefenacin decreased mean tear production in males and female dogs (this was an 
expected pharmacodynamic effect of treatment with revefenacin).  There were no 
notable histopathology findings.  The NOAEL was considered the mid-dose based on 
the increased heart rate at the high-dose, but the high-dose was used for exposure 
margin calculations based on the clinical monitorability of the increased heart rate and 
the lack of histopathology findings at the high-dose.

Genetic Toxicology
Revefenacin was negative for genotoxicity in a standard battery of genetic toxicology 
tests (in vitro Ames bacterial reverse mutation test, in vitro mouse lymphoma assay, and 
in vivo rat micronucleus assay).  Metabolite THRX-195518 was negative for 
mutagenicity in the Ames test for bacterial gene mutation.

Carcinogenicity
No treatment-related tumors were identified in two-year inhalation studies with Sprague-
Dawley rats and CD1 mice that were conducted to assess the carcinogenic potential of 
revefenacin and metabolite THRX-195518.  Exposure of metabolite THRX-195518 
reached sufficient levels in mice and rats to assess its carcinogenic potential.

Fertility and Early Embryonic Development
In a rat fertility study, virgin male and female rats were treated once daily for two weeks 
before being paired for mating, once daily throughout mating, and once daily up to the 
day before necropsy for males (about 6 weeks from first day of treatment) or until GD 7 
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for females with subcutaneous doses of revefenacin at 0 (control), 10 (low-dose), 100 
(mid-dose), and 500 (high-dose) mcg/kg/day.  The premating period of 2-weeks was 
selected based upon repeat-dose toxicity studies up to 13 weeks with inhalation doses 
up to 1060 mcg/kg/day that achieved high systemic drug exposures and there was no 
evidence that revefenacin had any adverse effects on male or female reproductive 
organs.  There were no deaths in the test article-treated groups.  Decreases in body 
weight gain were seen in high-dose males and females.  Revefenacin did not affect 
fertility or reproductive performance (mating and fertility indices) in male or female rats.  
The NOAEL for male and female mating and fertility was the high-dose (500 
mcg/kg/day).  The NOAEL for male and female toxicity was the mid-dose (100 
mcg/kg/day), based on slight decreases in body weight gain in high-dose animals.

Embryo-Fetal Development
In a rat EFD study, time-mated female rats were treated by subcutaneous injection with 
0 (control), 10 (low-dose), 100 (mid-dose), and 500 (high-dose) mcg/kg/day revefenacin 
during the period of organogenesis from GD 6 to 17 (day of confirmed mating was GD 
0).  Maternal toxicity was noted in high-dose pregnant females as a slight decrease in 
body weight gain and food consumption.  There were no effects of drug treatment on 
fetal body weights.  Revefenacin was not teratogenic (no external, visceral, or skeletal 
variations or malformations) and did not affect fetal survival at maternal subcutaneous 
doses up to 500 mcg/kg/day.  The NOAEL for maternal toxicity was the mid-dose (100 
mcg/kg/day) and the NOAEL for EFD toxicity was the high-dose (500 mcg/kg/day).

In a rabbit EFD study, time-mated rabbits were treated by subcutaneous injection with 0 
(control), 10 (low-dose), 100 (mid-dose), and 500 (high-dose) mcg/kg/day revefenacin 
from GD 7 to 19 (day of confirmed mating was GD 0).  Maternal toxicity was noted in 
high-dose pregnant females as a decrease in body weight gain and food consumption.  
At the time of Cesarean section, there were no test article-related effects on numbers of 
post-implantation losses or live fetuses.  There were no effects of drug treatment on 
fetal body weights.  Revefenacin was not teratogenic (no external, visceral, or skeletal 
variations or malformations) and did not affect fetal survival at maternal subcutaneous 
doses up to 500 mcg/kg/day.  Placental transfer of revefenacin and metabolite THRX-
195518 was observed in rabbits based upon detection in fetal plasma.  The NOAEL for 
maternal toxicity was the mid-dose (100 mcg/kg/day) and the NOAEL for EFD toxicity 
was the high-dose (500 mcg/kg/day).

Prenatal and Postnatal Development
In a rat PPND study, virgin-mated female rats (F0 generation) were treated by 
subcutaneous injection with 0 (control), 10 (low-dose), 100 (mid-dose), and 500 (high-
dose) mcg/kg/day revefenacin from GD 6 to LD 20.  In the F0 generation, the high-dose 
group had 84% of the body weight gain of the control group by GD 20 (correlated with 
decreased food consumption).  From LD 1 until the end of the study on LD 21, the high-
dose group had similar body weight gain as the control group.  In the F0 generation, the 
mean gestation length was comparable in all groups (about 22 days) as was the mean 
number of implantation sites (about 13 to 14).  The mean number of pups delivered per 
litter was similar across all groups (about 11 to 12).  Revefenacin and metabolite THRX-
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195518 were present in milk of lactating rats on LD 22.  Milk to plasma concentration 
ratios were up to 7 and 3 for revefenacin and metabolite THRX-195518, respectively.

There was no effect of drug-treatment of the F0 mother on the preweaning physical or 
functional development of the F1 pups.  There was no effect of drug-treatment of the F0 
mothers on the postweaning sexual maturation/development of F1 males and F1 
females.  There was no effect of drug-treatment of the F0 mothers on the postweaning 
behavioral assessment of F1 offspring as assessed by the watermaze test (to evaluate 
learning capacity, memory retention, and motor activity), the open field test (to evaluate 
motor activity), and the auditory startle reflex test (to evaluate habituation and pre-pulse 
inhibition).  There was no effect of drug-treatment of the F0 mothers on fertility in the F1 
offspring.  There was no effect of drug-treatment of the F0 mothers on numbers of 
corpora lutea, implantations, pre-and post-implantation losses, and live fetuses for 
pregnant F1 females.

The NOAEL for maternal toxicity was the mid-dose (100 mcg/kg/day) based on 
decreases in body weight at the high-dose.  The NOAEL for the PPND was the high-
dose (500 mcg/kg/day).

Animal to Human Exposure Margins
As shown in Table 118, for determination of exposure margins, human exposure values 
for revefenacin and metabolite THRX-195518 at the dose level of 175 mcg were 
obtained from the Clinical Pharmacology Team based on Phase 2 popPK modeling 
estimates (from Phase 2 studies in COPD patients).  Table 118, also shows human 
exposure values for hepatic impairment in healthy volunteers.

Table 118 Summary of Plasma Cmax and AUC for Revefenacin and Metabolite 
THRX-195518 at Dose Level of 175 mcg Based on Phase 2 popPK 
Modeling and Hepatic Impairment

Cmax (ng/mL) AUC (ng*hr/mL)

Phase 2 popPK Modeling in COPD Patients
Revefenacin 0.160 0.215
Metabolite THRX-195518 0.196 0.686
Sum1 0.901
Hepatic Impairment in Healthy Volunteers
Revefenacin 0.238 0.308
Metabolite THRX-195518 0.0864 0.563
Sum1 0.871
Abbreviations:  AUC = area under the curve
Notes:
1AUC exposure for revefenacin and metabolite THRX-195518 were summed to provide a total exposure 
estimate.

Table 119, shows the exposure margins for the general toxicology, carcinogenicity, and 
reproductive toxicology studies (only EFD and PPND studies) based on AUC between 
the relevant animal and clinical studies (based on Phase 2 popPK modeling in COPD 
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patients).  Similarly, Table 120, shows animal to clinical exposure margins using clinical 
exposures for hepatic impairment in healthy volunteers; COPD patients with hepatic 
impairment would be expected to have an even greater increase in metabolite THRX-
195518 exposure relevant to revefenacin.  For both the clinical and nonclinical studies, 
the relevant AUC exposure for revefenacin and metabolite THRX-195518 were summed 
to provide a total exposure estimate.  For the male and female fertility study, 
toxicokinetic data were not available so exposure margins were based on mg/m2 (see 
Table 121).  The animal (26-week inhalation in rat and 39-week inhalation in dog) to 
human local exposure margins for revefenacin based on lung weight for the proposed 
clinical dose of 175 mcg/day are shown in Table 122.  Nonclinical studies provide 
adequate safety margins for systemic and lung exposures to revefenacin and its 
carboxylic acid metabolite, THRX-195518, achieved with the proposed clinical dose of 
revefenacin at 175 mcg/day.

Table 119 Animal to Human Exposure Margins for Revefenacin and Metabolite 
THRX-195518 Based on Summed AUC for the Proposed Clinical Dose 
of 175 mcg/day (Phase 2 popPK Modeling in COPD Patients)

AUC0-24hr (ng*hr/mL) 
for Revefenacin + 
Metabolite THRX-

1955181

Animal to Human 
Exposure Margin2

Study NOAEL 
(mcg/kg/day)

TK 
Analysis M F

M + 
F 

Avg.
M F

M + 
F 

Avg.
General Toxicology 
(Inhalation)3

26-week rat (CRN: 14-
003-04) HD = 1000 (1260) Day 182 66.7 93.9 80.3 74 104 89

39-week dog (CRN:  
14-003-05) HD = 300 (315)4 Week 39 63.3 63.0 63.2 70 70 70

Carcinogenicity 
(Inhalation)
2-year mouse (CRN:  
14-003-06) HD = 300 (326) Day 182 39.8 33.1 36.4 44 37 40

2-year rat (CRN:  14-
003-07) HD = 300 (338) Day 182 30.4 33.1 31.8 34 37 35

Reproductive and 
Developmental 
Toxicity 
(Subcutaneous)
EFD rat (CRN:  14-001-
12)

HD = 500 
(developmental) GD 17 189 209

MD = 100 
(maternal) GD 17 35.7 40

EFD rabbit (CRN:  14-
001-13)

HD = 500 
(developmental) GD 19 625 694

MD = 100 
(maternal) GD 19 127.8 142

PPND rat (CRN:  15-
018-01)

HD = 500 (F1 
males and LD 22 177 196
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AUC0-24hr (ng*hr/mL) 
for Revefenacin + 
Metabolite THRX-

1955181

Animal to Human 
Exposure Margin2

Study NOAEL 
(mcg/kg/day)

TK 
Analysis M F

M + 
F 

Avg.
M F

M + 
F 

Avg.
females)

MD = 100 (F0 
Females) LD 22 56.0 62

Abbreviations:  AUC = area under the curve; Avg. = average; EFD = embryo-fetal development; F = 
female; GD = gestation day; HD = high-dose; LD = lactation day; M = male; MD = mid-dose; NOAEL = no 
observed adverse effect level; PPND = pre- and postnatal development; TK = toxicokinetic
Notes:
1AUC0-24hr exposure for revefenacin and metabolite THRX-195518 were summed to provide a total 
exposure estimate
2Based on human AUC of 0.901 ng*hr/mL for the sum of revefenacin and metabolite THRX-195518 at 
dose level of 175 mcg based on Phase 2 PK modeling in COPD patients (estimates provided by Clinical 
Pharmacology Team)
3For inhalation studies, the NOAEL is shown as nominal dose (achieved dose)
4For the 39-week dog study, the NOAEL was the mid-dose, but the high-dose was used for exposure 
margin calculations based on clinical monitorability of the adverse event (increased heart rate), and lack 
of histopathology findings at the high-dose

Table 120 Animal to Human Exposure Margins for Revefenacin and Metabolite 
THRX-195518 Based on Summed AUC for the Proposed Clinical Dose 
of 175 mcg/day (Hepatic Impairment in Healthy Volunteers)

AUC0-24hr (ng*hr/mL) 
for Revefenacin + 
Metabolite THRX-

1955181

Animal to Human 
Exposure Margin2

Study NOAEL 
(mcg/kg/day)

TK 
Analysis M F

M + 
F 

Avg.
M F

M + 
F 

Avg.
General Toxicology 
(Inhalation)3

26-week rat (CRN: 14-
003-04) HD = 1000 (1260) Day 182 66.7 93.9 80.3 77 108 92

39-week dog (CRN:  
14-003-05) HD = 300 (315)4 Week 39 63.3 63.0 63.2 73 72 73

Carcinogenicity 
(Inhalation)
2-year mouse (CRN:  
14-003-06) HD = 300 (326) Day 182 39.8 33.1 36.4 46 38 42

2-year rat (CRN:  14-
003-07) HD = 300 (338) Day 182 30.4 33.1 31.8 35 38 36

Reproductive and 
Developmental 
Toxicity 
(Subcutaneous)
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AUC0-24hr (ng*hr/mL) 
for Revefenacin + 
Metabolite THRX-

1955181

Animal to Human 
Exposure Margin2

Study NOAEL 
(mcg/kg/day)

TK 
Analysis M F

M + 
F 

Avg.
M F

M + 
F 

Avg.
EFD rat (CRN:  14-001-
12)

HD = 500 
(developmental) GD 17 189 217

MD = 100 
(maternal) GD 17 35.7 41

EFD rabbit (CRN:  14-
001-13)

HD = 500 
(developmental) GD 19 625 718

MD = 100 
(maternal) GD 19 127.8 147

PPND rat (CRN:  15-
018-01)

HD = 500 (F1 
males and 
females)

LD 22 177 203

MD = 100 (F0 
Females) LD 22 56.0 64

Abbreviations:  AUC = area under the curve; Avg. = average; EFD = embryo-fetal development; F = 
female; GD = gestation day; HD = high-dose; LD = lactation day; M = male; MD = mid-dose; NOAEL = no 
observed adverse effect level; PPND = pre- and postnatal development; TK = toxicokinetic
Notes:
1AUC0-24hr exposure for revefenacin and metabolite THRX-195518 were summed to provide a total 
exposure estimate
2Based on human AUC of 0.871ng*hr/mL for the sum of revefenacin and metabolite THRX-195518 at 
dose level of 175 mcg in healthy volunteers with hepatic impairment
3For inhalation studies, the NOAEL is shown as nominal dose (achieved dose)
4For the 39-week dog study, the NOAEL was the mid-dose, but the high-dose was used for exposure 
margin calculations based on clinical monitorability of the adverse event (increased heart rate), and lack 
of histopathology findings at the high-dose

Table 121 Animal to Human Exposure Margins for Revefenacin in Male and 
Female Fertility Study in Rats Based on mg/m2 for the Proposed 
Clinical Dose of 175 mcg/day

Clinical: Age mg/dose # Daily 
Doses mg/day kg mg/kg Factor mg/m2

Adult >18 0.175 1 0.175 60 0.0029 37 0.11

Nonclinical: Route NOAEL 
(mg/kg/day)

Conv. 
Factor mg/m2

Dose 
Ratio in 
Adults

Rounded 
Dose 

Ration in 
Adults

Male and 
Female 
Fertility in 
Rats (Study 
CRN:  14-
018-01)

SC 0.5 6 3 27.80 30

Abbreviations:  # = number; Conv. = conversion; NOAEL = no observed adverse effect level; SC = 
subcutaneous
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Table 122 Animal to Human Local Exposure Margins for Revefenacin Based on 
Lung Weight for the Proposed Clinical Dose of 175 mcg/day

Study
NOAEL 

(mcg/kg/day)
1

Pulmonary 
Deposited 

Dose 
(mcg/kg)

Lung 
Weight 

(g)

Body 
Weight 

(kg)

Dose by 
Lung 

Weight 
(mcg/g)

Local 
(Lung) 
Safety 
Margin

Human proposed 
dose = 175 mcg/day 
or 2.92 mcg/kg/day 
(based on 60 kg 
human body weight)

-
2.92 mcg/kg x 
100% = 2.92 
mcg/kg

1000 60

(2.92 
mcg/kg x 
60 
kg)/1000 
g = 0.175 
mcg/g

-

26-week inhalation 
in rat (CRN: 14-003-
04)

HD = 1000 
(1260)

1260 mcg/kg 
x 10% = 126 
mcg/kg

1.52212 0.4773

(126 
mcg/kg x 
0.477 
kg)/1.522
1 g = 
39.49 
mcg/g

39.49 
mcg/g ÷ 
0.175 
mcg/g = 
225.7

39-week inhalation 
in dog (CRN:  14-
003-05)

HD = 300 
(315)4

315 mcg/kg x 
25% = 78.75 
mcg/kg

642 8.63

(78.75 
mcg/kg x 
8.6 kg)/64 
g = 10.58 
mcg/g

10.58 
mcg/g ÷ 
0.175 
mcg/g = 
60.45

Abbreviations:  HD = high-dose; NOAEL = no observed adverse effect level
Notes:
1The NOAEL is shown as nominal dose (achieved dose)
2Average lung weight for males and females at terminal necropsy
3Average body weight for males and females at end of study
4For the 39-week dog study, the NOAEL was the mid-dose, but the high-dose was used for exposure 
margin calculations based on clinical monitorability of the adverse event (increased heart rate), and lack 
of histopathology findings at the high-dose

Conclusions
The nonclinical pharmacology and toxicology studies were judged to be adequate to 
support the safety of revefenacin and its major metabolite for marketing.  There are no 
outstanding concerns from the nonclinical perspective.

Recommendation:  From the nonclinical perspective, the NDA is recommended for 
approval.

12 Appendix/Attachments
Appendix I:  IND 119840 Nonclinical Review Dated February 21, 2014 (Preliminary 30-
Day Safety Review of Revefenacin; Nikunj S. Patel, PhD)
Appendix II:  IND 119840 Nonclinical Review dated January 25, 2017 
(Pharmacology/Toxicology IND Review and Evaluation of 13-Week Mouse and Rat 
Inhalation Toxicity Studies of Revefenacin; Nikunj S. Patel, PhD)
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Appendix III:  IND 119840 Nonclinical Review Dated June 8, 2018 
(Pharmacology/Toxicology IND Review and Evaluation of 26-Week Rat and 13-Week 
Dog Inhalation Toxicity Studies of Revefenacin; Wei Sun, PhD)
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DIVISION OF PULMONARY, ALLERGY, and RHEUMATOLOGY PRODUCTS
Preliminary 30-Day SAFETY REVIEW

IND: 119,840
Drug: TD-4208
Drug Category: Long Acting Muscarinic Receptor Antagonist
Intended clinical population: COPD
Supporting document number/Submission date: SDN3/January 22, 2014

Introduction: Theravance is developing TD-4208, a small molecule long acting
muscarinic receptor antagonist (LAMA), as a treatment for chronic obstructive 
pulmonary disease (COPD).

Regulatory history: A pre-IND meeting was held on December 12, 2013. The Agency 
agreed that, pending review, the completed and ongoing nonclinical studies appeared to 
be supportive of Phase 2 studies (for doses up to 350 µg QD for 28-days). The sponsor 
also indicated that 13-week toxicology studies were ongoing in mouse, rat, and dog. 
Similarly, the Agency agreed that, pending review, the ongoing nonclinical studies would 
be supportive of Phase 2 studies (for doses up to 350 µg QD for 12-weeks). In addition, 
the Agency agreed that EFD and fertility studies could be conducted using the 
subcutaneous route of administration providing that this route yields greater systemic 
exposure than the in inhalation route. The sponsor submitted a new IND on January 22, 
2014.

Proposed clinical trial: Theravance proposes a Phase 2b, randomized, double-blind, 
placebo-controlled, parallel group study of TD-4208 in males and females, 40 years or 
older, with COPD (Protocol 0117). 

Subjects will receive the following nebulized doses of TD-4208: 0 (placebo control,  
mM citrate buffered saline, CBS), 44, 88, 175, and 350 µg in  mM CBS. Seventy
subjects will be enrolled in each group, for a total of 350 subjects. TD-4208 or placebo 
will be nebulized using the PARI LC Sprint® jet nebulizer. 

Exclusion criteria include women who are pregnant, lactating, breastfeeding, or are 
planning to become pregnant during the study. Women of child bearing potential must 
agree to use appropriate birth control method during study and for at least 1-month after 
last dose.

Previous clinical experience: Clinical experience with TD-4208 is limited to a total of 3
studies all conducted outside of the US: two single dose studies in healthy volunteers and 
COPD subjects (study numbers AC5108696 and 0059) and one 7-day repeat dose study 
(study number 0091). The maximum clinical dose and duration of TD-4208 administered 
to date is 700 µg/day for 7 days. Previous clinical studies are summarized in the table 
below (excerpted from sponsor’s clinical summary report).  
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Pharmacology: TD-4208 is a novel small molecule muscarinic acetylcholine receptor 
(mAChR) antagonist. In the current submission, the sponsor provided in vitro
pharmacology data to show binding of TD-4208 and a major metabolite, THRX-195518, 
to human M1, M2, M3, M4, and M5 receptors. In a competition binding assay, TD-4208 
bound with a slightly higher affinity to M3 receptors compared to other muscarinic 
receptors (Ki 0.42, 0.32, 0.18, 0.56 and 6.7 nM for M1, M2, M3, M4 and M5 receptors 
respectively). The major metabolite THRX-195518 also bound to M3 receptors, but with
approximately 10-fold lower affinity compared to TD-4208 (Ki of THRX-195518 for 
M3, 1.8 nM).

The sponsor provided ex vivo pharmacodynamic (PD) data to show a dose-dependent 
antagonism of ACh and carbachol-induced contractions in rat tracheal tissue (3 – 100 nM 
TD-4208) and human bronchial tissue (1 – 1000 nM TD-4208), respectively.

In vivo, a single inhaled dose of 30 µg/kg TD-4208 inhibited ACh-induced 
brochoconstriction up to 24-hours postdose in dog. In comparison, a single inhaled dose 
of 3 µg/kg tiotropium produced similar inhibitory effects. In rats, single or repeat inhaled
doses of TD-4208 inhibited bronchoconstrictor responses to methacholine for up to 24-
hours (ID50 = 45 µg/mL), with approximately 12-fold lower potency compared to 
tiotropium. TD-4208 exhibited lower antisialagogue potency (inhibition of pilocarpine-
induced salivation) as compared to tiotropium following single and repeat (7-day) dosing 
in rat. The results of rat experiments are summarized in the table below (excerpted from 
sponsor’s pharmacology summary report). The sponsor claims that TD-4208 has a greater 
lung selectivity index as compared to tiotropium (lung selectivity index is the ratio of 
antisialagogue potency and bronchoprotective potency).

Effects of single and 7 once daily doses of TD-4208 and tiotropium on 
bronchoprotection and antisialagogue potency in rats
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ADME: The bioavailability of TD-4208 after a single inhaled dose was 59 – 85 % in rat 
and 21 – 38 % in dog. Plasma protein binding of TD-4208 was estimated to be 59 and 71 
% in dog and human, respectively; in comparison plasma protein binding of THRX-
195518 was estimated to be 35.6, 36.1, and 36.5 % in rat, dog, and human plasma, 
respectively. The half life of TD-4208 after a single inhaled dose was approximately 13 –
21 hours in rat and was not quantifiable in dog PK studies. The lung elimination half life 
of TD-4208 was estimated to be 1 day following a single inhaled dose in rat, and lung 
concentrations of TD-4208 were 188-fold higher than liver concentrations 1.5 hours 
postdose. Following IV dosing in rat, TD-4208 was widely distributed to all tissues 
except brain, as measured by quantitative whole body autoradiography. Following IV 
dosing in dog, highest concentrations of TD-4208 were noted in liver and eyes. TD-4208 
was stable for up to 1 hour in dog and human plasma but unstable in rat plasma (half life 
of approximately 9 minutes in rat plasma). The proposed major metabolite of TD-4208 
(THRX-195518) was identified as a result of amide hydrolysis. The majority of 
elimination is via the feces in both rat and dog (approximately 83 and 91 % after oral 
dosing in rat and dog, respectively).  

Supporting Nonclinical Studies: In support of the proposed clinical trial, the sponsor 
submitted GLP safety pharmacology studies, 28-day inhalation toxicology studies with 
rats and dogs, and a standard battery of genetic toxicology studies. The pivotal 28-day 
inhalation toxicity studies were conducted using the proposed clinical formulation 
(nebulized aerosol,  mM CBS). The sponsor also conducted 28-day rat and dog 
toxicology studies using similar doses of TD-4208 in a dry powder formulation (  

) which will be evaluated as part of a general review.

In vitro, TD-4208 and THRX-195518 inhibited hERG channel current in transfected 
HEK293 cells with an IC50 of 11.4 and 564.1 µM, respectively. In an in vivo
cardiovascular safety pharmacology study in conscious male beagle dogs (single IV 
doses of 0, 1, 3 and 10 µg/kg TD-4208), marginal increases in blood pressure were noted 
at 3 and 10 µg/kg at various timepoints starting approximately 70 – 75 minutes postdose. 
No changes in heart rate or ECG parameters were noted. No test-article related effects 
were noted in a respiratory safety pharmacology study conducted in conscious male rats 
using single inhaled doses of up to 1169 µg/kg. In a CNS safety pharmacology study in 
rats (single inhaled doses of 0, 30, 100, 1000 µg/kg TD-4208), reduced arousal was noted 
at all doses up to 49-hours post-dose, but was statistically significant only at 1000 µg/kg. 
No other test-article related effects were observed in the Functional Observational 
Battery (FOB), however reduced urination was noted at 1.25 hours postdose for animals 
receiving 100 and 1000 µg/kg TD-4208. 

Toxicity studies in rat and dog were conducted to support the proposed clinical trial. 
Toxicokinetics were measured as part of 28-day rat and dog toxicity studies. Systemic 
exposure to TD-4208 increased with dose in both rat and dog and was similar in males 
and females, reaching up to 40 – 60 ng*hr/mL after 28-days of dosing. Systemic 
exposure of THRX-195518 also increased with dose in both rat and dog, reaching up to 
approximately 11 – 15 ng*hr/mL in rat and 103 – 134 ng*hr/mL in dog after 28-days of 
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female. The relationship of this finding to the test-article is unclear due to a lack of a 
clear dose-response, but is not likely test article-related. 

Unilateral bursal dilatation was noted in the ovary of 1 mid-dose female and 2 high-dose 
females which correlated with ovarian cysts in the same animals. Ovarian cysts are 
known to be a common background finding in rats and bursal dilatation is not considered 
to be a dose-limiting finding in the current study. Severe testicular atrophy and severe 
oligo/aspermia in the epididymis was noted in 1 high-dose male; the relationship of this 
finding to the test-article is unclear. 

Eye rosettes were noted in 1 vehicle female, 3 high-dose main study females and 2 high-
dose recovery females. This finding was unilateral in all animals with the exception of 1 
high-dose female which had the finding bilaterally. The eyes of mid- and low-dose 
animals were not evaluated, as the sponsor did not consider the finding to be adverse 
[Note: No eye findings were noted in a separate 28-day study (#79418) using a dry 
powder formulation in which slightly higher systemic exposures of TD-4208 were 
achieved]. The relationship of this finding to drug treatment is unclear, given that the 
finding was increased in high-dose animals slightly above control incidence, but was 
observed in only 1 of 2 28-day rat studies. Following internal discussion, it was decided 
that the eye finding should be addressed as a non-hold issue through a non-hold comment 
to the sponsor to request a toxicological assessment of this finding, the sponsor’s 
rationale for dismissing the finding, and a microscopic histopathological assessment of 
the eyes of low- and mid-dose animals. In addition, future longer duration repeat dose rat 
toxicology studies should include histopathological assessment of eyes from all animals.

A tentative NOAEL of 35.7 µg/kg/day PDD was identified in the rat study, which was 
associated with a Cmax and AUC of 6.43 ng/mL and 18.8 ng*hr/mL in males and 10.9
ng/mL and 25.2 ng*hr/mL in females, respectively (Note: The sponsor identified the 
high-dose as the NOAEL). A non-hold comment will be conveyed to the sponsor to 
address the findings of eye rosettes. 

The 28-day dog study assessed toxicity and toxicokinetics at PDDs of 0, 31.25, 80, and 
327.5 µg/kg/day of TD-4208 (assuming 25% pulmonary deposition in dogs) in  mM
CBS given via oronasal (facemask) inhalation for 100 minutes. There were no 
unscheduled deaths during the study. There were no test article-related effects on organ 
weights, hematology, or clinical chemistry parameters. Clinical signs included incidences 
of dry gums in 4/6 high-dose males during the dosing phase and 1/2 high-dose males in 
the recovery phase. This finding has been noted with other drugs in this class and is also 
considered to be clinically monitorable. Transient reduction in body weights were noted 
during dosing week 1 which correlated with transient reduction in food consumption 
during week 1. Ophthalmology examinations revealed opacities in the corneal epithelium 
in mid- and high-dose animals (3/4 mid-dose males, 1/4 mid-dose females (bilateral in 1 
male and 1 female), 2/4 high-dose males and 3/4 high-dose females (bilateral in 1 male 
and 2 females). Partial recovery from corneal epithelial opacities was noted, with 1 mid-
dose recovery male (unilateral) and 2 high-dose recovery females (1 unilateral and 1 
bilateral) exhibiting corneal opacities. Corneal epithelial opacities are not considered to 
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1. A review of your 28-day rat toxicology study (13-0003-10-TD-4208) identified 
histopathological findings of eye rosettes in 1 vehicle control female, 3 high-dose 
females, and 2 high-dose recovery females. Provide microscopic histopathological 
assessments for the eyes from mid- and low-dose animals. Additionally, provide a 
toxicological assessment along with your rationale for dismissing this finding. 
Future longer duration, repeat-dose rat toxicology studies should also include a 
histopathological assessment of eyes from all animals. The appearance of test 
article-related eye findings in longer duration toxicology studies may impact your 
drug development program.

2. A review of your 28-day rat toxicology study (13-003-11-TD4208) tentatively 
identified a mid-dose NOAEL due to the following histopathological findings in 
high-dose animals: kidney vascular inflammation in one high-dose main study 
male, lung granuloma in one high-dose main study male and one high-dose 
recovery male, and stomach hemorrhage in one high-dose female. Provide 
historical control data from sex and age-matched dogs from the same testing 
laboratory along with a toxicological assessment of microscopic findings to 
support your determination of a high-dose NOAEL.
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1 Executive Summary 

1.1 Introduction 

Theravance is developing TD-4208, a muscarinic receptor antagonist as a treatment for 
chronic obstructive pulmonary disease (COPD). Current pharmacological treatments for 
COPD consist of short and long-acting bronchodilators for symptomatic relief and 
maintenance therapy. In addition muscarinic antagonists are important in the treatment 
of COPD. Increased cholinergic tone is one feature of COPD; therefore Theravance is 
developing TD-4208 as an alternative to currently approved anticholinergic 
bronchodilators. Theravance is proposing to conduct 2-year carcinogenicity studies in 
CD1 mice and Sprague Dawley rats and has submitted SPAs to obtain ECAC 
concurrence with protocol design and dose selection. 
 

1.2 Brief Discussion of Nonclinical Findings 

The sponsor submitted data on comparative metabolite profiles (human, mouse and 
rat), results from genotoxicity assays, and mouse and rat toxicity data, including an 
exploratory 7-day range finding study in mouse (study # 13-003-46) and 13-week 
mouse and rat toxicity studies (study numbers 13-003-47 and 13-003-48, respectively) 
in support of dose selection for the proposed 2-year mouse and rat carcinogenicity 
protocols. 
 
The metabolism of TD-4208 was analyzed primarily in human, rat, and dog, and all 
three species were found to have a similar metabolic profile. The most abundant 
metabolite identified in all nonclinical species (including mouse) was THRX-195518 
(M2). Metabolite exposures appear to be higher in rodents than in humans. THRX-
195518 is formed as a result of amide hydrolysis.  
 
A standard battery of genotoxicity tests was submitted to IND 119840 and reviewed 
during the initial 30-day IND safety evaluation (see nonclinical review for IND 119840 
dated February 21, 2014). TD-4208 was found to be negative in the in vitro bacterial 
reverse mutation assay (Ames), an in vitro mouse lymphoma assay, and an in vivo rat 
bone marrow chromosomal aberration assay. In addition, THRX-195518 was found to 
be negative in an in vitro Ames assay. 
 
In a 13-week inhalation toxicology study, CD1 mice received TD-4208 via nose-only 
inhalation at target doses of 0 (vehicle,  mM CBS), 100, 300, or 1000 µg/kg/day 
[pulmonary deposited doses (PDDs) of 0, 9.89, 31.5, or 119 µg/kg/day]. There were no 
test-article related effects on body weight, food consumption, ophthalmoscopy, clinical 
chemistry, hematology, or urinalysis parameters. Mortalities of undetermined cause 
occurred in all test-article groups, including the following: 2 low-dose males were found 
dead during or after treatment (1 main study animal on day 90 and 1 TK animal on day 
2), 1 mid-dose male was euthanized in poor condition and 1 mid-dose female was found 
dead during treatment on day 48.  Mortalities of undetermined cause also occurred at 
the high-dose in 6 males and 1 female. In the majority of deaths at the high-dose, 
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minimal to mild degeneration of the respiratory epithelium was observed. This finding 
was not seen in the low- and mid-dose decedents. In animals that survived to the 
scheduled sacrifice, test-article related findings were also noted in the nasal cavity 
(epithelial degeneration) and larynx (epithelial inflammation), both of which were 
identified as target organs. In the 13-week CD1 mouse study, the sponsor identified a 
NOAEL of 300 µg/kg/day for males based on the increased number of deaths at 1000 
µg/kg/day, and a NOAEL of 1000 µg/kg/day for females. The reviewer identified a 
NOAEL of 300 µg/kg/day for males and females, largely due to the increased total 
deaths at the high dose. 
 
For the 2-year carcinogenicity study in CD1 mice, the sponsor proposed target doses of 
30, 100, and 300 µg/kg/day for both sexes. The sponsor rationalized that the target 
dose of 1000 µg/kg/day exceeded the MTD due to the mortalities and histopathological 
findings. In addition, the sponsor noted mild body weight gain decrements in males in a 
prior 7-day non-GLP exploratory dose range finding study (4 % reduction in absolute 
body weight in males at the high-dose of 3000 µg/kg/day vs vehicle control). Finally, the 
sponsor noted that the proposed high dose of 300 µg/kg/day exceeds the 
recommended 25-fold AUC exposure ratio for selection of high-dose in carcinogenicity 
studies. The reviewer concurs with the high-dose of 300 µg/kg/day, as it exceeds the 
recommended rodent:human AUC ratio by greater than 25-fold (specifically, 62- and 68-
fold for males and females, respectively). In addition, the MTD may have been 
exceeded at 1000 µg/kg/day, as evidenced by excessive lethality at this dose. Exposure 
at the high-dose of 300 µg/kg/day (23.2 and 25.5 ng*hr/mL in males and females, 
respectively) is also 3-fold less than exposure at the high-dose of 1000 µg/kg/day which 
caused a larger number of deaths. In addition, the mid- and low-doses of 100 and 30 
µg/kg/day allow for an approximately 3-fold separation based upon AUC. Therefore, the 
review also concurs with mid- and low-dose selection for the 2-year mouse study. 
 
In a 13-week inhalation toxicology study in SD rats, animals received TD-4208 via nose-
only inhalation at target doses of 0 (  mM CBS, pH 5), 100, 300, or 1000 µg/kg/day 
(PDDs of 0, 11.7, 32.9, or 106 µg/kg/day). There were no unscheduled deaths during 
the study and no test-article related effects on food consumption, ophthalmoscopy, 
clinical chemistry, hematology, coagulation, or urinalysis parameters. Decreases in 
absolute body weight and body weight gain were noted in females beginning at 
approximately week 3. Although these were not clearly dose-dependent at the low- and 
mid-doses, high-dose females exhibited the greatest decrease in body weight gain (20 
% decrease versus control compared to decreases of 14 and 10 % in low- and mid-
dose animals). Microscopic findings identified the nasal cavity and larynx as target 
organs. Findings in the nasal cavity consisted of degeneration/regeneration of 
respiratory epithelium of high-dose males and inflammation in a few high-dose animals 
of both sex. Findings in the larynx included hyperplasia/metaplasia and inflammation in 
mostly high-dose animals. 
  
The sponsor proposed doses of 30, 100, and 300 µg/kg/day for the 2-year 
carcinogenicity study in SD rats.  The high-dose of 300 µg/kg/day was selected as the 
MTD due to microscopic findings in the nasal cavity and larynx, body weight gain 
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decrements in the 7-day study, and because it exceeds the recommended 
rodent:human AUC ratio by greater than 25-fold.  
 
The reviewer agrees with the high dose selection of 300 µg/kg/day, as it exceeds the 
recommended 25-fold AUC PK ratio (specifically, 51- and 73-fold for males and females 
respectively). The 1000 µg/kg/day dose may have also exceeded the maximum 
tolerated dose (MTD) due in females due to excessive body weight gain decrease (- 20 
% body weight gain versus control). Decreases in body weight gain at the mid- and low-
dose were not clearly dose-related. In addition, the mid- and low-doses of 100 and 30 
µg/kg/day allow for an approximately 3-fold separation based upon AUC. Therefore, the 
review also concurs with mid- and low-dose selection for the 2-year rat study. 

1.3 Recommendations 

The recommended doses for the 2-year mouse carcinogenicity study are 0, 30, 100, 
and 300 µg/kg/day based on systemic exposure (AUC) comparison to the human dose 
for high dose selection and an approximately 3-fold separation of the AUC between 
dose levels. The high dose of the 13-week rat study (1000 µg/kg/day target dose) may 
have also exceeded the maximum tolerated dose (MTD), as evidenced by excessive 
lethality at this dose. Exposure at the proposed 2-year mouse carcinogenicity high-dose 
of 300 µg/kg/day is also 3-fold less than exposure at the high-dose of 1000 µg/kg/day 
which caused a high number of deaths. 
 
The recommended doses for the 2-year rat carcinogenicity study are 0, 30, 100, and 
300 µg/kg/day  based on systemic exposure (AUC) comparison to the human dose for 
high dose selection and an approximately 3-fold separation of the AUC between dose 
levels. The high dose of the 13-week rat study (1000 µg/kg/day target dose) may have 
exceeded the maximum tolerated dose (MTD) in females due to excessive body weight 
gain decrease (- 20 % body weight gain versus control). 

2 Drug Information 

2.1 Drug 

Code Name: TD-4208 
 
Chemical Name: 1-{2-[[(4-{[4-(Aminocarbonyl)-1-piperidinyl] methyl} phenyl) carbonyl] 
(methyl)amino] ethyl}-4-piperidinyl 2-biphenylylcarbamate 
 
Molecular Formula/Molecular Weight: C35H43O4 / MW 597.76 Da 
 
Structure:  

Reference ID: 4046293
Reference ID: 4290612





IND # 119,840  Reviewer: Nikunj S. Patel, Ph.D. 
 

9 

 
 
The exposure (AUC) of TD-4208 following 7-days of dosing of 350 μg/day in COPD 
patients was determined to be 0.376 ng*hr/mL. The sponsor states that the maximum 
anticipated clinical dose of TD-4208 is 350 μg/day. 

2.8 Regulatory Background 

On July 14, 2014, Theravance submitted a 7-day exploratory study in mice, 13-week 
toxicology studies in rats and mice and 2-year carcinogenicity study protocols in rats 
and mice along with justification of dose selection for the proposed carcinogenicity 
studies to IND 119840 (SDN #s 12 and 13 for mouse and rat, respectively). In addition, 
Theravance had previously submitted 7-day and 28-day rat toxicology studies to IND 
119840 on January 22, 2014 (SDN # 3). 
 

3 Studies Submitted 

3.1 Studies Reviewed  

Study title: Study number: 
Toxicology:  
A 13-Week Inhalation Toxicity and 
Toxicokinetic Study of Nebulized Aerosol 
Formulation in the Mouse with a 28 Day 
Recovery Period 

13-003-47 

A 13-Week Inhalation Toxicity and 
Toxicokinetic Study of a Nebulized Aerosol
Formulation in the Rat with a 28 Day 
Recovery Period 

13-003-48 

 

3.2 Studies Previously Reviewed 

Safety pharmacology, genetic toxicology, and 28-day toxicity studies in rat and dog 
were previously reviewed in a 30-day safety evaluation (see review dated February 21, 
2014). 
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4 Pharmacology 

4.1 Primary Pharmacology 

TD-4208 is a novel small molecule muscarinic acetylcholine receptor (mAChR) 
antagonist. The sponsor has provided in vitro pharmacology data to show binding of 
TD-4208 and a major metabolite, THRX-195518, to human M1, M2, M3, M4, and M5 
receptors. In a competition binding assay, TD-4208 bound with a slightly higher affinity 
to M3 receptors compared to other muscarinic receptors (Ki 0.42, 0.32, 0.18, 0.56 and 
6.7 nM for M1, M2, M3, M4 and M5 receptors respectively). The major metabolite 
THRX-195518 also bound to M3 receptors, but with approximately 10-fold lower affinity 
compared to TD-4208 (Ki of THRX-195518 for M3, 1.8 nM).  

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

The bioavailability of TD-4208 after a single inhaled dose was 59 – 85 % in rat. Plasma 
protein binding of TD-4208 was estimated to be 71 % in humans; in comparison, 
plasma protein binding of THRX-195518 (a proposed major metabolite of TD-4208) was 
estimated to be 35.6, and 36.5 % in rat and human plasma, respectively. The half-life of 
TD-4208 after a single inhaled dose was approximately 13 – 21 hours in rat. The lung 
elimination half-life of TD-4208 was estimated to be 1 day following a single inhaled 
dose in rat, and lung concentrations of TD-4208 were 188-fold higher than liver 
concentrations 1.5 hours postdose. Following IV dosing in rat, TD-4208 was widely 
distributed to all tissues except brain, as measured by quantitative whole body 
autoradiography. TD-4208 was stable for up to 1 hour in human plasma but unstable in 
rat plasma (half-life of approximately 9 minutes in rat plasma). The proposed major 
metabolite of TD-4208 (THRX-195518) was identified as a result of amide hydrolysis. 
The majority of elimination is via the feces in rat (approximately 83 % after oral dosing in 
rat).   
 
The proposed major metabolic pathways identified from in vitro metabolism studies in 
hepatocytes and from in vivo single dose IV and oral studies in rat are depicted in the 
figure below. The major metabolite, highlighted in red below, is produced in all 
nonclinical species tested (mouse, rat and dog) and in humans.  
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Figure 1 Proposed metabolic pathways for TD-4208 

 
 
The table below summarizes parent and metabolite exposures between human and 
rodents. In human, THRX-195518 exposure is higher compared to TD-4208. THRX-
195518 is also produced at higher levels in both rat and mouse compared to human.   

Table 1 Comparison of parent and metabolite exposures in human, mouse and rat 

Species Dose Study duration AUC (ng*hr/mL) 
TD-4208 THRX-

195518 
Human 350 µg 1-week 0.376 1.18 
Mouse 300 µg/kg/day 13-weeks 24.4 8.0 

Rat 300 µg/kg/day 13-weeks 23.2 4.2 
 

6.2 Repeat-Dose Toxicity 
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Study title: A 13-Week Inhalation Toxicity and Toxicokinetic Study of 
Nebulized Aerosol Formulation in the Mouse with a 28 Day Recovery Period

Study no.: 13-003-47 
Study report location: EDR (SDN 12) 

Conducting laboratory and location:

Date of study initiation: September 13, 2013 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Drug: TD-4208, Lot #11019-21-1, Purity: 

98.8% 
 

Key Study Findings 

 CD1 mice received TD-4208 via nose-only inhalation at target doses of 0 
(vehicle,  mM CBS), 100, 300, or 1000 µg/kg/day. 

 A total of 21 unscheduled deaths occurred during the study (including deaths in 
main study and TK group animals), 10 of which were due to procedural error. 

 Of the deaths of unknown cause, 2 occurred at the low-dose, 2 at the mid-dose 
and 7 occurred at the high-dose. The majority of animals that died prematurely at 
the high-dose exhibited minimal to mild degeneration of the respiratory 
epithelium, whereas no animals in the low- or mid-dose exhibited this finding.  

 Target organs of toxicity were identified as the nasal cavity and larynx. 
 The following microscopic in the nasal cavity: minimal to mild degeneration of the 

olfactory epithelium was noted in all high-dose males and in the majority of high-
dose females. Minimal to mild degeneration of the respiratory epithelium was 
noted in high-dose males and females. Minimal to moderate degeneration of the 
vomeronasal organ was observed in all high-dose males and the majority of high-
dose females, which persisted in a few recovery animals of both sexes.  

 Microscopic findings of minimal to mild epithelial inflammation were observed in 
the larynx of 5 high-dose males, 4 high-dose females and also in 1 vehicle 
female. 

 Findings in the nasal cavity and larynx are not clinically relevant or clinically 
dose-limiting, considering that the intended clinical route of exposure is oral 
inhalation and findings in the larynx are specific to rodents. 

 A NOAEL of 300 µg/kg/day was identified for males and females in the 13-week 
CD1 mouse study, largely due to the increased number of deaths (versus the 
mid- or low-dose groups). The cause of death of these animals is unknown, but 
microscopic findings of minimal to mild respiratory epithelial degeneration and 
minimal to moderate degeneration of the vomeronasal organ were observed in 
these animals. 
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Methods 
Doses: Nominal: 0, 100, 300, 1000 µg/kg 

Achieved: 0, 98.9, 315, 1190 µg/kg 
Pulmonary Deposited Dose (PDD): 0, 9.89, 31.5, 119 
µg/kg 

Frequency of dosing: Once per day (70 minutes/day) 
Route of administration: Nose-only inhalation 

Formulation/Vehicle:  mM Citrate Buffered Saline (CBS), pH 5 
Species/Strain: Male and female Crl:CD1(ICR) rats supplied by  

 
Number/Sex/Group: 15/sex/group  

Age: At initiation of dosing, animals were approximately 7.5 
weeks of age 

Weight: Males: 30.9 – 36.9 grams; Females: 23 – 31.9 grams 
Satellite groups: Toxicokinetics: 36/sex/group (12/sex/group for vehicle) 

Recovery: 5/sex/group  
Unique study design: Dose selection was based upon a prior non-GLP 

mouse study in which TD-4208 was administered via 
nose-only inhalation at doses of 3.57, 35.6, or 351 
µg/kg/day for 7-days.  

Deviation from study protocol: There were no deviations from the protocol that would 
impact the integrity of the study. 

 
Inhalation Exposure 
For nose-only inhalation, the test article was formulated in  mM CBS. Vehicle control 
was  mM CBS alone. Test article and control were administered as nebulized aerosol 
and delivered to animals by nose-only inhalation for 70 minutes per day. Aerosols were 
generated using Pari LC Plus nebulizer for Groups 2 and 3 (low- and mid-dose), and 
two Pari LC Plus nebulizers for Groups 1 and 4 (vehicle and high-dose), all supplied 
with pre-dried compressed air. Standard cylindrical flow-through nose-only inhalation 
chambers were utilized in this study. Each chamber was of modular design with 20 
separate ports in each row into which could be inserted the conical front section of a 

 restraint tube. 
 
Analysis of test atmosphere 
 
The homogeneity of the chamber atmosphere concentration was determined for the 
vehicle, low-dose, and high-dose groups. This comprised collecting filter samples in 
duplicate from 3 representative mouse breathing points located on the top and bottom 
of the animal exposure chamber. Samples were quantified using a validated analytical 
method. 
 
The overall gravimetric aerosol concentration mean and analytical reference port mean, 
standard deviation and coefficient of variances (c.v.) for the inhalation atmospheres are 
summarized in the table below.  
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Table 2 Mean aerosol concentrations in 13-week mouse toxicology study 

 
 
Inhalation chamber airflow, temperature and humidity were recorded hourly from all 
groups during each exposure.  Actual chamber aerosol concentrations were measured 
at least twice for each replicate from a reference sampling port using a gravimetric 
method. 
 
Particle size distribution analysis was performed on all groups weekly during the 
exposure period. Samples were collected gravimetrically from a point representative of 
the mouse breathing zone using a cascade impactor. The analytically determined mass 
median aerodynamic diameter and its geometric standard deviation (MMAD ± GSD) 
were 1.2 μm ± 1.8, 1.3 μm ± 1.9 and 1.7 μm ± 2.0 for low-, mid- and high-dose groups, 
respectively. Particle sizes from 1 to 5 μm are considered to be in the respirable range. 
  

Calculation of dose (µg/kg/day) 

The following formula was used for calculation of achieved dose 
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Table 3 Summary of exposure calculations in male mice 

Dose 
(µg/kg/

day) 

Achieved 
Aerosol 

concentration 
(µg/L) 

Achieved 
(Inhaled) 

Dose 
(µg/kg/day) 

Pulmonary 
Deposited 

Dose* 
(µg/kg/day) 

Body 
weight 
(g)** 

Total 
Dose 

(µg/day) 

Lung 
Weight 
(g)*** 

Pulmonary 
Deposited 
Dose (µg/g 

LW/day) 
100 1.38 98.9 9.89 35.62 3.52 0.2017 17.5 
300 4.66 315 31.5 36.71 11.56 0.1981 58.4 

1000 14.3 1190 119 35.01 41.66 0.2020 206 
 
*Assumes 10% deposition fraction, **Mean body weight at end of dosing period, 
***Mean lung weight at necropsy 
 

Table 4 Summary of exposure calculations in female mice 

Dose 
(µg/kg/

day) 

Achieved 
Aerosol 

concentration 
(µg/L) 

Achieved 
(Inhaled) 

Dose 
(µg/kg/day) 

Pulmonary 
Deposited 

Dose* 
(µg/kg/day) 

Body 
weight 
(g)** 

Total 
Dose 

(µg/day) 

Lung 
Weight 
(g)*** 

Pulmonary 
Deposited 
Dose (µg/g 

LW/day) 
100 1.38 98.9 9.89 29.61 2.93 0.1931 15.2 
300 4.66 315 31.5 31 9.77 0.1899 51.5 

1000 14.3 1190 119 30.56 36.37 0.1906 191 
 

Observations and Results 

Mortality 

Mortality and morbidity checks were performed twice daily (morning and afternoon).  
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A total of 21 unscheduled deaths occurred during the study (including deaths in main 
study and TK group animals). The details of premature deaths are summarized in the 
table below (excerpted from sponsor’s study report).  

Table 5 Summary of premature deaths in 13-week mouse toxicology study 

 
 
All deaths in the vehicle control group were due to procedural errors. Deaths from 
unknown causes occurred in 2 low-dose males, 1 mid-dose male, 1 mid-dose female, 6 
high-dose males and 1 high-dose female. All other deaths were due to procedural error. 
Deaths of unknown cause are summarized in the table below. 
 

Table 6 Summary of mouse deaths from unknown cause 

Animal 
number 

Day of 
death 

Cause of death Histopathology 

2019, LDM 
Main study 

Day 90 Found dead during 
treatment 

Lacrimal gland: minimal infiltration, 
mononuclear cell, multifocal 
Lung: minimal focal hemorrhage 
Tracheobronchial lymph node: minimal 
unilateral  hemorrhage, medullary sinus  
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2052, LDM 
TK animal* 

Day 2 Found dead after 
treatment 

No findings noted 

3052, MDM 
TK animal* 

Day 60 Euthanized due to 
poor condition 

Lung: discoloration, dark, right lobes 
Trachea: fluid accumulation, pale, clear, 
frothy 

3512, MDF 
Main study 

Day 48 Found dead during 
treatment 

Urinary bladder: infiltration, mononuclear 
cell, multifocal, minimal, lamina propria 

4012, HDM 
Main study 

Day 7 Found dead in 
cage post-
treatment 

Lung: infiltration, neutrophilic, multifocal, 
minimal, perivascular 
Thymus: depletion, lymphoid, minimal with 
lymphocytosis 

4016, HDM 
Main study 

Day 38 Found dead during 
unloading post-
treatment 

Body cavity, nasal: degeneration; bilateral, 
segmental, minimal, respiratory epithelium 
Body cavity, nasal: degeneration; bilateral, 
minimal, vomeronasal organ 
Harderian gland: increased pigmentation; 
bilateral, minimal 
Prostate gland: infiltration, mononuclear cell; 
interstitial, focal, minimal 
Seminal vesicle gland: infiltration, 
mononuclear cell; interstitial, unilateral, focal, 
minimal 
Kidney: infiltration, mononuclear cell; 
bilateral, multifocal, minimal 

4018, HDM 
Main study 

Day 39 Found dead during 
treatment 

Body cavity, nasal: eosinophilic globules; 
bilateral, multifocal, minimal, olfactory 
epithelium; degeneration; bilateral, 
segmental, minimal, respiratory epithelium; 
degeneration; bilateral, minimal, vomeronasal 
organ 
Lung: pigmentation; multifocal, minimal 
Mandibular LN: hemorrhage; minimal, 
medullary sinus 

4020, HDM 
Main study 

Day 82 Found dead during 
unloading post-
treatment 

Body cavity, nasal: degeneration; bilateral, 
segmental, mild, respiratory epithelium 
Body cavity, nasal: degeneration; bilateral, 
minimal, vomeronasal organ 
Lung: hemorrhage, multifocal, minimal 
Mandibular LN: hemorrhage; minimal, 
medullary sinus 

4042, HDM 
TK animal 

Day 29 Found dead in 
cage pre-treatment 

No findings noted 

4047, HDM 
TK animal 

Day 61 Euthanized due to 
poor condition at 
loading 

No findings noted 

4501, HDF 
Main study 

Day 79 Found dead  during 
unloading post-
treatment 

Body cavity, nasal: degeneration; bilateral, 
segmental, mild, respiratory epithelium 
Body cavity, nasal: degeneration; bilateral, 
mild, vomeronasal organ 
Harderian gland: increased pigmentation, 
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bilateral, minimal with dilatation 
Thymus: hemorrhage, focal, minimal 

*TK animals underwent necropsy of a limited set of tissues (esophagus, trachea, lung, 
skeletal muscles and subcutaneous tissue) 
 

Clinical Signs 

All animals were observed twice daily for clinical signs (morning and afternoon). Cage 
side observations were conducted starting on day -7 and throughout the dosing phase 
for main study and recovery animals 2 to 4 hours postdose). For detailed physical 
examinations, each main study and recovery animal was removed from its cage and 
examined predose on day 1 of the dosing phase and weekly thereafter through the 
dosing and recovery phases.  
 
There were no test-article related clinical signs.  
 

Body Weights 

Individual body weights were recorded once during the predose phase (at 
randomization), before dosing on Day 1, and weekly thereafter through dosing and 
recovery phases. A final (non-fasted) weight was recorded on the day of necropsy for 
main study and recovery animals.  
 
There were no test-article related changes in body weight or body weight gain. 
 

Feed Consumption 

Food consumption was measured weekly by weight beginning 7 days prior to treatment 
and continuing weekly throughout the dosing and recovery phases. Food consumption 
was expressed as grams of food consumed/animal/day. 
 
There were no test-article related changes in food consumption. 
 

Ophthalmoscopy 

Ophthalmoscopy examinations were conducted once during the predose phase and 
once during the final week of the dosing phase (week 13) in main study and recovery 
animals. All mice were examined using by funduscopic (indirect ophthalmoscopy) and 
biomicroscopic (slit lamp) examinations by a board certified ophthalmologist. The eyes 
were dilated with a mydriatic agent (1% tropicamide) prior to examination 
 
No test-article related ophthalmic findings were noted.  
 

Hematology 

For analysis of hematology parameters, blood was collected via the abdominal aorta 
after isoflurane anesthesia from non-fasted main study and recovery animals as a 
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terminal procedure. Anticoagulant (EDTA) was used for hematology samples. Samples 
assigned for clinical chemistry did not contain anticoagulant. A complete battery of 
hematology parameters was assessed.  
 
There were no test-article related changes in hematological parameters. 
 

Clinical Chemistry 

For analysis of clinical chemistry parameters from main study and recovery animals, 
blood was collected as described above, with the omission of anticoagulant. A complete 
battery of clinical chemistry parameters was assessed.  
 
There were no test-article related changes in clinical chemistry parameters. 
 
Gross Pathology 
Macroscopic examinations were performed on all main study animals and recovery 
animals, including those that died or were euthanized prematurely. The necropsy 
included an examination of the carcass and musculoskeletal system; all external 
surfaces and orifices; cranial cavity and external surfaces of the brain; and thoracic, 
abdominal, and pelvic cavities with their associated organs and tissues. Toxicokinetic 
study mice that died prematurely or were euthanized were subjected to a limited 
necropsy examination (only esophagus, lung, skeletal muscle, and subcutaneuous 
tissues were examined for these mice). 
 
There were no test-article related gross pathological findings. 
 

Organ Weights 

Body weights and organ weights were recorded for all animals at the scheduled terminal 
and recovery necropsies and organ weight ratios were calculated (relative to body 
weights and brain weights). Paired organs were weighed together. The following organs 
were weighed: adrenal glands (both), brain, heart, kidneys (both), liver, lungs, ovaries 
(both), pituitary gland, spleen, testes (both), thymus, thyroid/parathyroid gland (both) 
and uterus. 
 
There were no test-article related changes in organ weights. 
 

Histopathology 

Adequate Battery: The table below lists the tissues that were harvested from each 
animal and weighed, preserved and examined microscopically. All designated tissues 
were preserved in 10% neutral-buffered formalin. Preserved tissues were embedded in 
paraffin, sectioned, stained with hematoxylin and eosin, and examined microscopically. 
An adequate panel of organs and tissues was submitted for histopathological 
examination. All tissues listed in the table below were examined microscopically for 
main study and recovery study mice from vehicle and high-dose groups. Gross lesions 
and select tissue (respiratory tract and Harderian glands) were examined 
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microscopically for main study and recovery mice of low- and mid-dose groups also. 
Histopathology examinations were performed by a board-certified veterinary pathologist. 
 

 
 
Peer Review  
A peer review of microscopic findings was performed by an external pathologist 
designated by the sponsor. An appropriate number of animals/tissues were examined 
as deemed necessary by the pathologist. A signed statement that a peer review was 
conducted was included in the study report. 
 
Histological Findings 
Target organs of toxicity were identified as the nasal cavity and larynx.  
 
In the nasal cavity, minimal to mild degeneration of the olfactory epithelium was noted at 
low incidence in males with no correlation of dose with severity. Minimal to mild 
degeneration of the respiratory epithelium was noted in all high-dose males and the 
majority of high-dose females. Minimal to moderate degeneration of the vomeronasal 
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organ was noted in high-dose males and females, which persisted in a few recovery 
animals of both sexes. Since the intended clinical route of administration is oral 
inhalation, the observed nasal cavity findings are not considered clinically relevant or 
dose-limiting for the purpose of clinical dose selection. 
 
Rodent-specific findings in the larynx consisted of minimal to moderate epithelial 
inflammation in a few males and females at the high-dose and also in 1 vehicle female. 
These species-specific finding are not relevant to humans, and thus not dose-limiting for 
the purpose of clinical dose selection. 
 
Minimal increased pigmentation was noted in the harderian gland in high-dose males 
and females and also in 1 vehicle female. This finding has no clinical relevance as there 
is no analogous structure in humans.  
 
A single incidence of minimal eye rosette was noted in 1 high-dose male. This finding 
was also observed in 13-week rat study # 13-003-48, even in controls, and is thus 
unlikely to be test article-related. 
  
In the mesenteric lymph node, single incidences of minimal medullary sinus 
hemorrhage and neutrophilic infiltration were noted in high-dose females. The relevance 
of this finding is unclear due to the low incidence and appearance in only one gender. 
 

Table 7 Summary of histopathological findings in main and recovery animals after 
13-weeks of dosing (and 4-weeks recovery) 

Pulmonary Deposited Dose (µg/kg/day) 
Organ/Tissue Males Females 

0 9.89 31.5 119 0 9.89 31.5 119 

Body cavity, nasal 

Degeneration, olfactory 
epithelium 

Minimal 

Mild 

 

 

 

0/14 

0/14 

 

 

 

0/15 

1/15 

 

 

 

0/15 (1) 

0/15 

 

 

 

1/12 

0/12 

 

 

 

0/13 

0/13 

 

 

 

0/15 

0/15 

 

 

 

0/14 

0/14 

 

 

 

0/14 

0/14 

Degeneration, respiratory 
epithelium  

Minimal  

Mild 

0/14 

0/14 

0/15 

0/15 

0/15 

0/15 

4/12 

8/12 

0/13 

0/13 

0/15 

0/15 

0/14 

0/14 

7/14 

6/14 

Degeneration, 
vomeronasal organ 

Minimal  

Mild 

Moderate 

 

 

0/14 

0/14 

0/14 

 

 

0/15 

0/15 

0/15 

 

 

0/15 

0/15 

0/15 

 

 

8/12 (2)

4/12 

0/12 

 

 

0/13 

0/13 

0/13 

 

 

0/15 

0/15 

0/15 

 

 

0/14 

0/14 

0/14 

 

 

8/14 (3)

4/14 

1/14

Larynx         
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Inflammation, epithelial 

Minimal 

Mild 

 

0/14 

0/14 

 

0/15 

0/15 

 

0/15 

0/15 

 

3/12 

2/12

 

1/13 

0/13 

 

0/15 

0/15 

 

0/14 

0/14 

 

3/14 

1/14

Harderian gland 

Increased pigmentation 

Minimal 

 

 

0/14 

 

 

0/15 

 

 

0/15 

 

 

6/12 

 

 

1/13 

 

 

0/15 

 

 

0/14 

 

 

3/14 

Eye 

Rosette, retina 

Minimal 

 

 

0/14 

 

 

- 

 

 

- 

 

 

1/12 

 

 

0/13 

 

 

- 

 

 

- 

 

 

0/14 

Lymph node, mesenteric 

Hemorrhage, medullary 
sinus 

Minimal 

Infiltration, neutrophilic 

Minimal 

 

 

 

0/14 

 

0/14 

 

 

 

- 

 

- 

 

 

 

- 

 

- 

 

 

 

0/12 

 

0/12 

 

 

 

0/13 

 

0/13 

 

 

 

- 

 

- 

 

 

 

- 

 

- 

 

 

 

1/14 

 

1/14
( ) indicates recovery animal, - indicates not assessed 
 

Special Evaluation 

No special evaluations were conducted. 

Toxicokinetics 

On day 1 of the dosing phase, blood samples for toxicokinetic analyses were collected 
from control group TK study mice (3 mice/sex/group/time point) at 0 (predose) and 4 
hours post start of the inhalation exposure period, and from treated group TK study 
mice (3 mice/sex/group/time point) at 0 (predose) and approximately 1.17 (not more 
than 10 minutes after the end of exposure), 1.67, 4, 8, and 24 hours from the start of the 
inhalation exposure period. On Day 91 of the dosing phase, blood samples for TK 
analyses were collected from control group TK study mice (3 mice/sex/group/time point) 
at 0 (predose) and approximately 4 hours post start of the inhalation exposure period, 
and from treated group TK study mice (3 mice/sex/group/time point) at 0 (predose) and 
approximately 1.17 (not more than 10 minutes after the end of exposure for low- and 
mid-dose only), 1.33 (not more than 10 minutes after the end of exposure for high-dose 
only), 1.67, 4, 8, and 24 hours start of inhalation exposure period. 
 
Approximately 0.5 mL of whole blood was collected from the abdominal aorta of 
unfasted animals. K2EDTA was used as an anticoagulant. Plasma concentrations of 
TD-4208 and the major metabolite THRX-195519 were determined using a validated 
LC/MS/MS method. The assay for measurement of TD-4208 and THRX-195519 
concentration had a quantitation range of 0.1 ng/mL to 100 ng/mL (lower and upper limit 
of quantitation, respectively).  
 
TD-4208 drug exposure increased with dose in all treatment groups and was slightly 
greater than dose-proportional between the mid- and high-doses. Some accumulation 
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was noted at the high dose in males. The time to reach maximal plasma exposure (Tmax) 
of drug ranged from 1.17 – 1.33 hours. Exposure to THRX-195518 increased with 
increasing dose of TD-4208 but was below the limit of quantitation on day 1 in low-dose 
animals and remained below the limit of quantitation in low-dose recovery females at 
the end of dosing. Exposure to THRX-195518 was approximately 25 – 50 % that of TD-
4208.   

Table 8 Plasma toxicokinetic parameters for TD-4208 in male and female mice 
following a single or 91 daily inhaled doses of TD4208 

 
 
 

Table 9 Plasma toxicokinetic parameters for THRX-19558 in male and female mice 
following a single or 91 daily inhaled doses of TD4208 

 
 

Dosing Solution Analysis 
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All dose formulation samples were analyzed by  using a 
validated HPLC method. For determination of concentration, duplicates samples were 
taken from the middle region of all preparations (including control) weekly during the 
dosing phase. Sample concentrations were considered acceptable if the mean sample 
concentration results were within or equal to ± 10% of the theoretical concentration. The 
mean concentration of all study dose formulation samples analyzed ranged from 100 to 
105% of theoretical concentrations. All solutions were considered acceptable for use. 
 
Study title: A 13-Week Inhalation Toxicity and Toxicokinetic Study of a 
Nebulized Aerosol Formulation in the Rat with a 28 Day Recovery Period 

Study no.: 13-003-48 
Study report location: EDR (SDN 12) 

Conducting laboratory and location:

Date of study initiation: September 20, 2013 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: TD-4208, lot # 11019-21-1, purity 98.8 % 

 

Key Study Findings 

 Crl:CD(SD) rats received TD-4208 via nose-only inhalation at target doses of 0 
(vehicle), 100, 300, or 1000 µg/kg/day. 

 No mortalities occurred during the study. 
 Treatment-related reductions in body-weight and body-weight gain occurred in 

females. Although these were not clearly dose-dependent, body weight gain 
losses reached up to 20 % in high-dose females. 

 Target organs of toxicity were identified as the nasal cavity and larynx. 
 Microscopic findings in the nasal cavity consisted of minimal to mild 

degeneration/regeneration of the respiratory epithelium in 3 high-dose males, 
mucinous hyperplasia of the respiratory epithelium in 1 high-dose female. In 
addition, a single incidence of mild exudate was noted in 1 high-dose male and 
minimal to mild inflammation was noted in 4 high-dose males (including 1 high-
dose recovery male) and in 2 high-dose females at minimal severity. Minimal 
degeneration/regeneration of the olfactory epithelium was noted in mid- and high-
dose males and in a few females in all groups including vehicle. Nasal cavity 
findings are not clinically relevant considering the intended route of clinical 
administration (oral inhalation) and would not limit clinical dose selection. 

 Microscopic findings in the larynx consisted of hyperplasia/metaplasia of the 
respiratory epithelium in mid- and high-dose animals of both sexes with 
increased incidence and severity at the high-dose. Additionally, inflammation and 
foreign material in the lumen was noted in a few animals in all groups including 
vehicle, with increased incidence at the high-dose. Findings in the larynx in 
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The homogeneity of the chamber atmosphere concentration was determined for the 
vehicle, low-dose, and high-dose. This comprised collecting filter samples in duplicate 
from 3 representative rat breathing points located on the top and bottom of the animal 
exposure chamber. Samples were quantified using a validated analytical method. 
 
The overall gravimetric aerosol concentration mean and analytical reference port mean, 
standard deviation and coefficient of variances (c.v.) for the inhalation atmospheres are 
summarized in the table below.  
 

Table 10 Mean aerosol concentrations in 13-week rat toxicology study 

 
 
Inhalation chamber airflow, temperature and humidity were recorded hourly from all 
groups during each exposure.  Actual chamber aerosol concentrations were measured 
at least twice for each replicate from a reference sampling port using a gravimetric 
method. 
 
Particle size distribution analysis was performed on all groups weekly during the 
exposure period. Samples were collected gravimetrically from a point representative of 
the rat breathing zone using a cascade impactor. The analytically determined mass 
median aerodynamic diameter and its geometric standard deviation (MMAD ± GSD) 
were 1.7 μm ± 2.0, 1.8 μm ± 2.0 and 2.4 μm ± 2.1 for low-, mid- and high-dose groups, 
respectively. Particle sizes from 1 to 5 μm are considered to be in the respirable range. 
 
 

Calculation of dose (µg/kg/day) 

The following formula was used for calculation of achieved dose 
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Table 11 Summary of exposure calculations in male rats 

Dose 
(µg/kg/

day) 

Achieved 
Aerosol 

concentration 
(µg/L) 

Achieved 
(Inhaled) 

Dose 
(µg/kg/day) 

Pulmonary 
Deposited 

Dose* 
(µg/kg/day) 

Body 
weight 
(g)** 

Total 
Dose 

(µg/day) 

Lung 
Weight 
(g)*** 

Pulmonary 
Deposited 

Dose 
(µg/gLW/day) 

100 2.4 117 11.7 588.7 6.89 1.6959 11.7 
300 6.61 329 32.9 564.4 18.57 1.6751 31.1 

1000 21.1 1060 106 572.8 60.72 1.6981 103.1 
 
*Assumes 10% deposition fraction, **Mean body weight at end of dosing period, 
***Mean lung weight at necropsy 
 

Table 12 Summary of exposure calculations in female rats 

Dose 
(µg/kg/

day) 

Achieved 
Aerosol 

concentration 
(µg/L) 

Achieved 
(Inhaled) 

Dose 
(µg/kg/day) 

Pulmonary 
Deposited 

Dose* 
(µg/kg/day) 

Body 
weight 
(g)** 

Total 
Dose 

(µg/day) 

Lung 
Weight 
(g)*** 

Pulmonary 
Deposited 

Dose 
(µg/gLW/day) 

100 2.4 117 11.7 335.5 3.93 1.2858 5.1 
300 6.61 329 32.9 344.4 11.33 1.2740 14.4 

1000 21.1 1060 106 326 34.56 1.2690 43.9 
 

Observations and Results 

Mortality 

Mortality and morbidity checks were performed twice daily (morning and afternoon).  
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There were no unscheduled deaths during the study. 
 

Clinical Signs 

All animals were observed twice daily for clinical signs (morning and afternoon). 
Cageside observations were conducted starting on day -7 and throughout the dosing 
phase for main study and recovery animals 2 to 4 hours postdose). For detailed 
physical examinations, each main study and recovery animal was removed from its 
cage and examined predose on day 1 of the dosing phase and weekly thereafter 
through the dosing and recovery phases.  
 
There were no test-article related clinical signs.  
 

Body Weights 

Individual body weight data were recorded once during the last week of the predose 
phase, before dosing on Day 1, and weekly thereafter through dosing and recovery 
phases. Fasted weight was recorded on the day of necropsy. 
 
There were no test-article related changes in body weight or body weight gain in males. 
Body weight and body weight gain was reduced compared to control in females at all 
doses starting from approximately week 4. Body weight changes in females are 
summarized in the figure and tables below. Body weight gain reductions in females 
were not recoverable by the end of the 4-week recovery period. 
 

Figure 2 Mean body weights in female rats 
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biomicroscopic (slit lamp) examinations by a board certified ophthalmologist. The eyes 
were dilated with a mydriatic agent (1% tropicamide) prior to examination 
 
No test-article related ophthalmoscopic findings were noted.  
 

Hematology 

For analysis of hematology and coagulation parameters, blood was collected via the 
abdominal aorta after isoflurane anesthesia from fasted main study and recovery 
animals as a terminal procedure. The anticoagulants EDTA and sodium citrate were 
used for hematology and coagulation samples. A complete battery of hematology 
parameters was assessed.  
 
There were no test-article related changes in hematological or coagulation parameters. 
 

Clinical Chemistry 

For analysis of clinical chemistry parameters from main study and recovery animals, 
blood was collected as described above, with the omission of anticoagulant. A complete 
battery of clinical chemistry parameters was assessed.  
 
There were no test-article related changes in clinical chemistry parameters. 
 

Urinalysis 

Urine samples for assessment of a complete panel of urinalysis parameters were 
collected from all main study rats on day 91 and from recovery study rats on day 119 
prior to scheduled sacrifices. Rats were fasted and water deprived overnight prior to 
collections.  
 
There were no test-article related changes in urinalysis parameters. 
 

Gross Pathology 

Macroscopic examinations were performed on all main study animals and recovery 
animals. The necropsy included an examination of the carcass and musculoskeletal 
system; all external surfaces and orifices; cranial cavity and external surfaces of the 
brain; and thoracic, abdominal, and pelvic cavities with their associated organs and 
tissues.  
 
There were no test-article related gross pathological findings. 
 

Organ Weights 

Body weights and organ weights were recorded for all animals at the scheduled terminal 
and recovery necropsies and organ weight ratios were calculated (relative to body 
weights and brain weights). Paired organs were weighed together. The following organs 
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were weighed: adrenal glands (both), brain, heart, kidneys (both), liver, lungs, ovaries 
(both), pituitary gland, spleen, testes (both), thymus, thyroid/parathyroid gland (both) 
and uterus. 
 
There were no test-article related changes in organ weights. 
 

Histopathology 

Adequate Battery: The table below lists the tissues that were harvested from each 
animal and weighed, preserved, and examined microscopically. All designated tissues 
were preserved in 10% neutral-buffered formalin. Preserved tissues were embedded in 
paraffin, sectioned, stained with hematoxylin and eosin, and examined microscopically. 
An adequate panel of organs and tissues was submitted for histopathological 
examination. All tissues listed in the table below were examined microscopically for 
main study and recovery study mice from vehicle and high-dose groups. Gross lesions 
and select tissue (lungs, larynx, pharynx, main stem bronchi, trachea, tracheal 
bifurcation, lymph node tracheobronchial, eyes and nasal cavities and sinuses) were 
examined microscopically for main study and recovery mice of low- and mid-dose 
groups also. Histopathology examinations were performed by a board-certified 
veterinary pathologist. 
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Peer Review: A peer review of microscopic findings was performed by an external 
pathologist designated by the sponsor. An appropriate number of animals/tissues were 
examined as deemed necessary by the pathologist. A signed statement that a peer 
review was conducted was included in the study report. 
 
Histological Findings: 
 
Target organs of toxicity were identified as the nasal cavity and larynx. These are 
expected target organs, considering the route of exposure (i.e. nose-only inhalation). 
 
Findings in the nasal cavity consisted of, of mild exudate and minimal to mild 
inflammation in high-dose males, and 2 high-dose females exhibited minimal 
inflammation. Minimal degeneration/regeneration of the olfactory epithelium was noted 
in mid- and high-dose males and in a few females in all groups including vehicle control. 
Minimal to mild degeneration/regeneration of the respiratory epithelium was noted in 3 
high-dose males, and 1 high-dose female exhibited mucinous hyperplasia of the 
respiratory epithelium. Findings in the nasal cavity are not considered to be clinically 
relevant as the intended clinical route of administration is by oral inhalation. 
 
Findings in the larynx consisted of hyperplasia/metaplasia of the respiratory epithelium 
in mid- and high-dose animals of both sexes with increased incidence and severity at 
the high-dose. Inflammation and foreign material in the lumen was noted in a few 
animals in all groups including vehicle, with increased incidence at the high-dose. 
Findings in the larynx are considered to be species-specific and of no clinical relevance. 
 
Minimal retinal eye rosettes were noted at low incidence in multiple groups including in 
vehicle animals of both sexes. This finding does not appear to be test-article related due 
to the low incidence and equal or greater occurrence in vehicle-treated animals. 
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Table 15 Summary of histopathological findings in main and recovery animals 
after 13-weeks of dosing (and 4-weeks recovery) 

Pulmonary Deposited Dose (µg/kg/day) 
Organ/Tissue Males Females 

0 11.7 32.9 106 0 11.7 32.9 106 

Body cavity, nasal 

Exudate 

Mild 

 

 

0/15 

 

 

0/15 

 

 

0/15 

 

 

1/15 

 

 

0/15 

 

 

0/15 

 

 

0/15 

 

 

0/15 

Inflammation 

Minimal 

Mild 

 

0/15 

0/15 

 

0/15 

0/15 

 

0/15 

0/15 

 

2/15 (1)

1/15

 

0/15 

0/15 

 

0/15 

0/15 

 

0/15 

0/15 

 

2/15 

0/15 

Degeneration/regeneration, 
olfactory epithelium 

Minimal 

 

 

0/15 

 

 

0/15 

 

 

2/15 

 

 

1/15 (1)

 

 

2/15 

 

 

4/15 

 

 

1/15 

 

 

1/15 

Degeneration/regeneration, 
respiratory epithelium 

Minimal 

Mild 

Hyperplasia, mucinous 

Minimal 

 

 

0/15 

0/15 

 

0/15 

 

 

0/15 

0/15 

 

0/15 

 

 

0/15 

0/15 

 

0/15 

 

 

2/15 

1/15 

 

0/15 

 

 

0/15 

0/15 

 

0/15 

 

 

0/15 

0/15 

 

0/15 

 

 

0/15 

0/15 

 

0/15 

 

 

0/15 

0/15 

 

1/15 

Larynx 

Hyperplasia/metaplasia, 
respiratory epithelium 

Minimal 

Mild 

 

 

 

0/15 

0/15 

 

 

 

0/15 

0/15 

 

 

 

1/15 

0/15 

 

 

 

6/15 

1/15 (1)

 

 

 

0/15 

0/15 

 

 

 

0/15 

0/15 

 

 

 

2/15 

0/15 

 

 

 

5/15 

3/15 

Inflammation 

Minimal 

Mild 

 

1/15 

0/15 

 

0/15 (1) 

1/15 

 

1/15 

0/15 

 

5/15 (1)

1/15 

 

1/15 

0/15 (1) 

 

1/15 

0/15 

 

0/15 (1) 

0/15 (1) 

 

5/15 

3/15 

Foreign material, lumen 

Minimal 

Mild 

 

0/15 

0/15 

 

0/15 (1) 

0/15 

 

0/15 

0/15 

 

0/15 (1) 

0/15 

 

0/15 

0/15 (1) 

 

1/15 (1) 

0/15 

 

1/15 (2) 

0/15 

 

2/15 (1) 

0/15 

Eye 

Rosette, retina 

Minimal 

 

 

1/15 (1) 

 

 

0/15 

 

 

0/15 

 

 

1/15 

 

 

1/15 

 

 

1/15 

 

 

0/15 (1) 

 

 

1/15 
(  ) indicates recovery animal 
 

Special Evaluation 

No special evaluations were conducted. 
 

Toxicokinetics 
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On Days 1 and 91 of the dosing phase, blood samples for TK analyses were collected 
from unfasted TK rats (3 rats/sex/group/time point) at 0 (predose) and approximately 70 
(immediately after the end of exposure), 100, 130, 190, 490, and 1440 minutes from the 
start of the inhalation exposure period. Blood (approximately 0.5 mL) was collected from 
a jugular vein, into prechilled K2EDTA tubes. 
 
Plasma concentrations of TD-4208 and the major metabolite THRX-195519 were 
determined using a validated LC/MS/MS method. The assay for measurement of TD-
4208 and THRX-195519 concentration had a quantitation range of 0.1 ng/mL to 100 
ng/mL (lower and upper limit of quantitation, respectively). 
 
TD-4208 exposure (AUC) increased dose-proportionally in all treatment groups. Some 
(approximately 2-fold) accumulation was noted at all doses. The time to reach maximal 
plasma exposure (Tmax) of drug was 1.17 hours. THRX-195518 exposure was 
approximately 25 – 50 % of TD-4208, with no evidence of significant accumulation. 
THRX-195518 levels were below the level of quantitation for the low-dose on day 1.  

Table 16 Plasma toxicokinetic parameters for TD-4208 in male and female rats 
following a single or 91 daily inhaled doses of TD-4208 
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The sponsor’s proposed mouse carcinogenicity protocol appears reasonable. 
Histopathological examination will be performed on all tissues from all main study 
animals. An evaluation of the study dose selection is discussed below in Section 11. 

11 Integrated Summary and Safety Evaluation 
TD-4208 is an inhaled small molecule muscarinic receptor antagonist under 
development for COPD by Theravance (IND 119840). The sponsor submitted final 
study reports for 13-week toxicology studies in mouse and rat in order to support dose 
selection for 2-year carcinogenicity studies in SD rats and CD1 mice. Study reports for 
ADME, genetic toxicology, and shorter-term toxicology studies, including 7- and 28-day 
rat inhalation toxicology studies, were submitted previously to IND 119840. Pivotal 
nonclinical studies underwent a preliminary review during the initial 30-day safety 
evaluation period. 
 

Genetic Toxicology 

A standard battery of genetic toxicology tests was originally submitted to IND 119840 on 
January 22, 2014. TD-4208 was negative in a complete battery of genotoxicity tests 
(see nonclinical review for IND 119840 dated February 21, 2014). THRX-195518 was 
also negative in an Ames assay. 
 

ADME 

One major metabolite of TD-4208 was identified in humans (THRX-195518) and is 
present at higher levels in mouse and rat. The majority of TD-4208 excretion is via feces 
(approximately 83 %). TD-4208 is approximately 71 % bound in human plasma. THRX-
195518 is 44 % bound in mice and approximately 36 % bound in rats and humans. 
 

Mouse Toxicology Studies 

An exploratory 7-day non-GLP study of TD-4208 in CD1 mice was conducted at target 
doses of 0, 30, 300 and 3000 µg/kg/day (PDDs of 0, 3.57, 35.6 and 351 µg/kg/day) by 
nose-only inhalation. Mortality was observed at all doses with unclear relationship to 
test-article. Minimal to slight degeneration was observed in the nasal cavity of the 
majority of high-dose animals. Minimal liver necrosis was observed in 2 low-dose and 2 
high-dose animals and minimal skeletal muscle myofiber degeneration was observed in 
3 high-dose animals. Based on microscopic findings in the nasal cavities and sinuses 
and mild body weight loss (- 4 %, in males only) at the high-dose, the sponsor selected 
target doses of 100, 300 and 1000 µg/kg/day for a 13-week dose-selection study for the 
proposed 2-year carcinogenicity study in CD1 mice.  
 
The 13-week toxicology study in CD1 mice reviewed herein served as the primary basis 
for dose selection for the proposed 2-year mouse carcinogenicity study of TD-4208. 
Animals received target doses of 0, 100, 300, or 1000 µg/kg/day by nose-only 
inhalation. There were no test-article related effects on body weight, food consumption, 
ophthalmoscopy, clinical chemistry, hematology, or urinalysis parameters. Mortalities of 
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undetermined cause occurred in all test-article groups: 2 low-dose males were found 
dead during or after treatment (1 main study animal on day 90 and 1 TK animal on day 
2), 1 mid-dose male was euthanized in poor condition and 1 mid-dose female was found 
dead during treatment on day 48.  Mortalities of undetermined cause also occurred at 
the high-dose in 6 males and 1 female. In the majority of deaths at the high-dose, 
minimal to mild degeneration of the respiratory epithelium was observed. This finding 
was not seen in the low- and mid-dose decedents. In animals that survived to the 
scheduled sacrifice, test-article related findings were also noted in the nasal cavity 
(epithelial degeneration) and larynx (epithelial inflammation), both of which were 
identified as target organs. However, it is noted that findings in the nasal cavity and 
larynx are not clinically relevant or clinically dose-limiting, considering that the intended 
clinical route of exposure is oral inhalation and findings in the larynx are specific to 
rodents. No other test-article related changes were observed. In the 13-week CD1 
mouse study, the sponsor identified a NOAEL of 300 µg/kg/day (target dose) for males 
based on the increased number of deaths at 1000 µg/kg/day, and a NOAEL of 1000 
µg/kg/day (target dose) for females. The reviewer identified aNOAEL of 300 µg/kg/day 
(target dose) for males and females, largely due to the increased deaths at the high 
dose.     
 

Sponsor’s Proposed Doses 

The sponsor proposed doses of 30, 100, and 300 µg/kg/day for the 2-year 
carcinogenicity study in CD1 mice.  The high-dose of 300 µg/kg/day was selected based 
upon multiple factors, including the following: excessive mortality and microscopic 
findings at the high-dose of 1000 µg/kg/day and a large rodent:human AUC exposure 
ratio at 300 µg/kg/day (> 25-fold rodent:human AUC ratio).  
 
The low- and mid-doses of 30 and 100 µg/kg/day were selected to represent 3-fold 
reductions of the proposed high-dose. The mid-dose represents an intermediate 
exposure of approximately 3-fold lower than the high-dose and 3-fold higher than the 
low-dose.  
 

Reviewer’s Recommended Doses 

The reviewer concurs with the high-dose of 300 µg/kg, as it exceeds the recommended 
rodent:human AUC ratio by greater than 25-fold (specifically, 62- and 68-fold for males 
and females, respectively). In addition, the MTD may have been exceeded at 1000 
µg/kg/day, as evidenced by excessive lethality at this dose. Based upon previous 
experience, findings of minimum to mild degeneration in the nasal cavity and minimal to 
mild inflammation in the larynx are not expected to significantly impact survivability in a 
2-year rodent carcinogenicity study and are therefore not considered for the purpose of 
MTD determination.  
 
Exposure at the high-dose of 300 µg/kg/day (23.2 and 25.5 ng*hr/mL in males and 
females, respectively) is also 3-fold less than exposure at the high-dose of 1000 
µg/kg/day which caused a high number of deaths. In addition, the mid- and low-doses of 
100 and 30 µg/kg/day allow for an approximately 3-fold separation based upon AUC. 
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target doses of 100, 300, or 1000 µg/kg/day (PDDs of 11.8, 35.7, or 112 µg/kg/day) 
were administered to SD rats each day for 28-days. Minimal to mild mononuclear cell 
infiltration was noted in the larynx in a few animals in all groups (including vehicle), with 
increased severity in high-dose females. Minimal to mild lung hemorrhage was noted in 
a few males in all groups (including 1 vehicle recovery male) and also in 1 vehicle 
control female. This finding was considered not likely to be test article-related. A 
tentative mid-dose NOAEL was identified for this study due to unexplained findings of 
eye rosettes in a few animals at the high-dose and also in 1 vehicle female. A non-hold 
comment was issued to the sponsor to address this finding. No apparent test article-
related eye findings were noted in the 13-week rat study, reviewed herein, so nonclinical 
concern for this potential finding was alleviated.  
 
The 13-week study in SD rats served as the primary basis for dose selection for the 
proposed 2-year rat carcinogenicity study of TD-4208. Animals received TD-4208 target 
doses of 0 (  mM CBS, pH 5), 100, 300, or 1000 µg/kg/day by nose-only inhalation. 
There were no unscheduled deaths during the study and no test-article related effects 
on food consumption, ophthalmoscopy, clinical chemistry, hematology, coagulation, or 
urinalysis parameters. Decreases in absolute body weight and body weight gain were 
noted in females beginning at approximately week 3. Although these were not clearly 
dose-dependent at the low- and mid-doses, high-dose females exhibited the greatest 
decrease in body weight gain (20 % decrease versus control compared to decreases of 
14 and 10 % in low- and mid-dose animals). Microscopic findings identified the nasal 
cavity and larynx as target organs. Findings in the nasal cavity consisted of 
degeneration/regeneration of respiratory epithelium of high-dose males and 
inflammation in a few high-dose animals of both sex. Nasal cavity findings are not 
clinically relevant considering the intended route of clinical administration (oral 
inhalation) and would not limit clinical dose selection. Additionally, findings in the larynx 
consisted of hyperplasia/metaplasia of the respiratory epithelium in a few mid- and high-
dose males and females. As with the 13-week mouse study, findings in the larynx in 
inhalation studies are specific to rodents and would also not limit clinical dose selection.  
 

Sponsor’s Proposed Doses 

The sponsor proposed doses of 30, 100, and 300 µg/kg/day for the 2-year 
carcinogenicity study in SD rats.  The high-dose of 300 µg/kg/day was selected as the 
MTD due to microscopic findings in the nasal cavity and larynx, body weight gain 
decrements in the 7-day study, and because it exceeds the recommended 
rodent:human AUC ratio by greater than 25-fold.  
 
The sponsor’s low- and mid-doses of 30 and 100 µg/kg/day were selected to represent 
3-fold reductions of the proposed high-dose. The mid-dose represents an intermediate 
exposure of approximately 3-fold lower than the high-dose and 3-fold higher than the 
low-dose.  
 

Reviewer’s Recommended Doses 
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CAS Registry Number(s): 864750-70-9

Generic Name: Revefenacin

Chemical Name: 1-(2-{4-[(4-carbamoylpiperidin-1-yl)methyl]-N-
methylbenzamido}ethyl)piperidin-4-yl N-({1,1'-biphenyl}-2-yl)carbamate

Molecular Formula/Molecular Weight: C35H43N5O4 / 597.76 g/mol

Structure or Biochemical Description: 

Pharmacologic Class: Anticholinergic

2.2 Relevant INDs, NDAs, BLAs and DMFs
NDA 210598

2.3 Drug Formulation
 The drug product, revefenacin inhalation solution, consists of 175 μg of revefenacin in 
an isotonic, sterile aqueous solution containing sodium chloride, citric acid and sodium 
citrate, at pH 5.0. The unit-dose composition of the drug product formulation (175 mcg/3 
mL) is provided below:
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Study no.: 7300222 (Sponsor Reference Number: CRN: 14-003-

04)

Study report location: EDR
Conducting laboratory and 

location:

Date of study initiation: 25 April 2014
Duration: 26

Duration Units: weeks
GLP compliance: Y

QA statement: Yes
Drug, lot #, and % purity: TD-4208, (also known as TD-4208 free base), 

was manufactured by Theravance. Lot Number 

LM-X-4208-02 (retest date: ) was 

supplied by Theravance. HPLC purity assay 

value is included in the Certificate of Analysis as 

97.90%, with a correction factor of 

Target Organs: LARNYX
Target Organs: BODY CAVITY, NASAL
Target Organs: Choose an item.
Target Organs: Choose an item.
Target Organs: Choose an item.

Key Study Findings
 In a 26-week inhalation toxicology study, rats received TD-4208 at inhaled doses of 

0, 125, 331, or 1260 µg/kg/day. Pulmonary deposited doses were 0, 12.5, 33.1, or 
126 µg/kg/day, respectively. 

 Target organs of toxicity were the larynx and nasal cavity.

 Findings in the larynx were judged to be rodent-specific (i.e., nonspecific irritant 
effects associated with aerosol inhalation) and irrelevant to humans. Findings in the 
nasal cavity were judged to be irrelevant to human subjects that will receive the drug 
by oral inhalation.
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 Additional findings in the pharynx and epididymis observed primarily in the high dose 
group were of low incidence and relationships of these findings to treatment were 
unclear.

 Plasma Cmax and AUC values for TD-4208 and THRX-195518 (major metabolite) 
increased in an approximate dose proportional manner. There was drug 
accumulation over the course of the study period.

 The NOAEL was identified as the high dose as histopathological findings in the 
larynx and nasal cavity were not considered relevant to human subjects. Doses for 
males and females in the high dose group, expressed on µg per gram lung weight 
basis, were 44.69 and 32.53 µg/kg/day, respectively. AUC values for TD-4208 
during week 26 for males and females in the high dose group were 47.5 and 73.8 
ng.hr/mL, respectively. AUC values for the amide hydrolysis metabolite during week 
26 for males and females in the high dose group were 19.2 and 20.1 ng.hr/mL, 
respectively.
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The following formula was used for calculation of TD-4208 achieved doses 
(µg/kg/day) 

(Excerpted from the Sponsor’s submission)

Table 3 Estimated achieved doses of TD-4208 in the 26-week inhalation 
toxicology study with rats

Group Number Average 
Achieved 
Chamber 
Aerosol 

Concentration 
(µg/L)

Estimated 
Achieved Dose 

(µg/kg/day)

MMAD* (µM) GSD**

1 0 Males: 0
Females: 0
Average: 0

- -

2 2.56 Males: 120
Females: 130
Average: 125

1.6 2.0

3 6.81 Males: 318
Females: 344
Average: 331

1.6 2.0

4 25.8 Males: 1210
Females: 1310
Average: 1260

2.4 2.1

*MMAD=Mass Median Aerodynamic Diameter
**GSD=Geometric Standard Deviation

Table 4 Doses of TD-4208 in rats expressed on a µg/g lung weight/day basis
Deposited 
dose* 
µg/kg/day

Sex Body weight
kg (Week 26)

Total 
deposited 
dose, µg/day

Lung weight**
g

Dose
µg/g LW/day
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Males 0.602 7.53 1.7769 4.23
Females 0.351 4.39 1.3514 3.25

12.5

Average 0.477 5.96 1.5642 3.74
Males 0.645 21.35 1.8770 11.37
Females 0.360 11.92 1.3221 9.01

33.1

Average 0.503 16.63 1.5996 10.19
Males 0.614 77.36 1.7310 44.69
Females 0.339 42.71 1.3132 32.53

126

Average 0.477 60.04 1.5221 38.61
*Assumes 10% deposition fraction
**Mean lung weight at necropsy

Observations and Results
Mortality: A viability check (including a check for signs of ill health or reaction to 
treatment) was performed twice daily.

There were two death during the treatment and the recovery periods. No deaths were 
attributed to treatment.

One female HD (#4512), assigned to the recovery phase, was found dead on day 8. No 
macroscopic findings at necropsy and no microscopic findings indicative of a cause of 
death.

One female LD (#2514), assigned to the recovery phase, was found dead on day 190 
during the recovery period. The condition of this animal was noted as deteriorating as of 
day 187 with the rat appearing thin, weak and dehydrated. Ultimately the rat was found 
dead on day 190, the cause of death determined following microscopic examination to 
have been lymphoma and therefore, considered to be spontaneous and not TD-4208-
related.

Clinical Signs: During the treatment period, main and recovery animals were examined 
daily, pre and post dosing, for recurring clinical signs. Detailed observations were 
performed on animals once during week -1, prior to initiation of dosing, and weekly 
thereafter throughout dosing and recovery phases.

There were no treatment-related clinical signs.

Body Weights: Body weights were measured once weekly. 

No treatment-related effects on absolute body weights were observed.

Table 5 Absolute body weights in the 26-week inhalation toxicology study with 
rats

Males FemalesBody weight
Parameter 0 125 331 1260 0 125 331 1260
BW, Wk 1 288.6 287.0 291.1 291.5 221.7 220.5 226.3 224.1
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BW, Wk 26 622.2 602.2 645.1 614.7 361.3 350.7 360.1 338.9
% cont BW Wk 26 100.0 96.8 103.7 98.8 100.0 97.1 99.7 93.8
         
BW, Wk 27 648.4 570.8 615.2 675.6 378.4 332.8 355.4 359.8
BW, Wk 30 704.6 614.0 677.4 727.6 408.6 370.3 387.8 402.8
% of control 100.0 87.1 96.1 103.3 100.0 90.6 94.9 98.6
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Figure 1 Body weight curves in the 26-week inhalation toxicology study for male 
and female rats
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(Excerpted from the Sponsor’s submission)

Feed Consumption: Individual food consumption was measured during the week prior 
to treatment and weekly throughout the treatment and recovery periods.

There were no treatment-related effects on food consumption.

Ophthalmoscopy: Ophthalmic examinations were conducted prior to the start of dosing 
and during weeks 26.

There were no treatment-related ophthalmic findings at weeks 26. Observed ophthalmic 
findings were judged to be spontaneous in nature and unrelated to treatment.

ECG: Not conducted.

Hematology: Blood samples for measurement of a complete panel of hematology 
parameters were collected during weeks 13, 26, and 30.

There were no treatment-related effects on hematology parameters.

Clinical Chemistry: Blood samples for measurement of a complete panel of clinical 
chemistry parameters were collected during weeks 13, 26, and 30.

Changes of clinical chemistry parameters were generally small and their biological 
significance was unclear.

Triglyceride concentrations were slightly elevated for male treatment groups during 
weeks 26. These elevations were not reversible by the end of the recovery period.

Table 6 Clinical chemistry parameters at weeks 13, 26, and 30
Males FemalesParameter Week

 0 125 331 1260 0 125 331 1260
13 44.2 44.1 68.5 44.5 98.6 44.9 43.6 44.2
26 101.4 114.0 144.6 156.0 71.2 84.2 87.9 91.6

Triglyceride
mg/dL
 
 30 93.4 126.6 132.8 158.8 113.6 73 78.6 128.8

Urinalysis: Urine samples for measurement of urinalysis parameters were collected 
overnight (approximately 16 hours) during weeks 13, 26, and 30.

There were no treatment-related effects on urinalysis parameters.
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Gross Pathology: After 26 weeks of treatment, surviving toxicology animals were 
sacrificed and submitted to detailed external and internal examinations. The 
macroscopic examinations included the carcass and musculoskeletal system, all 
external surfaces and orifices, cranial cavity and external surfaces of the brain, thoracic, 
abdominal, and pelvic cavities with their associated organs and tissues.

Potential treatment-related gross pathological findings were limited to a single trackable 
gross lesion of the left epididymis (small) noted in 1 HD male (#4001) which correlated 
microscopically with unilateral severe oligo/aspermia of the epididymis.

Organ Weights: Absolute and relative organ weights were measured for the adrenals, 
brain, heart, kidneys, liver, lungs, ovaries, pituitary gland, prostate, spleen, testes, 
thymus, thyroid/parathyroid gland, and uterus.

There were no treatment-related changes of organ weights.

Histopathology: 

Adequate Battery: A complete panel of tissues was submitted to histopathological 
examination. Preserved tissues from each rat were embedded in paraffin, sectioned, 
stained with hematoxylin and eosin, and examined microscopically. All tissues listed in 
Table 7 were examined microscopically for main study and recovery study rats of 
control and HD groups. Gross lesions and selected tissue (nasal cavity, larynx, pharynx, 
nasopharynx, trachea, bronchi, carina, lungs and tracheobronchial lymph nodes) were 
examined microscopically for main and recovery study rats of LD and MD groups.
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Table 7 Tissues collected in the 26-week inhalation toxicology study with rats

(Excerpted from the Sponsor’s submission)

Peer Review: A peer review of selected microscopic tissue sections and pathology data 
interpretation was conducted by a pathologist. The peer review pathologist and study 
pathologist concurred on the histopathologic diagnoses and the interpretation of the 
pathology data.
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 Histological Findings: Target organs of toxicity were the larynx and nasal cavity.  
Findings in the larynx were judged to be rodent-specific (i.e., nonspecific irritant 
effects associated with aerosol inhalation) and irrelevant to humans. Findings in the 
nasal cavity and pharynx were judged to be irrelevant to human subjects that will 
receive the drug by oral inhalation. Additional findings in the pharynx and epididymis 
observed primarily in the high dose group were of low incidence and relationships of 
these findings to treatment were unclear.

In the larynx, minimal to mild hyperplasia/metaplasia of the epithelium was seen in 
males in the control, MD, and HD groups and female in the MD and HD groups. 
Although epithelial hyperplasia/metaplasia was noted in a few control males, the 
findings in these animals were focal and either limited to the medial aspect of the 
arytenoid cartilages or associated with inflammation in the ventral pouch. In contrast for 
treated animals, hyperplasia/metaplasia was noted at the base of the epiglottis and 
regionally extensive. Minimal to moderate exudate was seen in males in the MD and HD 
groups. Minimal to mild erosion was seen for males in the control and HD groups and 
females in the MD and HD groups. Minimal epiglottis mononuclear cell infiltration was 
seen for males in the control, MD, and HD groups and females in the MD group. 
Minimal to mild inflammation was seen in males and females at all doses, except for the 
female control group. At the end of the recovery period, in the larynx, minimal epithelial 
hyperplasia/metaplasia was seen in HD males and females previously given the test 
article. The incidence (2/5) in HD males was the same as the main study animals, but 
the severity (minimal only) was less than that observed in main study animals at the end 
of treatment period and the findings were unaccompanied by mononuclear cell infiltrates 
or exudates. Thus, the findings were interpreted as an evidence of partial reversibility. In 
females, although noted in 2/5 animals in the HD group, both were focal and located at 
the medial surface of the arytenoid cartilages, similar to two male control rats in the 
main study phase. Minimal erosion was present in one male in the MD group and one 
female in the LD group. Minimal to mild inflammation was seen in males and females in 
all groups, except for the female HD group. Incomplete recovery of the main study TD-
4208-related findings cannot be excluded.

In the nasal cavity, minimal to mild nasolacrimal duct inflammation was seen in one 
male in the HD group and three females in the MD and HD groups. Minimal to mild 
degeneration/regeneration of olfactory epithelium was seen in one male in the LD group 
and females in the control, MD, and HD groups. Mild palate squamous cyst and/or 
moderate tooth dysplasia was seen in one female at HD group. At the end of recovery 
period, in the nasal cavity, minimal to mild degeneration/regeneration of olfactory 
epithelium was only present in one male in the control group and two females in the 
control group.

In the pharynx, minimal lymphoid hyperplasia was seen for one male each in the MD 
and HD groups.

In the epididymis, severe oligo/aspermia was seen in one male in the HD group.
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Table 8 Histopathological findings at the end of the 26-week treatment and 4-week 
recovery periods

Dose (μg/kg/day)
Males Females

Organ/Tissue Time

0 125 331 1260 0 125 331 1260
Larynx Term
-Exudate 0/10 0/10 1/10 3/10 0/10 0/10 0/10 0/10
Minimal 0/10 0/10 1/10 2/10 0/10 0/10 0/10 0/10
Mild 0/10 0/10 0/10 1/10 0/10 0/10 0/10 0/10
-Erosion 1/10 0/10 0/10 3/10 0/10 0/10 1/10 1/10
Minimal 1/10 0/10 0/10 2/10 0/10 0/10 1/10 1/10
Mild 0/10 0/10 0/10 1/10 0/10 0/10 0/10 0/10
-Infiltration, mononuclear 
cell; epiglottis, minimal

1/10 0/10 2/10 3/10 0/10 0/10 1/10 0/10

-Inflammation 2/10 2/10 2/10 2/10 0/10 2/10 3/10 2/10
Minimal 2/10 0/10 2/10 1/10 0/10 2/10 3/10 1/10
Mild 0/10 2/10 0/10 1/10 0/10 0/10 0/10 1/10
-Hyperplasia/metaplasia; 
epithelial

2/10 0/10 1/10 5/10 0/10 0/10 1/10 4/10

Minimal 2/10 0/10 1/10 3/10 0/10 0/10 1/10 4/10
Mild 0/10 0/10 0/10 2/10 0/10 0/10 0/10 0/10
Larynx Rec         
-Erosion, minimal  0/5 0/5 1/5 0/5 0/5 1/4 0/5 0/4
-Inflammation  1/5 1/5 1/5 1/5 1/5 1/4 1/5 0/4
Minimal  1/5 1/5 1/5 0/5 0/5 1/4 1/5 0/4
Mild  0/5 0/5 0/5 1/5 1/5 0/4 0/5 0/4
-Hyperplasia/metaplasia; 
epithelial, minimal

 0/5 0/5 0/5 2/5 0/5 0/4 0/5 2/4

Nasal cavity Term
-Inflammation; 
nasolacrimal duct

0/10 0/10 0/10 1/10 0/10 0/10 2/10 1/10

Minimal 0/10 0/10 0/10 0/10 0/10 0/10 2/10 1/10
Mild 0/10 0/10 0/10 1/10 0/10 0/10 0/10 0/10
-Cyst; squamous, palate, 
mild

0/10 0/10 0/10 0/10 0/10 0/10 0/10 1/10

-Dysplasia; tooth, 
moderate

0/10 0/10 0/10 0/10 0/10 0/10 0/10 1/10
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Organ/Tissue Time Dose (μg/kg/day)
Males Females

0 125 331 1260 0 125 331 1260
-
Degeneration/regeneration
; olfactory epithelium

0/10 1/10 0/10 0/10 2/10 0/10 2/10 1/10

Minimal 0/10 1/10 0/10 0/10 2/10 0/10 1/10 1/10
Mild 0/10 0/10 0/10 0/10 0/10 0/10 1/10 0/10
Nasal cavity Rec         
-
Degeneration/regeneration
; olfactory epithelium

 1/5 0/5 0/5 0/5 2/5 0/4 0/5 0/4

Minimal  1/5 0/5 0/5 0/5 1/5 0/4 0/5 0/4
Mild  0/5 0/5 0/5 0/5 1/5 0/4 0/5 0/4
Pharynx Term
-Hyperplasia; lymphoid, 
minimal

0/10 0/10 1/10 1/10 0/10 0/10 0/10 0/10

Epididymis Term
-Oligo/aspermia, severe 0/10 - - 1/10 - - - -

Special Evaluation: None.

Toxicokinetics: Blood samples for measurement of plasma drug concentrations were 
collected during days 1, 91 (week 13), and 182 (week 26). Animals were bled nominally 
at approximately 0, 70 (immediately after the end of exposure), 100, 130, 190, 490, and 
1440 minutes after dosing. Plasma samples were analyzed for TD-4208 and THRX-
195518 (major metabolite) using a validated analytical method based on protein 
precipitation, followed by HPLC/MS/MS analysis. The assay for measurement of TD-
4208 and THRX-195518 concentrations had a quantitation range of 0.1 ng/mL to 100 
ng/mL (lower and upper limits of quantitation, respectively).

Plasma Cmax and AUC values for TD-4208 and THRX-195518 increased in an 
approximate dose proportional manner. Cmax and AUC values were comparable for 
male and female rats. Cmax values were relatively comparable at days 1, 91, and 182. 
However, AUC values at day 1 were lower than values at days 91 and 182, which were 
relatively comparable. Approximately 1.5 to 3-fold accumulation of AUC values was 
noted at all doses. THRX-195518 levels were below the level of quantitation in low-dose 
animals on day 1.
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Table 9 Toxicokinetic parameters for TD-4208 in rats at weeks 4, 13, and 26

(Excerpted from the Sponsor’s submission)
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Study no.: 7300147 (Sponsor Reference Number: CRN: 13-003-

49)

Study report location: EDR
Conducting laboratory and 

location:

Date of study initiation: 13 September 2013
Duration: 13

Duration Units: weeks
GLP compliance: Y

QA statement: Yes
Drug, lot #, and % purity: TD-4208, (also known as TD-4208 free base), 

was manufactured by Theravance. Lot Number 

11019-21-1 (retest date: ) was 

supplied by Theravance. HPLC purity assay 

value is included in the Certificate of Analysis as 

98.8%, with a correction factor of 

Target Organs: HEART
Target Organs: Choose an item.
Target Organs: Choose an item.
Target Organs: Choose an item.
Target Organs: Choose an item.

Key Study Findings
 In a 13-week inhalation toxicology study, dogs received TD-4208 at inhaled doses of 

0, 32.2, 110, or 324 µg/kg/day. Pulmonary deposited doses were 0, 8.05, 27.5, or 81 
µg/kg/day, respectively. 

 Animal #4002 in the MD group developed ventricular arrhythmias that were present 
on all ECGs starting at the week 13 predose interval through day 98 of the recovery 
phase. The combination of ventricular arrhythmias seen in this animal was not 
considered a normal variant. It was noted that the finding was not dose responsive; 
however, antimuscarinic agents such as TD-4208 were known to have effects on 
cardiac ECGs. The arrhythmias were not present at the 28-day recovery ECG and 
might be considered reversible.

 There was an increase in heart rate (shortening of the RR interval) in males in the 
HD group at the week 13 postdose interval. The higher heart rate was accompanied 
by an expected shortening of the QT interval. Similar trends in heart rate, RR and 
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QT intervals were also observed in females, but did not achieve statistical 
significance. The QTc interval was also shorter in males at HD group at the week 13 
postdose interval. There was no effect of the inhalation of TD-4208 at any dose level 
on the PR interval or QRS duration. No significant differences in quantitative ECG 
parameters were observed in females. The heart rate effects and secondary 
changes to the QT interval resolved on the first day of recovery (day 92).

 Reduced tear production was observed for dogs in the HD group at weeks 4 and 13. 
All animals, except for two (M#4005 and F#4505) at HD group, resolved during the 
recovery phase. This was attributed to the known pharmacologic actions of 
muscarinic receptor antagonists.

 Plasma Cmax and AUC values for TD-4208 and THRX-195518 increased in an 
approximate dose proportional manner. Cmax and AUC values were comparable for 
male and female rats. Cmax values were relatively comparable on days 1 and 91. 
However, AUC values at day 1 were lower than values on day 91. Approximately 1.5 
to 3-fold accumulation of AUC values was noted at all doses. TD-4208 levels were 
below the level of quantitation in LD animals on day 1. 

 There were no TD-4208 related adverse effects in dogs at any dose identified from 
gross pathology or histopathology examinations after 13 weeks of treatment. ECG 
parameters were judged to be clinically monitorable. The HD was used for exposure 
margin calculations. AUC values for TD-4208 on day 91 for males and females in 
the high dose group were 15.0 and 14.6 ng.hr/mL, respectively. AUC values for the 
amide hydrolysis metabolite on day 91 for males and females in the high dose group 
were 28.5 and 23.5 ng.hr/mL, respectively.
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Table 11 Design of the 13-week inhalation toxicology study with dogs

(Excerpted from the Sponsor’s submission)

Chamber Aerosol Concentration
Gravimetric analysis of actual positive flow delivery system (PFDS) aerosol 
concentrations were measured at least twice during each exposure from a reference 
sampling mask. Filters were submitted to  
for chemical analysis (measurement of TD-4208 free base by HPLC) of TD-4208 on day 
1, weekly, and day 91 (for each replicate).

Particle Size Distribution
Particle size distribution analysis was performed on all groups once weekly during the 
exposure period. Samples were collected gravimetrically from a reference sampling 
mask using a cascade impactor. This method classified these samples into a series of 
size ranges. Filters (excluding control group) were submitted to  

 for chemical analysis of TD-4208. The mass median 
aerodynamic diameter and its geometric standard deviation were calculated using a 
computer program based on the Andersen Operating Manual TR#76-900016 (January 
1979 revision) using the gravimetric and/or analytical data. MMAD values were within 
the respirable range of 1 to 5 µm.
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The following formula was used for calculation of TD-4208 achieved doses 
(µg/kg/day) 

(Excerpted from the Sponsor’s submission)

Table 12 Estimated achieved doses of TD-4208 in the 13-week inhalation 
toxicology study with dogs

Group Number Average 
Achieved 
Chamber 
Aerosol 

Concentration 
(µg/L)

Estimated 
Achieved Dose 

(µg/kg/day)

MMAD* (µM) GSD**

1 0 Males: 0
Females: 0
Average: 0

1.0 2.2

2 Males: 1.31
Females: 1.32
Average: 1.32

Males: 32.3
Females: 32.1
Average: 32.2

1.0 1.9

3 Males: 4.46
Females: 4.47
Average: 4.47

Males: 109
Females: 111
Average: 110

1.1 2.0

4 Males: 11.2
Females: 11.1
Average: 11.2

Males: 323
Females: 325
Average: 324

1.1 2.0

*MMAD=Mass Median Aerodynamic Diameter
**GSD=Geometric Standard Deviation

Table 13 Doses of TD-4208 in dogs expressed on a µg/g lung weight/day basis
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Deposited 
dose 
µg/kg/day

Sex Body weight
kg (Week 13)

Total 
deposited 
dose, µg/day

Lung 
weight
G

Dose
µg/g LW/day

Males 9.0 72.45 72.663 1.00
Females 7.6 61.18 67.073 0.918.05
Average 8.3 66.82 69.868 0.95
Males 9.4 259.05 74.666 3.47
Females 8.2 224.68 70.628 3.1827.5
Average 8.8 241.86 72.647 3.33
Males 8.8 712.80 72.388 9.85
Females 8.3 672.30 62.588 10.7481
Average 8.6 692.55 67.488 10.29

*Assumes 25% deposition fraction
**Mean lung weight at necropsy
Observations and Results
Mortality: A viability check (including a check for signs of ill health or reaction to 
treatment) was performed twice daily.

There were no mortalities during the study.

Clinical Signs: During the treatment period, main and recovery animals were examined 
daily, pre and post dosing, for recurring clinical signs. Detailed observations were 
performed on animals once during week -1, prior to initiation of dosing, and weekly 
thereafter throughout dosing and recovery phases.

There were no treatment-related clinical signs.

Body Weights: Body weights were measured once weekly. 

No treatment-related effects on body weight gain were observed.

Table 14 Absolute body weights in the 13-week inhalation toxicology study with 
dogs

Males Females
TD-4208 Achieved Dose (µg/kg/day) TD-4208 Achieved Dose (µg/kg/day)Body weight

Parameter
0 32.3 110.0 324.0 0 32.3 110.0 324.0

BW, Wk 1 7.4 7.6 7.4 7.2 6.6 6.7 6.9 7.0
BW, Wk 13 9.3 9.0 9.4 8.8 8.3 7.6 8.2 8.3
Δ BW 1.9 1.4 2.0 1.6 1.7 0.9 1.3 1.3
% of Day 0 25.0 18.7 26.8 22.6 25.6 13.1 19.3 18.9
% cont BW Wk 13 100.0 97.3 101.8 95.1 100.0 92.1 99.0 100.6
         
BW, Wk 14 8.8 9.5 9.8 8.9 8.2 7.3 7.3 7.4
BW, Wk 17 9.2 10.4 10.3 9.5 8.5 7.5 7.6 7.9
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% of control 100.0 112.5 112.0 102.7 100.0 88.2 89.9 92.9

Feed Consumption: Individual food consumption was measured during the week prior 
to treatment and daily throughout the treatment and recovery periods.

There were no treatment-related effects on food consumption.

Ophthalmoscopy: Ophthalmic examinations were conducted prior to the start of dosing 
and during week 13.

There were no treatment-related ophthalmic findings at week 13. Observed ophthalmic 
findings were judged to be spontaneous in nature and unrelated to treatment.

ECG: Electrocardiogram examinations were performed once during the predose phase, 
once during week 13 (prior to dosing and within 30 minutes after dosing), once daily for 
the first week, and once during week 17 in the recovery phase (recovery dogs). The 
following ECG parameters were manually measured: heart rate and/or RR interval, PR 
and QT interval. QRS complex and QTc (using Van de Water’s formula) were 
calculated. The heart rate was calculated from the number of R waves in 11.2 seconds. 
The average RR interval was calculated from the heart rate. A representative complex 
with an RR interval approximating the average RR interval was used to measure the PR 
and QT intervals and QRS duration.

Animal #4002 in the MD group developed ventricular arrhythmias that were present on 
all ECGs starting at the week 13 predose interval through day 98 of the recovery phase. 
The combination of ventricular arrhythmias seen in this animal was not considered a 
normal variant. It was noted that the finding was not dose responsive; however, 
antimuscarinic agents such as TD-4208 were known to have effects on cardiac ECGs. 
The arrhythmias were not present on the 28-day recovery ECG and hence, if test item 
related, appear to be reversible.

There was an increase in heart rate (shortening of the RR interval) at the week 13 
postdose interval in animals in the HD group in Table 15 and Table 16. The higher heart 
rate was accompanied by a shortening of the QT interval in Table 18. Similar trends in 
heart rate, RR and QT intervals were also observed in females, but did not achieve 
statistical significance. The QTc interval was also shorter in males at HD group at the 
week 13 postdose interval. As the QTc interval at the week 13 postdose interval was 
comparable to the predose value (predose 228 msec; postdose 224.3 msec), the 
shorter QTc interval compared to vehicle may reflect an inability of the correction 
formula to adequately compensate for the degree of heart rate increase. There was no 
effect of the inhalation of TD-4208 at any dose level on the PR interval or QRS duration. 
No significant differences in quantitative ECG parameters were observed in females. 
The heart rate effect and secondary changes to the QT interval resolved on the first day 
of recovery (day 92).
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Table 15 ECG summary in 13-week inhalation study in dogs: heart rate 
(beats/minute)

Males Females
TD-4208 Achieved Dose 

(µg/kg/day)
TD-4208 Achieved Dose 

(µg/kg/day)Parameter1

0 32.3 110.0 324.0 0 32.3 110.0 324.0
Prestudy 98.2 96.5 110.7 102 110.7 117.2 97.5 109.2
% Change from 
prestudy 0 0 0 0 0 0 0 0

         
% Change from Control 0.0 -1.7 12.7 3.9 0.0 5.9 -11.9 -1.4
Week 13 predose 91.2 87.3 95.5 102 103.7 91 92.7 99
% Change from 
prestudy -7.1 -9.5 -13.7 0.0 -6.3 -22.4 -4.9 -9.3

         
% Change from Control 0.0 -4.3 4.7 11.8 0.0 -12.2 -10.6 -4.5
Week 13 postdose 92 94.7 92.8 149* 117.2 94.7 96.5 138.7
% Change from 
prestudy -6.3 -1.9 -16.2 46.1 5.9 -19.2 -1.0 27.0

         
% Change from Control 0.0 2.9 0.9 62.0 0.0 -19.2 -17.7 18.3
Day 92 (1st recovery 
day) 104.5 72.5 85.5 86 107.5 77.5 67 85.5

% Change from 
prestudy 6.4 -24.9 -22.8 -15.7 -2.9 -33.9 -31.3 -21.7

         
% Change from Control 0.0 -30.6 -18.2 -17.7 0.0 -27.9 -37.7 -20.5

Abbreviations: % = percent
*Statistical significance from control group by Dunnett, p ≤ 0.01 (statistical analysis performed by the 
Applicant)

Table 16 ECG summary in 13-week inhalation study in dogs: RR (msec)
Males Females

TD-4208 Achieved Dose 
(µg/kg/day)

TD-4208 Achieved Dose 
(µg/kg/day)Parameter1

0 32.3 110.0 324.0 0 32.3 110.0 324.0
Prestudy 642.2 629.2 545.7 618.7 547.5 525.2 627.7 578.2
% Change from 
prestudy 0 0 0 0 0 0 0 0

         
% Change from Control 0.0 -2.0 -15.0 -3.7 0.0 -20.1 72.4 27.7
Week 13 predose 687.3 699.2 643.7 622.2 599.8 676.7 670.7 639
% Change from 
prestudy 7.0 11.1 18.0 0.6 9.6 28.8 6.9 10.5

         
% Change from Control 0.0 1.7 -6.3 -9.5 0.0 12.8 11.8 6.5
Week 13 postdose 664.2 653.8 684.8 418.2* 519.5 664.5 637.3 446.7
% Change from 
prestudy 3.4 3.9 25.5 -32.4 -5.1 26.5 1.5 -22.7

         
% Change from Control 0.0 -1.6 3.1 -37.0 0.0 27.9 22.7 -14.0
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Day 92 (1st recovery 
day) 574.5 828.5 704.5 698 559.5 775 897.5 712.5

% Change from 
prestudy -10.5 31.7 29.1 12.8 2.2 47.6 43.0 23.2

         
% Change from Control 0.0 44.2 22.6 21.5 0.0 38.5 60.4 27.3

Abbreviations: % = percent
*Statistical significance from control group by Dunnett, p ≤ 0.01 (statistical analysis performed by the 
Applicant)

Table 17 ECG summary in 13-week inhalation study in dogs: PR (msec)
Males Females

TD-4208 Achieved Dose 
(µg/kg/day)

TD-4208 Achieved Dose 
(µg/kg/day)Parameter1

0 32.3 110.0 324.0 0 32.3 110.0 324.0
Prestudy 93.2 87.7 91.7 84.5 90.3 85.5 87.7 83.2
% Change from 
prestudy 0 0 0 0 0 0 0 0

         
% Change from Control 0.0 -5.9 -1.6 -9.3 0.0 -4.3 -2.3 -6.4
Week 13 predose 86 87.8 83.3 85.8 82.8 86.7 87 83.3
% Change from 
prestudy -7.7 0.1 -9.2 1.5 -8.3 1.4 -0.8 0.1

         
% Change from Control 0.0 2.1 -3.1 -0.2 0.0 4.7 5.1 0.6
Week 13 postdose 86.2 83.5 84 73.7 85.5 81.7 81 76.8
% Change from 
prestudy -7.5 -4.8 -8.4 -12.8 -5.3 -4.4 -7.6 -7.7

         
% Change from Control 0.0 -3.1 -2.6 -14.5 0.0 -4.4 -5.3 -10.2
Day 92 (1st recovery 
day) 93.5 82 78 86 85.5 85 83.5 86.5

% Change from 
prestudy 0.3 -6.5 -14.9 1.8 -5.3 -0.6 -4.8 4.0

         
% Change from Control 0.0 -12.3 -16.6 -8.0 0.0 -0.6 -2.3 1.2

Abbreviations: % = percent

Table 18 ECG summary in 13-week inhalation study in dogs: QT (msec)
Males Females

TD-4208 Achieved Dose 
(µg/kg/day)

TD-4208 Achieved Dose 
(µg/kg/day)Parameter1

0 32.3 110.0 324.0 0 32.3 110.0 324.0
Prestudy 204.3 203.7 200.7 202.5 197.3 199.5 207.5 194
% Change from 
prestudy 0 0 0 0 0 0 0 0

         
% Change from Control 0.0 -0.3 -1.8 -0.9 0.0 1.1 5.2 -1.7
Week 13 predose 204.8 207.5 209.3 194.8 196.7 209.7 203 196.8
% Change from 
prestudy 0.2 1.9 4.3 -3.8 -0.3 5.1 -2.2 1.4

         
% Change from Control 0.0 1.3 2.2 -4.9 0.0 6.6 3.2 0.1
Week 13 postdose 205 199.2 211.6 173.8* 193.5 204.3 205.2 181.2
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% Change from 
prestudy 0.3 -2.2 5.4 -14.2 -1.9 2.4 -1.1 -6.6

         
% Change from Control 0.0 -2.8 3.2 -15.2 0.0 5.6 6.0 -6.4
Day 92 (1st recovery 
day) 200 216 226 210.5 207 211 220 203

% Change from 
prestudy -2.1 6.0 12.6 4.0 4.9 5.8 6.0 4.6

         
% Change from Control 0.0 8.0 13.0 5.3 0.0 1.9 6.3 -1.9

Abbreviations: % = percent
*Statistical significance from control group by Dunnett, p ≤ 0.01 (statistical analysis performed by the 
Applicant)

Hematology: Blood samples for measurement of a complete panel of hematology 
parameters were collected during the week prior to treatment, week 13 (main study), 
and week 17 (recovery dogs).

There were no treatment-related effects on hematology parameters.

Clinical Chemistry: Blood samples for measurement of a complete panel of clinical 
chemistry parameters were collected during the week prior to treatment, week 13 (main 
study), and week 17 (recovery dogs).

Changes of clinical chemistry parameters were generally small and their biological 
significance was unclear.

Urinalysis: Urine samples for measurement of urinalysis parameters were collected 
overnight during the week prior to treatment, week 13 (main study), and week 17 
(recovery dogs).

There were no treatment-related effects on urinalysis parameters.

Gross Pathology: At the time of main study and recovery study necropsies, dogs were 
fasted overnight, anesthetized with an intravenous injection of sodium pentobarbital, 
euthanized by exsanguination, and subjected to a complete necropsy. The macroscopic 
examinations included the carcass and musculoskeletal system, all external body 
surfaces and orifices, the thoracic, abdominal, pelvic and cranial cavities and their 
associated organs and tissues.

There were no treatment-related effects.

Organ Weights: Absolute and relative organ weights were measured for the adrenals, 
brain, heart, kidneys, liver, lungs, ovaries, pituitary gland, prostate, spleen, testes, 
thymus, thyroid/parathyroid gland, and uterus.

There were no treatment changes of organ weights.
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Histopathology: 

Adequate Battery: A complete panel of tissues was submitted to histopathological 
examination. Preserved tissues from each dog were embedded in paraffin, sectioned, 
stained with hematoxylin and eosin, and examined microscopically. All tissues listed in 
Table 19 were examined microscopically for main study and recovery study dogs.

Table 19 Tissues collected in the 13-week inhalation toxicology study with dogs

(Excerpted from the Sponsor’s submission)

Peer Review: A peer review of selected microscopic tissue sections and pathology data 
interpretation was conducted by a pathologist. The peer review pathologist and study 
pathologist concurred on the histopathologic diagnoses and the interpretation of the 
pathology data.
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Histological Findings: Most histopathology findings were of low incidence (incidental) 
and were not considered test article-related. 

Table 20 Histopathological findings at the end of the 13-week treatment and 4-
week recovery periods

TD-4208 Achieved Dose (µg/kg/day)
Males Females

Organ/Tissue Time

0 32.3 110.0 324.0 0 32.3 110.0 324.0
Lymph node Term
-Erythrocytosis - 2/2 1/1 1/1 - - - -
Minimal - 0/2 0/1 1/1 - - - -
Mild - 0/2 1/1 0/1 - - - -
Moderate - 2/2 0/1 0/1 - - - -
Thymus Term
-Hemorrhage, minimal 0/4 0/4 1/4 1/4 0/4 0/4 1/4 1/4
Thymus Rec         
-Hemorrhage, minimal  0/4 0/4 0/4 0/4 0/4 0/4 1/4 0/4

Special Evaluation: Tear Production was evaluated by the Schirmer tear test prior to 
the start of dosing and during weeks 4, 13, and 17 (recovery dogs).

Reduced tear productions were observed in 10/12 dogs in the HD group at week 4 and 
8/12 dogs in the HD group at week 13. All animals, except for two dogs in the HD group 
(M#4005 and F#4505), resolved during the recovery phase. This is related to the known 
pharmacologic actions of muscarinic receptor antagonist.

Males Females
TD-4208 Achieved Dose (µg/kg/day) TD-4208 Achieved Dose (µg/kg/day)

Parameter

0 32.3 110.0 324.0 0 32.3 110.0 324.0
Prestudy 14.9 18.9 19.2 17.8 15.8 16.8 18.8 17.2
Week 4 17.2 18.4 17.8 13.3 16.5 16.3 18.5 13.1
Week 13 17.6 18.7 15.8 14.4 15.3 16.6 15.3 16.4

Toxicokinetics: Blood was collected from a jugular vein on days 1 and 91 (week 13), of 
the dosing phase at predose and 1, 1.5, 2, 4, 6, and 24 hours postdose.  Plasma 
samples were assayed for TD-4208 and metabolite THRX-1985518 using a validated 
LC/MS/MS method with a lower limit of quantitation (<0.100 ng/mL).  TK parameters 
that were calculated included Cmax, Tmax, and AUC0-24.

Plasma Cmax and AUC values for TD-4208 and THRX-195518 increased in an 
approximate dose proportional manner. Cmax and AUC values were comparable for 
male and female dogs. Cmax values were relatively comparable on days 1 and 91. 
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However, AUC values on day 1 were lower than values on day 91. Approximately 1.5 to 
3-fold accumulation of AUC values was noted at all doses. TD-4208 levels were below 
the level of quantitation in LD animals on day 1.

Table 21 Toxicokinetic parameters for TD-4208 in dogs on days 1 and 91

(Excerpted from the Sponsor’s submission)

Table 22 Toxicokinetic parameters for THRX-195518 in dogs on days 1 and 91

NA: Not applicable. Note: Median values are presented for Tmax.

Reference ID: 4275475Reference ID: 4290612



IND # 119840 Reviewer: Wei Sun, Ph.D.

39

(Excerpted from the Sponsor’s submission)

Dosing Solution Analysis: Dose formulation samples from control, LD, MD, and HD 
groups were analyzed for concentration (middle stratum) at least once during the 
prestudy period and weekly during weeks 1 to 13 of the dosing period. The measured 
concentrations for the control samples (0 mg/mL) were all below the lower limit of 
quantitation. The mean measured concentrations for the LD, MD, and HD samples were 
all within 10% of their respective theoretical concentrations (individual values within 
15%), which met the acceptance criteria.

11 Integrated Summary and Safety Evaluation
TD-4208 is an inhaled small molecule muscarinic receptor antagonist under 
development for COPD by Theravance (IND 119840). The sponsor has proposed a 
clinical dose of TD-4208 at 175 µg/day in subjects with COPD. The sponsor submitted 
study reports for a 26-week toxicology study in rats and a 13-week toxicology study in 
dogs to support the clinical dosing.

Study reports for ADME, genetic toxicology, short-term toxicology studies, and a 39-
week toxicology study in dogs were submitted and reviewed separately.

26-week inhalation toxicology study in rats (study # 14-003-04): In a 26-week 
inhalation toxicology study, rats received TD-4208 at inhaled doses of 0, 125, 331, or 
1260 µg/kg/day. Pulmonary deposited doses were 0, 12.5, 33.1, or 126 µg/kg/day, 
respectively. Target organs of toxicity were the larynx and nasal cavity. Findings in the 
larynx were judged to be rodent-specific (i.e., nonspecific irritant effects associated with 
aerosol inhalation) and irrelevant to humans. Findings in the nasal cavity were judged to 

N  N  app b  t : M d n a e   e   
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be irrelevant to human subjects that will receive the drug by oral inhalation. Additional 
findings in the pharynx and epididymis observed primarily in the high dose group were 
of low incidence and relationships of these findings to treatment were unclear. Plasma 
Cmax and AUC values for TD-4208 and THRX-195518 (major metabolite) increased in 
an approximate dose proportional manner. There was drug accumulation over the 
course of the study period. Doses for males and females in the high dose group, 
expressed on µg per gram lung weight basis, were 44.69 and 32.53 µg/kg/day, 
respectively. AUC values during week 26 for TD-4208 in males and females in the HD 
group were 47.5 and 73.8 ng*hr/mL, respectively. AUC values during week 26 for the 
amide hydrolysis metabolite in males and females in the HD group were 19.2 and 20.1 
ng*hr/mL, respectively. The NOAEL was identified as the high dose given that 
histopathological findings were not considered relevant to human subjects.

13-week inhalation toxicology study in dogs (study # 13-003-49): In a 13-week 
inhalation toxicology study, dogs received TD-4208 at inhaled doses of 0, 32.2, 110, or 
324 µg/kg/day. Pulmonary deposited doses were 0, 8.05, 27.5, or 81 µg/kg/day, 
respectively. Animal #4002 in the MD group developed ventricular arrhythmias that 
were present on all ECGs starting at the week 13 predose interval through day 98 of the 
recovery phase. The combination of ventricular arrhythmias seen in this animal was not 
considered a normal variant. It was noted that the finding was not dose responsive; 
however, antimuscarinic agents such as TD-4208 were known to have effects on 
cardiac ECGs. The arrhythmias were not present on the 28-day recovery ECG and 
hence, if test item related, appear to be reversible. There was an increase in heart rate 
(shortening of the RR interval) in males at HD group at the week 13 postdose interval. 
The higher heart rate was accompanied by a shortening of the QT interval. Similar 
trends in heart rate, RR and QT intervals were also observed in females, but did not 
achieve statistical significance. The QTc interval was also shorter in males at HD group 
at the week 13 postdose interval. There was no effect of the inhalation of TD-4208 at 
any dose level on the PR interval or QRS duration. No significant differences in 
quantitative ECG parameters were observed in females. The heart rate effect and 
secondary changes to the QT interval resolved on the first day of recovery (day 92). 
There was reduced tear production for dogs in the HD group at week 4 and 13. All 
animals, except for two dogs in the HD group (M#4005 and F#4505), resolved during 
the recovery phase. This was related to the known pharmacologic actions of muscarinic 
receptor antagonist. Plasma Cmax and AUC values for TD-4208 and THRX-195518 
increased in an approximate dose proportional manner. Cmax and AUC values were 
comparable for male and female rats. Cmax values were relative comparable on days 1 
and 91. However, AUC values at day 1 were lower than values at days 91. 
Approximately 1.5 to 3-fold accumulation of AUC values was noted at all doses. TD-
4208 levels were below the level of quantitation in low-dose animals on day 1. There 
were no TD-4208 related adverse effects in dogs at any dose identified from gross 
pathology or histopathology examinations after 13 weeks of treatment. ECG parameters 
were clinically monitorable. The HD was used for exposure margin calculations. AUC 
values for TD-4208 on day 91 for males and females in the high dose group were 15.0 
and 14.6 ng.hr/mL, respectively. AUC values for the amide hydrolysis metabolite on day 
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1.3 Recommendations
1.3.1 Approvability
Refer to Primary Pharmacology/Toxicology NDA 210598 Review and Evaluation.

There are no outstanding nonclinical issues with the specification limits for impurities.
1.3.2 Additional Nonclinical Recommendations
None

2 Drug Information
2.1 Drug
CAS Registry Number
864750-70-9

Trade name
Yupelri

Generic Name
revefenacin

Code Name
TD-4208, THRX-134853, GSK1160724A

Chemical Name
1-(2-{4-[(4-carbamoylpiperidin-1-yl)methyl]-N-methylbenzamido}ethyl)piperidin-4-yl N-
({1,1'-biphenyl}-2-yl)carbamate

Molecular Formula
C35H43N5O4

Molecular Weight
597.76
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in the high-dose groups were 15.0 and 14.6 ng*hr/mL, respectively.  After repeat-dose 
inhalation of revefenacin, mean AUC0-24hr for metabolite THRX-195518 at Week 13 (Day 
91) for males and females in the high-dose groups were 28.5 and 23.5 ng*hr/mL, 
respectively.

39-Week Inhalation Toxicity Study in Dogs (Study No. CRN:  14-003-05)
In the 39-week inhalation study in dogs (Study No. CRN:  14-003-05), animals received 
revefenacin free base (lot # LM-X-4208-02, 97.90% purity) in a citrate-buffered saline 
nebulized aerosol at target doses of 0, 30, 100, or 300 mcg/kg/day (achieved doses of 
0, 30, 124, or 315 mcg/kg/day).  There was a 28-day recovery period.  There were no 
deaths that were attributed to treatment with revefenacin.  A decrease in mean body 
weight (up to -14%) and body weight gain (-31%) that correlated with decreased food 
consumption was noted in male dogs treated with high-dose revefenacin.  Decreases in 
body weight and body weight gain were not evident during the recovery period.  
Treatment with the high-dose of revefenacin increased heart rate (as much as +47% 
compared to predose on the day of dosing) and decreased the RR, PR, and QT 
intervals in male and female dogs.  These findings were considered adverse, but were 
expected pharmacodynamic effects of the drug, which are considered monitorable in a 
clinical setting.  There were no notable effects of the test article on the QRS interval or 
the QTcV interval.  Treatment with mid-dose and high-dose revefenacin decreased 
mean tear production in males and female dogs (Weeks 6, 13, and 39) (attributed to the 
known pharmacologic actions of muscarinic receptor antagonists).  There were no 
notable histopathology findings.

The NOAEL was identified as the mid-dose (target dose of 100 mcg/kg/day; achieved 
dose of 124 mcg/kg/day), based on adverse findings of increased heart rate in high-
dose male and female dogs.  Since this finding at the mid-dose is considered a 
pharmacodynamic effect of treatment that is monitorable in a clinical setting, and there 
were no notable test-article related histopathological findings at the high-dose, the high-
dose (target dose of 300 mcg/kg/day; achieved dose of 315 mcg/kg/day) was 
considered for exposure margin calculations.  After repeat-dose inhalation of 
revefenacin, mean AUC0-24hr for revefenacin at Week 39 for males and females in the 
high-dose groups were 20.8 and 22.5 ng*hr/mL, respectively.  After repeat-dose 
inhalation of revefenacin, mean AUC0-24hr for metabolite THRX-195518 at Week 39 for 
males and females in the high-dose groups were 42.5 and 40.5 ng*hr/mL, respectively.

A comparison between the animal and clinical levels of each impurity was made on a 
systemic basis (pulmonary deposited dose) and local basis (lung weight) (see Table 7, 
Table 8, Table 9, Table 10, and Table 11).  Based on the proposed human dose of 175 
mcg/day, and the proposed specification limit of NMT %, the maximum clinical level 
of the specified impurities would be  mcg/kg based on pulmonary deposited dose 
(assuming 100% deposition and 60 kg adult body weight) and  mcg/g based 
on the dose by lung weight (assuming 1000 kg lung weight and 60 kg adult body 
weight).  For all five impurities both the systemic (pulmonary deposited dose) and local 
(lung weight) safety margins were greater than when considering the levels of each 
impurity/degradant at the high-doses from the 13-week dog and/or 39-week dog.
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Of note, the specification limit of NMT % is equivalent to  mcg relative to the 
175 mcg/day proposed clinical dose of revefenacin.  This is well below the TTC of 1.5 
mcg/day, which is considered an acceptable limit for mutagenic impurities in drug 
substances and drug products for indications of chronic use (such as COPD) based on 
ICH M7(R1).
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(epithelial hyperplasia of the epiglottis, inflammation, and epithelial hyperplasia).  
Findings in the larynx were considered rodent-specific and not relevant to humans.  
Mean AUC exposure of TD-4208 after inhalation administration of high-dose TD-4208 
(target dose of 300 mcg/kg/day; achieved dose of 338 mcg/kg/day) was 25.2 and 28.0 
ng*hr/mL, for males and females, respectively.  Mean AUC exposure of metabolite 
THRX-195518, after inhalation administration of high-dose TD-4208 (target dose of 300 
mcg/kg/day; achieved dose of 338 mcg/kg/day), was 5.24 and 5.11 ng*hr/mL, for males 
and females, respectively.  Based on summed AUCs of TD-4208 and metabolite THRX-
195518, the exposure margin was about 45-fold above the clinical exposure achieved 
with the proposed dosing regimen. 
TD-4208 is primarily metabolized in hepatocytes from humans and nonclinical species 
(mouse, rat, rabbit, guinea pig, and dog) by the hydrolysis of the primary amide to a 
carboxylic acid to form its major metabolite THRX-195518.  Metabolite THRX-195518 is 
more stable than TD-4208 in hepatocytes from all species tested.  Metabolite THRX-
195518 was found to be a major circulating metabolite in nonclinical species.  Thus, 
exposures in the nonclinical toxicity studies reached sufficient levels to provide an 
assessment of its toxic potential in humans. 
No statistically significant drug-related neoplastic findings were observed in male or 
female CD1 mice and male or female SD rats treated with inhaled revefenacin (TD-
4208) at maximum tolerated doses (MTDs). 
The ECAC concurred that both the 2-year rat and 2-year mouse carcinogenicity studies 
were adequate and that there were no drug-related neoplasms in males or females in 
either study. 

1.3 Recommendations 
The final study results for the 2-year rat and 2-year mouse carcinogenicity studies were 
presented to the ECAC on May 15, 2018.  The ECAC recommendations and 
conclusions are included below. 
 
Rat 

• The Committee concurred that the study was adequate, noting prior approval of 
the protocol. 

• The Committee concurred that there were no drug-related neoplasms in the 2-
year rat carcinogenicity study in either males or females. 

 
Mouse 

• The Committee concurred that the study was adequate, noting prior approval of 
the protocol. 

• The Committee concurred that there were no drug-related neoplasms in the 2-
year mouse carcinogenicity study in either males or females. 
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1.3.1 Approvability 
Refer to the main Pharmacology/Toxicology NDA Review and Evaluation. 
1.3.2 Additional Nonclinical Recommendations 
None 
1.3.3 Labeling 
Nonclinical sections of the product label are evaluated in a separate review. 

2 Drug Information 
2.1 Drug 
CAS Registry Number 
864750-70-9 
 
Trade name 
Yupelri 
 
Generic Name 
revefenacin 
 
Code Names 
TD-4208, THRX-134853, and GSK1160724A 
 
Chemical Name 
1-(2-{4-[(4-carbamoylpiperidin-1-yl)methyl]-N-methylbenzamido}ethyl)piperidin-4-yl N-
({1,1'-biphenyl}-2-yl)carbamate 
 
Molecular Formula 
C35H43N5O4 
 
Molecular Weight 
597.76 
 
Structure or Biochemical Description 
 

 
 
Pharmacologic Class 
Anticholinergic 
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2.2 Relevant INDs, NDAs, BLAs and DMFs 
IND 119840 (revefenacin [TD-4208]) 

2.7 Regulatory Background 
Under IND 119840, the Sponsor submitted Special Protocol Assessment (SPA) 
requests for the 2-year inhalation carcinogenicity studies in mice and rats (Supporting 
Document Number [SDN] 13; CDER stamp date of July 14, 2014).  The SPAs were 
reviewed by the ECAC on August 19, 2014, and the ECAC concurred with the 
Sponsor’s proposed doses and design of the studies.  The ECAC noted that if the 
clinical dose were to change, such that the exposure ratios were no longer at least 25-
fold (for high-dose female mice and high-dose male rats), then the proposed studies 
may not be acceptable.  See Carcinogenicity Special Protocol Agreement dated August 
22, 2014 for additional details. 
Under IND 119840, the Sponsor submitted an amendment to the SPAs for the 2-year 
inhalation carcinogenicity studies in mice and rats (SDN 58; CDER stamp date of July 
29, 2016).  The amendment provided an update on the survival status of the then 
ongoing 2-year inhalation studies in mice and rats and a proposal for study termination 
for the two studies.  A nonclinical review agreed with the Sponsor on survival status 
(i.e., that there was not a dose-related effect on survival in mice or male rats at that 
time).  The nonclinical review also agreed with the Sponsor’s proposal for study 
termination for the two carcinogenicity studies and provided additional comments to be 
conveyed to the Sponsor (see nonclinical review and advice/information request, both 
dated August 3, 2016).  The Sponsor’s survival data and proposal for study termination 
were discussed via email with the ECAC members (August 3, 2016) and the Committee 
provided concurrence with the nonclinical reviewer’s comments to be conveyed to the 
Sponsor. 

3 Studies Submitted 
3.1 Studies Reviewed 
TD-4208:  A 104-Week Inhalation Carcinogenicity Study of a Nebulized Aerosol 
Formulation in the Albino Mouse (Sponsor Study Number:  14-003-06; GLP-compliant) 
 
TD-4208:  A 104-Week Inhalation Carcinogenicity Study of a Nebulized Aerosol 
Formulation in the Albino Rat (Sponsor Study Number:  14-003-07; GLP-compliant) 

3.3 Previous Reviews Referenced 
IND 119840 (revefenacin [TD-4208]) 
 
Special Protocol Agreement (i.e., ECAC meeting minutes) dated August 22, 2014, for 
SPA of 2-year inhalation carcinogenicity study in mice and rats 
 
Nonclinical review dated August 3, 2016 (review of survival status and Sponsor’s 
proposed study termination criteria for 2-year inhalation carcinogenicity studies in mice 
and rats) 
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Advice/Information Request dated August 3, 2016 (comments to Sponsor regarding 
survival status and Sponsor’s proposed study termination criteria for 2-year inhalation 
carcinogenicity studies in mice and rats) 
 
Nonclinical review dated January 25, 2017 (Pharmacology/Toxicology IND Review and 
Evaluation of 13-week inhalation toxicity studies of revefenacin [TD-4208] in mice and 
rats) 

8 Carcinogenicity 
Mouse 
 
Study title:  TD-4208:  A 104-Week Inhalation Carcinogenicity Study of a 
Nebulized Aerosol Formulation in the Albino Mouse 
 

Study no.: Test facility:  7300228 
Sponsor:  14-003-06 

Study report location: Electronic Document Room (EDR) 
Conducting laboratory and location: 

Date of study initiation: September 5, 2014 (Study Director 
signed the study plan) 
October 22, 2014 (dosing was initiated) 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: TD-4208, lot # LM-X-4208-02, 97.89% 
CAC concurrence: Yes (see Special Protocol Agreement 

under IND 119840, dated August 22, 
2014) 

 
Key Study Findings 

• In a 104-week inhalation carcinogenicity study, male and female CD1 mice 
received TD-4208 target doses of 0, 30, 100, and 300 mcg/kg/day (estimated 
achieved doses of 0, 31.4, 112, and 326 mcg/kg/day, respectively). 

• There was a statistically significant dose-response relationship in the mortality of 
male mice (p-value = 0.0304), which might be attributed to reduced survival for 
high-dose males.  The pairwise comparison showed a statistically significant 
decrease in mortality for low-dose males compared to control males (p-value = 
0.0067).  For females, the pairwise comparison showed a statistically significant 
increase in mortality for mid-dose females compared to control females (p-value 
= 0.0229).  However, survival for high-dose females was unaffected relative to 
control females. 
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• There were no statistically significant test article-related tumor findings in male or 
female mice. 

• The most notable test article-related non-neoplastic histopathology findings were 
in the large intestine (marked dilatation of colon and inflammation of rectum) and 
larynx (epithelial hyperplasia/metaplasia and mononuclear cell infiltration).  
Findings in the larynx were considered rodent-specific and not relevant to 
humans. 

• Mean AUC exposure of TD-4208 after inhalation administration of high-dose TD-
4208 (i.e., target dose of 300 mcg/kg/day) was 27.9 and 23.2 ng*hr/mL, for males 
and females, respectively.  Mean AUC exposure of metabolite THRX-195518, 
after inhalation administration of high-dose TD-4208 (i.e., target dose of 300 
mcg/kg/day), was 11.9 and 9.85 ng*hr/mL, for males and females, respectively. 

 
Adequacy of Carcinogenicity Study 

• The ECAC concurred with the doses and design of the study (see Special 
Protocol Agreement dated August 22, 2014). 

• The duration of treatment was adequate (i.e., 104 weeks for males and females). 
Appropriateness of Test Models 

• The CD1 mouse is considered an acceptable model for 2-year inhalation 
carcinogenicity studies. 

• The CD1 mouse achieved systemic exposures to TD-4208 and metabolite 
THRX-195518 after inhalation administration of TD-4208. 

Evaluation of Tumor Findings 
• There were no statistically significant test article-related tumor findings in male or 

female mice. 
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Methods 
Doses: Target:  0 (control), 30 (low-dose), 100 (mid-

dose), and 300 (high-dose) mcg/kg/day 
Estimated achieved:  0 (control), 31.4 (low-
dose), 112 (mid-dose), and 326 (high-dose) 
mcg/kg/day 

Frequency of dosing: Up to 70 minutes per day for 104 consecutive 
weeks 

Route of administration: Inhalation (nose-only) 
Formulation/Vehicle:  mM citrate buffered saline solution, pH 5.0 

Basis of dose selection: Dose selection, in consultation with the ECAC, 
was based on the 13-week repeat-dose 
inhalation toxicity study in CD1 mice (Study No. 
13-003-47).  In males, 300 mcg/kg/day was 
chosen as the high-dose due to excessive 
deaths at 1000 mcg/kg/day.  In females, 300 
mcg/kg/day was chosen as the high-dose 
based on a greater than 25-fold AUC exposure 
ratio (i.e., greater than 68-fold).  Mid- and low-
doses provided about 3-fold dose separation 
based on AUC exposure. 
 
In the 13-week repeat-dose inhalation toxicity 
study in mice, CD1 mice received TD-4208 
once daily via nose-only inhalation at target 
doses of 0 (vehicle control,  mM citrate 
buffered saline), 100 (low-dose), 300 (mid-
dose), or 1000 (high-dose) mcg/kg/day 
(achieved doses of 0, 98.9, 315, or 1190 
mcg/kg/day, respectively).  Particle sizes for 
low-dose, mid-dose, and high-dose groups 
were within the respirable range (i.e., 1 to 5 
mcm).  There were 21 early deaths (found 
dead or unscheduled death) during the study 
(main study animals and toxicokinetic [TK] 
animals) across all dose groups as follows:  5 
vehicle control animals, 4 low-dose animals, 2 
mid-dose animals, and 10 high-dose animals.  
All 5 deaths in the vehicle control group were 
considered accidental or procedural error (5/5).  
In the low-dose group 2/4 early deaths were 
accidental or procedural error and 2/4 were of 
unknown cause.  In the mid-dose group both 
deaths were of unknown cause (2/2).  In the 
high-dose group 3/10 early deaths were 
accidental or procedural error and 7/10 were of 
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unknown cause.  Most animals in the high-
dose group that died early of unknown cause 
had minimal to mild degeneration of the 
respiratory epithelium.  This finding was not 
seen in the low-dose and mid-dose animals 
that died early of unknown cause.  In animals 
that survived to the scheduled sacrifice, the 
test article-related target organs of toxicity were 
the nasal cavity (epithelial degeneration) and 
larynx (epithelial inflammation).  The no 
observed adverse effect level (NOAEL) was 
considered the mid-dose (300 mcg/kg/day) 
based on the increase in total deaths at the 
high-dose.  At the NOAEL, the AUC0-24hr for 
revefenacin (TD-4208) on Day 91 was 23.2 
and 25.5 ng*hr/mL for males and females, 
respectively.  At the NOAEL, the AUC0-24hr for 
metabolite THRX-195518 on Day 91 was 8.19 
and 7.76 ng*hr/mL for males and females, 
respectively. 

Species/Strain: Mice/Crl:CD1(ICR) 
Number/Sex/Group: Main study:  65 

TK study:  18 for control group and 63 for low-, 
mid-, and high-dose groups 

Age: 6 weeks of age 
Animal housing: Individually housed in wire mesh floor cages 

until randomization and then group housed (up 
to three animals of the same sex and same 
dose group) in solid bottom cages with bedding 

Paradigm for dietary restriction: No dietary restriction paradigm was used.  PMI 
Nutrition International Certified Rodent Chow 
No. 5CR4 (14% protein) was provided ad 
libitum throughout the study. 
Municipal tap water (treated by reverse 
osmosis and ultraviolet irradiation) was freely 
available to each animal via an automatic 
watering system. 

Dual control employed: No 
Interim sacrifice: No 
Satellite groups: TK (18/sex/control group and 63/sex/low-, mid-, 

and high-dose groups) 
Deviation from study protocol: Deviations were presented in the study report.  

There were no deviations that affected the 
overall integrity of the study or the 
interpretation of the study results and 
conclusions. 
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Inhalation Exposure 
All mice were exposed to nebulized aerosols of vehicle (  mM citrate buffered saline) 
or test article doses (formulated in  mM citrate buffered saline) by nose-only 
inhalation for up to 70 minutes per day for 104 consecutive weeks.  As indicated in the 
study report, aerosols were generated using a single Pari LC Plus nebulizer/group that 
was supplied with pre-dried compressed air.  Standard cylindrical flow-through nose-
only inhalation chambers were utilized.  Each chamber was of modular design with 20 
separate ports in each row into which could be inserted the conical front section of a 

 restraint tube. 
 
Atmosphere Measurements and Characterization 
Gravimetric analysis of chamber concentrations was conducted for each group from 
samples collected daily throughout the study.  Chemical analysis (measurement of TD-
4208 free base by high-performance liquid chromatography [HPLC]) of chamber aerosol 
concentrations was made from samples collected in Weeks 1, 8, 13, 16, 20, and 26, 
and monthly thereafter.  Gravimetric and chemical analyses of particle size distribution 
were conducted from inhalation exposure chambers using a cascade impactor.  
Samples were collected in Weeks 1, 8, 13, 16, 20, 26, and monthly thereafter. 
 
The mean TD-4208 chamber concentrations (overall for all weeks combined) were 
0.439, 1.57, and 4.60 mcg/L for low-dose, mid-dose, and high-dose groups, 
respectively.  The gravimetric particle size analysis for mass median aerodynamic 
diameter (MMAD) ± geometric standard deviations (GSD) was 1.3 mcm ± 2.0 for the 
control group.  The chemical particle size analysis for MMAD ± GSD were 1.3 mcm ± 
1.9, 1.2 mcm ± 1.9 and 1.3 mcm ± 2.0 for low-dose, mid-dose, and high-dose groups, 
respectively. 
 
Calculation of Achieved Dose 
The following formula was used for calculation of TD-4208 achieved doses 
(mcg/kg/day) (excerpted from Study Report): 
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Figure 1 Kaplan-Meier Survival Curves for Males in 2-Year Inhalation 
Carcinogenicity Study in Mice (FDA Statistical Reviewer’s Figure) 
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Figure 2 Kaplan-Meier Survival Curves for Females in 2-Year Inhalation 
Carcinogenicity Study in Mice (FDA Statistical Reviewer’s Figure) 

 
 
In cases where the cause of death could be determined, the most common neoplastic 
causes of death or morbidity were hemolymphoreticular tumors, hepatic tumors, lung 
tumors, subcutis tumors, uterine tumors, or vascular tumors.  Of note, lung tumors 
(bronchioloalveolar carcinomas) were observed in two mid-dose females and three 
high-dose females, but not in any control females.  The other common neoplastic 
causes of death were also of low incidence and were either of similar incidence 
between control and drug-treated groups or did not exhibit a dose-response relationship 
across groups (see Table 4). 
 
In cases where the cause of death could be determined, the most common non-
neoplastic findings contributing to death were seen in the rectum, ovary, uterus, or 
urogenital tract.  Of note, in the rectum, inflammation was observed in two mid-dose 
males and two high-dose males, but not in any control males.  The other common non-
neoplastic causes of death were either also of low incidence, similar incidence between 
control and drug-treated groups, or did not exhibit a dose-response relationship across 
groups (see Table 4). 
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Table 4 Summary of Common Causes of Death or Morbidity in 2-Year 
Inhalation Carcinogenicity Study in Mice (Applicant’s Table) 

 
 
Clinical Signs 
Detailed clinical observations were performed weekly from Week -1 and included 
evaluation of the skin, fur, eyes, ears, nose, mouth, external genitalia, limbs and feet, 
respiratory and circulatory effects, autonomic effects such as salivation, and nervous 
system effects including tremors, convulsions, reactivity to handling, and unusual 
behavior.  Select clinical observations that were seen in a greater number of high-dose 
animals compared to control animals are shown in Table 5, although none of the clinical 
observations were considered test article-related.  As part of the detailed examination, 
palpable masses were recorded and monitored.  Generally, clinically observed masses 
occurred in a similar number of animals across the control, low-dose, mid-dose, and 
high-dose groups (7, 9, 11, and 14, respectively, for males; 5, 6, 3, and 8, respectively, 
for females). 
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Figure 4 Mean Body Weights in Females in 2-Year Inhalation Carcinogenicity 
Study in Mice 

 
Note: 
Beyond Day 708, in most cases, the number of body weight measures used to calculate the mean were 
less than 10. 
 
Feed Consumption 
Animals had access ad libitum to PMI Nutrition International Certified Rodent Chow No. 
5CR4 (14% protein) and municipal tap water (treated by reverse osmosis and ultraviolet 
irradiation) via an automatic watering system.  Food consumption was quantitatively 
measured once before treatment and weekly throughout the first 14 weeks of treatment, 
and monthly thereafter.  There were no test article-related effects on food consumption. 
Gross Pathology 
Sacrificed animals were euthanized by exsanguination from the abdominal aorta after 
isoflurane anesthesia.  Complete necropsy examinations were performed on all main 
study animals (i.e., unscheduled deaths and scheduled euthanasia).  Notable gross 
pathology findings are shown in Table 7.  Incidences of findings per group were 
generally small.  Most prominently, there was in increase in the number of mid-dose and 
high-dose males compared to control males with dilatation of the gallbladder and large 
intestine (cecum, colon, and rectum).  Mid-dose and high-dose males also had 
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Table 8 Tissue Collection for 2-Year Inhalation Carcinogenicity Study in Mice 
(Applicant’s Table) 

 
 
Peer Review 
Yes.  A peer review was conducted at the Test Facility.  The peer review statement 
indicates that there were no significant differences of opinion between the findings of 
the reviewing pathologist and the study pathologist, and that the pathology report 
reflects agreed upon observations and conclusions of both pathologists. 
 
Neoplastic 
Tumor findings were evaluated separately for males and females.  Tumor analysis was 
performed on combined and malignant neoplasms using the tumor combination method 
of Brix, Hardisty, and McConnell.1  Lymphomas, mesotheliomas, histiocytic sarcomas, 
and hemangiomas and hemangiosarcomas were combined across organs/tissues 
(whole body/multicentric).  When evaluating tumor incidence, the FDA Statistical 
                                            
1Brix AE, Hardisty JF, and McConnell EE.  2010.  Chapter 28:  Combining neoplasms for evaluation of 
rodent carcinogenesis studies.  Cancer Risk Assessment, edited by Ching-Hung Hsu and Todd 
Stedeford, John Wiley and Sons, Inc. 
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Table 11 Toxicokinetic Sample Collection Time Points for 2-Year Inhalation 
Carcinogenicity Study in Mice (Applicant’s Table) 

 
 
As shown in Table 12, after inhalation of TD-4208, mean Tmax for TD-4208 was reached 
at 1.17 hours for both males and females in all drug-treated groups on Day 1 and Day 
182.  After repeat exposure to TD-4208 (Day 182), mean AUC and mean Cmax were 
generally similar for males and females and approximately dose proportional.  There 
was some evidence of drug accumulation (based on Cmax and AUC) for high-dose 
males and females over the time course of repeat dosing (Day 1 vs. Day 182). 
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Table 12 Summary Toxicokinetics for TD-4208 for 2-Year Inhalation 
Carcinogenicity Study in Mice (Applicant’s Table) 

 
 
As shown in Table 13, after inhalation of TD-4208, mean Tmax for metabolite THRX-
195518 was reached at 1.17 hours for both males and females in all drug-treated 
groups on Day 1 and Day 182.  On Day 1, mean AUC values were not reported for low- 
and mid-dose male and female groups.  On Day 182, mean AUC values were not 
reported for low-dose male and female groups and the mid-dose male group.  After 
repeat exposure to TD-4208 (Day 182), mean Cmax for metabolite THRX-195518 was 
generally similar for males and females, and approximately dose proportional.  There 
was some evidence of metabolite accumulation (based on Cmax and AUC) for high-dose 
males and females over the time course of repeat dosing (Day 1 vs. Day 182). 
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Table 13 Summary Toxicokinetics for Metabolite THRX-195518 for 2-Year 
Inhalation Carcinogenicity Study in Mice (Applicant’s Table) 

 
 
Dosing Solution Analysis 
Dose formulation samples from control, low-dose, mid-dose, and high-dose groups 
were analyzed for concentration (middle stratum) at least once during the prestudy 
period and during Weeks 1, 8, 13, 16, 20, 26, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 
72, 76, 80, 84, 88, 92, 94, 98, 102, and 104 of the dosing period.  The measured 
concentrations for the control samples (0 mg/mL) were all below the lower limit of 
quantitation.  The mean measured concentrations for the low-dose, mid-dose, and high-
dose samples were all within 10% of their respective theoretical concentrations 
(individual values within 15%), which met the acceptance criteria. 
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Rat 
 
Study title:  TD-4208:  A 104-Week Inhalation Carcinogenicity Study of a 
Nebulized Aerosol Formulation in the Albino Rat 
 

Study no.: Test facility:  7300229 
Sponsor:  14-003-07 

Study report location: EDR 
Conducting laboratory and location: 

Date of study initiation: September 5, 2014 (Study Director 
signed the study plan) 
October 8, 2014 (dosing was initiated) 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: TD-4208, lot # LM-X-4208-02, 97.89% 
CAC concurrence: Yes (see Carcinogenicity Special 

Protocol Agreement under IND 119840, 
dated August 22, 2014) 

 
Key Study Findings 

• In a 104-week inhalation carcinogenicity study, male and female SD rats 
received TD-4208 target doses of 0, 30, 100, and 300 mcg/kg/day (estimated 
achieved doses of 0, 29.6, 107, and 338 mcg/kg/day, respectively). 

• There were no test article-related effects on mortality. 

• There were no statistically significant test article-related tumor findings in male or 
female rats. 

• The most notable test article-related non-neoplastic histopathology findings were 
in the larynx (epithelial hyperplasia of the epiglottis, inflammation, and epithelial 
hyperplasia).  Findings in the larynx are considered rodent-specific and not 
relevant to humans. 

• Mean AUC exposure of TD-4208 after inhalation administration of high-dose TD-
4208 (i.e., target dose of 300 mcg/kg/day) was 25.2 and 28.0 ng*hr/mL, for males 
and females, respectively.  Mean AUC exposure of metabolite THRX-195518, 
after inhalation administration of high-dose TD-4208 (i.e., target dose of 300 
mcg/kg/day), was 5.24 and 5.11 ng*hr/mL, for males and females, respectively. 
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Adequacy of Carcinogenicity Study 
• The ECAC concurred with the doses and design of the study (see 

Carcinogenicity Special Protocol Agreement dated August 22, 2014). 

• The duration of treatment was adequate (i.e., 104 weeks for males and females). 
Appropriateness of Test Models 

• The SD rat is considered an acceptable model for 2-year inhalation 
carcinogenicity studies. 

• The SD rat achieved systemic exposures to TD-4208 and metabolite THRX-
195518 after inhalation administration of TD-4208. 

Evaluation of Tumor Findings 
• There were no statistically significant test article-related tumor findings in male or 

female rats. 
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Methods 
Doses: Target:  0 (control), 30 (low-dose), 100 (mid-

dose), and 300 (high-dose) mcg/kg/day 
Estimated achieved:  0 (control), 29.6 (low-
dose), 107 (mid-dose), and 338 (high-dose) 
mcg/kg/day 

Frequency of dosing: Up to 70 minutes per day for 104 consecutive 
weeks 

Route of administration: Inhalation (nose-only) 
Formulation/Vehicle:  mM citrate buffered saline solution, pH 5.0 

Basis of dose selection: Dose selection, in consultation with the ECAC, 
was based on the 13-week repeat-dose 
inhalation toxicity study in SD rats (Study No. 
13-003-48).  In females, 300 mcg/kg/day was 
chosen as the high-dose due to decreases in 
body weight gain of about 20% at 1000 
mcg/kg/day.  In males, 300 mcg/kg/day was 
chosen as the high-dose based on a greater 
than 25-fold AUC exposure ratio (i.e., greater 
than 50-fold).  Mid- and low-doses provided 
about 3-fold dose separation based on AUC 
exposure. 
 
In the 13-week repeat-dose inhalation toxicity 
study in rats, SD rats received TD-4208 once 
daily via nose-only inhalation at target doses of 
0 (vehicle control,  mM citrate buffered 
saline), 100 (low-dose), 300 (mid-dose), or 
1000 (high-dose) mcg/kg/day (achieved doses 
of 0, 117, 329, or 1060 mcg/kg/day, 
respectively).  There were no unscheduled 
deaths during the study.  At Week 13, high-
dose females had a 20% decrease in body 
weight gain compared to control females (not a 
clear dose-response in low-dose and mid-dose 
females).  The test article-related target organs 
of toxicity were the nasal cavity 
(degeneration/regeneration of respiratory 
epithelium in high-dose males and 
inflammation in high-dose males and females) 
and larynx (hyperplasia/metaplasia and 
inflammation in mostly high-dose animals).  
The MTD was considered the mid-dose (300 
mcg/kg/day).  At the MTD, the AUC0-24hr for 
revefenacin (TD-4208) on Day 91 was 19.0 
and 27.3 ng*hr/mL for males and females, 
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respectively.  At the MTD, the AUC0-24hr for 
metabolite THRX-195518 on Day 91 was 3.52 
and 4.96 ng*hr/mL for males and females, 
respectively. 

Species/Strain: Rat/Crl:CD(SD) 
Number/Sex/Group: Main study:  60 

TK study:  3 for control group and 9 for low-, 
mid-, and high-dose groups 

Age: 6 weeks of age (on the first day of dosing) 
Animal housing: Individually housed in wire mesh floor cages 

until randomization and then group housed (up 
to 3 animals of the same sex and same dose 
group) in  bins with bedding 

Paradigm for dietary restriction: No dietary restriction paradigm was used.  PMI 
Nutrition International Certified Rodent Chow 
No. 5CR4 (14% protein) was provided ad 
libitum throughout the study. 
Municipal tap water (treated by reverse 
osmosis and ultraviolet irradiation) was freely 
available to each animal via an automatic 
watering system. 

Dual control employed: No 
Interim sacrifice: No 
Satellite groups: TK (3/sex/control group and 9/sex/low-, mid-, 

and high-dose groups) 
Deviation from study protocol: Deviations are presented in the study report.  

There were no deviations that affected the 
overall integrity of the study or the 
interpretation of the study results and 
conclusions. 

 
Inhalation Exposure 
All rats were exposed to nebulized aerosols of vehicle (  mM citrate buffered saline) or 
test article doses (formulated in  mM citrate buffered saline) by nose-only inhalation 
for up to 70 minutes per day for 104 consecutive weeks.  As indicated in the study 
report, aerosols were generated using either one or two Pari LC  nebulizer(s) that 
were supplied with pre-dried compressed air.  Standard cylindrical flow-through nose-
only inhalation chambers were utilized.  Each chamber was of modular design with 20 
separate ports in each row into which could be inserted the conical front section of a 

 restraint tube. 
 
Atmosphere Measurements and Characterization 
Gravimetric analysis of chamber concentrations was conducted for each group from 
samples collected daily throughout the study.  Chemical analysis (measurement of TD-
4208 free base by HPLC) of chamber aerosol concentrations was made from samples 
collected in Weeks 1, 8, 13, 16, 20, 22 (high-dose group only), 26, and monthly 
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thereafter.  Gravimetric and chemical analyses of particle size distribution were 
conducted from inhalation exposure chambers using a cascade impactor.  Samples 
were collected in Weeks 1, 8, 13, 16, 20, 26, and monthly thereafter. 
 
The mean TD-4208 chamber concentrations (overall for all weeks combined) were 
0.634, 2.28, and 7.29 mcg/L for low-dose, mid-dose, and high-dose groups, 
respectively.  The gravimetric particle size analysis for mass median aerodynamic 
diameter (MMAD) ± geometric standard deviations (GSD) was 1.3 mcm ± 2.1 for the 
control group.  The chemical particle size analysis for MMAD ± GSD were 1.2 mcm ± 
1.9, 1.3 mcm ± 2.0 and 1.4 mcm ± 2.0 for low-dose, mid-dose, and high-dose groups, 
respectively. 
 
Calculation of Achieved Dose 
The following formula was used for calculation of TD-4208 achieved doses 
(mcg/kg/day) (excerpted from Study Report): 
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Figure 5 Kaplan-Meier Survival Curves for Males in 2-Year Inhalation 
Carcinogenicity Study in Rats (FDA Statistical Reviewer’s Figure) 
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Figure 6 Kaplan-Meier Survival Curves for Females in 2-Year Inhalation 
Carcinogenicity Study in Rats (FDA Statistical Reviewer’s Figure) 

 
 
In cases where the cause of death could be determined, the most common causes of 
death or morbidity were pituitary gland tumors, mammary gland tumors, or 
hemolymphoreticular tumors.  These common causes of death were either of low 
incidence, similar incidence between control and drug-treated groups, or did not exhibit 
a dose-response relationship across groups (see Table 17). 
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Figure 8 Mean Body Weights in Females in 2-Year Inhalation Carcinogenicity 
Study in Rats 

 
Note: 
Beyond Day 707, in most cases, the number of body weight measures used to calculate the mean was 
less than 10. 
 
Feed Consumption 
Animals had access ad libitum to PMI Nutrition International Certified Rodent Chow No. 
5CR4 (14% protein) and municipal tap water (treated by reverse osmosis and ultraviolet 
irradiation) via an automatic watering system.  Food consumption was quantitatively 
measured once before treatment and weekly throughout the first 14 weeks of treatment, 
and monthly thereafter.  There were no test article-related effects on food consumption. 
Gross Pathology 
Sacrificed animals were euthanized by exsanguination from the abdominal aorta after 
isoflurane anesthesia.  Complete necropsy examinations were performed on all main 
study animals (i.e., animals euthanized in extremis, found dead, and surviving animals).  
Notable gross pathology findings are shown in Table 20, although the effect of the drug 
on these findings was uncertain since there were no clear histopathologic correlates.  
Incidences of findings per group were generally small.  Most prominently, there was an 
increase in the number of high-dose males compared with control males with small 
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Toxicokinetics 
Blood was collected by jugular venipuncture based on the schedule in Table 24.  
Plasma samples were assayed for TD-4208 and metabolite THRX-195518 using a 
validated turbo ion spray LC/MS/MS method with a lower limit of quantitation <0.100 
ng/mL for both analytes.  TK parameters that were calculated included Cmax, Tmax, and 
AUC0-24hr for TD-4208 and metabolite THRX-195518. 

Table 24 Toxicokinetic Sample Collection Time Points for 2-Year Inhalation 
Carcinogenicity Study in Rats (Applicant’s Table) 

 
 
As shown in Table 25, after inhalation of TD-4208, mean Tmax for TD-4208 was reached 
at 1.17 hours for both males and females in all drug-treated groups on Day 1, Day 91, 
and Day 182.  After repeat exposure to TD-4208 (Day 182), mean AUC and mean Cmax 
were generally similar for males and females (less than 2-fold difference).  Mean AUC 
was slightly greater than dose proportional between the low-dose and mid-dose groups, 
but generally dose proportional between the mid-dose and high-dose groups.  While 
there was some accumulation of drug between Day 1 and Day 91, by Day 182 the 
accumulation was not appreciable.  TD-4208 values in the control groups were below 
the lower limit of quantitation (i.e., <0.100 ng/mL). 
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Table 25 Summary Toxicokinetics for TD-4208 for 2-Year Inhalation 
Carcinogenicity Study in Rats (Applicant’s Table) 

 
 
As shown in Table 26, after inhalation of TD-4208, mean Tmax for metabolite THRX-
195518 was reached at 1.17 hours for both males and females in all drug-treated 
groups on Day 1, Day 91, and Day 182.  On Day 1, Day 91, and Day 182 mean AUC 
values were either not detectable or not reported for low-dose male and female groups.  
After repeat exposure to TD-4208 (Day 182), mean AUC for metabolite THRX-195518 
was generally similar for males and females and slightly greater than dose proportional 
between mid-dose and high-dose groups.  After repeat exposure to TD-4208 (Day 182), 
mean Cmax for metabolite THRX-195518 was generally similar for males and females 
and generally dose proportional. 
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As shown in Figure 9, TD-4208 undergoes considerable metabolism in rats and dogs.  
Amide hydrolysis leads to the carboxylic acid metabolite THRX-195518 (M2).  
Metabolite THRX-195518 is more stable than TD-4208 in hepatocytes from all species 
tested.  Metabolite THRX-195518 was found to be a major circulating metabolite in 
nonclinical species.  Thus, exposures in the nonclinical toxicity studies reached 
sufficient levels to provide a predictive assessment of its toxic potential in humans. 

Figure 9 Proposed Metabolic Pathway of TD-4208 in Rats and Dogs 
(Applicant’s Figure) 

 
 
The Sponsor conducted 104-week inhalation studies in mice and rats to assess the 
carcinogenic potential of TD-4208.  The ECAC concurred with the doses and design of 
the studies (see Carcinogenicity Special Protocol Agreement dated August 22, 2014 for 
additional details), based on the 13-week repeat-dose inhalation studies in CD1 mice 
and SD rats. 
In a 104-week inhalation carcinogenicity study, male and female CD1 mice received 
TD-4208 target doses of 0, 30, 100, and 300 mcg/kg/day (estimated achieved doses of 
0, 31.4, 112, and 326 mcg/kg/day, respectively).  There was a statistically significant 
dose-response relationship in the mortality of male mice, which might be attributed to 
reduced survival for high-dose males.  The pairwise comparison showed a statistically 
significant decrease in mortality for low-dose males and a statistically significant 
increase in mortality for mid-dose females compared to their respective concurrent 
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control group.  However, survival was unaffected for high-dose females.  Near the end 
of the study period (Day 708), absolute mean body weights for male and female drug-
treated groups were generally comparable to their respective concurrent control groups.  
There were no statistically significant drug-related tumor findings in male or female 
mice.  The most notable drug-related non-neoplastic histopathology findings were in the 
large intestine (marked dilatation of colon and inflammation of rectum) and larynx 
(epithelial hyperplasia/metaplasia and mononuclear cell infiltration).  Findings in the 
larynx were considered rodent-specific and not relevant to humans.  For comparison, in 
the 13-week repeat dose inhalation study in CD1 mice, larynx findings were not seen at 
300 mcg/kg/day but were seen at 1000 mcg/kg/day (rodent-specific minimal to 
moderate epithelial inflammation). 
In a 104-week inhalation carcinogenicity study, male and female SD rats received TD-
4208 target doses of 0, 30, 100, and 300 mcg/kg/day (estimated achieved doses of 0, 
29.6, 107, and 338 mcg/kg/day, respectively).  There were no test article-related effects 
on mortality.  Near the end of the study period (Day 707), absolute mean body weights 
for male and female drug-treated groups were decreased ≤9.3% and 6.5%, 
respectively, relative to their corresponding concurrent control groups.  There were no 
statistically significant drug-related tumor findings in male or female rats.  The most 
notable drug-related non-neoplastic histopathology findings were in the larynx (epithelial 
hyperplasia of the epiglottis, inflammation, and epithelial hyperplasia).  Findings in the 
larynx are considered rodent-specific and not relevant to humans.  For comparison, in 
the 13-week repeat dose inhalation study in SD rats, rodent-specific findings in the 
larynx consisted of hyperplasia/metaplasia of the respiratory epithelium at target doses 
of 300 and 1000 mcg/kg/day with increased incidence and severity at 1000 mcg/kg/day. 
The revefenacin (TD-4208) dosing regimen will consist of one 175 mcg vial (3 mL) once 
daily.  Animal to human exposure margins for revefenacin (TD-4208) and metabolite 
THRX-195518 based on summed AUC for the proposed clinical dose of 175 mcg/day 
are shown in Table 27. 
In the 2-year carcinogenicity study in mice, mean AUC exposure of TD-4208 after 
inhalation administration of high-dose TD-4208 (target dose of 300 mcg/kg/day; 
achieved dose of 326 mcg/kg/day) was 27.9 and 23.2 ng*hr/mL, for males and females, 
respectively.  Mean AUC exposure of metabolite THRX-195518, after inhalation 
administration of high-dose TD-4208 (i.e., target dose of 300 mcg/kg/day; achieved 
dose of 326 mcg/kg/day), was 11.9 and 9.85 ng*hr/mL, for males and females, 
respectively.  Based on summed AUCs of TD-4208 and metabolite THRX-195518, the 
exposure margin was about 52-fold above the clinical exposure achieved with the 
proposed dosing regimen. 
In the 2-year carcinogenicity study in rats, mean AUC exposure of TD-4208 after 
inhalation administration of high-dose TD-4208 (target dose of 300 mcg/kg/day; 
achieved dose of 338 mcg/kg/day) was 25.2 and 28.0 ng*hr/mL, for males and females, 
respectively.  Mean AUC exposure of metabolite THRX-195518, after inhalation 
administration of high-dose TD-4208 (target dose of 300 mcg/kg/day; achieved dose of 
338 mcg/kg/day), was 5.24 and 5.11 ng*hr/mL, for males and females, respectively.  
Based on summed AUCs of TD-4208 and metabolite THRX-195518, the exposure 
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Appendix I: 
Special Protocol Agreement (ECAC Meeting Minutes) Dated August 22, 2014, for 

Special Protocol Assessment of 2-Year Inhalation Carcinogenicity Studies in Mice and 
Rats 
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Food and Drug Administration
Center for Drug Evaluation and Research
Office of New Drugs

FACSIMILE TRANSMITTAL SHEET

DATE: August 22, 2014

To: Rebecca Coleman, Pharm. D. From: Adele Seifried

Company: Theravance OND IO

Fax number: ( 650) 808-3786 Fax number: 301-796-9855

Phone number: (650) 808-6076 Phone number: 301-796-0535

Subject: Response to Carcinogenicity Special Protocol Assessment Request - Final CAC Report – IND 119,840

Total no. of pages including cover: 6

Comments:  email to bcoleman@theravance.com

Document to be mailed: � YES  NO

THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED 
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED 
FROM DISCLOSURE UNDER APPLICABLE LAW.

If you are not the addressee, or a person authorized to deliver this document to the addressee, 
you are hereby notified that any review, disclosure, dissemination, copying, or other action based 
on the content of this communication is not authorized.  If you have received this document in 
error, please notify us immediately by telephone at (301) 796-0535. Thank you.
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Executive CAC
Date of Meeting: August 19, 2014

Committee: Abby Jacobs, Ph.D., OND IO, Acting Chair
Barbara Hill, Ph.D., DDDP, Alternate Member
Tim McGovern, Ph.D., OND IO, Alternate Member
Karen Davis Bruno, Ph.D., DMEP, Alternate Member
Marcie L. Wood, Ph.D., DPARP, Pharm Tox Supervisor
Nikunj S. Patel, Ph.D., DPARP, Presenting Reviewer

Author of Minutes: Nikunj S. Patel

The following information reflects a brief summary of the Committee discussion and its 
recommendations. 

The Committee did not address the Sponsor’s proposed statistical evaluation for the 
carcinogenicity bioassays, as this does not affect the Sponsor’s ability to initiate the bioassays.  
The Sponsor may seek guidance on the statistical evaluation of bioassay results from agency 
staff separately. Data files should be submitted electronically following the CDER/CBER 
Guidance for Industry, Providing Regulatory Submission in Electronic Format- Human 
Pharmaceutical Product Applications and Related Submissions Using the eCTD Specifications 
(June 2008) and the associated Study Data Specifications document.

IND #: 119,840
Drug Name: TD-4208
Sponsor: Theravance Biopharma R & D, Inc.

Background:
Theravance is developing TD-4208, a muscarinic receptor antagonist as a treatment for chronic 
obstructive pulmonary disease (COPD). The clinical route of administration for TD-4208 is oral 
inhalation (nebulization). Increased cholinergic tone is one feature of COPD; therefore, 
Theravance is developing TD-4208 as an alternative to currently approved anticholinergic 
agents.

TD-4208 was found to be negative in the in vitro bacterial reverse mutation assay (Ames), an in 
vitro mouse lymphoma assay, and an in vivo rat bone marrow chromosomal aberration assay. In 
addition, THRX-195518, a major metabolite of TD-4208 was found to be negative in an in vitro
Ames assay.

The metabolic profile of TD-4208 is similar in human, rat, and mouse and no unique metabolites 
have been identified in humans to date. The major metabolite, THRX-195518, is produced as a 
result of amide hydrolysis in all nonclinical species tested (mouse, rat, and dog) and in humans.

Mouse Carcinogenicity Study Protocol and Dose Selection 
The sponsor has proposed to evaluate the carcinogenic potential of TD-4208, administered in  
mM citrate buffered saline (CBS) pH 5 by nose-only inhalation for 70 minutes once per day, in 
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male and female CD1 mice (n = 65/sex/group + TK animals) for 104 weeks (Theravance 
reference no. CRN: 14-003-06). The sponsor proposed nominal doses of 0 (  mM CBS, pH 5), 
30, 100, and 300 µg/kg/day for both male and female mice in the proposed 2-year 
carcinogenicity study. The selection of these doses was based upon the findings of a 13-week 
inhalation toxicity study in CD1 mice (Study number 13-003-47).

In the 13-week inhalation toxicology study in CD1 mice, animals received TD-4208 via nose 
only inhalation in  mM CBS at nominal doses of 0 (  mM CBS, pH 5), 100, 300, or 1000 
μg/kg/day. There were no test-article related effects on body weight, food consumption, 
ophthalmoscopy, clinical chemistry, hematology, or urinalysis parameters. Mortalities of 
undetermined cause occurred in all test-article groups, including 2 deaths in each of the low- and 
mid-dose groups and 7 deaths in the high-dose group (6 males and 1 female). In high-dose 
animals, including early deaths, test article-related findings were observed in the nasal cavity 
(epithelial degeneration and vomeronasal organ degeneration) and larynx (epithelial 
inflammation). Findings of minimal to mild severity in the nasal cavity and larynx are not 
expected to significantly impact survivability in a 2-year rodent carcinogenicity study. 
Toxicokinetic data from this study show that TD-4208 systemic exposure (AUC) increases with 
increasing dose and is similar in male and female mice.

The proposed high-dose of 300 µg/kg was the MTD in males in the 13-week mouse study, as 
excessive deaths were observed in males at 1000 µg/kg/day. In females, the proposed high-dose 
of 300 µg/kg/day provides a 68-fold exposure margin versus exposure at the maximum proposed 
clinical dose of 350 µg/day. Female AUC values at 300 µg/kg exceed the target 25:1 exposure 
ratio. The dose of 300 µg/kg also provides local pulmonary exposure margins of approximately 
15-fold based on lung dose comparisons.   

Rat Carcinogenicity Study Protocol and Dose Selection
The sponsor has proposed to evaluate the carcinogenic potential of TD-4208, administered  in  
mM CBS pH 5 by nose-only inhalation for 70 minutes once per day, in male and female Sprague 
Dawley (SD) rats (n = 60/sex/group + TK animals) for 104 weeks (Theravance reference no. 
CRN: 14-003-07). The sponsor proposed nominal doses of 0 (  mM, CBS, pH 5), 30, 100, and 
300 µg/kg/day for both male and female rats in the proposed 2-year carcinogenicity study. The 
selection of these doses was based upon the findings of a 13-week inhalation toxicity study in SD 
rats (Study number 13-003-48).

In the 13-week inhalation toxicology study in SD rats, animals received TD-4208 via nose only 
inhalation at nominal doses of 0 (  mM CBS, pH 5), 100, 300, or 1000 μg/kg/day. There were 
no unscheduled deaths during the study and no test-article related effects on food consumption, 
ophthalmoscopy, clinical chemistry, hematology, coagulation, or urinalysis parameters. 
Decreases in absolute body weight and body weight gain were noted in all test-article treated 
females, with high-dose females exhibiting a decrease in body weight gain of approximately 20 
% versus controls by the end of the main study. Microscopic findings in high-dose animals 
included minimal to mild degeneration/regeneration and inflammation in the nasal cavity and 
minimal to mild hyperplasia/metaplasia and inflammation in the larynx, however these are not 
expected to significantly impact survivability in a 2-year rodent carcinogenicity study. 
Toxicokinetic data from this study show that TD-4208 systemic exposure (AUC) increases with 
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increasing dose and is similar in male and female rats. 

The proposed high-dose of 300 µg/kg was the MTD in females in the 13-week rat study, due to 
decreases in body weight gain of approximately 20 % at 1000 µg/kg/day. In males, the proposed 
high-dose of 300 µg/kg/day provides a 51-fold exposure margin versus exposure at the 
maximum proposed clinical dose of 350 µg/day. Male AUC values at 300 µg/kg exceed the 
target 25:1 exposure ratio. The high dose of 300 µg/kg also provides local pulmonary exposure 
margins of 19-fold or greater based on lung dose comparisons.

Executive CAC Recommendations and Conclusions:
Mouse:

  The Committee concurred with the sponsor’s proposed doses of 0, 30, 100, and 300 µg/kg/day 
by nose-only inhalation, with the high dose based upon deaths in males at 1000 µg/kg/day and 
based upon a greater than 25-fold AUC exposure ratio in females.  Mid- and low-doses provide 
an approximately 3-fold dose separation based on systemic (AUC) exposure.

  The Committee noted that if the clinical dose changes such that the exposure ratio is no longer 
at least 25-fold at the high dose in females, then the study may not be acceptable.    

Rat:

  The Committee concurred with the sponsor’s proposed doses of 0, 30, 100, and 300 µg/kg/day 
by nose-only inhalation, with the high dose based upon a greater than 25-fold AUC exposure 
ratio in males and based upon body weight gain decrements in females at 1000 µg/kg/day. Mid-
and low-doses provide an approximately 3-fold dose separation based on systemic (AUC) 
exposure.

  The Committee noted that if the clinical dose changes such that the exposure ratio is no longer 
at least 25-fold at the high dose in males, then the study may not be acceptable.    

As a point of information, the S1A-S1C carcinogenicity study guidelines are a current topic of an 
expert working group (EWG) of the International Conference on Harmonization. For further 
information on the current status of the EWG’s activities, and particularly the S1 concept paper, 
business plan, and regulatory notice document, please visit: 
http://www.ich.org/products/guidelines/safety/article/safety-guidelines.html  

Abby Jacobs, Ph.D.
Acting Chair, Executive CAC

cc:\
/Division File, DPARP
/MWood, DPARP
/NPatel, DPARP
/NTon, DPARP
/ASeifried, OND IO
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Reviewer: Nikunj S. Patel, Ph.D. IND # 119,840

DIVISION OF PULMONARY, ALLERGY, and RHEUMATOLOGY PRODUCTS
Preliminary 30-Day SAFETY REVIEW

IND: 119,840
Drug: TD-4208
Drug Category: Long Acting Muscarinic Receptor Antagonist
Intended clinical population: COPD
Supporting document number/Submission date: SDN3/January 22, 2014

Introduction: Theravance is developing TD-4208, a small molecule long acting
muscarinic receptor antagonist (LAMA), as a treatment for chronic obstructive 
pulmonary disease (COPD).

Regulatory history: A pre-IND meeting was held on December 12, 2013. The Agency 
agreed that, pending review, the completed and ongoing nonclinical studies appeared to 
be supportive of Phase 2 studies (for doses up to 350 µg QD for 28-days). The sponsor 
also indicated that 13-week toxicology studies were ongoing in mouse, rat, and dog. 
Similarly, the Agency agreed that, pending review, the ongoing nonclinical studies would 
be supportive of Phase 2 studies (for doses up to 350 µg QD for 12-weeks). In addition, 
the Agency agreed that EFD and fertility studies could be conducted using the 
subcutaneous route of administration providing that this route yields greater systemic 
exposure than the in inhalation route. The sponsor submitted a new IND on January 22, 
2014.

Proposed clinical trial: Theravance proposes a Phase 2b, randomized, double-blind, 
placebo-controlled, parallel group study of TD-4208 in males and females, 40 years or 
older, with COPD (Protocol 0117). 

Subjects will receive the following nebulized doses of TD-4208: 0 (placebo control,  
mM citrate buffered saline, CBS), 44, 88, 175, and 350 µg in  mM CBS. Seventy
subjects will be enrolled in each group, for a total of 350 subjects. TD-4208 or placebo 
will be nebulized using the PARI LC Sprint® jet nebulizer. 

Exclusion criteria include women who are pregnant, lactating, breastfeeding, or are 
planning to become pregnant during the study. Women of child bearing potential must 
agree to use appropriate birth control method during study and for at least 1-month after 
last dose.

Previous clinical experience: Clinical experience with TD-4208 is limited to a total of 3
studies all conducted outside of the US: two single dose studies in healthy volunteers and 
COPD subjects (study numbers AC5108696 and 0059) and one 7-day repeat dose study 
(study number 0091). The maximum clinical dose and duration of TD-4208 administered 
to date is 700 µg/day for 7 days. Previous clinical studies are summarized in the table 
below (excerpted from sponsor’s clinical summary report).  
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Reviewer: Nikunj S. Patel, Ph.D. IND # 119,840

Pharmacology: TD-4208 is a novel small molecule muscarinic acetylcholine receptor 
(mAChR) antagonist. In the current submission, the sponsor provided in vitro
pharmacology data to show binding of TD-4208 and a major metabolite, THRX-195518, 
to human M1, M2, M3, M4, and M5 receptors. In a competition binding assay, TD-4208 
bound with a slightly higher affinity to M3 receptors compared to other muscarinic 
receptors (Ki 0.42, 0.32, 0.18, 0.56 and 6.7 nM for M1, M2, M3, M4 and M5 receptors 
respectively). The major metabolite THRX-195518 also bound to M3 receptors, but with
approximately 10-fold lower affinity compared to TD-4208 (Ki of THRX-195518 for 
M3, 1.8 nM).

The sponsor provided ex vivo pharmacodynamic (PD) data to show a dose-dependent 
antagonism of ACh and carbachol-induced contractions in rat tracheal tissue (3 – 100 nM 
TD-4208) and human bronchial tissue (1 – 1000 nM TD-4208), respectively.

In vivo, a single inhaled dose of 30 µg/kg TD-4208 inhibited ACh-induced 
brochoconstriction up to 24-hours postdose in dog. In comparison, a single inhaled dose 
of 3 µg/kg tiotropium produced similar inhibitory effects. In rats, single or repeat inhaled
doses of TD-4208 inhibited bronchoconstrictor responses to methacholine for up to 24-
hours (ID50 = 45 µg/mL), with approximately 12-fold lower potency compared to 
tiotropium. TD-4208 exhibited lower antisialagogue potency (inhibition of pilocarpine-
induced salivation) as compared to tiotropium following single and repeat (7-day) dosing 
in rat. The results of rat experiments are summarized in the table below (excerpted from 
sponsor’s pharmacology summary report). The sponsor claims that TD-4208 has a greater 
lung selectivity index as compared to tiotropium (lung selectivity index is the ratio of 
antisialagogue potency and bronchoprotective potency).

Effects of single and 7 once daily doses of TD-4208 and tiotropium on 
bronchoprotection and antisialagogue potency in rats
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Reviewer: Nikunj S. Patel, Ph.D. IND # 119,840

ADME: The bioavailability of TD-4208 after a single inhaled dose was 59 – 85 % in rat 
and 21 – 38 % in dog. Plasma protein binding of TD-4208 was estimated to be 59 and 71 
% in dog and human, respectively; in comparison plasma protein binding of THRX-
195518 was estimated to be 35.6, 36.1, and 36.5 % in rat, dog, and human plasma, 
respectively. The half life of TD-4208 after a single inhaled dose was approximately 13 –
21 hours in rat and was not quantifiable in dog PK studies. The lung elimination half life 
of TD-4208 was estimated to be 1 day following a single inhaled dose in rat, and lung 
concentrations of TD-4208 were 188-fold higher than liver concentrations 1.5 hours 
postdose. Following IV dosing in rat, TD-4208 was widely distributed to all tissues 
except brain, as measured by quantitative whole body autoradiography. Following IV 
dosing in dog, highest concentrations of TD-4208 were noted in liver and eyes. TD-4208 
was stable for up to 1 hour in dog and human plasma but unstable in rat plasma (half life 
of approximately 9 minutes in rat plasma). The proposed major metabolite of TD-4208 
(THRX-195518) was identified as a result of amide hydrolysis. The majority of 
elimination is via the feces in both rat and dog (approximately 83 and 91 % after oral 
dosing in rat and dog, respectively).  

Supporting Nonclinical Studies: In support of the proposed clinical trial, the sponsor 
submitted GLP safety pharmacology studies, 28-day inhalation toxicology studies with 
rats and dogs, and a standard battery of genetic toxicology studies. The pivotal 28-day 
inhalation toxicity studies were conducted using the proposed clinical formulation 
(nebulized aerosol,  mM CBS). The sponsor also conducted 28-day rat and dog 
toxicology studies using similar doses of TD-4208 in a dry powder formulation (  

) which will be evaluated as part of a general review.

In vitro, TD-4208 and THRX-195518 inhibited hERG channel current in transfected 
HEK293 cells with an IC50 of 11.4 and 564.1 µM, respectively. In an in vivo
cardiovascular safety pharmacology study in conscious male beagle dogs (single IV 
doses of 0, 1, 3 and 10 µg/kg TD-4208), marginal increases in blood pressure were noted 
at 3 and 10 µg/kg at various timepoints starting approximately 70 – 75 minutes postdose. 
No changes in heart rate or ECG parameters were noted. No test-article related effects 
were noted in a respiratory safety pharmacology study conducted in conscious male rats 
using single inhaled doses of up to 1169 µg/kg. In a CNS safety pharmacology study in 
rats (single inhaled doses of 0, 30, 100, 1000 µg/kg TD-4208), reduced arousal was noted 
at all doses up to 49-hours post-dose, but was statistically significant only at 1000 µg/kg. 
No other test-article related effects were observed in the Functional Observational 
Battery (FOB), however reduced urination was noted at 1.25 hours postdose for animals 
receiving 100 and 1000 µg/kg TD-4208. 

Toxicity studies in rat and dog were conducted to support the proposed clinical trial. 
Toxicokinetics were measured as part of 28-day rat and dog toxicity studies. Systemic 
exposure to TD-4208 increased with dose in both rat and dog and was similar in males 
and females, reaching up to 40 – 60 ng*hr/mL after 28-days of dosing. Systemic 
exposure of THRX-195518 also increased with dose in both rat and dog, reaching up to 
approximately 11 – 15 ng*hr/mL in rat and 103 – 134 ng*hr/mL in dog after 28-days of 
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female. The relationship of this finding to the test-article is unclear due to a lack of a 
clear dose-response, but is not likely test article-related. 

Unilateral bursal dilatation was noted in the ovary of 1 mid-dose female and 2 high-dose 
females which correlated with ovarian cysts in the same animals. Ovarian cysts are 
known to be a common background finding in rats and bursal dilatation is not considered 
to be a dose-limiting finding in the current study. Severe testicular atrophy and severe 
oligo/aspermia in the epididymis was noted in 1 high-dose male; the relationship of this 
finding to the test-article is unclear. 

Eye rosettes were noted in 1 vehicle female, 3 high-dose main study females and 2 high-
dose recovery females. This finding was unilateral in all animals with the exception of 1 
high-dose female which had the finding bilaterally. The eyes of mid- and low-dose 
animals were not evaluated, as the sponsor did not consider the finding to be adverse 
[Note: No eye findings were noted in a separate 28-day study (#79418) using a dry 
powder formulation in which slightly higher systemic exposures of TD-4208 were 
achieved]. The relationship of this finding to drug treatment is unclear, given that the 
finding was increased in high-dose animals slightly above control incidence, but was 
observed in only 1 of 2 28-day rat studies. Following internal discussion, it was decided 
that the eye finding should be addressed as a non-hold issue through a non-hold comment 
to the sponsor to request a toxicological assessment of this finding, the sponsor’s 
rationale for dismissing the finding, and a microscopic histopathological assessment of 
the eyes of low- and mid-dose animals. In addition, future longer duration repeat dose rat 
toxicology studies should include histopathological assessment of eyes from all animals.

A tentative NOAEL of 35.7 µg/kg/day PDD was identified in the rat study, which was 
associated with a Cmax and AUC of 6.43 ng/mL and 18.8 ng*hr/mL in males and 10.9
ng/mL and 25.2 ng*hr/mL in females, respectively (Note: The sponsor identified the 
high-dose as the NOAEL). A non-hold comment will be conveyed to the sponsor to 
address the findings of eye rosettes. 

The 28-day dog study assessed toxicity and toxicokinetics at PDDs of 0, 31.25, 80, and 
327.5 µg/kg/day of TD-4208 (assuming 25% pulmonary deposition in dogs) in  mM
CBS given via oronasal (facemask) inhalation for 100 minutes. There were no 
unscheduled deaths during the study. There were no test article-related effects on organ 
weights, hematology, or clinical chemistry parameters. Clinical signs included incidences 
of dry gums in 4/6 high-dose males during the dosing phase and 1/2 high-dose males in 
the recovery phase. This finding has been noted with other drugs in this class and is also 
considered to be clinically monitorable. Transient reduction in body weights were noted 
during dosing week 1 which correlated with transient reduction in food consumption 
during week 1. Ophthalmology examinations revealed opacities in the corneal epithelium 
in mid- and high-dose animals (3/4 mid-dose males, 1/4 mid-dose females (bilateral in 1 
male and 1 female), 2/4 high-dose males and 3/4 high-dose females (bilateral in 1 male 
and 2 females). Partial recovery from corneal epithelial opacities was noted, with 1 mid-
dose recovery male (unilateral) and 2 high-dose recovery females (1 unilateral and 1 
bilateral) exhibiting corneal opacities. Corneal epithelial opacities are not considered to 
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1. A review of your 28-day rat toxicology study (13-0003-10-TD-4208) identified 
histopathological findings of eye rosettes in 1 vehicle control female, 3 high-dose 
females, and 2 high-dose recovery females. Provide microscopic histopathological 
assessments for the eyes from mid- and low-dose animals. Additionally, provide a 
toxicological assessment along with your rationale for dismissing this finding. 
Future longer duration, repeat-dose rat toxicology studies should also include a 
histopathological assessment of eyes from all animals. The appearance of test 
article-related eye findings in longer duration toxicology studies may impact your 
drug development program.

2. A review of your 28-day rat toxicology study (13-003-11-TD4208) tentatively 
identified a mid-dose NOAEL due to the following histopathological findings in 
high-dose animals: kidney vascular inflammation in one high-dose main study 
male, lung granuloma in one high-dose main study male and one high-dose 
recovery male, and stomach hemorrhage in one high-dose female. Provide 
historical control data from sex and age-matched dogs from the same testing 
laboratory along with a toxicological assessment of microscopic findings to 
support your determination of a high-dose NOAEL.
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