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Background:  Mirabegron, a new molecular entity, is a beta-3 adrenergic 
receptor (AR) agonist proposed for use in the treatment of overactive bladder 
(OAB) with symptoms of urge urinary incontinence, urgency, and urinary 
frequency.  The maximum recommended human dose (MRHD) is 50 mg/day; 25 
mg/day is recommended for patients with renal insufficiency and severe hepatic 
impairment.   
 
Identified areas of clinical concern, based on increased incidence rates in clinical 
studies, included effects on cardiovascular parameters (blood pressure and heart 
rate), increased incidence in overall neoplasia diagnoses, liver toxicity, and 
hypersensitivity.   
 
The sponsor submitted a complete nonclinical package that included general and 
safety pharmacology and pharmacokinetics/ADME assessments; single- and 
repeat-dose toxicology, genetic toxicology, carcinogenicity, reproductive and 
developmental toxicology studies; and Guinea pig sensitization studies.  
 
Pharmacology:  Mirabegron therapeutic activity is attributed to relaxation of the 
detrusor smooth muscle during the urinary bladder fill-void cycle by activation of 
beta-3 AR without interfering with the voiding contraction.  Studies in overactive 
bladder (OAB) animal models have shown that mirabegron increases bladder 
capacity and reduces bladder contractions.  Although mirabegron showed very 
low in vitro binding potential to cloned human beta-1 AR and beta-2 AR, results 
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of animal studies and cardiac impedance evaluations in humans suggest that 
some beta-1 AR stimulation may occur at high mirabegron exposures.   
 
Pharmacodynamics: Mirabegron is readily absorbed following oral 
administration and widely distributed in animals.  Mirabegron and its metabolites 
are eliminated in urine and feces in rats, monkeys, and humans; and 
enterohepatic recirculation was confirmed in rats.   
 
Systemic exposure to mirabegron during pregnancy was generally 1.5 to 2 times 
greater in pregnant rabbits compared to non-pregnant rabbits. Pregnancy did not 
affect exposures in rats.  The effect of pregnancy on mirabegron 
pharmacokinetics in women is unknown.  
 
General Toxicology:  Toxicologically targeted tissues and organ systems 
included the liver, lacrimal and salivary glands, and central nervous and 
cardiovascular systems.   
 
The liver was the tissue with the greatest exposure to mirabegron in both rats 
and monkeys.  No hepatotoxicity was observed in monkeys at exposures up to 8 
times the exposures in humans at the MRHD.  In rats and dogs, liver enzymes 
were moderately elevated at high doses, and hepatic histopathology was only 
observed at or near the lethal dose with large multiples of the clinical exposure.  
All findings were reversible in surviving animals.   
 
As expected pharmacology of a β1/β2 agonist, mirabegron promoted salivation 
and lacrimation in rats and induced atrophy of the secretory cells in the salivary 
glands in rats and dogs at exposures near clinical levels.  High exposures in 
dogs produced hemorrhaging, atrophy, and necrosis of the salivary gland acinar 
and ductal cells.  However, no adverse histopathology was reported in mice, rats, 
or in monkeys at relatively high exposures.  Findings were generally recoverable 
or partially recoverable after drug withdrawal. 
 
Adverse signs suggestive of CNS toxicity observed at or near clinical exposures 
included temporarily decreased activity in mice, rats, and monkeys; prone 
position in rats; and prone position with slight hyperthermia in mice.  At higher 
exposures, more concerning adverse effects included ptosis, emesis, and 
staggering in monkeys; and hyperpnea, tremor, and tonic convulsions in rabbits.  
At near lethal exposures, clonic convulsions were observed in mice and rats.  
One male monkey dosed at 3 mg/kg IV (13x MRHD based on Cmax) went into 
coma after the third dose, he later recovered.  
 
At clinically relevant exposures, slight elevations in heart rate were observed in 
rats after IV dosing, and slight elevations in heart rate and decreases in blood 
pressure were observed in dogs after oral dosing.  At higher exposures, elevated 
heart rate was observed in rabbits and monkeys, and ventricular tachycardia in 
dogs and monkeys.  One monkey went into ventricular tachycardia and died 
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within 15 minutes of administrating a 10 mg/kg IV dose (114x MRHD based on 
Cmax).  Similarly intravenous dosing in dogs led to death at IV doses equal to or 
greater than 10 mg/kg due to ventricular tachycardia that progressed to 
ventricular fibrillation within 5-10 minutes.  PR interval was shortened after oral 
dosing in dogs at clinically relevant exposures but prolonged in monkeys at 
exposures equal to or greater than approximately 11 times the human exposures 
at the MRHD.  At supra therapeutic exposures, QRS was slightly prolonged in 
monkeys, however, no effect on QTc was observed in dogs or monkeys.  Cardiac 
histopathology was not observed.   
 
Genotoxicity: Based on a standard battery of genotoxicity assays, mirabegron is 
not considered genotoxic.  Mirabegron was not mutagenic in the Ames bacterial 
reverse mutation assay, did not induce chromosomal aberrations in human 
peripheral lymphocytes at concentrations that were not cytotoxic, and was not 
clastogenic in the rat micronucleus assay. 
 
Carcinogenicity: Based on 2-year rodent studies, mirabegron is not considered 
a carcinogen.  Mirabegron was not carcinogenic at systemic exposures 38-45 
times higher in rats and 21-38 time higher in mice compared to mean AUC 
values in humans at the MRHD.   
 
Reproductive toxicology: Based on animal data, mirabegron is predicted to 
have a low risk for major developmental abnormalities in humans.  For labeling, 
the recommended Pregnancy Category is C.  
  
Mirabegron had no adverse effect on development in rats at exposures that were 
6 times greater than those in women at the MRHD, or in rabbits at clinically 
relevant exposures.  Reversible adverse developmental findings consisting of 
delayed ossification and wavy ribs in rats and decreased fetal body weights in 
rabbits occurred at exposures equal to or greater than 22 and 14 times, 
respectively, the exposures in women at the MRHD.  At maternally toxic 
exposures decreased fetal weights were observed in rats and rabbits; and fetal 
death, dilated aorta, and cardiomegaly were reported in rabbits. 
 
Mirabegron was transferred to rat fetuses through the placenta and transferred to 
rat pups in milk.  In lactating rats, the concentration of mirabegron in milk was 
twice that found in maternal plasma.  In the nursing pups, the highest 
concentrations of mirabegron were found in the lungs, liver, and kidneys. 
Exposure to mirabegron in utero and through lactation resulted in a slight 
increase in death in the first few days after birth along with decreased body 
weight at exposures 22 times that of women at the MRHD.   
 
There were no observed adverse effects on fertility.    
 
Summary:  Findings in animals at clinically relevant exposures were 
characteristic of the expected pharmacologic effects for a mixed beta adrenergic 
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agonist including decreased frequency of urination, slight decrease in blood 
pressure, slight increase in heart rate, and increases in salivation and 
lacrimation. At exposures greater than at the MRHD, the most significant adverse 
findings included hepatotoxicity, CNS toxicity, cardiovascular toxicity, and 
reproductive/developmental effects.  Adverse effects observed at high multiples 
of the human exposure were generally reversible and monitorable.   
 
The potential for toxicity in humans appears low at the MRHD based on the lack 
of significant findings at clinically relevant doses, and the reversibility of findings 
without any clear evidence of adverse histopathology at higher sublethal doses.   
 
Outstanding nonclinical issues: There are no outstanding nonclinical issues. 

Conclusion:  I concur with the primary nonclinical reviewer, Dr. Eric Andreasen, 
that nonclinical data support approval of mirabegron at doses up to 50 mg, to be 
used daily for the treatment of over active bladder in patients with symptoms of 
urge urinary incontinence, urgency, and urinary frequency. 
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1 Executive Summary 

1.1 Introduction 
Mirabegron is a beta-3 adrenergic receptor (β3-AR) agonist indicated for the treatment 
of overactive bladder (OAB) with symptoms of urge urinary incontinence, urgency, and 
urinary frequency.   Nonclinical and clinical studies suggest that mirabegron also has 
some β1-AR agonist activity. Mirabegron is a new molecular entity and the first in its 
class for this indication.  Mirabegron has been marketed in Japan under the trade name 
Betanis® since July of 2011 for a similar indication at a maximum daily oral dose of 50 
mg.  The maximum recommended human dose (MRHD) proposed by the sponsor in 
this NDA is also 50 mg once daily.  Systemic exposures in animals discussed below are 
described relative to that in fasted women at least 55 years of age at the MRHD, which 
represents the subpopulation with the greatest steady state exposure.     

1.2 Brief Discussion of Nonclinical Findings 
Mirabegron was shown to increase bladder capacity and reduce bladder contractions in 
nonclinical pharmacology studies.  It is readily absorbed following oral administration 
and widely distributed in animals.  Mirabegron and its metabolites are eliminated in 
urine and feces in rats, monkeys, and humans and enterohepatic recirculation was 
confirmed in rats.   
 
Findings in animals at exposures similar to the MRHD were characteristic of the 
expected pharmacologic effects for a mixed beta adrenergic agonist including 
decreased frequency of urination, slight decrease in blood pressure, slight increase in 
heart rate, and increases in salivation and lacrimation. Toxicities observed in nonclinical 
studies at exposures greater than at the MRHD include, but are not limited to, 
hepatotoxicity, effects on body weight and metabolism, impairment of cardiovascular 
function, and reproductive/developmental effects.  These toxicities as discussed below 
were generally at high multiples of the human exposure, and were generally reversible 
and monitorable.   
 
Elevated heart rate was observed in rats after IV dosing at exposures < 2x MRHD and 
after oral dosing in dogs at exposures ≥ 0.1x MRHD, rabbits at ≥ 9x MRHD, and 
monkeys at 12x MRHD.  Mirabegron also promoted ventricular tachycardia in dogs and 
monkeys at exposures ≥ 29 to 37 times the MRHD.  Mirabegron-induced increases in 
heart rate were at least partially reversed in rabbits, rats, and dogs that were treated 
with the β1-AR agonist metoprolol suggesting that increased heart rate in animals may 
be at least partially related to β1-AR agonism. 
 
The liver was the tissue with the greatest exposure to mirabegron in both rats and 
monkeys.  Elevated liver enzymes, < 2 fold compared to non-treated animals, were 
noted in rats and dogs at high doses which fully or partially returned to pre-exposure 
levels after drug withdrawal.  Adverse hepatic histology observed in rats included 
eosinophilic pigment deposition at exposures ≥ 12-17 times the MRHD, along with 
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hepatocyte swelling and fibrosis at lethal exposures ≥ 130 times the MRHD. Hepatocyte 
hypertrophy, vacuolation and lipid accumulation were noted in dogs at 25 times the 
MRHD.  Since hepatotoxicity was only observed in rodents and dogs but not monkeys, 
was reversible, and did not cause adverse histopathology except at or near the lethal 
dose with large multiples of the clinical exposure, the potential for hepatotoxicity at the 
dose proposed for marketing appears low.   
 
Exposures near the MRHD temporarily decreased the activity of mice, rats, and 
monkeys.  At high or lethal exposures, more concerning adverse CNS signs were 
observed including ptosis and staggering (monkeys at 8x MRHD), hyperpenia, tremor, 
tonic convulsions (rabbits at 21x MRHD), decreased movement, alternates, and muscle 
tone (mice at 29x MRHD), vomiting and ventricular tachycardia (monkeys at 29x 
MRHD), clonic convulsions (mice at 64-72x MRHD), clonic convulsions, mydriasis, and 
tachypenia (rats at 45-160x MRHD).  The potential for CNS toxicity in humans appears 
low at the MRHD based on reversibility of findings without any clear evidence of 
adverse histology.   
 
Mirabegron and some of its metabolites accumulated in the pigmented tissues of the 
eyes of rats.  However, no adverse drug related ophthalmoscopic or histology findings 
were observed at large multiples of the clinical exposure in any species evaluated.  
 
Fertility was not affected in male or female rats below the lethal dose or in offspring 
exposed in utero and during lactation.    
 
Mirabegron had no adverse effect on development in rats at exposures up to 6 times 
the MRHD, or in rabbits at clinically relevant exposures.  However, rat fetuses exposed 
to mirabegron in utero at maternal exposures ≥ 22 times the MRHD displayed wavy ribs 
and decreased ossification. Also decreased fetal weight and bone malformations were 
observed at a dose that was lethal to the mother (96x MRHD).  Developmental delays 
observed in fetal rats were reversible after birth.  In utero exposure in rabbits reduced 
fetal weight at exposures ≥ 14 times the MRHD, and caused cardiomegaly, dilated 
aortas, and impaired ossification at exposures 36 times the MRHD.    
 
Mirabegron was transferred to rat fetuses through the placenta and transferred to rat 
pups in milk.  Exposure of rats to mirabegron in utero and through lactation resulted in a 
slight increase in death in the first few days after birth along with decreased body weight 
at exposures 22 times the MRHD.   
 
Although pregnancy did not affect exposure to mirabegron in rats, the exposure of 
mirabegron in pregnant rabbits was roughly 2 times greater than in non-pregnant 
rabbits.  The effect of pregnancy on pharmacokinetics in women has not been 
assessed.   
 
Mirabegron was not genotoxic in a standard battery of in vitro and in vivo studies. 
Mirabegron related neoplasms were not apparent after two years of daily oral dosing in 
mice who were exposed up to 21-25 times the MRHD, or in rats who were exposed up 
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to 25-45 times the MRHD. From a nonclinical perspective the available nonclinical data 
suggest that mirabegron is not genotoxic or carcinogenic.   
 

1.3 Recommendations 

1.3.1 Approvability 
The nonclinical data support approval of this product for the treatment of over active 
bladder in adult patients with symptoms of urge urinary incontinence, urgency, and 
urinary frequency at a maximum daily dose of 50 mg. 
1.3.2 Additional Nonclinical Recommendations 
None 
1.3.3 Labeling  
Recommended nonclinical revisions to the sponsor’s proposed label are provided 
below.  An annotated version of the sponsor’s label can be found in Appendix A. 

 
---------------------------INDICATIONS AND USAGE---------------------------  
Mirabegron is a beta-3 adrenergic agonist indicated for the treatment of overactive 
bladder (OAB) with symptoms of urge urinary incontinence, urgency, and urinary 
frequency. 
 
1 INDICATIONS AND USAGE 
Mirabegron is a beta-3 adrenergic agonist indicated for the treatment of overactive 
bladder (OAB) with symptoms of urge urinary incontinence, urgency, and urinary 
frequency. 
 
8 USE IN SPECIFIC POPULATIONS 
 
8.1 Pregnancy 
 
Pregnancy Category C  
There are no adequate and well-controlled studies using mirabegron in pregnant 
women. [TRADE NAME] should be used during pregnancy only if the potential 
benefit to the patient outweighs the risk to the patient and fetus.  Women who 
become pregnant during mirabegron treatment are encouraged to contact their 
physician.   
 

 
Based on animal data, mirabegron is predicted to have a low probability of 
increasing the risk of adverse developmenta  above background risk.  
Reversible adverse developmental findings consisting of delayed ossification and 
wavy ribs in rats and decreased fetal body weights in rabbits occurred at exposures 
≥ 22 and 14 times, respectively, the maximal recommended human dose (MRHD), 
At maternally toxic exposures decreased fetal weights were observed in rats and 
rabbits, and fetal death, dilated aorta, and cardiomegaly were reported in rabbits.  
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13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
 
Carcinogenicity 
Long-term carcinogenicity studies were conducted in rats and mice dosed orally with 
mirabegron for two years. Male rats were dosed at 0, 12.5, 25, or 50 mg/kg/day and 
female rats and both sexes of mice were dosed at 0, 25, 50, or 100 mg/kg/day.  
Mirabegron showed no carcinogenic potential at systemic exposures (AUC) 38 to 
45-fold higher in rats and 21 to 38-fold higher in mice than the human systemic 
exposure at the 50 mg dose.  
 
Mutagenesis 
Mirabegron was not mutagenic in the Ames bacterial reverse mutation assay, did not 
induce chromosomal aberrations in human peripheral lymphocytes at concentrations 
that were not cytotoxic, and was not clastogenic in the rat micronucleus assay. 
 
Impairment of Fertility 
Fertility studies in rats showed that mirabegron had no effect on either male or 
female fertility at doses up to 100 mg/kg/day.  Systemic exposure (AUC) at 100 
mg/kg in female rats was estimated to be 22 times the MRHD in women and  
times the MRHD in men.  

 

2 Drug Information 

2.1 Drug 
CAS Registry Number: 223673-61-8 
 
Generic Name:  Mirabegron 
 
Code Name:   YM178 
 
Chemical Name: 2-(2-aminothiazol-4-yl)-N-[4-(2-{[(2R)-2-hydroxy-2-

phenylethyl]amino}ethyl)phenyl]acetamide  
 
Molecular Formula/Molecular Weight:   C21H24N4O2S / 396.51  
 
Structure:  
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2.4 Comments on Novel Excipients 
None, all excipients have been used in previously marketed products.   

2.5 Comments on Impurities/Degradants of Concern 
None 

2.6 Proposed Clinical Population and Dosing Regimen 
Mirabegron is a beta-3 adrenergic agonist indicated for the treatment of overactive 
bladder (OAB) with symptoms of urge urinary incontinence, urgency, and urinary 
frequency.  The sponsor is seeking a maximum oral dose of 50 mg once daily with or 
without food.  In renal or hepatic impaired patients, a single 25 mg dose is proposed.  

2.7 Regulatory Background 
Astellas Pharma submitted NDA 202-611 on August 25, 2011.  NDA 202-611 contains 
electronic data intended to support the use of mirabegron for the treatment of overactive 
bladder (OAB) with symptoms of urge urinary incontinence, urgency, and urinary 
frequency. Data used to support the NDA was collected and reviewed under IND 69,416 
which was opened on June 9, 2006.  Pre-NDA meetings were held November 2, 2010 
and June 15, 2011 to discuss the data, format, organization, statistical methods, and 
unresolved issues needed to submit an NDA under 505(b)(1).   
 

3 Studies Submitted 

3.1 Studies Reviewed  
 
Pharmacology Studies 
Primary Pharmacology 
 
Mechanism of Action 
• Binding of YM178 to human beta-adrenoceptors (Study 178-PH-005) 
• β-Adrenergic Agonistic Activities of YM178 on CHO Cells Expressing Human Either β1-, β2- 

or β3-Adrencoeptor (Study 178-PH-003)  
• Agonistic Activities of YM178 and Its Metabolites for Human Beta 1-, Beta 2- or Beta 3-

Adrenoceptors Expressed in CHO Cells (Study 178-PH-044) 
• Agonistic Activity of YM178 on Rat Beta 1-, Beta 2-, or Beta 3-Adrenoceptors Expressed in 

CHO Cells (Study 178-PH-051) 
• Agonistic Activity of YM178 on Dog Beta 1-, Beta 2-, or Beta 3-Adrenoceptors Expressed in 

CHO Cells (Study 178-PH-052) 
• Agonistic Activity of YM178 on Monkey Beta 1-, Beta 2-, or Beta 3-Adrenoceptors 

Expressed in CHO Cells (Study 178-PH-053) 
 
Primary Pharmacology 
• Relaxing Activity of YM178 in Isolated Rat Bladder Smooth Muscle (Study 178-PH-029) 
• Effect of YM178 on Rhythmic Bladder Contraction in Anesthetized Rats (Study 178-PH-030) 
• Relaxant Effects of YM178 on Isolated Human Detrusor Muscle (Study 178-PH-031) 
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• Effect of Intraduodenal YM178 on Rhythmic Bladder Contraction in Anesthetized Rats 
(Study 178-PH-032) 

• Effect of YM178 on Bladder Functions in Rats with Bladder Outlet Obstruction (Study 178-
PH-033) 

• Effect of YM178 on Functional Bladder Capacity in Water-loaded Rats with Cerebral 
Infarction (Study 178-PH-034) 

• Effect of YM178 on the Intravesical Pressure during Urine Storage Phase in Anesthetized 
Rats (Study 178-PH-035) 

• Effect of Intraduodenal YM178 after 2-week Repeated Oral Administration on Rhythmic 
Bladder Contraction in Anesthetized Rats (Study 178-PH-036) 

• Effect of YM178 on Micturition Frequency and Functional Bladder Capacity in Water-loaded 
Cynomolgus Monkeys (Study 178-PH-037) 

• Effect of Mirabegron on Cyclic AMP Accumulation in Urinary Bladder Isolated from Rats 
(Study 178-PH-055) 

• Effects of Beta-Adrenoceptor Antagonists on Mirabegron-induced Relaxation in Isolated 
Strips of Rat Bladder Smooth Muscle (Study 178-PH-057) 

• Effect of Mirabegron on Carbachol-Induced Intravesical Pressure Elevation in Anesthetized 
Dogs (Study 178-PH-059) 

 
Secondary Pharmacology 
• Affinity of YM178 to Various Receptors (Study 178-PH-038) 
• Affinity of YM-340790 to Various Receptors (Study 178-PH-039) 
• Affinity of YM-538852 Hydrochloride to Various Receptors (Study 178-PH-040) 
• Affinity of YM-538853 Trifluoroacetate to Various Receptors (Study 178-PH-041) 
• Affinity of YM-382984 to Various Receptors (Study 178-PH-042) 
• Affinity of YM-208876 Hydrochloride to Various Receptors (Study 178-PH-043) 
• Affinity of YM-538858 to Various Receptors (Study 178-PH-045) 
• Affinity of YM-538859 to Various Receptors (Study 178-PH-046) 
• Affinity of YM-9636324 to Various Receptors (Study 178-PH-047) 
• Affinity of YM-554028 Formate to Various Receptors (Study 178-PH-048) 
• Affinity of YM178 to Alpha-1A-adrenergic Receptor, Muscarinic M2 Receptor, Sodium Ion 

Channel Site 2, Dopamine Transporter, and Norepinephrine Transporter (Study 178-PH-
049) 

 
Safety Pharmacology 
CNS 
• Safety Pharmacology Study of YM178 on the Central Nervous System in Rats (Study 178-

PT-003) 
• Safety Pharmacology Study of YM178 on the Central Nervous, Cardiovascular, and 

Respiratory Systems in Monkeys (Study 178-PT-004)  
• General Pharmacology Study of YM178 in mice, rats, guinea pigs and dogs (Study 178-PH-

019) 
Renal and Gastrointestinal 
• General Pharmacology Study of YM178 in mice, rats, guinea pigs and dogs (Study 178-PH-

019) 
Respiratory 
• Safety Pharmacology Study of YM178 on the Central Nervous, Cardiovascular, and 

Respiratory Systems in Monkeys (Study 178-PT-004)  
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• General Pharmacology Study of YM178 in mice, rats, guinea pigs and dogs (Study 178-PH-
019) 

Cardiac 
• Effects of YM178 and its Five Metabolites on Four Ion Channels Expressed in Mammalian 

Cells (Study 178-PT-011) 
• Effects of YM178 on the hERG Current (Study 178-PT-002)  
• Effects of YM178 Metabolites M5 and M16 on the hERG Current in HEK293 Cells (Study 

178-PT-006)  
• Effects of YM178 Metabolites M11 and M12 on the hERG Current in HEK293 Cells (Study 

178-PT-008)  
• Effects of YM178 Metabolite M14 on the hERG Current in HEK293 Cells (Study 178-PT-

012)  
• Effects of YM178 on the hERG Current in HEK293 Cells (Study 178-PT-015) 
• Effects of YM178 on Action Potentials in Isolated Guinea Pig Papillary Muscles Study 178-

PT-001)  
• Effects of YM178 Metabolites M5 and M16 on Action Potentials in Isolated Guinea-Pig 

Papillary Muscles (Study 178-PT-007) 
• Effects of YM178 Metabolites M11 and M12 on Action Potentials in Isolated Guinea-Pig 

Papillary Muscles (Study 178-PT-009)  
• Effects of YM178 Metabolite M14 on Action Potentials in Isolated Guinea-Pig Papillary 

Muscles (Study 178-PT-013) 
• In Vitro Effects of Isoproterenol and YM178 on QT, APD, Tp-e and Arrhythmogenesis in the 

Canine Ventricular Wedge Preparation (Study 178-PT-010) 
• In Vitro Effects of YM178 metabolites, M5, M11, M12, M14 and M16 on QT, APD, Tp-e and 

Arrhythmogenesis in the Canine Ventricular Wedge Preparation (Study 178-PT-014) 
• Effects of YM178 on the Cardiovascular System in Anesthetized Rabbits (Study 178-PT-

005) 
• Investigational Study for Effects of the Oral Administration of YM178 on Heart Rate in 

Rabbits (Study 178-TX-048) 
• Safety Pharmacology Study of YM178 on the Central Nervous, Cardiovascular, and 

Respiratory Systems in Monkeys (Study 178-PT-004)  
• General Pharmacology Study of YM178 (Effects of YM178 on Cardiovascular System in 

Cynomolgus Monkeys) (Study 178-PH-020) 
• General Pharmacology Study of YM178 in mice, rats, guinea pigs and dogs (Study 178-PH-

019) 
• Effects of YM178 on Monophasic Action Potential (Study 178-PH-021) 
• Effect of Propranolol on the YM178-induced ECG-change in Conscious Dogs (Study 178-

PH-022) 
• Effects of  and YM178 on Canine Cardiovascular Systems (Study 178-PH-023) 
• Effect of YM178 on Heart Rate and Examination of its Mechanism of Action in Anesthetized 

Rats (Study 178-PH-050) 
• Effect of Mirabegron on Heart Rate and Elucidation of Its Mechanism of Action in 

Anesthetized Dogs (Study 178-PH-054) 
 
Pharmacokinetic Studies 
 
Absorption 
• Pharmacokinetics of YM178 after Single Intravenous and Oral Administration to Rats (Study 

178-ME-005)  
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• Absorption, Distribution, Metabolism and Excretion after a Single Oral Administration of 14C-
YM178 to Albino Rats (Study 178-ME-022)  

• Pharmacokinetics of YM178 after Single Intravenous and Oral Administration to Dogs (Study 
178-ME-006) 

• Pharmacokinetics of YM178 after Repeated Oral Administration to Dogs (Study 178-ME-
007) 

• Food Effect Study after Single Oral Administration of YM178 to Dogs (Study 178-ME-008) 
 
Distribution 
• In Vitro Plasma Protein Binding of YM178 (Study 178-ME-021) 
• Estimation of the Major Human Plasma Binding Proteins for YM178 (Study 178-ME-044) 
• In Vitro Study for the Transfer of YM178 into Red Blood Cells (Study 178-ME-045) 
 
Rats 
• Absorption, Distribution, Metabolism and Excretion after a Single Oral Administration of 14C-

YM178 to Albino Rats (Study 178-ME-022)  
• Distribution Study after Single Oral Administration of 14C-YM178 to Non-Albino Rats (Study 

178-ME-023) 
• Pharmacokinetic study of YM178: Placental Transfer in Pregnant Rats after a Single Oral 

Administration of 14C-YM178 (Study 178-ME-062) 
• Pharmacokinetic study of YM178: Transfer into Breast Milk in Lactating Rats after a Single 

Oral Administration of 14C-YM178 (Study 178-ME-063) 
• Pharmacokinetic study of YM178: Tissue Distribution in Rats after Repeated Oral 

Administration of 14C-YM178 (Study 178-ME-064) 
• Pharmacokinetic study of YM178: Distribution of Radioactivity in the Eyeball and Analysis of 

Composition of Radioactivity in the Eyeball after a Single Oral Administration of 14C-YM178 
to Pigmented Rats (Study 178-ME-065) 

• Radioactivity in Eyeballs after a Single Oral Administration of 14C-YM178 to Pigmented Rats 
(Study 178-ME-091) 

 
Monkeys 
• Pharmacokinetic study of YM178: Concentrations in Blood and Plasma, Urinary and Fecal 

Excretion, and Tissue Distribution in Monkeys after a Single Oral Administration of 14C-
YM178 (Study 178-ME-061) 

 
Metabolism 
 
Metabolism In Vitro 
• Identification of the Human Liver Cytochrome P450 Isoenzymes Involved in the Metabolism 

of YM178 (178-ME-002) 
• In Vitro Metabolic Rate Using Rat, Dog, Cynomolgus Monkey, and Human Liver Microsomes 

(Study 178-ME-017) 
• Comparison of In Vitro Metabolite Patterns of YM178 in Various Species Using Liver 

Microsomes (Study 178-ME-020)  
• Identification of YM178 in Metabolites in Human Plasma (178-ME-034) 
• Species Difference of Metabolic Rate of YM178 in Plasma (178-ME-038) 
• Characterization of the Human Esterases Involved in the Metabolism of YM178 (178-ME-

079) 

Reference ID: 3115118



NDA 202-611   Reviewer: Eric Andreasen, Ph.D. 
 

16 

• Evaluation of the Potential of YM178 to Inhibit the Major Human Liver Cytochrome P450 
Isoenzymes (178-ME-009) 

• Cytochrome P450 Drug Interaction Studies with YM178 using Human Liver Microsomes 
(178-ME-015) 

• In Vitro Evaluation of YM178 as an Inhibitor of Human Cytochrome P450 Enzymes using 
Human Liver Microsomes (178-ME-068) 

• In Vitro Evaluation of YM178 as an Inducer of Cytochrome P450 Expression in Cultured 
Human Hepatocytes (178-ME-074) 

 
In Vivo Rats 
• Identification and Characterization of In Vivo Metabolites of YM178 in Rats (Study 178-ME-

018) 
• Identification of YM178 Metabolites Purified from Rats with Synthetic Authentic Samples 

(Study 178-ME-051) 
• Structural Elucidation of Unidentified YM178 Metabolites in Rats (Study 178-ME-052) 
• Metabolic Profiling in Rats after a Single Oral Administration of 14C-YM178 (Plasma Profiling 

and Urine and Bile Re-profiling) (Study 178-ME-056) 
• Plasma Concentrations of YM178 and Its Metabolites after a Multiple Oral Administration of 

YM178 to Rats (Study 178-ME-077) 
• Identification of YM178 Metabolites in Rats and Humans with Synthetic Authentic Samples 

(Study 178-ME-083) 
• Plasma Concentrations of YM178 and Its Metabolite M16 after a Multiple Oral Administration 

of YM178 to Rats (Study 178-ME-125) 
 
In Vivo Mice 
• Metabolite Profiles in the Plasma after a Single Oral Administration of 14C-YM178 to Mice 

(Study 178-ME-072)  
• Plasma Concentrations of YM178 and Its Metabolites after a Multiple Oral Administration of 

YM178 to Mice (Study 178-ME-102) 
• Plasma Concentrations of YM178 and Its Metabolite M16 after a Multiple Oral Administration 

of YM178 to Mice (Study 178-ME-124) 
 
In Vivo Rabbits 
• Plasma Concentrations of YM178 and Its Metabolites after a Multiple Oral Administration of 

YM178 to Rabbits (Study 178-ME-103) 
• Plasma Concentrations of YM178 and Its Metabolite M16 after a Multiple Oral Administration 

of YM178 to Rabbits (Study 178-ME-126) 
 
In Vivo Monkeys 
• Metabolite Profiles in the Plasma, Urine, and Feces after a Single Oral Administration of 14C-

YM178 to Monkeys (Study 178-ME-066)  
• Plasma Concentrations of YM178 and Its Metabolites after a Multiple Oral Administration of 

YM178 to Cynomolgus Monkeys (Study 178-ME-078) 
 
In Vivo Humans 
• Metabolic Fingerprinting and Quantitative Analysis of Metabolites in Plasma, Urine, and 

Feces after a Single Oral Administration of 14C-YM178 to Humans (Study 178-ME-039) 
• Identification and Characterization of Metabolites in Urine and Plasma After a Single Oral 

Administration of 14C-YM178 to Humans (Study 178-ME-046) 
• Structural Elucidation of Unidentified YM178 Metabolites in Humans (Study 178-ME-055) 
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Elimination 
• Absorption, Distribution, Metabolism and Excretion of Radioactivity After Oral Administration 

of 14C-YM178 to Rats (178-ME-016) 
• Absorption, Distribution, Metabolism and Excretion after a Single Oral Administration of 14C-

YM178 to Albino Rats (Study 178-ME-022)  
• Metabolic Profiling in Rats after a Single Oral Administration of 14C-YM178 (Plasma 

Profiling and Urine and Bile Re-profiling) (178-ME-056) 
• Pharmacokinetic study of YM178: Concentrations in Blood and Plasma, Urinary and Fecal 

Excretion, and Tissue Distribution in Monkeys after a Single Oral Administration of 14C-
YM178 (Study 178-ME-061) 

• An Open-Label Study to Evaluate the Pharmacokinetics of YM178 After Single Oral 
Administration of 14C-YM178 in Healthy Male Volunteers (178-CL-007) 

 
Drug Interaction Studies 
• Evaluation of the Potential of YM178 to Inhibit the Major Human Liver Cytochrome P450 

Isoenzymes (178-ME-009) 
• Cytochrome P450 Drug Interaction Studies with YM178 using Human Liver Microsomes 

(178-ME-015)  
• Characterization of the Human Esterases Involved in the Metabolism of YM178 (178-ME-

079) 
• In Vitro Evaluation of YM178 as an Inhibitor of Human Cytochrome P450 Enzymes using 

Human Liver Microsomes (178-ME-068) 
• In Vitro Transport of YM178 Across Monolayers of Differentiated CACO-2 Cells (178-ME-

031) 
• In Vitro Inhibition of P-Glycoprotein (MDR1)-Mediated Transport (178-ME-032) 
• In Vitro Evaluation of YM178 as an Inhibitor of hOCT1 and hOCT2-mediated Drug Transport 

(178-ME-086) 
• In Vitro Evaluation of hOCT1-, hOCT2-, and hOCT3-mediated Transport of YM178 (178-ME-

092) 
• In Vitro Evaluation of PEPT1- and PEPT2-Mediated Transport of YM178 (178-ME-130) 
• In Vitro Evaluation of P-gp-, MRP2-, and BCRP-mediated Transport of YM178 (178-ME-131) 
• In Vitro Evaluation of pH-Dependent Bidirectional Transport of YM178 across Monolayers of 

Differentiated Caco-2 C3lls (178-ME-132) 
• In Vitro Evaluation of OATP1A2- and OATP2B1-Mediated Transport of YM178 (178-ME-

133) 
 
Toxicology Studies 
 
Single Dose 
• Single Oral Dose Toxicity Study of YM178 in Rats (Study 178-TX-012) 
• YM178: Single Dose Oral Toxicity Study in Dogs (Study 178-TX-017) 
• Preliminary Single Intravenous Toxicity Study of YM178 in Cynomolgus Monkeys (Study 

178-TX-033) 
• Measurement of Drug Concentrations in Plasma Samples Originating from “Preliminary 

Single Intravenous Toxicity Study of YM178 in cynomolgus Monkeys” (Study 178-TX-045) 
 
Repeat Dose 
Intravenous Administration 
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• 2-week Intravenous Dose Toxicity Study of YM178 in Rats (Study 178-TX-035) 
• 5-day Dose Range Finding Study for a 2-week Intravenous Dose Toxicity Study of YM178 in 

Rats (Study 178-TX-044) 
• A 2-week Repeated Intravenous Dose Toxicity Study of YM178 in Cynomolgus Monkeys 

(Study 178-TX-034) 
 
Oral Administration 
Mice 
• A 2-week Oral Gavage Toxicity Study of YM178 in Mice (Dose Range Finding Study) (Study 

178-TX-028)  
• A 13-week Oral gavage Toxicity Study of YM178 in Mice (Dose Range Finding Study for 

Carcinogenicity Study) (Study 178-TX-029)  
• Histopathological Examination of “A 13-week Oral Gavage Study of YM178 in mice (dose 

range-finding study for carcinogenicity study)” (Study 178-TX-041) 
• A Preliminary 5-day Repeated Dose Oral Toxicity Study of YM178 in Mice (Study 178-TX-

051) 
• A Preliminary 2-week Repeated Dose Oral Toxicity Study of YM178 in Mice (Study 178-TX-

052) 
• A 13-Week Repeated Oral Dose Combination Toxicity Study with YM178 and YM905 in 

Mice (Study 178-TX-053) 
 
Rat 
• 2-Week Oral Toxicity Study of YM178 in Rats Following Recovery Observation (Study 178-

TX-013)  
• Thirteen-week Repeated Oral Dose Toxicity Study of YM178 in Rats (Study 178-TX-020) 
• Determination of Plasma Drug Concentration in “Thirteen-week Repeated Oral Dose 

Toxicity Study of Ym178 in Rats” (Study 178-TX-042) 
• A 26-week Repeated Oral Dose Toxicity Study of YM178 in Rats (Study 178-TX-025) 
• Determination of Plasma Drug Concentration in a 26-week Oral Toxicity Study of YM178 in 

Rats (Study 178-TX-030)  
• Electron Microscopic Examination of Livers from a 26-week Repeated Oral Dose Toxicity 

Study with YM178 in Rats (Study 178-TX-040) 
 
Dog 
• YM178: 14 Day Oral Toxicity Study in Dogs (Study 178-TX-018) 
• Confirmation of Oral Toxic Effects of YM178 on the Salivary Glands in Beagle Dogs (Study 

178-TX-019) 
 
Monkey 
• 2-Week Oral Dose Toxicity Study of YM178 in Cynomolgus Monkeys (Study 178-TX-014) 

(summary review) 
• Thirteen-week Oral Dose Toxicity Study of YM178 in Cynomolgus Monkeys, Followed by a 

4-week Recovery Observation Period (Study 178-TX-021) (summary review) 
• A 52-week Oral Toxicity Study of YM178 in Cynomolgus Monkeys (Study 178-TX-026) 
 
Carcinogenicity 
• 104 Week Oral Gavage Carcinogenicity Study of YM178 In Mice (Study 178-TX-031) 
• 104-Week Oral Gavage Carcinogenicity Study withYM178 in Rats (Study 178-TX-032) 
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Genotoxicity 
• YM178: Reverse Mutation in four Histidine-Requiring Strains of Salmonella typhimurium and 

one Tryptophan-Requiring Strain of Escherichia coli (Study 178-TX-003) 
• YM178: Induction of Chromosome Aberrations in Cultured Human Peripheral Blood 

Lymphocytes (Study 178-TX-007) 
• YM178: Induction of Micronuclei in the Bone Marrow of Treated Rats (Study 178-TX-008) 
 
Reproductive and Developmental Toxicity 
Fertility and Embryonic Development 
• Study of Fertility and Early Embryonic Development to Implantation in Rats Administered 

Orally with YM178 (Study 178-TX-015) 
• Study of Fertility and Early Embryonic Development to Implantation in Male Rats Treated 

Orally with YM178 (Study 178-TX-039) 
 
Embryo-Fetal Development 
• Effects of YM178 on Embryo-fetal Development in Rabbits by Oral Administration (Study 

178-TX-004) 
• Effects of YM178 on Embryo-fetal Development in Rats by Oral Administration (Study 178-

TX-005)  
• A Study for Effects on Embryo-fetal Development in Rabbits Treated Orally with YM178 

(Study 178-TX-016) 
• Effects of Orally Administered YM178 on Embryo-fetal Development in Rats (Study 178-TX-

022) 
• Reversibility of Wavy Ribs of Fetuses Induced by YM178 Orally Administered to Rats (Study 

178-TX-023) 
• Determination of Plasma Drug Concentration in “Effects of Orally Administered YM178 on 

Embryo-fetal Development in Rats” (Study 178-TX-043) 
• Plasma Concentrations of YM178 and its Metabolites after a Multiple Oral Administration of 

YM178 during Non-Pregnant and Pregnant Periods in Female Rabbits (Study 178-TX-056) 
• Investigational Study for Effects of the Oral Administration of YM178 on Embryo-fetal 

Development in Rabbits: Effects of a beta 1-Blocker (Study 178-TX-047) 
• Study for Effects of the Oral Administration of YM178 on Embryo-fetal Development in 

Rabbits: Effects of a beta 1-Blocker (2) (Study 178-TX-057) 
• Investigational Study for Effects of the Oral Administration of DI-Isoproterenol Hydrochloride 

on Embryo-fetal Development in Rabbits: Effect of a beta 1-Blocker (TX094001) 
 
Pre- and Postnatal Development 
• Study for Effects on Pre- and Postnatal Development, including Maternal Function in Rats 

Treated Orally with YM178 (Study 178-TX-038) 
 
Local Tolerance 
• Acute Dermal Irritation Study of YM178 in Rabbits (Study 178-TX-001) 
• Eye Irritation Study of YM178 in Rabbits (Study 178-TX-002) 
• Intravascular Irritation Study of YM178 in Rabbits (Study 178-TX-036) 
 
Dermal Sensitization  
• Skin Sensitization Study of YM178 in Guinea Pigs (Study 178-TX-024) 
• A Skin Sensitization Study on YM178 in Guinea Pigs by the Buehler Test (Study 178-TX-

027) 
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Toxicity of Impurity 
• A 2-week Repeated Dose Oral Toxicity Study of YM178 (Including  of  in 

Rats (Study 178-TX-046) 
 
Other Toxicology Studies 
• In vitro Human Blood Hemolysis Test of YM178 for Injection (Study 178-TX-037) 
• Effects of YM178 on Analysis of Urinary Protein Levels (Study 178-TX-049)  
• Effects of YM178 (mirabegron) and metabolites (M11, M12) on qualitative and quantitative 

protein analysis in human urine (178-TX-058) 
 

3.2 Studies Not Reviewed  
Secondary Pharmacology 
• Effects of YM178 on Lipolysis in Isolated Rat Fat Cells (Study 178-PH-002) 
• Improvement of Glucose Intolerance by the Treatment of Zucker Fatty Rats with YM178 

(Dose-response Study) (Study 178-PH-011) 
• Effect of YM178 on Body Temperature in kk/Ay Mice (Study 178-PH-013) 
• Effect of YM178 on Energy Metabolism (Heat-Production) in kk/Ay Mice (Study 178-PH-017) 
 
Analytical Methods and Validation Reports 
• Validation of a High Performance Liquid Chromatography Method for the Determination of 

YM178 in Dog Plasma (Study 178-ME-003) 
• Validation of a High Performance Liquid Chromatography Method for the Determination of 

YM178 in Rat Plasma (Study 178-ME-004) 
• Validation of a High Performance Liquid Chromatography Method for the Determination of 

YM178 in Rabbit Plasma (Study 178-ME-011) 
• Validation of a High Performance Liquid Chromatography Method for the Determination of 

YM178 in Monkey Plasma (Study 178-ME-019) 
• One-day Validation of a High-performance Liquid Chromatography Method for the 

Determination of YM178 in Rat Plasma (Study 178-ME-025) 
• Validation of an HPLC-UV Method for Determination of YM178 in Rat Plasma (Study 178-

ME-026) 
• Validation of a High Performance Liquid Chromatography Method for the Detection of 

YM178 in Mouse Plasma (Study 178-ME-027) 
• Validation of a High Performance Liquid Chromatography Method for the Detection of 

YM178 in Rabbit Plasma (Study 178-ME-028) 
• Validation of a High Performance Liquid Chromatography Method for the Detection of 

YM178 in Monkey Plasma (Study 178-ME-029) 
• Validation of a High Performance Liquid Chromatography Method for the Detection of 

YM178 in Human Plasma (Study 178-ME-030) 
• Validation of Analytical Method for the Detection Concentration of  YM178 in Mouse Plasma 

by HPLC (Study 178-ME-033) 
• Validation of a High Performance Liquid Chromatography Method for the Determination of 

YM178 in Rat Plasma (Precision and Accuracy for Changing a Measurement Person-in-
Charge, and 25-fold Dilution Measurement) (Study 178-ME-042) 

• Validation of a High Performance Liquid Chromatography Method for the Determination of 
YM178 in Dog Plasma (Precision and Accuracy for Changing a Measurement Person-in-
Charge, and 25-fold Dilution Measurement) (Study 178-ME-043) 
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• Validation of the Analytical Method for the Determination of YM178 in Rat Plasma by HPCL 
(Study 178-ME-047) 

• Validation of a Method for the Determination of YM178 in Rat Plasma by HPLC with UV 
Detection (Study 178-ME-059) 

• Validation of a Method for the Determination of YM178 in Monkey Plasma (Study 178-ME-
060) 

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M11, M12, 
M13, M14, and M15 in Rat Plasma (Study 178-ME-075) 

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M11, M12, 
M13, M14, and M15 in Cynomolgus Monkey Plasma (Study 178-ME-076) 

• Validation of an LC-MS/MS Method for the Determination of YM178 in Rat Plasma (Study 
178-ME-093) 

• Validation of an LC-MS/MS Method for the Determination of YM178 in Rabbit Plasma (Study 
178-ME-094) 

• Validation of an LC-MS/MS Method for the Determination of YM178 in Cynomolgus Monkey 
Plasma (Study 178-ME-095) 

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M11, M12, 
M13, M14 and M15 in Mouse Plasma (Study 178-ME-096)  

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M11, M12, 
M13, M14 and M15 in Rabbit Plasma (Study 178-ME-097) 

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M5, M8, 
and M16 in Mouse Plasma (Study 178-ME-098) 

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M5, M8, 
and M16 in Rat Plasma (Study 178-ME-099) 

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M5, M8, 
and M16 in Rabbit Plasma (Study 178-ME-100) 

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M5, M8, 
and M16 in Cynomolgus Monkey Plasma (Study 178-ME-101) 

• Validation of an LC-MS/MS Method for the Determination of YM178 in Mouse Plasma 
(Study 178-ME-106) 

• Partial Validation of an LC-MS/MS Method for the Determination of YM178 in Rat 
[Crl:CD(SD)] Plasma (Study 178-ME-114) 

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M5 and 
M16 in Rat Plasma (Study 178-ME-119) 

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M5 and 
M16 in Mouse Plasma (Study 178-ME-120) 

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M5 and 
M16 in Rabbit Plasma (Study 178-ME-121) 

• Validation of an LC-MS/MS Method for the Determination of YM178 Metabolites M5 and 
M16 in Cynomolgus Monkey Plasma (Study 178-ME-122) 

3.3 Previous Reviews Referenced 
None 
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4 Pharmacology 
Primary Pharmacology Summary 
In vitro and in vivo data in animals and humans suggest that mirabegron (YM178) is a 
β3-adrenergic receptor (β3-AR) agonist.  Mirabegron also has potential for off target 
activation of β1-AR signaling in animals and humans which, at super therapeutic doses, 
has resulted in changes in blood pressure and heart rate. 
 
The urinary bladder detrusor muscle responds to cholinergic stimulation by contracting 
and adrenergic stimulation decreases the detrusor contraction. Mirabegron is intended 
to alleviate overactive bladder symptoms by agonist activation of β3-AR resulting in 
relaxation of the bladder detrusor muscle.  
 
Evidence for increased bladder capacity and reduced bladder contractions was reported 
in animals.  Mirabegron was able to reduce pre-constricted isolated rat detrusor muscle, 
reduce distension induced bladder contractions in rats, reduce bladder contractions in a 
model of bladder outlet obstruction in rats, increase bladder capacity in water loaded 
rats and monkeys, and reduce intravesical pressure in dogs.   
 
Molecular Pharmacology Summary 
There are three beta adrenergic receptor subtypes (β1-, β2-, and β3-AR) which are all 
transmembrane G-protein-coupled proteins that are activated upon binding 
norepinephrine and epinephrine (1).  The human β3-AR shares roughly 51% and 46% 
amino acid identity with the human β1-AR and β2-AR, respectively.  β3-AR is the 
primary beta adrenergic receptor in the urinary bladder.  Besides the urinary bladder, 
β3-ARs are located primarily in white and brown adipocytes where agonism can 
promote lipolysis and thermogenesis (primarily in rodents).  β3-AR transcripts have also 
been detected in the brain, liver, gallbladder, pancreas, stomach, small intestine, 
skeletal muscle, left ventricle and atrium, lung, kidney, prostate, and corpus cavernosa 
(2 and 3).  Activation of β3-AR may inhibit the contraction of the urinary bladder 
detrusor, ileum, colon, gallbladder, myocardium, and myometrium, and increase blood 
vessel dilation.  
 
Upon binding epinephrine or norepinephrine β-ARs undergo a conformational change 
and activate G-proteins (Gs or Gi) (1 and 2 and 4). Upon activation, the Gsα subunit 
activates adenylyl cyclase which catalyzes the formation of cAMP. cAMP acts as a 
second messenger to activate protein kinase A (PKA). Activation of PKA through 
several steps ultimately results in regulation of thermogenesis and lipolysis in 
adipocytes.  Activation of Gi in the endothelium ultimately results in production of nitric 
oxide (NO) resulting in vasodilation and negative ionotropic effects in cardiomyocytes. 
 
Prolonged activation of β1-AR or β2-AR results in inactivation and endocytosis of these 
receptors (desensitization) (3). After ligand binding, Gsα is released resulting in 
activation of cAMP dependent activation of PKA. Consequently β-adrenergic receptor 
kinase (BARK) is phosphorylated by PKA. BARK is then drawn to Gsβγ associated with 
β-AR where it phosphorolates β-AR. Phosphorlyated β-AR then recruits β-arrestin which 
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concentration for all three β-ARs suggesting that there may not be biologically 
significant differences in selectivity at some exposure levels.  In addition to the poor 
selectivity for the β3 receptor, it is difficult to definitively compare results with the 
different receptors in this assay since the assay employed different radioligands, the 
concentration of the radioligands was not mentioned, and the amount of β-AR protein in 
each assay was not determined.   
 

 
 
In vitro Activation of Human, Rat, Dog and Monkey β1, β2 and β3-Adrenergic Receptors 
by mirabegron: 
The agonist activity of mirabegron for human, rat, dog and monkey β1, β2 and β3 
adrenergic receptors was assessed in Chinese hamster ovary cells (CHO) that 
individually express one of the recombinant adrenergic receptors from each species 
(178-PH-044, 178-PH-51, 178-PH-52, 178-PH-53). Receptor activation was quantified 
by the production of intracellular cyclic AMP (cAMP) due to increased adenylate cyclase 
activity. The nine most common human metabolites of mirabegron were also assessed 
in the cells expressing the human β-ARs.  Cells were incubated for 30 minutes in the 
presence of a phosphatase inhibitor (3-isobutyl-1-methylxantine) and 1 to 10,000 nM 
mirabegron or the non-specific agonist isoproterenol as a positive control. The 
concentrations of mirabegron encompass the therapeutic Cmax (66.2 ng/mL = 167 nM) 
at the MRHD (50 mg/day) (178-CL-072). The concentration of mirabegron that was 

Competitive Radioligand Binding with YM178 to Human β-Adrenergic Receptors 

 
Figure copied from Sponsor’s Figure 1 in study 178-PH-005. 
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In Vitro Activity of Rat, Dog and Monkey recombinant β1-AR, β2-AR and β3-AR 
in Response to YM178 (open circles) or Isoproterenol (closed circles) 

 
Rat β1-AR  Rat β2-AR   Rat β3-AR 

 
Dog β1-AR  Dog β2-AR   Dogβ3-AR 

 

 
 
Monkey β1-AR  Monkey β2-AR  Monkey β3-AR 

 
Figures copied from the Sponsor (Studies 178-PH-51, 178-PH-52, 178-PH-53).  Data 
presented as percent of maximal response induced by isoproterenol ± SEM of 4 duplicate 
experiments.  
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4.1.2 Pharmacodynamic Investigations   
Beta Adrenergic Dependent Relaxation of Urinary Bladder Smooth Muscle in Vitro 
Initial studies found that mirabegron and isoproterenol (a mixed β1/β2-agonist) were 
able to relax carbachol induced constriction of smooth muscle isolated from the detrusor 
of rats and humans in a concentration dependent manner (178-PH-029 and 178-PH-
031).  In these studies mirabegron was 4 and 28 times less potent than isoproterenol in 
relaxing the detrusor muscle from rats and human tissues, respectively.  
 
To provide data suggesting that mirabegron relaxes detrusor smooth muscle contraction 
through β-adrenergic signaling, isolated rat bladder smooth muscle strips were exposed 
to vehicle or either the β1-AR antagonist CGP-20712A or the β2-AR antagonist ICI-
118,551 for ten minutes (Study 178-PH-057).  Then the cells were exposed to vehicle or 
ascending concentrations of mirabegron or the general β1/β2-adrenergic agonist 
isoproterenol (10-9 to 10-4 M) and the relaxant response was measured.  To determine 
the maximal relaxant potential, cells in all groups were exposed to papaverine (elevates 
cAMP) after reaching the maximal mirabegron or Isoproterenol concentration.    
 
Isoproterenol appeared to have better potency (10 fold lower exposure to see 
relaxation) but was less efficacious (less maximal effect) than mirabegron in relaxing the 
bladder contraction (see figure below).  Pretreatment with either β1- or the β2-AR 
antagonists failed to impair the relaxation of the bladder strips by mirabegron 
suggesting that relaxation by mirabegron is mediated by β3-AR signaling or another 
mechanism.  Isoproterenol dependent relaxation was impaired by the β2-AR antagonist 
but not the β1-AR antagonist.  This indicates that there is potential for both β2- and β3-
AR dependent relaxation of the bladder detrusor muscle in rats. 
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Beta-Adrenergic Signaling in Isolated Rat Urinary Bladder Tissue 
Activation of β-adrenergic signaling was assessed by quantification of intracellular cyclic 
AMP from isolated rat bladders strips exposed to mirabegron (0, 0.1, 1.0, or 10 μM), the 
general β-agonist isoproterenol (0, 0.001, 0.01, or 0.1 μM), or forskolin (0.3 μM) as a 
positive control (Study 178-PH-055).  Cells were exposed for ten minutes.  The study 
was repeated three times each with six replicates per group.  Cyclic AMP was elevated 
by mirabegron at ≥ 1 μM and isoproterenol at ≥ 0.1 μM suggestive of the presence of 
beta adrenergic receptors in the urinary bladders of rats.    
 

Effects of β-Adrenergic Antagonists on the Relaxation Induced by Mirabegron 
and Isoproterenol in Isolated Strips of Rat Bladder Smooth Muscle 

 
 
Figure copied from sponsor Figure 1 (178-PH-057). Effects of isoproterenol (A) and 
mirabegron (B) are shown. Carbachol (10-6 mol/L) was added to induce a contractile 
response. After generated tension had stabilized, CGP-20712A (10-7 mol/L), ICI-118,551 (10-

7 mol/L), or vehicle was added. Ten minutes after the addition of CGP-20712A, ICI-118,551, 
or vehicle, mirabegron or isoproterenol was cumulatively added in the concentration range of 
10-9 to 10-4 mol/L. Data are shown as the mean ± SEM of 5 independent experiments. 
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Repression of Urinary Bladder Contraction by Mirabegron in Rats and Dogs: 
In a preliminary study with anesthetized female rats, the frequency but not amplitude of 
rhythmic bladder contractions induced by instillation of saline into the bladder was 
reduced by intravenous exposure of mirabegron at 3 mg/kg but not at lower doses (178-
PH-030). A follow up study found that intravesical pressure was dose dependently 
decreased by IV doses of mirabegron at ≥ 0.03 mg/kg (178-PH-035). For these studies, 
both ureters were tied off and sutured. A urethral catheter was installed and a pressure 
transducer was placed in the bladder. Saline was installed into the bladder to a pressure 
of 4.4 mm (178-PH-035) or until rhythmic contractions were recorded (178-PH-030), 
and after 5-15 minutes the vehicle or mirabegron was administered IV. The sponsor 
reported that 6-10 mm of pressure is sufficient to stimulate distension evoked bladder 
contractions in anesthetized rats.  
 
To determine the serum levels necessary to reduce distension induced bladder 
contractions, rats were administered mirabegron intraduodenally, bladder contractions 
were monitored 30 to 60 minutes after dosing, and serum levels of mirabegron were 
measured.  Intraduodenal administration of mirabegron at ≥ 3 mg/kg (serum levels ≥ 
114 ng/mL) reduced the frequency but not amplitude of saline induced rhythmic bladder 
contractions in anesthetized rats (178-PH-032).  This suggests that low blood levels of 
mirabegron may increase bladder capacity (decrease contraction frequency) while 
potentially not effecting micturition reflex (contraction amplitude) in rats.  Single and 14 
days of intraduodenal dosing in female rats at 30 mg/kg had similar reductions in 
distension induced frequency without affecting the amplitude of bladder contraction 
suggesting that the pharmacologic effect may not be altered by repeated dosing in rats 
(178-PH-036).    
 

Elevated cAMP in Isolated Rat Balder Strips Exposed to  
Mirabegron or Isoproterenol 

 
Figure copied from Sponsor Figure 1 (178-PH-055). Effects of mirabegron (A) and isoproterenol (B) 
are shown. Each column indicates the mean + SEM of 6 independent experiments. *P<0.05, 
**P<0.01: significant difference compared with vehicle group (Dunnett’s multiple comparison test). 
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Urgency Model in Rats:  
The effect of mirabegron on bladder function was assessed in female rats with 
surgically induced bladder outlet obstruction (proximal urethra was restricted surgically) 
(178-PH-033). Mirabegron was administered IV at 0.1 to 3 mg/kg (n = 6/group). Pre-
micturition contraction was used as the index of urgency. Bladders were infused through 
a catheter in the apex with saline at 5-15 mL/hr to mimic bladder outlet obstruction or 
3.5 mL/hr in sham treated rats. In the bladder obstructed rats, mirabegron at ≥ 1 mg/kg 
reduced the frequency of pre-micturition contraction but did not affect the amplitude of 
pre-micturition contraction, micturition pressure, threshold pressure, residual volume, 
voiding volume, or bladder capacity.  
 
Overactive Bladder Models in Rats, Dogs, and Monkeys:  
The effect of mirabegron on bladder capacity was assessed in water-loaded male rats 
with cerebral infarction (178-PH-034). Cerebral infarction was induced by occlusion of 
the middle cerebral artery which reduced the bladder capacity from 1.74 mL to 0.71 mL. 
Rats were orally dosed with vehicle or mirabegron at 0.3 to 3 mg/kg. One hr later they 
were loaded with water at 30 mL/kg and voided volume was measured for the next 1.5 
hrs. Mirabegron at 3 mg/kg increased the bladder capacity.    
 
The ability of intravenous mirabegron (0.0003 to 0.01 mg/kg) to reduce the intravesical 
pressure induced by the cholinergic carbachol (1.8 μg/kg IV) was assessed in 
anesthetized male beagle dogs (Study 178-PH-059).  Ascending doses of mirabegron 
were administered every five minutes followed by a carbachol challenge and 
measurement of the intravesical pressure.  Mirabegron dose dependently reduced the 
intravesical pressure with a 20% reduction at 0.0003 mg/kg and a roughly 75% 
reduction at 0.01 mg/kg (ED30 was 0.0005 mg/kg).   
 
The effect of mirabegron on micturition frequency and bladder capacity was also 
assessed in water-loaded male Cynomolgus monkeys (178-PH-037). Monkeys were 
orally dosed with mirabegron at 0, 0.3, 1, or 3 mg/kg. Fifteen minutes later they were 
orally administered water at 50 mL/kg and micturition frequency and volume was 
recorded for the following 8 hrs. Mirabegron decreased micturition frequency at ≥ 1 
mg/kg and increased bladder capacity (urine volume/micturition frequency) at 3 mg/kg.  
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Mirabegron induced lipolysis in isolated fat cells from rats (178-PH-002).   
 
A strain of obese diabetic mice (kk/Ay) were used to study the effect of two weeks of 
oral mirabegron dosing at 0, 3, 10, or 30 mg/kg on body temperature (178-PH-013), 
oxygen consumption, glucose, insulin, non-esterified fatty acids, triglycerides, 
hyperglycemia, and hyperinsulinemia (178-PH-017). This strain of mice was chosen 
because it is a genetic model of diabetes and obesity and the animals are 
hyperglycemic and hyperinsulinemic.   
 
Two weeks of dosing kk/Ay mice with mirabegron at ≥ 3 mg/kg resulted in a dose 
dependent increase in body temperature within 60 minutes of dosing but did not affect 
basal body temperature (temperature prior to daily dosing) throughout the two week 
period (178-PH-013). The increased body temperature is likely due to increased 
lipolysis of brown and white fat. Although basal metabolism was not affected by 
mirabegron in these kk/Ay mice, energy expenditure (calorie expenditure) was elevated 
for 1-9 hours at 30 mg/kg from the first to the last dose and for 2-5 hours after one to 
two weeks of dosing at 10 mg/kg (178-PH-017).  After two weeks of dosing kk/Ay mice 
at ≥ 3 mg/kg, non-esterified fatty acids were reduced (-18 to -58%) and at ≥ 10 mg/kg 
blood glucose (-50%), plasma insulin (-79 to -95%) and plasma triglycerides (- 36% to -
73%) were all reduced (178-PH-017).  
 
Another rodent model of diabetes, fasted Zucker Fatty rats, which are glucose 
intolerant, were employed to see if mirabegron could increase insulin levels and also 
reduce glucose levels in response to an oral glucose challenge (178-PH-011). Rats 
were administered 0, 3, 10, or 30 mg/kg of mirabegron daily for two weeks.  They were 
challenged with oral glucose solution 30 minutes after mirabegron dosing on day 1 and 
14.  Serum glucose and insulin were assessed -30 to 240 minutes after glucose 
challenge on the first day of dosing and after two weeks of dosing.  A single dose of 
mirabegron at 3 to 30 mg/kg reduced the elevation of glucose that is normally observed 
after a glucose challenge (glucose AUC reduced 23-37%). Additionally, prior to glucose 
challenge, single doses of mirabegron at ≥ 10 mg/kg elevated insulin levels and they 
remained elevated between 60 to 240 minutes after the glucose challenge (insulin AUC 
increased 268-288%).  Although glucose levels were still reduced (AUC reduced 24-
30%) after glucose challenge after two weeks of mirabegron exposure, the dose 
responsive changes in insulin levels were only observed at 10 mg/kg (insulin AUC 
increased 47%) and not at 3 or 30 m/kg.  
 

4.3 Safety Pharmacology 

4.3.1 CNS Safety Pharmacology 
Recoverable clinical signs in mice after single oral doses include prone position with 
slight hyperthermia at ≥ 10 mg/kg, and decreased alertness, spontaneous movement, 
and decreased tonus of the limbs and abdominal muscles at 100 mg/kg (178-PH-019). 
In mice mirabegron did not affect CNS endpoints including the duration of hexobarbital 
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Gastrointestinal effects: Mirabegron did not affect gastric transit time in mice at single 
oral doses up to 100 mg/kg in mice (178-PH-019).  
 
Mirabegron did not directly affect contractions of ileum tissue isolated from guinea pigs 
but did inhibit acetylcholine, histamine, BaCl2, and serotonin induced contractions (178-
PH-019). 
 
4.3.3 Respiratory safety pharmacology: 
In dogs a single oral dose of mirabegron at ≥ 0.3 mg/kg reduced systolic (~30%) and 
mean (~10%) but not diastolic blood pressure for eight hours (178-PH-019).  Perhaps 
as a response to decreased blood pressure, heart rate increased roughly 100% (60-100 
bpm increase over ~ 65 bpm baseline) and respiration rate increased roughly two fold at 
3 mg/kg for two hrs and at 10 mg/kg for eight hrs (178-PH-019). Clear effects on arterial 
O2, CO2, and pH were not observed in these dogs at up to 10 mg/kg.  Cardiac effects in 
these dogs are described in Section 4.3.4.2.  
 
In monkeys there was no affect of mirabegron on arterial CO2, O2, pH, hemoglobin O2 
saturation, sodium, potassium, calcium, or chloride in monkeys after singles doses up to 
100 mg/kg (49x MRHD) (178-PH-004).  
 

4.3.4 Cardiac Safety Studies  
General cardiac safety pharmacology was assessed in rats, rabbits, dogs, and 
monkeys.  Mechanistic studies were conducted in rats and dogs to evaluate the 
mechanism of increased heart rate.  To assess proarrhythmic risk of mirabegron and its 
five major metabolites, the sponsor conducted cardiac ion channel assays, hERG 
assays, isolated cardiac papillary muscle action potential assays, and canine ventricular 
wedge assays.   
 
4.3.4.1 Proarrhythmic Evaluation - In Vitro Studies 
 
Effects of M178 and its Five Metabolites on Four Cardiac Ion Channels  
The potential for 10 μM mirabegron and its five primary metabolites (M5, M11, M12, 
M14, and M16) to activate four human cardiac ion channels was assessed by whole cell 
patch clamp analysis in HEK or CHO cells transfected with the sodium channel 
(hNav1.5), calcium channel (hCav1.2), and either of two potassium channels 
(hKvLQT1/hminK or hKv4.3/Kchi2.2) (Study 178-PT-011).   The 10 μM concentration of 
mirabegron is 60 times the mean clinical Cmax (66.3 ng/ml) however this choice of 
mirabegron exposure may be low since the positive controls ranged from 0.1 to 2,000 
μM.  Mirabegron inhibited the sodium and calcium channels by 49% and 15% 
respectively.  The only metabolite with greater than 10% inhibition was M16 which 
inhibited the sodium channel by 11%.   Inhibition of the hNAV1.5 sodium channel may 
not be indicative of QT prolongation since it functions in Phase 0 of ventricular action 
potential and the QT interval occurs in Phase 2-3. 
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Effect on Repolarization by the IKr Potassium Channel (hERG assay) 
Since blocking cardiac potassium channels can increase the duration of repolarization 
of cardiac cells, prolong the QT interval leading to torsade de pointes (TdP) and 
ventricular fibrillation, the ability of mirabegron and its metabolites to inhibit the rapid 
delayed rectifier potassium channel (IKr) was assessed in several hERG assays.  
 
Methods:  The potential for mirabegron and its five principal metabolites M5, M11, M12, 
M14, and M16 to reduce potassium channel currents was assessed in a series of whole 
cell patch clamp studies in human embryonic kidney cells (HEK293) stably transfected 
with the human ether-a-go-go related gene (hERG) which codes for the potassium 
rectifier (IKr) (GLP Studies 178-PT-002, 178-PT-006, 178-PT-008, 178-PT-012, 178-PT-
015). Although there were differences, the study protocols were fairly similar.  The 
change in peak tail currents was assessed prior to exposure and 10-11 minutes after 
exposure to DMSO vehicle, the positive control E-4031 (0.1 μM), mirabegron (0.03 to 30 
μM) or its principal metabolites M5, M11, M12, M14, or M16 (0.3 to 30 μM).  Five cells 
were assessed per group.  The dosing solutions were within 96-102% of the desired 
range.  The positive control (E-4031) responded as expected, repressing currents by 
73-86% in all experiments. The temperature was maintained between 36.2 and 37.8oC.  
 
Results:  The first hERG study indicated that mirabegron did not inhibit hERG currents 
at up to 30 μM (178-PT-002) (Table below).  However, in a second study, hERG 
currents were suppressed 14% at 30 μM which equates to roughly 180 times the clinical 
Cmax (178-PT-015).  The two major metabolites M11 and M12 did not affect hERG 
channel currents at any concentration.  M14, a minor glucuronide metabolite, only 
slightly repressed hERG currents at a concentration equivalent to 2,700 times the 
clinical Cmax.  The acetyl conjugate M5 and the phase one metabolite M16 both 
impaired hERG currents with IC50 concentrations of 21 and 31 μM respectively.  
However these IC50 values are more than 1,100 times the clinical Cmax.   
 
Conclusion:  These studies are not suggestive of robust repression of potassium 
rectifier currents by mirabegron or any of its major metabolites at the clinical exposure 
level.  
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Canine Ventricular Tissue Response to Mirabegron and its Primary Metabolites In Vitro 
The potential for mirabegron, M5, M11, M12, M14, or M16 to promote QT prolongation 
and ventricular fibrillation were assessed in perfused canine ventricular wedge tissues 
(178-PT-010 and 178-PT-014).  
 
Methods:  Isolated canine ventricular tissue was treated by arterial perfusion for 30 
minutes with solvent control (DMSO), active control (100 μM sotalol, a nonselective β-
blocker that prolongs QT and PR intervals), mirabegron at 3, 30, 100, or 300 ng/mL or 
its metabolites M5, M11, M12, M14, or M16 at 3, 10, 30, or 100 ng/mL or the β1-β2 
adrenergic receptor agonist Isoproterenol at 0.3, 2.5, 24.8, or 248 ng/mL (n=6/group).  
Response to 1,000 and 2,000 ms stimulation was recorded.  QT interval was 
determined.  The T wave duration from peak to end (Tp-e) was also determined as an 
index of transmural dispersion of repolarization (TDR).  Transmembrane action potential 
duration was also assessed from the subendocardium and epicardium to determine the 
ADP90 (time for 90% repolarization of the action potential).  Abnormal rhythms 
indicative of ventricular tachycardia and fibrillation were also noted within five minutes of 
the 1,000 ms stimulation but not after the 2,000 ms stimulation.  A torsades de pointes 
(TdP) risk score was calculated based upon the change in QT interval, change in Tp-
e/QT ratio, and the detection and type of early after depolarization (EAD).  Rabbits are 
the preferred species for this assay.  The rational for the choice in species was not 
mentioned. The sponsor noted that there is no data available to validate their criteria for 
estimating TdP because they used dogs instead of rabbits.  
 
Results:  Under the conditions tested, there was no indication that mirabegron or any of 
the metabolites have the potential to promote QT prolongation (Table below).  The 
opposite was observed.  QT interval and subendocardial ADP90 was slightly reduced 
by mirabegron at ≥ 100 ng/mL which is a concentration slightly exceeding the mean 
Cmax in elderly women at the 50 mg clinical dose (66 ng/mL) (178-CL-072).  Similarly, 
M5 exposure reduced the QT interval and ADP90 roughly 8-9% at 100 ng/mL.  
Exposure to M11 slightly reduced the Tp-e interval (≤ 4%) at ≥ 3 ng/ml and Tp-e was 
slightly reduced by M16 at 100 ng/mL. Other than this, there were no other significant 
adverse effects of the metabolites on QT, Tp-e, or ADP90.  The positive control Sotalol 
and the nonspecific β1-β2 agonist Isoproterenol prolonged and shortened the QT 
interval respectively as expected.   
 
Conclusion:  Under the conditions tested, mirabegron and its principal metabolites were 
unable to prolong the QT interval or promote conditions conducive for ventricular 
fibrillation at roughly 4.5 times the maximal clinical exposure at the MRHD (50 mg with 
Cmax = 66 ng/ml in elderly females study 178-CL-072).  
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correction, QT interval was either reduced at 10 mg/kg (uncorrected), not effected in 
these dogs at up to 10 mg/kg (Matsunaga’s), inconclusively prolonged at ≥ 3 mg/kg 
(Van de Water’s), or more substantially prolonged, 12-37% at 2-8 hrs, at ≥ 0.3 mg/kg 
using Bazett’s correction which is a dose resulting in exposure similar to the human 
Cmax at the MRHD.  The sponsor noted that Matsunaga’s and Van de Water’s are the 
common correction methods in dogs but they feel that Matsunaga’s method is most 
appropriate where there is a large change in heart rate so they do not believe that QTc 
results in dogs are a safety issue. They also noted that the wave forms were not 
abnormal even at the 10 mg/kg dose.  This was supported by a second oral dose study 
in dogs where blood pressure declined and heart and respiratory rate increased at ≥ 10 
mg/kg, ventricular tachycardia was not observed at up to 100 mg/kg, and QTc was 
either prolonged when using Bazett’s correction at ≥ 30 mg/kg or was not effected when 
using Matsunaga’s method at up to 100 mg/kg (178-PH-022).   
 
Similarly, in anesthetized dogs after IV administration, monophasic ventricular action 
potential duration (MADP90) was shortened at ≥ 0.3 mg/kg while at 3 mg/kg the heart 
rate was elevated, the T wave was heightened, and QT interval was shortened (178-
PH-021). Death was observed in dogs at IV doses ≥ 10 mg/kg due to ventricular 
tachycardia that lead to ventricular fibrillation within 5-10 minutes (178-PH-022 and 178-
PH-023).   
 
These data suggest that mirabegron does not cause QT prolongation in dogs but it 
could, at high doses, induce ventricular fibrillation due to tachycardia. 
 
The sponsor suggested that the cardiac effects may be partially mediated by β1-AR 
stimulation since intravenous exposure to propranolol (β1/β2 blocker) partially inhibited 
the increased heart and respiratory rates and decreased blood pressure observed with 
oral and IV mirabegron in dogs at ≥ 10 mg/kg (178-PH-022). A mechanistic investigation 
for the elevated heart rate in rats and dogs was further investigated in non-GLP studies 
(see Section 4.3.4.3).   
 
4.3.4.3 Mechanist Investigation of Increased Heart Rate 
 
Rats:  The sponsor postulated that the elevated heart rates caused by mirabegron may 
be mediated through the β1-AR in laboratory animals. The effect of mirabegron (0.03, 
0.1, or 0.3 mg/kg, IV) on heart rate was assessed in pentobarbital anesthetized male 
rats (178-PH-050). The heart rate was elevated approximately 18, 25, 30, and 55 
beats/min above the mean basal rate of 347 beats/min in the control, LD, MD, and HD 
groups, respectively, but a statistical difference was only observed in the MD and HD 
groups (figure below). The mean blood pressure, systolic blood pressure, and diastolic 
blood pressure were all slightly reduced in the MD and HD groups but not to a 
statistically significant level.  
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A mechanistic rational for the mirabegron dependent elevation in heart rate was 
investigated by pre-treating the rats with a neuronal specific acetylcholine antagonist 
(hexamethonium), depleting catecholamines (reserpine- depletes catecholamines from 
peripheral sympathetic nerve endings by blocking their uptake), or treating with a β1-AR 
antagonist (metoprolol) or a β2-AR antagonist (ICI-118551). First, as a ganglion nerve 
block, all rats in the mechanistic study were dosed with hexamethonium and the 
antimuscarinic atropine. This treatment alone had no affect on heart rate (group 1, see 
figure below) and it did not impair the elevated heart rate caused by mirabegron (0.1 
mg/kg) (group 2). The addition of reserpine did not repress the mirabegron effect 
indicating that elevated catecholamine levels may not be involved. The combination of 
atropine, reserpine, hexamethonium, and the β2-AR antagonist ICI-118551 also had no 
affect on mirabegron (group 5). However, the β1-AR antagonist metoprolol in 
combination with atropine, reserpine, and hexamethonium did reduce the elevated heart 
rate to a level similar to non-YM78 treated rats suggesting that this affect is mediated 
through the β1-AR (group 4).  
 

Effect of IV YM178 on Heart Rate (A) and Blood Pressure (B, C, and D) in Anesthetized 
Rats 

 
Figure copied from Sponsor’s Figure 1 (178-PH-050). Each column represents the mean: 
SEM of 4 rats. *P<0.05, **P<0.01, significant difference from the vehicle treated group 
(Dunnett’s multiple comparison test). HR: heart rate; SBP: systolic blood pressure; DBP: 
diastolic blood pressure; MBP: mean blood pressure
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The sponsor did not provide data or a rational for the doses of the drugs that were used 
to ensure that they were used at an effective dose.  The dose of ICI-118551 may not 
have been sufficient to repress β2-AR dependent affects. Alternatively β-AR knockout 
mice could have been used to demonstrate how responsive heart rate is to activation of 
each β-AR individually or in combination by mirabegron.  This study is informative but 
not completely convincing because of the lack of proper controls. Further study would 
be needed to make claims that the cardiac affects are mediated solely through β1-AR 
and not β2-AR or β3-AR. 
 
Dogs:  A study was conducted investigating whether the increased heart rate in dogs is 
a compensatory response to β3-AR dependent vasodilatation and subsequent reduction 
in blood pressure (reflex tachycardia) (178-PH-054).   
 
Methods:   
The first experiment evaluated the response to mirabegron.  Pentobarbital anesthetized 
dogs were dosed intravenously with ascending doses of mirabegron (0.0001, 0.0003, 
0.001, 0.003, 0.01, 0.1, and 1 mg/kg) once every 15 minutes.  Plasma levels were 
determined 5 and 15 minutes after each dose.  Blood pressure, heart rate, and ECG 
were assessed.  To determine if the effects on the heart are centrally mediated, a 
second experiment was conducted where anesthetized dogs were pre-dosed with 
hexamethonium (10 mg/kg IV), which inhibits the sympathetic inputs to the heart, and 
atropine (1 mg/kg IV), which inhibits the parasympathetic inputs to the heart.   Potential 
mirabegron related cardiac or vascular effects in the presence of hexamethonium and 

Modulators of YM178 Elevated Heart Rate (Figure Copied From Sponsor) 

 
Each column represents the mean ± SEM of 4 rats. **P<0.01, significant difference from 
group 1 (Student's t-test). #P<0.05, significant difference from group 3 (Dunnett's multiple 
comparison test). N.S.: not significant; HR: hem rate; Met: metoprolol (1 mg/kg, IV); ICI: ICI- 
118551 (0.1 mg/ml/kg, IV); AR: adrenoceptor; +: administration of drug; -: administration of 
corresponding vehicle. Reserpine (5 mg/ml/kg, ip) was administered on the day before 
experiment. Hexamethonium (10 mg/0.5 mL/kg, IV) and atropine (1 mg/0.5 mg/kg, IV) were 
administered prior to injection of β-AR antagonist. YM178 (0.1 mg/ml/kg, IV) was 
administered 5 min after injection of β-AR antagonist. 
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atropine would likely be due to direct effects on the cardiac or vascular tissues and 
would not be secondary to reduced blood pressure or neuronal signaling.  After 
hexamethonium/atropine dosing, ascending IV doses of mirabegron (0.01, 0.03, 0.1, 
0.3, or 1.0 mg/kg) were administered at 10 minute intervals.  Isoproterenol, a β1-β2 
agonist, was administered IV (0.3 μg/kg) 10 minutes after the last mirabegron dose to 
ensure that the dogs were responsive.  In a third experiment the nerve block 
pretreatment (hexamethonium/atropine) was repeated along with the ascending doses 
of mirabegron and the β1-antagonist metoprolol (5 mg/kg IV).  This study was 
conducted to determine if the increased heart rate was due to off target β1-AR 
activation.   
 
Results:   
Only graphical data was presented.  Intravenous mirabegron decreased left ventricular 
pressure at 0.001 mg/kg, decreased diastolic and systolic blood pressure at ≥ 0.001 
mg/kg and ≥ 0.003 mg/kg, respectively, while a compensatory elevation in heart rate 
was observed at ≥ 0.001 mg/kg.  The exposure to mirabegron in dogs at 0.3 and 1 
mg/kg (64-690 ng/mL) was one and ten times the Cmax in older fasted women dosed at 
50 mg (66 ng/mL).  
 

 

 
 
Figure and text copied from the Sponsor (178-PH-054). Each point represents the mean ± SEM of 5 
dogs. *P<0.05, **P<0.01, significant difference from pre-values (Dunnett’s test using within subject 
error). HR: heart rate; SBP: systolic blood pressure; MBP: mean blood pressure; DBP: diastolic blood 
pressure; LVP: left ventricular pressure; +dp/dt(max): maximum positive rate of change in LVP 
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(178-ME-044).  14C-Mirabegron partitions to red blood cells in vitro to a similar extent in 
rats, dogs, cynomolgus monkeys, and humans since the red cell/plasma ratio ranged 
between 1.5 to 2.2 (178-ME-045). 
 
In Vivo 
Monkeys: 
Distribution in male cynomolgus monkeys was not assessed at the time of maximal 
tissue concentration but rather one week after receiving a single 10 mg/kg 14C-
mirabegron oral dose (178-ME-061).  The plasma Cmax was 5,500 ng eq/mL and Tmax 
was 0.5 hrs. Radioactivity was not detected in serum after 96 hours.  Due to elimination 
(t1/2 = 24 hrs), only 3.7% of the administered radioactive dose was retained seven days 
after dosing. The distribution seven days after dosing was in general similar to rats.  The 
rank order of tissue distribution was: liver (1,114 ng eq/g), bile (638 ng eq/g), eye (404 
ng eq/g), pancreas (293 ng eq/g), adrenals (265 ng eq/g), kidneys (252 ng eq/g), 
submaxillary gland (222 ng eq/g), thymus (222 ng eq/g), skin (212 ng eq/g), spleen (203 
ng eq/g), bone marrow (195 ng eq/g), S. intestine (142 ng eq/g), thyroid (132 ng eq/g), 
L. intestine (125 ng eq/g), cecum (99 ng eq/g), testes (92 ng eq/g), lung (79 ng eq/g), 
heart (69 ng eq/g), stomach (64 ng eq/g), and skeletal muscle (13 ng eq/g). 
Radioactivity was not detected in the cerebrum, cerebellum, pituitary gland, fat, or 
gastric contents.  
 
Albino Rats: 
Although plasma levels 24 hrs after dosing steadily increased from the first dose (17 ng 
eq/mL) to 21st daily dose (83 ng eq/ mL) the tissue plasma ratios were nearly similar 
after the 14th and 21st day of dosing suggesting that steady state had been reached 
near the 14 day of exposure (178-ME-064). The maximal radioactivity in tissues was 
generally 4 hrs after each dose. Tissue concentrations tended to increase with repeated 
dosing with the greatest concentration being observed 4 hrs after the 14th day of 
exposure with the highest level of radioactivity detected in the liver at 20 times the 
plasma concentration (16,619 ng-eq/g) followed by the small intestine (14x), kidneys 
(11x), adrenals (7x), pituitary (7x), thyroid (6x), stomach (5x), cecum (4x), lungs (4x), 
pancreas (4x), large intestine (3x), spleen (3x), submaxillary glands (3x), bone marrow 
(3x), heart (2x), testes (2x), skin (1x), and fat (1x). The rank order of tissues with 
radioactivity less than the plasma level include the thymus, skeletal muscle, blood, eye, 
cerebellum, and cerebrum. Autoradiography revealed similar finding as well as low 
levels in the urinary bladder and high levels in the brown fat.  High levels of radioactivity 
were still observed 15 days after the last dose in the kidneys, thyroid, liver, and 
adrenals.  Fifteen days after the last dose less than 12% of the maximal radioactivity 
remained in intestines, colon, and liver but greater than 40% of the maximal level 
remained in the thyroid, kidney, testes, and bone marrow suggestive of slow elimination 
from these organs.   
 
Pigmented Rats: Distribution to Pigmented Tissues (Eyes/Skin)  
Accumulation of mirabegron or its metabolites in the eye due to association with 
melanin was proposed since 68% of the maximal radioactive level was still observed in 
the eyes of pigmented rats 15 days after 14C-mirabegron dosing (178-ME-023) while 
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in human plasma and an additional two were observed in human urine, none of which 
were unique to humans (178-CL-007).  Toxicokinetics of mirabegron and the eight 
metabolites in human plasma were assessed in humans, mice, rats, monkeys, and non-
pregnant rabbits at steady state (Second table below). The animal doses were the same 
as those in the mouse carcinogenicity study (178-TX-031), six month toxicity study in 
rats (178-TX-025), one year toxicity study in cynomolgus monkeys (178-TX-026) and 
rabbit embryo fetal study (178-TX-016).  Only metabolites M11 and M12 (inactive 
glucuronide conjugates) are considered major metabolites by accounting for more than 
10% of the drug related material in plasma of young or older humans at the 50 mg dose 
(178-CL-072). The metabolite exposure in humans was exceeded by that in at least one 
species in the chronic toxicity, carcinogenicity (estimated), and reproductive toxicity 
assays.  The sponsor’s proposed metabolic pathway for mirabegron is illustrated below.  
 
In monkeys, YM178 was rapidly and extensively metabolized to M11 (glucuronide 
conjugate) in comparison to humans and other animals.  In monkeys, the AUC for 
YM178 was only 5% of the AUC for total radioactivity while M11 accounted for 65-82% 
of the total plasma radioactivity (similar finding reported in metabolism section 178-ME-
078). 
 

 

Mirabegron or Its Metabolites Confirmed in Plasma, Urine, Feces or Bile 
Samples from Humans and Various Animal Species 

 
Table copied from the Sponsor.●: Plasma; □ Urine; ◊: Feces; ▲: Bile. 
Source: Studies 178-ME-018, 178-ME-039, 178-ME-046, 178-ME-051, 178-ME-052, 178-
ME-055, 178-ME-056, 178-ME-066, 178-ME-072, 178-ME-077, 178-ME-078, 178-ME-083, 
178-ME-102, 178-ME-103, 178-ME-124, 178-ME-125, and 178-ME-126. 
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Sponsor’s Postulated Metabolic Pathway for Mirabegron 

 
Figure copied from the Sponsor. Gluc: b-D-Glucuronosyl, H: human, R: rat, Mk: monkey, Mo: 
mouse, Rb: rabbit, P: plasma, U: urine, B: bile. 
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Chiral Inversion:  
Mirabegron was not found to under go chiral inversion in plasma or urine samples from 
human males orally dosed with 14C-mirabegron (178-ME-041). 
5.1.4 Excretion 
Rats:  
Elimination was extensive in fasted male rats after single 10 mg/kg oral dose of 14C-
mirabegron since 81% of the radioactive dose was recovered within 24 hours (16% in 
urine and 64% in feces) and 91% was recovered within 72 hours (18% in urine and 73% 
in feces) (178-ME-022).  In separate animals, 37% of the radioactivity was excreted in 
urine and 29% in bile after three days.  Enterohepatic circulation was demonstrated 
since 27% of the radioactivity excreted in bile from 14C-mirabegron dosed rats was 
reabsorbed after duodenal dosing of bile in naive rats. Fairly similar excretion findings 
were observed in study 178-ME-016. Unchanged mirabegron accounted for ½ the 
radioactivity in urine and ¼ of the radioactivity eliminated in bile (178-ME-056).  
 
Monkeys:  In monkeys receiving a single 10 mg/kg oral dose of 14C-mirabegron, 97% of 
the radioactive dose was eliminated within 72 hours (178-ME-061).  Radioactivity was 
equally eliminated in urine (46%) and feces (51%) within 72 hours (178-ME-061). 
Although plasma levels of mirabegron were below the limit of detection 24 hrs after 
dosing, only 51% of the total radioactivity was recovered in urine or feces after 24 
hours.   Similar to plasma, the primary radioactive compound in eliminated in urine over 
two days was M11 which accounted for 32% of the administered dose while only 5% of 
the administered dose was excreted in urine as unchanged mirabegron (178-ME-066). 
Five minor metabolites in urine accounting for less than 2% of the administered dose 
and one unidentified metabolite accounting for 2% of the dose were also quantified.  
Excretion of radioactivity in feces was predominantly due to mirabegron which 
accounted for 33% of the administered dose over 72 hrs. Six other metabolites were 
identified in feces none of which accounting for more than 6% of the dose.  
 
Humans  
In humans, excretion was more similar to monkeys with 55% and 34% of the 
radioactivity recovered in urine and feces, respectively (178-CL-007).  
 
5.1.5 Potential for Drug Interactions  
Drug interaction potential is addressed in the clinical pharmacology review.  However, a 
brief description of the nonclinical findings is described below.  Mirabegron may 
interfere with CYP3A4, CYP2D6, CYP2C19, butyrylcholinesterase, and UDPGTs 
enzyme activity (see section 5.1.3 above) and may also be transported by organic 
cation transporters and p-glycoprotein.   
 
Metabolism (see section 5.1.3 above): 
Mirabegron was metabolized in vitro by human CYP3A4 and to a lesser extent by 
CYP2D6.  In vitro studies also suggest that YM178 is a strong inhibitor of the human 
CYP2D6 and a weak inhibitor of CYP2C19 and CYP3A4. In vitro esterase activity 
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(hydrolysis of YM178 to M16) by butyrylcholinesterase (BChE) was observed in human 
plasma.  Formation of several glucuronide conjugates in animals and humans also 
suggests that there is a possibility for drug interactions with UDP-
glucuronosyltransferases.   
 
Transport: 
In vitro assays suggest that mirabegron is a low affinity substrate for transport by human 
the human P-glycoprotein (P-gp) but under the conditions tested; it was not an inhibitor 
of P-gp (178-ME-031, 178-ME-032, 178-ME-131 and 178-ME-132).  Clinical study also 
suggest that mirabegron is a weak P-gp inhibitor since exposure to the P-gp substrate 
digoxin (0.25 mg) increased only slightly in both Cmax (29%) and AUClast (27%) and 
renal clearance decreased 9% after 14 days of 100 mg of YM178 (178-CL-059).  
Transport of mirabegron across membrane vesicles was not aided by expression of the 
human multidrug resistant-associated protein 2 (hMRP2) (178-ME-0131).   
 
In vitro cell culture studies suggest that there is a potential for YM178 to inhibit drug 
transport by the human organic cation transporter (hOCT1) and minimal ability to inhibit 
hOCT2 (178-ME-086).  Cell culture assays also suggest that YM178 can be transported 
by the human OCT1, OCT2, and OCT3 (178-ME-092). 
 
In vitro study suggests that mirabegron is a substrate for uptake transport by the human 
organic anion transporting polypeptide 1A2 (OATP1A2) but not by OATP2B1 (178-ME-
0133).  Uptake of mirabegron into Xenopus oocytes was aided by the expression of 
organic anion transporting polypeptide (OATP1A2) but uptake of mirabegron was not 
aided by the expression of OATP2B1 in a human embryonic kidney cell line (HEK293).  
 
Mirabegron was not transported across a monolayer of cells by the human breast 
cancer resistance protein (BCRP) in vitro (178-ME-132). Likewise transport of 
mirabegron across vesicles was not aided by expression of the human BCRP protein 
(178-ME-131).  
 
Cellular uptake of mirabegron was not enhanced by cells expressing proton coupled 
peptide transporters (PEPT1 and PEPT2) (178-ME-130) which are involved in the 
absorption of small peptides (di- and tripeptide) or drugs from the intestines.   
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Methods 
Doses: 0, 50, 100, or 200 mg/kg 
Frequency of dosing: Daily for 13 weeks 
Route of administration: Oral gavage 
Dose volume: 10 mL/kg 
Formulation/Vehicle: 0.5% methylcellulose 
Species/Strain: Mouse / Crj:B6C3F1 SPF 
Number/Sex/Group: 12/sex/group 
Age: 6 weeks 
Weight: F 17.2 to 21.7 g and M 20.3 to 24.8 g   
Satellite groups: 35 animals of each sex at 50, 100, and 200 mg/kg for 

toxicokinetics.  Blood was pooled from three mice per 
sex and dose at 1, 2, 4, 8, and 24 hrs after the first 
dose and after dosing during the 13th week. The 
responses to drug withdrawal were not assessed. 

Unique study design: Clinical chemistry, hematology, ophthalmoscopy, 
urinalysis, and organ weights were not conducted.  
 
Histological evaluations were conducted on the control 
and high-dose animals.  The mid-dose groups were 
only evaluated if the sponsor believed that there was 
an effect at the higher dose. Histology of the following 
organs was evaluated in the low- and mid-dose 
groups: adrenal, Harderian gland, kidney, liver, skin 
(inguinal), spleen, and thymus.  The submandibular 
gland and parotid glands were evaluated in the mid-
dose females but not males.  
 
Brown adipose tissue in the renal hilum of the kidney 
and subcutaneous white adipose tissue of the skin 
were examined to evaluate the effect on brown and 
white adipose tissue. Periodic acid-Schiff (PAS) 
staining of the liver and kidneys was also conducted to 
evaluate glycogen content. 

Deviation from study protocol: Nothing that significantly effected study outcome 
 

Observations and Results 
 

Mortality 
One female at 200 mg/kg died within two hours of dosing on day 43.  The only adverse 
response reported for this animal was decreased activity within 30 minutes of the initial 
dose.  In the toxicokinetic group, two males died within the first hour of the initial 200 
mg/kg dose.  No gross abnormalities were reported for any of these animals and the 
cause of death was not determined but is considered treatment related at least in the 
male mice. The high dose in this study was based on mortalities following a single 300 
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Histopathology 
The GLP histological evaluation was reported in a separate study (178-TX-041).   
 
Adequate Battery:  Yes, however bone was not assessed.  
 
Peer Review: Yes  
 
Histological Findings: 
Attenuation of the adrenal X-zone occurred in females at ≥ 50 mg/kg (75-100%) and not 
in the controls or males (see Table below). The function of the X-zone is unknown but 
may have a similar function as the fetal adrenal cortex in humans. The X-zone in female 
mice undergoes slow regression and ultimately degenerates during the first pregnancy 
(5).   
 
Perhaps as a sign of stress, minimal to mild porphyrin concretions were noted in all 
mirabegron dosed animals while only being observed in four female control mice and no 
male control mice.  Similarly minimal thymic atrophy was observed in both males (Con 
0, LD 0, MD 3/12, and HD 6/12) and females (Con 0/12, LD 4/12, MD 9/12, and HD 
6/12) in a dose responsive manner.  
 
Brown adipose tissue in the renal hilum displayed decreased lipid droplet size in all of 
the treated males and 11/12 treated females at all doses. This is expected 
pharmacology for β3-AR agonists. White adipocytes became multivacuolated in the skin 
of almost all dosed males and females with the severity increasing with the dose of 
mirabegron.  
 
In the liver, minimal to mild increase in glycogen content was observed in hepatocytes 
in the mirabegron groups only. This could be in part due to the elevated feed intake in 
all mirabegron dose groups and the elevated body weight in males at ≥ 50 mg/kg and 
females at ≥ 100 mg/kg. Minimal hepatocyte hypertrophy was observed in 5/12 males 
and 2/12 females at 200 mg/kg.   
 
In the spleen, the severity of extramedullary hematopoiesis increased from minimal to 
mild in some mirabegron dosed male and female mice but the incidence was not 
affected.  
 
Dose dependent occurrence of atrophy of the parotid gland acinar cells was observed in 
LD (2/12), MD (10/12), and HD (12/12) females but not in control animals or in males. 
Likewise the incidence and severity of the submandibular acinar atrophy increased with 
dose in females (Con 2/12, LD 6/12, MD 8/12, and HD 9/12). Males were not affected. 
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noted recoverable whole body wasting in some animals at ≥ 100 mg/kg.  These findings 
correlated with reduced lipid droplets in white fat at ≥ 10 mg/kg and brown fat at ≥ 100 
mg/kg in both sexes.  The severity of reduce lipid droplets in white fat increased from 
slight to marked with increasing dose.  Upon recovery all histological findings resolved 
except for a slight decrease in lipid droplets at ≥ 100 mg/kg in some animals of both 
sexes.   
 
Severe reduction in reproductive organ weights may be a physiological response to 
reduced body weight.  The body weight normalized weights of the ovaries and uterus 
were reduced 38% and 24%, respectively, at 300 mg/kg.  Uterine atrophy was observed 
histologically at ≥ 30 mg/kg.  Also the body weight normalized seminal vesicle weight 
was reduced at least 44% at ≥ 100 mg/kg, and the prostate was reduced 31% at 300 
mg/kg.  Histologically the seminal vesicles were described as hyposecretory at ≥ 100 
mg/kg. 
 
Recoverable slight to moderate atrophy of the thymus was observed in females at 300 
mg/kg along with decreased body weight normalized thymus weight males (-15%) and 
females (-38%) at 300 mg/kg. Hematology findings were apparent but recoverable.   
Platelet levels were reduced 10-19% at ≥ 100 mg/kg in both sexes.  Reticulocytes were 
reduced 27-33% in both sexes at 300 mg/kg. Coincident with this was a slight to 
moderate reduction in hematopoiesis in the bone marrow of females at 300 mg/kg. 
Differential neutrophil counts were elevated 32-36% in both sexes at 300 mg/kg.  
Lymphocytes were repressed 57% in females at 300 mg/kg.  Prothrombin time was 
slightly reduced in 15% males at ≥ 100 mg/kg and 8% in females at 300 mg/kg.   
Activated partial thromboplastin time was slightly decreased (10-14%) in males only at ≥ 
100 mg/kg.   
 
Although no adverse histology was reported in the liver, minimal changes were 
observed in weight and clinical chemistry parameters.  Body weight normalized liver 
weights increased slightly in males at ≥ 30 mg/kg and females at ≥ 100 mg/kg.  
Triglycerides were elevated 59-79% in males only at ≥ 30 mg/kg.  Cholesterol and 
phospholipids were elevated 17-22% in males at ≥ 100 mg/kg and 17-20% in females at 
300 mg/kg.  ALT was elevated in males (15-29%) and females (25-50%) at ≥ 30 mg/kg.  
ALP was elevated 10-17% in females at ≥ 30 mg/kg and 9-12% in males at ≥ 100 
mg/kg.  Potassium was elevated 14-15% in males and 9% in females at ≥ 100 m/kg.   
 
Potential effects on the kidney are unclear.  There was a slight increase in kidney 
weight but no adverse histopathology was observed.  However, the urine concentration 
of potassium and chloride increased roughly two fold while the amount of sodium, 
potassium and chloride excreted in urine increased at ≥ 100 mg/kg in both sexes.  Urine 
output increased slightly in males at ≥ 10 mg/kg.  Urine protein levels appeared 
increased at 300 mg/kg in both sexes but this may be a false positive finding because 
mirabegron itself is misinterpreted as protein a protein with the method used (N-
Multistix® SG) (See study 178-TX-49 in Section 10.1).  Urine levels of mirabegron were 
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moderately in the brown fat of males at ≥ 30 and females at ≥ 300 mg/kg.  Effects on 
white and brown fat were fully recoverable.  
 
Despite the reduction in body weight, food consumption was elevated 10% to 22% at ≥ 
30 m/kg in males and 15% to 19% in females at ≥ 100 mg/kg during the entire 13 week 
exposure period.  Water intake over the dosing period increased 17% to 49% at ≥ 30 
mg/kg in males and 20% in females at 300 mg/kg.  Effects on feed and water intake 
were recoverable after drug withdrawal.   
 
Reproductive organs 
Unlike the two-week study, body weight normalized testes weight was increase 10-26% 
at ≥ 30 mg/kg.  Absolute testes weight was not affected and there was no effect on 
testes weight in the 2-week study.  Histologically there was no correlate although 
minimal seminiferous tubule atrophy and slight hyposecretory seminal vesicle was 
observed in one male at 300 mg/kg.  Reduced prostate and seminal vesicle weight was 
not observed in the 13-week study as it was in the two-week study.  
 
Body weight normalized uterus weights were decreased 36% and 63% at 100 mg/kg 
and 300 mg/kg, respectively. This coincided with slight atrophy of the uterus observed 
at ≥ 100 mg/kg.   
 
Hematology 
Hematology findings were recoverable after four weeks of withdrawal.  
 
Minor increases (< 7%) hematology parameters were suggestive of a slight increase in 
hematopoiesis (hematocrit, hemoglobin, and RBCs) at ≥ 30 to 100 mg/kg.   A dose 
dependent decrease (6-17%) in platelets was observed in both sexes at ≥ 30 mg/kg.  
Similar to the two-week study, APTT was decreased 13% and 23% in males only at 100 
and 300 mg/kg respectively.  
 
Liver 
Effects were fairly similar in the two and 13-week studies for liver weight, AST, ALT, 
cholesterol.  However, adverse histology was observed in this study but not in the 2-
week study and triglyceride levels were decreased in this study in males while it was 
increased in the two-week study.  Clinical chemistry (except for elevated ALP and 
reduced triglycerides) and were recoverable after four weeks of withdrawal. 
 
Body weight adjusted liver weights were elevated 5-21% in males ≥ 30 mg/kg and 12-
20% in females at ≥ 100 mg/kg.  Adverse hepatic histology included, pigment deposition 
(lipofuscin) (M ≥ 100 mg/kg, F ≥  30 mg/kg), hepatocyte swelling (M & F at 300 mg/kg), 
fibrosis (300 mg/kg M & F), and necrosis (1 M at 300 mg/kg).  Accumulation of melanin 
and glycogen were confirmed in the hepatocytes histologically.  
 
Triglycerides were reduced dose dependently 39% to 82% in males only at ≥ 10 mg/kg 
and remained 35% reduced at 300 mg/kg after four weeks of drug withdrawal.  
Quizzically, triglycerides were elevated instead of reduced as in the 2-week study.  
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Unlike the 2-week study, AST was elevated 19% and 4.7 fold at 100 and 300 mg/kg, 
respectively, in males only.  ALT was elevated at 30 mg/kg (M 20%), 100 mg/kg (M 
37%), and 300 mg/kg (M 10.2 fold, F 59%).  Elevated ALT was much more severe at 
the high dose in males compared to the two week study.  However, the elevated AST 
and ALT at 300 mg/kg in males was due to a single animal (1/10) with elevated AST 
and ALT levels 38 and 90 times the control levels.  This animal had centrilobular 
hepatocyte swelling, centrilobular necrosis, and pigment deposition suggesting that the 
elevated LFT may be treatment related.  However, since this was only observed in one 
animal of one sex, it is unclear if this is truly related to mirabegron exposure.  AST and 
ALT were normal after drug withdrawal.  Cholesterol was elevated 16% in males and 
21% in females at 300 mg/kg.  Cholesterol effect was a recoverable and was not 
observed at 100 mg/kg as in the two-week study.  ALP was elevated in both sexes at 
100 mg/kg (M 24%, F 22%) and 300 mg/kg (M 73%, F 89%) and remained elevated in 
males (17%) and females (44%) at 300 mg/kg after the withdrawal period.  As in the two 
week study, a recoverable 16% decrease in glucose was observed in males only at 300 
mg/kg.  
 
Kidney 
Renal effects were fairly similar in the two and 13-week studies including elevated 
kidney weights, serum potassium, and urine chloride and osmotic pressure.  A new 
finding was elevated pigment deposition in the kidney.  
 
Body weight normalized kidney weights increased in males (13-28%) at ≥ 30 mg/kg and 
females (12-20%) at ≥100 mg/kg.  Slight to moderate pigment deposition (lipofuscin) 
was the only clear treatment related histological finding in males at ≥ 100 and females 
at 300 mg/kg.  Urinary bladder stones were observed in half the males at 300 mg/kg.  
The composition of the stones was not determined.  
 
Effects on serum electrolytes were mild, not clearly dose-related, and were normal after 
recovery.  Potassium was elevated 11%-17% in males at ≥ 30 mg/kg and in females at 
30 mg/kg (17%) and 100 mg/kg (18%) but not at 300 mg/kg.  Similar potassium effects 
were observed in the two week study.  Creatinine was slightly repressed in males at ≥ 
30 mg/kg (15% to 22%) and females at ≥ 10 mg/kg (10% to 27%) while albumin was 
elevated 8-9% in both sexes at 300 m/kg.  Both of these serum proteins were similar to 
control after recovery. 
 
In urine, chloride concentration was elevated at week 2, 6, and, 12 at ≥ 30 and 100 
mg/kg in both sexes (collected 4PM to 9AM, food and water withheld).  At week 12, 
chloride concentration increased 0.5-fold to 3.3-fold in males at ≥ 30 mg/kg and 90-96% 
in females at ≥ 100 mg/kg.  Likewise, the total amount of chloride excreted in urine 
increased ≥ 70-80% at 100 mg/kg in males and 60-80% in females at ≥ 100 mg/kg. 
Osmotic pressure elevation became more apparent with time and was elevated at week 
12 in males at 30 mg/kg (46%) and 100 mg/kg (2.9 fold) but not at 300 mg/kg.  While in 
females, osmotic pressure was elevated 41-45% at ≥ 100 mg/kg.  Potential elevations in 
sodium and potassium are difficult to ascribe to treatment because the control value 
varied between time points and the elevated levels were not necessarily dose related.  
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The total amount of sodium eliminated at week 12 did, however, appear elevated at 
least 2-fold at ≥ 100 mg/kg but only in males.  Urine bilirubin was detected at ≥ 100 
mg/kg in both sexes.  Urine pH was slightly decreased (6.0) in some rats of both sexes 
at ≥ 100 mg/kg during weeks 2-13 of dosing.  Urine protein levels appeared elevated at 
300 mg/kg throughout the study but this is likely a false positive effect because 
mirabegron itself reacts with the dipstick method at 0.250 mg/mL, and urine levels at 
this dose are predicted to be ≤ 23.5 mg/mL (See section 10.1). This assumption is 
based on an ADME study where 29% of a 10 mg/kg radioactive dose was excreted in 
urine of rats within 24 hrs of dosing (178-ME-016).  Assuming similar elimination rate 
after a 300 mg/kg dose, 87 mg of drug related compound would be expected to be 
excreted in a volume of 3.7 mL of urine (23.5 mg/mL).  
 
Stomach – Cecum 
At 300 mg/kg, slight hemorrhaging (2M and 1F) and focal necrosis (2M) were observed 
in the stomach.   Also at 300 mg/kg slight pigment deposition (lipofuscin and 
hemosiderin) (3M and 7F) and vacuolar degeneration (1M and 2F) were observed in the 
cecum.  Rats recovered or were recovering from these findings after drug withdrawal.  
These findings were not observed in the two-week study.  
 
Other 
At 300 mg/kg, special histological staining in the liver, kidney, bone marrow, and cecum 
was positive for lipofuscin (a lipoprotein pigment) and glycogen.  Electronmicroscopy 
suggested that the lipofuscin in the liver was due to break down of mitochondria. Tissue 
from the cecum was also positive for hemosiderin (iron-protein pigment) possibly due to 
macrophage activity after hemorrhaging.  These findings persisted after the recovery 
period.  The increased lipofuscin pigmentation may be due to increased beta oxidation 
of fatty acids.   Increased lipofuscin is associated with macular degeneration and 
lipofuscinosis and may be lethal.  However, this is likely an adaptive response and is not 
a significant safety concern since it was not reported in the six month toxicology study 
or in the two-year carcinogenicity study.   
 
Elevation in body weight normalized adrenal gland, heart, and brain weights were also 
observed without correlated histopathology and the relationship to treatment is unclear.  
Body weight normalized spleen weight was not reduced like it was in the 2-week study.   
 
Fully recoverable slight to moderated reduction in zymogen granules was observed in 
the parotid gland at ≥ 30 mg/kg in both sexes.  In the mandibular gland, eosinophilic 
granules decreased in 100-300 mg/kg.  Neither of these findings was reported in the 
two-week study.  
 
As in the two week study, ophthalmologic evaluation and hearing assessment 
(response to whistle) did not reveal adverse findings at week 13.   
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• Triglycerides were decreased 45-66% in males at ≥ 30 mg/kg and 62% in females at 
100 mg/kg. Triglycerides remained low after recovery in males at ≥ 30 mg/kg. 

• Slight to marked decrease in lipid droplets in white fat of males and females at ≥ 10 
and 30 mg/kg respectively.  Observed after 13 weeks of withdrawal at 100 mg/kg.  

• Slight decrease in lipid droplets in brown fat at ≥ 30 mg/kg of both sexes. Near full 
recovery after drug withdrawal.    

• Relative liver weights increased at ≥ 30 mg/kg in both sexes while the absolute 
weight of thymus decreased in males at ≥ 30 mg/kg and absolute and relative weight 
decreased in females at ≥ 100 mg/kg.  Both recoverable findings.  

• Slight increases in RBC, HCT, HGB were observed in addition to a decrease in 
platelets and prothrombin time in males at ≥ 10-30 mg/kg.  All were recoverable 
responses. 

• Toxicokinetics did not reveal a sex difference for Cmax or AUC0-24hr.  The blood levels 
increased greater than the increase in dose. 

• Comparisons between 13 and 26 week exposure studies in rats. Similar findings 
were reported during both 13 and 26 week exposure studies in rats. However, in 
general higher doses were needed to see the same effect during the 13 week study 
(178-TX-020). The highest dose in the 13 week study was 300 mg/kg compared to 
only 100 mg/kg in the 26 week study.  

 
Methods 
Doses: 0, 3, 10, 30, or 100 mg/kg  
Frequency of dosing: Once daily for 26 weeks 
Route of administration: Oral gavage 
Dose volume: 5 mL/kg 
Formulation/Vehicle: 0.5% methylcellulose 
Species/Strain: Rats/F344/DuCrj ( ) [SPF] 
Number/Sex/Group: 12/sex/group 
Age: 7 weeks 
Weight: Female 114-124g and Male 158-176g 
Satellite groups: Recovery: 6 rats per sex at 0, 30, and 100 mg/kg 

Toxicokinetics: 8 rats per sex at 3, 10, 30, and 100 mg/kg 
Unique study design: None 
Deviation from study protocol: None that significantly effected study outcome 
 

Observations and Results 
Mortality 
No mortality was observed. However, higher doses used in a 13-week study resulted in 
the death of four females and one male at 300 mg/kg and one female at 100 mg/kg after 
9-13 weeks of exposure (178-TX-020). No cause of death was noted. However, the 
lungs and heart of the dead females at 300 mg/kg were edematous and slight 
hemorrhaging of the hearts was noted. 
 
Clinical Signs 
Onset of clinical signs began sooner with increasing doses and continued from onset to 
the end of the dosing period.  The duration the sign after onset of was not mentioned.  
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• Chloride concentration and amount eliminated was elevated in males at ≥ 10 mg/kg 
and females at ≥ 30 mg/kg. 

• Potassium concentration was elevated at ≥ 30 mg/kg (44-87%) and amount elevated 
(32-50%) at ≥ 10 mg/kg in males only. 

• Sodium concentration and amount was elevated ~ 2 fold in males at 100 mg/kg.  
• pH decreased below 6.5 at ≥ 30 mg/kg in both sexes. 
• Protein increase at 100 mg/kg in males but this may be a false positive finding. 
• Bilirubin elevated at ≥ 30 mg/kg in males 
 
Week 25- collection overnight from 4 PM to 9 AM day (food/water restricted) 
The utility of overnight collection from 4PM until 9AM is questionable since collection did 
not start until many hours after drug exposure and dietary/water restriction may have 
altered the findings.  
 
• Urine volume decreased 44% at 100 mg/kg in males only. 
• Chloride concentration but not amount was elevated 2- and 4-fold at 30 and 100 

mg/kg respectively in males only.  
• Potassium concentration but not amount was elevated 35% and 2.4-fold at 30 an 

100 mg/kg in males only.   
• Sodium concentration but not amount was elevated 2.2-fold at 100 mg/kg in males 

only. 
• The number of rats with urine pH less than 6.5 increased in both sexes at ≥ 30 

mg/kg.  
• Elevated urine protein was observed at 100 mg/kg in both sexes but this is likely a 

false positive. 
• Bilirubin was elevated at ≥ 30 mg/kg in both sexes. 
• All findings were recoverable after 13 weeks of drug withdrawal. 
• Similar findings were observed in the 13-week study (178-TX-020). 
 
In summary, expected pharmacodynamic effects and consequent urinalysis findings 
and were observed.  Composite urine sampling for roughly six hours after dosing in rats 
with free access to food and water revealed decreased urine excretion, acidification of 
the urine, and increased urine bilirubin at ≥ 30 or 100 mg/kg (exposures 12-59x MRHD) 
after 13 weeks of dosing.   Rats recovered from these effects when they were hydrated. 
However, these findings persisted and urine became more concentrated when samples 
were collected overnight in rats with restricted access to water and food. 
 
Gross Pathology 
• Decreased white fat in females at ≥ 10 mg/kg and at ≥ 30 mg/kg in males. White fat 

was normal after 13 weeks of drug withdrawal. 
• Brown fat was discolored dark at ≥ 30 mg/kg males and at ≥ 100 mg/kg females.  

Occurrence of dark brown fat was still evident at ≥ 30 mg/kg in males and 100 in 
females after 13 weeks of recovery. 
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Dosing Solution Analysis 
Homogeneity of each dosing solution was assessed at weeks 1, 9, 17, and 25.  All 
solutions were within 97 to 107% of the target concentration.   The top, middle, and 
bottom of all dosing solution were within 94% to 110% of the target concentration. 
 
 
6.2.2.3 Repeat Dose Oral Toxicity Studies in Cynomolgus Monkeys  
 
Summary of 2-Week Oral Toxicology Study in Cynomolgus Monkeys (Study 178-
TX-014) 
 
Principle toxicities were adverse clinical signs at ≥ 30 mg/kg (8x MRHD) and ECG 
findings at 60 mg/kg (29-34x MRHD).  Monkeys were dosed at 0, 10, 30, or 60 mg/kg 
(n=3/grop) for two weeks.  Body weight, food consumption, urinalysis, clinical chemistry, 
ophthalmology, organ weight, and histology were not clearly affected.  The high dose in 
the 2-week study was set at 60 mg/kg because one of two monkeys dosed at 100 
mg/kg died in a preliminary study after six days of treatment and emesis was observed 
at 30 mg/kg (preliminary study not submitted but discussed in study 178-TX-014). 
 
Dosing was stopped after the second dose in one male and female monkey at 60 mg/kg 
due ventricular tachycardia and clinical signs including ptosis, pale oral mucosa, 
decreased spontaneous movement, prone position, and emesis (male only) after the 
first dose.  The two monkeys recovered after drug withdrawal and replacement animals 
were added to the study.  Another male with tachycardia on day one continued 
treatment and had tachycardia reoccur on days 4, 5, and 14.  
 
In animals that completed the study, ptosis, and pale oral mucosa were observed in 1/3 
females at 30 mg/kg (day 1) and 2/3 females at 60 mg/kg (intermittent – to every day) 
and 1/3 males at 30 mg/kg displayed ptosis for 14 days and pale oral mucosa, 
decreased spontaneous movement, and prone position on the first and last day of 
dosing.   
 
Unfortunately ECG was assessed four hours after dosing instead of at Tmax (1-2 hrs).  
The low number of animals used confounds the results.  Heart rate was elevated only in 
females at 10 and 60 mg/kg 4 hrs after dosing on day one.  Although not statistically 
significant, QRS and PR interval were elongated four hours after dosing on day 1 and 
14 days at 60 mg/kg in males and females, but the significance in unclear because of 
the low number of animals used.  QT and QTc were not obviously affected in males but 
QTc appeared slightly prolonged in females at 60 mg/kg 4 hrs after dosing on day 
14.    One male at 60 mg/kg had extremely high elevation in serum CPK on day 7 (35x 
baseline) and moderate elevation on day 14 (4x baseline). However, a histological 
correlates were not observed, and CPK, although variable, was not affected in females.   
 
Ulcerous erosion with hemorrhaging was observed in the stomach mucosa of one male 
at 60 mg/kg. 
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Body Weights 
There was no effect of treatment on body weight or body weight gain in either sex.   
 
Feed Consumption 
There was no adverse effect of treatment on feed consumption in either sex.  
 
Ophthalmoscopy 
Ophthalmoscopic examination was conducted prior to dose administration during weeks 
-3, 27, and 51.  Eyes were dilated and animals were anesthetized prior to assessment.  
Light reflex was assessed in response to pen light.  The anterior, intermediate optic 
media, and fundus oculi were assessed with slit lamp ophthalmoscope.  The fundus 
oculi were also photographed.    
 
No adverse drug related effects were reported.   
 
ECG 
ECG was assessed during week -2 and day 1, weeks 12, 25, 39, and 51.  Assessments 
were conducted before daily dosing and 2 hours and 24 hours after dosing.  The mean 
value for each variable in each group at each time point was compared to the mean 
value at the same time in the control group.  
 
Potential effects on ECG were unclear due to the small sample size and large 
variability.  
 
Main effects:  
Heart rate was not affected in males or significantly in females.  It was reduced pre-
dose during week 51 and 2 hours after dosing during week 52 in females at 30 mg/kg.  
 
In comparison to pre-dose interval or controls, the PR interval was slightly prolonged in 
males and females 2 hrs after dosing at all time points tested at 30 mg/kg.  This is 
indicative of impaired conductance form the atria to the ventricle.  However, the PR 
interval effect was not statistically significant in males. PR interval appeared lengthened 
at 10 mg/kg in males as well at weeks 12 and 51, but was not statistically significant.  
 
P wave was not affected in males but was slightly reduced in females 24 hrs after 
dosing from week 1 to 39 at ≥ 10 mg/kg compared to the control group. However, the 
significance of this is unclear because it was not always different from the pre-dose 
level.  These potential alterations of the P wave are suggestive of atrial depolarization 
effects. 
 
Inconsistent effects:  
Variability was too large to determine if there was an effect on QT interval.  Although not 
statistically significant QTC (Bazzet’s formula) appeared prolonged two hours after 
dosing at 30 mg/kg in males compared to pre-dose levels or time matched controls but 
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• Mirabegron was lethal to one female at 20 mg/kg (23x MRHD, Cmax) after 3 days of 
exposure.  A single female at 3 mg/kg (3x MRHD, Cmax) had to be euthanized due 
to severe eye swelling and resistance to opening her mouth.  

• Both ventricular (1M, 2F) and junctional (1F) tachycardias were observed in males 
and females at 20 mg/kg (29-33x MRHD, Cmax) within 2 hrs of the first dose and not 
during subsequent time points. 

• Heart rates were elevated nearly two fold within two hrs of dosing in male and 
female dogs at ≥ 10 mg/kg in males (17x MRHD, Cmax) and females (23x MRHD, 
Cmax) on day 1 of dosing. Heart rate was not clearly affected at day 7 or 14 of 
dosing at up to 10 mg/kg. 

• Dose responsive increase in reddening of the skin was observed at ≥ 1 mg/kg in 
males and females (1x MRHD, Cmax) within 1-2 hrs of the first dose. 

• Dose related inflammation and degeneration of the zygomatic salivary gland was 
observed in all treatment groups but not in the controls. Incidence and severity 
increased with dose in male and female dogs at ≥ 1 mg/kg (0.5x MRHD, AUC). 

• The low number of animals used may have limited the significance of some 
responses. 

• A NOAEL was not identified since effects were observed at the lowest dose (1 
mg/kg/day) which is 0.5X MRHD base on AUC and 1.2x MRHD based on Cmax.   

 
Methods 
Doses: 0, 1, 3, 10, or 20 mg/kg.  
Frequency of dosing: Daily 
Route of administration: Oral gavage 
Dose volume: 6 mL oral gelatin capsules 
Formulation/Vehicle: Oral gelatin capsules with mirabegron prepared in 

lactose powder 
Species/Strain: Beagle dog (B and K strain) 
Number/Sex/Group: 3/sex/group 
Age: 35 to 42 weeks  
Weight: Male 13.6 to 17.4 kg, Female 11.3 to 14.5 kg at first 

dose 
Satellite groups: Two dogs per sex at 20 mg/kg were used to assess 

reversibility of findings after two weeks of drug 
withdrawal but they were only dosed for three days 
and euthanized on day 6-7 because of the death of 
one animal in this group. 

Unique study design: Blood was sampled in all dogs for toxicokinetics 1, 2, 
4, 8, and, 24 hrs after dosing on day 1 and 14.   

Deviation from study protocol: None that effected results besides early termination of 
the 20 mg/kg group including the recovery animals.  
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Observations and Results 
 
Mortality 
There was only one death during the study.  One female dog in the 20 mg/kg group died 
90 minutes after dosing on day 3. The sponsor stated that the death was drug related 
and the pathology is discussed below. Because of this death, all animals including the 
recovery animals in the 20 mg/kg group were euthanized on day 6 or 7. A female dog in 
the 3 mg/kg group was euthanized on day 6 because the dog was reluctant to open her 
mouth and had swollen eyes, eyelids, and muzzle. These signs were thought to be due 
to mirabegron exposure.  
 
Clinical Signs 
A dose responsive increase in reddening of the skin (hyperemia) was observed at ≥ 1 
mg/kg in males and females. This was observed upon the first dose but declined with 
repeated dosing. This sign may be due to vasodilatation as well as the increased blood 
flow due to elevated heart rate observed at these doses. 
 
Emesis was observed after the first dose at ≥ 3 mg/kg in females and at ≥ 10 mg/kg in 
males. The incidence declined with repeated dosing. 
 
Discharge from the eye was observed in females at ≥ 3 mg/kg and males at ≥ 10 mg/kg. 
Swelling in and around the eye occurred in one male at 20 mg/kg and one female in the 
1, 3, and, 20 mg/kg groups.  The swelling around the eyes and muzzle was so severe 
that a female in the 3 mg/kg group was euthanized on day 6.   
 
Incidences of sores, scabbing, red sclera, bleeding and swollen vulva in single 
individuals were also observed but were not clearly dose related. 
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Ventricular tachycardia was observed in one male and two females at 20 mg/kg within 
in two hours of dosing on day one. Junctional tachycardia was observed in one female 
at 20 mg/kg two hours after dosing on day one.  Heart rates were elevated nearly two 
fold within 2 hrs of dosing in male and female dogs at ≥ 10 mg/kg on day 1 of dosing. 
Heart rates at 1 and 3 mg/kg were also elevated but not statistically different from 
controls after dosing on day one. Effects on heart rate were not significant after 7 or 14 
days of exposure.  
 
PR interval decreased in males and females at all doses within two hours of dosing on 
day one only.  P wave was prolonged (> 50 ms) and/or notched at ≥ 10 mg/kg in both 
sexes within 1-2 hours of dosing on day 1, 7, and 14.     
 
The QRS interval was slightly increased within two hours of dosing at ≥ 10 mg/kg in 
males and females at all time points, but was only statistically elevated in males at 20 
mg/kg on day 1 of dosing.  
 
QT interval contracted in females at ≥ 1 mg/kg within 2 hours of the first dose.  This may 
be an artifact of an increased heart rate since QTc was prolonged only at 10 mg/kg in 
males and females one to two hours after the first dose.  Additionally, the potential 
effect on QTc does not appear treatment related when each individual is compared to 
their pre-dose value. 
 
T wave amplitude was elevated at 20 mg/kg in males one to two hours after dosing on 
day one and two hours post-dosing on day one in females.   Effects at lower doses are 
not clear.  The T wave amplitude was elevated in males within one to two hours of 
dosing on days 1, 7, and, 14 in the 10 mg/kg group compared to the control group.  
However, the effects in the 10 mg/kg group are ambiguous because they were not 
significant when compared with the values taken prior to initiating the dosing phase 
within the same group.   

Reference ID: 3115118













NDA 202-611   Reviewer: Eric Andreasen, Ph.D. 
 

113 

In the dosed group all animals exhibited whole body flush, conjunctiva flush, oral 
mucosa flush, and 11/14 exhibited emesis after the initial dose. After the last dose, 
whole body flush (12/14), abdominal flush (13/14), conjunctiva flush (10/14), oral 
mucosa flush (10/14), decreased activity (1/14), emesis (8/14), and red feces (1/14) 
were observed in the mirabegron group. These signs dissipated after one week of drug 
withdrawal. 
 
Body weight/Food consumption:  Although food intake was reduced (9-24%) throughout 
the dosing period, there was no effect on mean body weight and feeding returned to 
normal during the recovery period. 
 
Gross pathology:  One day after the final dosing, white and dark foci were observed in 
the hearts of 25% and 75% of the mirabegron treated group respectively but not in 
controls. Ulceration of the duodenum was observed in a single dog dosed with 
mirabegron. Enlarged and discolored livers were noted in all mirabegron treated dogs. 
Dark red zygomatic salivary glands were noted in 75% of the dogs. These findings were 
reversible as no gross pathologies were observed in the mirabegron groups after 4 or 
13 weeks of recovery. 
 
Histopathology of the Livers and Salivary Glands: No adverse histopathology findings 
were observed in the controls one day after the final dosing. 
 
Zygomatic Gland: Almost all mirabegron treated dogs in the main study groups 
displayed mild to moderate edema, hemorrhage, cellular infiltration, acinar cell necrosis 
and atrophy, duct dilation, necrosis of the duct epithelium, proliferation and 
mineralization of the ductal epithelium, and thrombosis.  Most of these signs were not 
apparent by week four of recovery except for atrophy of the acinar cells and reduced 
frequency of mineralization of the ductal epithelium. During recovery new and 
progressively worse adverse histopathologies include increased frequency and severity 
of focal fibrosis with ductal proliferation between weeks 4 and 13 after the dosing 
period.  
 
Submandibular Gland: Moderate acinar cell atrophy was observed in all animals directly 
after dosing ceased which declined thereafter.  
 
Parotid Gland: Slight to moderate acinar cell atrophy, cellular infiltration of the ductal 
epithelium and interstitial cellular infiltration was observed after the final dosing in one or 
two animals but not after recovery.  
 
Sublingual Glands: Moderate edema of the interstitium was observed in 3 of 4 animals 
in the major sublingual gland but it was not seen after recovery. Moderate dilation of the 
duct, dilation of the acinar lumen of serous glands and mucus glands were observed in 
a single animal after dosing but these were recoverable findings. Moderate cellular 
infiltration was observed in a single dog after the last dosing and after 13 weeks of 
recovery but this response was more prevalent in the control animals. Atrophy of the 
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Methods 
Cell line: Human peripheral lymphocytes harvested from 

three different non-smoking female donors for the 
first and second experiments. 

Concentrations in definitive study: Cells were treated for 20 hrs with 88, 110, 137, 
172, 215, 268, 336, 419, 524, 655, 819, 1024, 
1280, 1600, or 2000 µg/mL of mirabegron in the 
absence of S9 (analyzed at 0, 110, 172, 215 
μg/mL). Cells were exposed to the same 
concentrations minus the lowest three 
concentrations for 3 hrs in the presence of S9 
followed by 17 hrs of recovery (analyzed at 0, 
655, 1024, and 1280 μg/mL). Mirabegron 
precipitated at concentrations ≥ 819 µg/mL. 
Mirabegron did not alter osmolality or pH of the 
media. Negative controls were conducted in 
quadruplicate all other exposures and the positive 
controls were conducted in duplicate. 

Basis of concentration selection: The highest concentration that remained 
dissolved in DMSO that could be exposed to the 
cells without appreciable exposure to DMSO was 
set as the highest exposure concentration. The 
highest concentration for analysis of 
chromosomal aberrations was one at which at 
least 50% mitotic inhibition occurred. 

Negative control: DMSO 
Positive control: 4-nitroquinoline 1-oxide was used to test cells in 

the absence of S9 and Cyclophosphamide was 
used to test cells in the presence of S9.  

Formulation/Vehicle: DMSO 
Incubation & sampling time: See concentrations in definitive study above 
 
Study Validity 
Aberrations in the vehicle controls fell within normal historical ranges.  Positive controls 
induced statistically significant increases in structural aberrations in the presence or 
absence of S9.   
 
Results   
A statistical increase in the proportion of cells with structural aberrations excluding gaps 
was observed in both replicates at the highest evaluable concentration (1,280 μg/mL) 
when treated with S9 (Control 2/200 vs. high concentration 12/193).  However, this just 
exceeded the historical background level in vehicle controls (0-5%) by roughly 1% and 
was not repeated in a replicate experiment.  Mirabegron did not clearly induce 
chromosomal aberrations in human lymphocytes in a repeatable manner under the 
conditions employed in this assay. 
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• Survival to scheduled necropsy was greater than 73% in all groups without dose-
related deaths. Factors that contributed to unscheduled death were not clearly dose-
related.  

• Body weight gain was reduced in all mirabegron groups despite elevated food 
intake which is an expected pharmacologic effect.  At the terminal sacrifice, body 
weight gain was reduced 8%, 19%, and 21% in low- to high-dose males and 22%, 
28%, and 31% in the low- to high-dose females compared to controls.    

 
Appropriateness of Test Models 
• The study appears adequate and the species and strain were the same as used in 

the 13-week toxicity study.  Although it is recognized that reduced body weight gain 
can decrease neoplasm incidence in rodents, the reduced body weight gain 
observed with mirabegron was not thought to be due to excessive toxicity since it is 
expected pharmacology of a β3 adrenergic agonist, food intake was dramatically 
increased in all mirabegron groups during the dosing period, and survival was 
between 73% and 89% in all groups.  

 
Evaluation of Tumor Findings 
• There was no obvious effect of mirabegron on increased neoplasm incidence. The 

only statistically significant finding was an increase in benign hepatocellular 
adenomas in female mice in the lowest dose group (p = 0.0017, FDA statistical 
reviewer).  The significance of this finding is unclear because it was only statistically 
significant at the lowest dose evaluated and was not significant in male mice or rats. 
Benign hepatocellular adenomas were observed in 1.4, 16, 10, and 4% of females in 
the control to high-dose groups with the historical control rate being 0.6% (range 0-
1.4%) and 10, 16, 19, and 14% of males in the control to high-dose groups with the 
historical control rate of 8% (range 0-12%).   

• The Executive Carcinogenicity Assessment Committee meeting minutes regarding 
the study findings are attached in Appendix B. 

Reference ID: 3115118



NDA 202-611   Reviewer: Eric Andreasen, Ph.D. 
 

122 

Methods 
Doses: 0, 25, 50, or 100 mg/kg/day 
Frequency of dosing: Once daily 
Dose volume: 10 mL/kg 
Route of administration: Oral gavage 
Formulation/Vehicle: 0.5% methylcellulose 
Basis of dose selection: MTD – Death and prone position were observed at 

200 mg/kg in males and females during 13 week 
range finding study (178-TX-029) and a single 300 
mg/kg dose was lethal to 4/10 males and 2/10 
females on the first day of dosing in a preliminary 
two-week repeat-dose study in mice (178-TX-028). 
The doses chosen were anticipated to be 0.8, 1.5, 
and 3 times the anticipated clinical exposure 
following 150 mg BID. The proposed clinical dose 
has sense changed to 50 mg once daily resulting in 
exposure multiples up to 25x in males and 21x in 
females.   

Species/Strain: Mice / B6C3F1 
Number/Sex/Group: 70/sex/group 
Age: 36 to 42 days at first dose 
Animal housing: One mouse per cage, 12 day/night, 22±3oC (three 

single day deviations, 13, 17, and 18oC), 30-70% 
humidity 

Paradigm for dietary restriction: Not restricted 
Dual control employed: No 
Interim sacrifice: No 
Satellite groups: For toxicokinetics 20 per sex at 25, 50, and 100 

mg/kg and 4 control mice per sex 
Deviation from study protocol: Seven mice (1 control, 2 LD, 3 MD, and 1 HD) were 

replaced during days 22 to 33 of dosing because five 
died and two were euthanized due to morbidity 
consisting of head tilting and body weight loss or 
subdued behavior with hunched back, piloerection, 
and ruptured esophagus. The sponsor did not 
consider the deaths to be drug related.  The replaced 
animals were dosed for 100-103 weeks.   

 
Observations and Results 

 
Mortality 
Survival to week 105 was not affected by mirabegron.   
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Total Hemangioma  - - - - 1 0 2 1 
Total Hemangioma & Hemangiosarcoma 1 0 3 1 1 1 4 1 
* Statistically different from control, Peto linear trend test (2-sided), p < 0.05.  Data from sponsor Table 17 and 
18.  NA- not applicable. NE – not examined. (-) not reported. Statistically different from control p = 0.0017. 
 
Non-Neoplastic: 
Adverse effects were of low incidence, were not dose dependent, or were not acutely 
adverse (see Table below).  The most common adverse findings were low incidences of 
inflammatory pathologies noted by endometriosis (F), arteritis (F), lymphoid hyperplasia 
of the lungs (M/F), rhinitis (M), and inflammatory cell infiltration in the brown fat (F), 
thyroid (F), and urinary bladders (F).  
 
Inflammatory Pathologies: Minimal to slight mononuclear infiltration in the brown fat of 
the aorta was observed in females in all mirabegron groups but not in the controls.  
Slight to moderated arteritis (inflammation of the arteries) was observed in three HD 
females but not in other groups.  Minimal to slight lymphoid hyperplasia was elevated in 
the lungs of HD males and females.  In males rhinitis with inflammatory cell infiltration 
increased in severity with dose (min-moderate).  Minimal to slight mononuclear 
inflammatory cell infiltration was observed in the thyroids of females.  Additional 
potential dose related findings in female include lymphoid hyperplasia in the urinary 
bladders and slight to marked endometritis.   
 
Other Pathologies: Pigmentation of the liver, primarily of minimal to slight intensity, 
increased in the MD (4/70) and HD (5/70) females compared to the slight to marked 
pigmentation in controls (2/70). Minimal to marked non-glandular hyperplasia of the 
stomach was observed in LD (1/70), MD (1/70), and HD (3/70) females and 1/70 MD 
males but not in the control mice.  Minimal to marked unilateral tubular degeneration of 
the testes was also observed at a slightly higher incidence in mirabegron treated mice; 
however, this is unlikely to be treatment related since the response was not dose-
related in animals with bilateral degeneration.   
 
It is not clear why the principal histopathology findings in the 13-week toxicity study 
were not observed in this two year study.  Unlike the 2-year study, adipose tissue 
findings at exposures 10x MRHD in the 13-week study include multivacuolated white 
adipose tissue in the skin with decreased lipid droplet size and decreased lipid 
accumulation in the brown adipose tissue in the kidney. Hepatic glycogen content 
increased to a minimal or mild extent at ≥ 50 mg/kg (10x MRHD) in the 13-week study 
but this was not reported in the two year study since histological stains for glycogen 
were not employed.  Of concern in the 13-week toxicity study was minimal hepatocyte 
hypertrophy which was observed in 2/12 females and 5/12 males at 200 mg/kg (>48x 
MRHD). However, hepatic hypertrophy did not progress in incidence or severity with two 
years of exposure at up to 21x MRHD.  Hepatic hypertrophy was only observed in 1/70 
females at 25 mg/kg (~5x MRHD) and 100 mg/kg (21x MRHD).   
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Methods 
Doses: Male: 0, 12.5, 25, or 50 mg/kg/day 

Female 0, 25, 50, or 100 mg/kg/day   
Frequency of dosing: Daily 
Dose volume: 5 mL/kg  
Route of administration: Oral gavage 
Formulation/Vehicle: 0.5% methylcellulose in reverse osmosis water 
Basis of dose selection: The ECAC recommended oral gavage doses of 0, 

25, 50, and 100 mg/kg/day in females based on 
deaths at 300 mg/kg/day in the 13-week study. This 
was expected to achieve systemic exposures 0.2, 
1.3, and 5 times the proposed therapeutic dose of 
150 mg BID.  For males, the ECAC recommended 
doses of 12.5, 25, and 50 mg/kg, based upon 16% 
and 35% reduction in body weight gain at 30 and 100 
mg/kg respectively in the 26-week toxicity study. This 
was expected to achieve systemic exposures 0.07, 
0.2, and 0.8 times the 150 mg BID clinical dose. The 
sponsor’s maxim proposed clinical dose is 50 mg 
once daily which resulted in exposure multiples > 
25x.  

Species/Strain: Rats / CDF® F-344/DuCrl strain 
Number/Sex/Group: 60/sex/group 
Age: 40-46 days at first dose 
Animal housing: Individually housed in stainless steal cages with 

environmental enrichments unless adverse health 
called for polycarbonate cages with hardwood 
bedding; 18-26oC, 13-86% humidity and 12 hr 
light/dark 

Paradigm for dietary restriction: No, feed available ad libitum 
Dual control employed: No 
Interim sacrifice: No 
Satellite groups: 4 control and 12/sex/group were included for TK 

analysis at week 52.  They were euthanized after 
sampling at week 52.   

Deviation from study protocol: None that severely altered study outcome. 
Documentation for the intermediate calibration 
standards (on 8-25-06) and the quality control 
preparations (8-29-06) could not be located.  The 
sponsor indicated that the study was not adversely 
affected since very detailed methods were followed 
and the results were acceptable.  
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There was no clear causative effect of mirabegron in the unscheduled deaths (Table 
below). The causes of unscheduled deaths were not determined for 4, 5, 5, and, 10 
males or 4, 9, 14, and 27 females in the control, LD, MD, and HD groups, respectively. 
The incidence of total carcinomas, adenomas, and sarcomas leading to unscheduled 
death was not dose responsive.   

Adjusted Percent Survival to Week 105 (%) 
Females 

 
Figure copied from the Sponsor Figure 6. 
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Mean Food Intake (g) 
Females 

 
Figure copied from the Sponsor Figure 4. 

Mean Food Intake (g) 
Males 

 
Figure copied from the Sponsor Figure 3. 
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Methods 
Doses: Only females dosed at 0, 30, 100, or 300 mg/kg.  High 

dose was selected based 100% lethality/morbidity in a 
preliminarily 2-week toxicity study at 500 mg/kg with 
no deaths at 250 mg/kg.   

Frequency of dosing: Daily 
Dose volume: 5 mL/kg 
Route of administration: Oral gavage 
Formulation/Vehicle: 0.5% methylcellulose 
Species/Strain: Sprague-Dawley (Crj:CD, SPF) 
Number/Sex/Group: 20/sex/group 
Study design: 

Females were dosed daily for two weeks prior to cohabitation with males, during 
cohabitation and until day 7 of gestation (GD7).  Cohabitation did not exceed two 
weeks. Females with successful copulation were subjected to cesarean section on 
GD13. 

Parameters and endpoints evaluated:  Clinical signs of the females were noted daily 
throughout the experiment and three times daily during the dosing period and prior 
to necropsy. Untreated males were monitored daily until they were excluded form 
the study. Vaginal smears were taken daily 9 days prior to dosing and until 
successful copulation.  Body weight was measured prior to initiating of dosing 
during cohabitation, and on days 0, 1, 2, 3, 4, 5, 6, 7, 10, and 13 of gestation.  Food 
consumption was determined at the same time points except during cohabitation. 
Dams were euthanized on GD13 and their abdominal cavities observed for lesions, 
and the ovaries and uteri were removed to note the number of corpora lutea and 
number of implantations. Both pre- and post-implantation losses were scored as 
well as copulatory and fertility indices.  Necropsies of male rats whose partner were 
not pregnant were conducted to assess their reproductive organs, thoracic, and 
abdominal cavities. 

Deviation from study protocol: None that effected study outcome.  One male in the 
control group which had with visibly small testes and 
epididymides was replaced because of unsuccessful 
copulation. 

 
Observations and Results 

 
Mortality 
Two females died prior to cohabitation at 300 mg/kg on day 2 and 19 of dosing.  The 
female that died on day 2 of dosing displayed decreased locomotor activity, lacrimation, 
and soiled coat. The female that died after dosing on day 19 displayed decreased 
activity, prone position, and tremor prior to death.  This rat also lost 68 g of weight from 
the fourth day of treatment to death. Another female at 300 mg/kg was euthanized due 
to moribundity at day 10 of treatment.  Prior to being euthanized she displayed 
decreased activity, prone position, and tremor before becoming moribund. No 
abnormalities were observed in these three rats upon necropsy. 
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Key Study Findings 
 
General Toxicity 
• Exposures ranged from 34 to 171 times the exposures in adult men at MRHD. 
• MTD exceeded at HD: 14 of 20 rats died at 300 mg/kg (171x MRHD) between days 

3 and 14 of dosing after showing tremor and decreased movement. 
• Adverse gross pathology including red discolorations of the lungs was only reported 

in the animals that died at 300 mg/kg. 
• Male body weight gain was reduced in all mirabegron groups (14-49%) after 43 

days.  
• Male food consumption was reduced initially at all doses but all groups recovered by 

the 14th day of dosing.  
 
Fertility 
• No clear effect of mirabegron on male fertility or mating was observed at sublethal 

doses (exposures up to 77x MRHD).   
• Questionable effects of mirabegron on male fertility outcomes were observed at the 

lethal dose (exposure 171x MRHD) which may be secondary to overt toxicity, 
reduced food intake, decreased weight gain, or low number of surviving animals.   

− All males copulated and there was no effect of treatment on the time to copulation 
− Pregnancy rate was only (50%) at 300 mg/kg (only 3/6 mating pairs became 

pregnant).  However, the males with non-pregnant mates had motile sperm at 
necropsy and their mates had no visible implantation sites. 

− Slight decrease in the number of implantations and number of live fetuses at 
exposures 171x MRHD which could be due to the proportional reduction in corpora 
lutea in mated females and not clearly due to exposure of males to mirabegron.   

• NOAEL for male fertility and embryonic development = 100 mg/kg (exposures up to 
77x MRHD) based upon decreased male fertility at 300 mg/kg (171x MRHD). 
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Methods 
Doses: 0, 30, 100, or 300 mg/kg 
Frequency of dosing: Males dosed daily for two weeks prior to mating 

through the mating period and continuing until females 
were in mid gestation (GD14) for a total of 42 days of 
dosing. Females were not dosed. 

Dose volume: 5 mL/kg 
Route of administration: Oral gavage 
Formulation/Vehicle: 0.5% aqueous methylcellulose 
Species/Strain: Sprague Dawley SPF rats [Crl:CD(SD)] 
Number/Sex/Group: 20/sex/group 
Satellite groups: Toxicokinetics assessed in 8 males/dose group and 4 

for vehicle control. Blood samples were taken 1, 2, 4, 
8, and 24 hrs after dosing.  Sampling occurred after 
the first and last administration in addition to the pre-
administration period and prior to the first mating.  

Study design:  
Mating: A single male and female were housed together. Vaginal plugs or the 

presence of sperm in the vaginal spears were indicated as the initiation of 
gestation (GD0). If mating was not successful, male sperm motility was 
assessed and the epididymis and testis were collected for histological analysis. 

Necropsy: Males and females were necropsied at mid gestation (GD14).  Internal 
and external macroscopic observations were conducted on males and females. 
The number of corpora lutea, number of implantations, number of live embryos, 
and the number of dead embryos were recorded. For females without visible 
implantation sites, the uterus was treated with NaOH to reveal implantation 
sites. Ovaries and uterus of non-pregnant females were stored for histological 
analysis. 

Deviation from protocol: None that effected study outcome. 
 

Observations and Results 
Mortality 
Fourteen of 20 male rats dosed at 300 mg/kg died between the third and the 14th day of 
dosing. 
 
Clinical Signs 
There were no adverse clinical signs observed in the untreated mated females.  

 
In males, clinical signs were only observed at 300 mg/kg, and were predominantly 
observed during the first 14 days of dosing prior to mating.  Reduced spontaneous 
movement became increasingly frequent with a maximum observed in 10/14 individuals 
on day 8 at 300 mg/kg. This was not observed after day 21 however only six animals in 
the 300 mg/kg group survived the 14 day treatment period prior to mating. Tremor was 
also observed at 300 mg/kg and the time course and frequency mirrored the reduced 
spontaneous movement with a maximal occurrence of 8/18 on day 6 with no incidences 
occurring after day 21.  
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• Food intake was reduced in dams at 300 mg/kg (40-50%) from the second (GD8) to 
the fourth (GD12) days of dosing but recovered upon drug withdrawal. 

 
Fetal Findings 
• Both male and female fetal body weights were reduced (18-20%) at 300 mg/kg. 
• Fetal Skeletal Findings Include: 

- Slight decrease in ossification of the metatarsi at ≥ 100 mg/kg 
- Slight decreases in ossification of the sternebrae and vertebrae at 300 mg/kg 
- Misshaped bend of the scapula, ulna, and radius at 300 mg/kg (14% litters)  
- Wavy ribs in 40% and 36% of the litters at 100 and 300 mg/kg respectively 
Wavy ribs were not reversible at 100 mg/kg when pups were allowed to live for four 
days after natural birth.  

 
Maternal NOAEL = 100 mg/kg (22x MRHD) due to decreased weight gain, food intake 

and death at 300 mg/kg 
Fetal NOAEL = 30 mg/kg (6x MRHD) due to ossification problems and misshapen 

bones at ≥ 100 mg/kg and reduced fetal weight at 300 mg/kg 
 
Similar findings were observed in a dose range-finding study at the same doses (178-
TX-005). Previous findings include maternal death (2/10) after morbidity and tremor at 
300 mg/kg and fetal bone findings including wavy ribs at 100 mg/kg and bending of the 
scapula, humerus, ulna, and radius at 300 mg/kg and reduced ossification of the 
sternebrae, metatarsi, and sacral and caudal vertebrae at 300 mg/kg.  One unique 
finding in study 178-TX-005 was maternal bilateral adrenal enlargement at 300 mg/kg in 
1/10 dams.  A follow up study, reviewed after this study, was conducted to determine if 
fetal bone findings resolve after birth (178-TX-023).  
 
Methods 
Doses: 0, 10, 30, 100, or 300 mg/kg 
Frequency of dosing: Daily 
Dose volume: 5 mL/kg 
Route of administration: Oral gavage 
Formulation/Vehicle: 0.5% aqueous methylcellulose 
Species/Strain: Sprague-Dawley SPF rats (Crj:CD) 
Number/Sex/Group: 20/pregnant females per group 
Study design:  

Pregnant rats were dosed daily from GD7 to GD17, the period from implantation to 
closure of the hard palate. Dams and fetus were euthanized at GD20. Maternal 
body weight, food intake, and clinical signs were assessed. Gross pathology of the 
thoracic and abdominal organs was conducted on the dam.  Maternal parameters 
evaluated included the numbers of live and dead or resorbed fetuses, pre- and 
post-implantation losses, number of corpus lutea, and placenta weight. On GD20 
fetuses were examined externally, weighed. Half of each litter was assessed for 
gross pathology at 0 and 300 mg/kg and a skeletal examination were conducted on 
the other half of each litter in all treatment groups.   

Satellite groups: 
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Recovery- Additional 20 pregnant rats at 0 and 100 mg/kg were followed until day 
21 of lactation to see if fetal wavy ribs were reversible. Dams were followed for 
birthing success, clinical signs body weight, and food consumption.  Litters were 
culled to 4pups/sex/litter at postnatal day four. Pup weight was assessed 
throughout the postnatal period.  On postnatal day 21, gross pathology was 
conducted on the dams and pups and the number of implantation sites was 
noted.  Skeletal assessment was assessed on postnatal day four only and not on 
day 21 because the PND 21 tissues were not stored properly.   

Toxicokinetics- Additional 7-8 pregnant rats per dosage group (4 per time point) 
were used for toxicokinetics at the initial dosing (GD7) and after the last dose 
(GD17). 

 
Observations and Results 

Mortality 
Three dams in the 300 mg/kg group died. Two during the dosing period on GD9 and 
GD12, and another one day after dosing ceased on GD18. 
 
Clinical Signs 
No signs were observed in dams at ≤ 100 mg/kg.  Generally only animals that died 
showed adverse clinical signs except a single incidence of tremor in one dam (GD12) 
and peri-genitourinary smudge in another dam (GD16-20) at 300 mg/kg. The animals 
that died on GD9 and GD12 displayed tremor, decreased movement, and oligopnea 
during the dosing period. The rat that died on GD18 exhibited signs including tremor, 
vaginal hemorrhage, and smudge of the peri-genitourinary area from GD15 until death.  
Upon necropsy all three of the dams that died displayed dark focal reddening in the 
lungs.  
 
Body Weight 
At 300 mg/kg, body weight was significantly reduced in dams from the third day of 
dosing (GD9) until necropsy resulting in a 74% reduction in weight gain during the 
dosing period.  Body weight gain was reduced 14% during the dosing period at 100 
mg/kg in the recovery group but this was recoverable and was not observed in the main 
group at this dose.   
 
Feed Consumption 
Food intake was reduced only at 300 mg/kg throughout the dosing period but only 
statistically reduced (40-50%) from the second (GD8) to the fourth (GD12) days of 
dosing.  Food intake at 300 mg/kg recovered upon drug withdrawal even exceeding the 
control value two days after dosing ceased. Very slight increase in food intake was 
observed at 30 and 100 mg/kg from GD14 to GD20.  
 
Toxicokinetics 
Dams were exposed to broad multiples (1 to 96x) of the exposure at the maximum 
proposed dose for marketing.  Mirabegron was absorbed readily with Tmax values of 1 to 
4 hrs. Exposure was fairly proportional to dose except from 10 to 30 mg/kg where it 
increased 7 times vs. only a three fold increase in dose.  Mirabegron did not accumulate 
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• Wavy ribs were not noted in fetuses of the control group but were observed in 
fetuses from 6 of 19 dams (8% of the all fetuses: 32% of litters) along with reduced 
ossification of the sternebrae and metacarpi at 100 mg/kg.  Wavy ribs and reduced 
ossification appeared to resolve and were not observed in the control or 
mirabegron exposed pups evaluated at 4 and 63 days after birth.   

 
Methods 
Doses: 0 or 100 mg/kg 
Frequency of dosing: Daily 
Dose volume: 5 mL/kg 
Route of administration: Oral gavage 
Formulation/Vehicle: 0.5% methylcellulose 
Species/Strain: Rats, Sprague Dawley [Crj:CD(SD)]] 
Number/Sex/Group: 20 pregnant dams/group for maternal necropsy at 

GD20 & another 20/group for postnatal study with 
necropsy at PND 21 

Satellite groups: None 
Study design:  
Pregnant rats were dosed daily from GD7 to GD17, the period from implantation to 
closure of the hard palate. One group of dams (n=20/group) and their fetuses were 
examined after cesarean section on GD 20.  Pups from a second group of dams 
(n=20/group) were culled to 4/sex/litter four days after birth and weaned 21 days after 
birth (postnatal day 21, PND21). These pups were then allowed to develop until 
postnatal day 63. One control and 100 mg/kg mirabegron-treated rats were not 
impregnated, and were not included in analysis. 

Dams: Clinical signs were noted 4 times before administration and 2 times within 2 hrs 
of dosing daily. Body weight of the dams was measured on gestation days 0, 4, 7-20 
and on days 0, 4, 7, 11, 14, 17, and 21 post-delivery. Food consumption was 
measured on gestation days 1, 4, 7, 8, 10, 12, 14, 16, 18, and 20 and also on days 2, 
4, 7, 11, 14, 17, and 21 post-delivery. Dams that had cesarean sections were 
euthanized at GD20 and examined macroscopically for thoracic and abdominal 
abnormalities. Ovaries and uteri were examined for numbers live and dead or resorbed 
fetuses. Placental weights were determined. Number of pre- and post-implantation 
losses was calculated. Dams in the lactation group were followed for birthing success 
and euthanized after weaning on PND 21.  

Fetuses: Fetuses that were alive at termination on GD20 were sexed, examined 
externally, weighed, and examined for skeletal defects.  

Pups: were weighed, sexed, and examined for abnormalities upon birth. Weight was 
recorded on 0, 4, 7, 11, 14, 17, 21, 28, 35, 42, 49, 56, and 63 days after birth. Pups in 
excess of 4/sex/litter were euthanized at 4 days post-birth and their skeletal 
abnormalities were noted. Additionally pups that were raised to 63 days post-birth were 
examined for wavy ribs. 

Deviation from study protocol: None that significantly effected study findings 
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• Cardiomegaly in 13% of litters (3% of fetuses) at 30 mg/kg with none in control 
• Post-implantation losses increased at 30 mg/kg which were primarily accounted for 

by a significant increase in dead fetuses. 
• Adverse effects on ossification include fusion of the sternebrae in 56% of the litters 

at 30 mg/kg in comparison to 10% of the control litters and slight decrease in 
ossification of the fingers and toes in 44-63% of the litters at 30 mg/kg.  

 
NOAEL for fetuses = 3 mg/kg/day (0.7x MRHD) decreased fetal weight at ≥ 10 mg/kg 
NOAEL for dams = 10 mg/kg/day (14x MRHD) decreased food intake, decreased 

body weight gain, and death at 30 mg/kg.  
 
Methods 
Doses: 0, 3, 10, or 30 mg/kg/day 
Frequency of dosing: Daily 
Dose volume: 5 ml/kg 
Route of administration: Oral gavage  
Formulation/Vehicle: 0.5% aqueous methylcellulose vehicle 
Species/Strain: New Zealand White rabbits [Kbl:NZW(SPF)] 
Number/Sex/Group: 22/females/group. (17 to 22 per group were pregnant) 
Satellite groups: 5 females per group (3, 10, or 30 mg/kg/day) for 

toxicokinetics  
Study design: Pregnant rabbits were dosed daily from GD6 to GD20.  

Fetuses were allowed to develop until GD29 when the 
does and fetus were euthanized.  

Parameters and endpoints:   
  

Adults: Mortality, clinical signs, body weight, food 
intake. Necropsy was preformed on GD29. Ovaries 
and uterus were weighted on GD29. Number of 
corpora lutea, implantations, resorptions, live or 
dead fetuses and placental weights were assessed. 
Toxicokinetics were evaluated on GD6 and GD20, 
the first and last days of dosing. 

Offspring: Sex, fetal weights, external abnormalities 
and visceral defects were assessed. One half of the 
fetal heads were examined.  Skeletal defects were 
assessed.   

Deviation from study 
protocol: 

None reported 

 
Observations and Results 

 
The doses were chosen based on a range finding study in non-pregnant rabbits where 
mirabegron was 100% lethal after single doses ≥ 250 mg/kg and 1/3 rabbits died after a 
single 100 mg/kg dose.  Prodrome to death included hyperpnea, tremor, dyspnea, and 
tonic convulsions.  Marked reduction in food consumption was observed at 60 mg/kg 
after 5 days of dosing.  Also in a preliminary study with pregnant rabbits, decreased 
food intake, and weight gain was observed at 10 mg/kg and 30 mg/kg respectively 
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without obviously affecting the pregnancy outcomes (178-TX-004).  Because of these 
findings the high dose was set at 30 mg/kg.  
 
Mortality 
One dam at 10 mg/kg died due to gavage error on GD14.  One dam at 30 mg/kg died of 
apparent gavage error on GD16 approximately 30 minutes after dosing. She displayed 
lateral position and dyspnea prior to death and showed red patches in the lungs.  In the 
toxicokinetic group, one animal died one hour after the last dose on GD20 and another 
was euthanized due to abortion on GD20.  
 
Clinical Signs 
No adverse effects were observed at 3 or 10 mg/kg.  At 30 mg/kg, bloody discharge 
from the vagina was observed in two animals before (GD4) and after (GD 29) the 
dosing period.  
 
Body Weight 
Body weight gain, but not mean total weight, was reduced at 30 mg/kg from the second 
day of dosing (GD8) until two days after dosing ceased (GD22).  It recovered thereafter.  
 

 
 
Feed Consumption 
Food intake was decreased roughly 24% to 44% at 30 mg/kg throughout the dosing 
period from GD7 to GD20. It recovered thereafter. A slight but not statistically significant 
decrease in food consumption occurred at 10 mg/kg during the dosing period as well. 
 

Group Mean Body Weight Gain 

 
Copy of Sponsor’s Figure 2  
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Methods 
Doses: 0, 30 mg/kg mirabegron, 30 mg/kg mirabegron + 

metoprolol tartrate (3 mg/kg/BID)  
The dose of MET was chosen because it previously 
was shown to decrease elevation in heart rate caused 
by mirabegron (178-TX-47). 

Frequency of dosing: Vehicle and mirabegron dosed once daily 
Metoprolol tartrate BID (First dose 24-40 min prior to 
mirabegron dosing, Second daily dose 6 hrs after first) 

Dose volume: 5 mL/kg for vehicle and mirabegron  
Each dose of metoprolol was 2.5 mL/kg 

Route of administration: Oral gavage 
Formulation/Vehicle: 0.5% aqueous methylcellulose 
Species/Strain: Kbl: New Zealand White Rabbits (SPF). Females 15-16 

weeks at mating.   
Number/Sex/Group: Vehicle (6), mirabegron alone (11) 

mirabegron+Metoprolol (12) 
Satellite groups: None 
Study design: Pregnant does were dosed from GD6 to GD20.  Body 

weight and food consumption assessed throughout the 
study. Heart rate of the does was assessed on GD6 
and GD20 in 3 vehicle control does and 5 does in the 
other groups.  Does were euthanized on GD29.  The 
numbers of live and dead fetuses, number of corpora 
lutea, and implantations were recorded from does that 
survived to GD29 only.  
Fetuses were examined externally, weighed, sexed, 
and the heart was examined for dilated aorta and 
cardiomegaly.   Toxicokinetics assessed on GD6 and 
GD20 in five dams/group excluding the controls  

Deviation from study 
protocol: 

Storage of TK samples exceeded -10oC for 10 min but 
it did not affect results.  

 
Observations and Results 

 
Mortality 
There was no maternal mortality. 
 
Clinical Signs 
No adverse signs were reported in any group.  
 
Body Weight 
Body weight gain was repressed during the dosing period in both the mirabegron group 
and the combination group but increased after the dosing period in all groups.  
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and in vitro studies suggest that mirabegron is metabolized primarily by CYP3A4 and to 
a lesser extent by CYP2D6 (178-ME-002).   
 
Beta antagonists in general do not appear to decrease exposure to mirabegron in 
humans.  Decreased exposure to mirabegron was not reported in clinical studies after 
co-therapy with bisoprolol, metoprolol, or propranolol.  The sponsor conducted a clinical 
drug-drug interaction study with metoprolol where they found that mirabegron increases 
the metoprolol exposure (AUC) three-fold suggesting that mirabegron and MET are both 
metabolized by CYP2D6 (178-CL-005).  Although AUC levels were not located in the 
report, MET increased, rather than decreased, the trough levels of mirabegron in 
humans (178-CL-005).  Pharmacokinetics of mirabegron did not appear to be effected 
in humans exposed to a β1 (bisoprolol) or a mixed β1/β2 antagonist (propranolol) along 
with a single 200 mg dose of mirabegron (178-CL-053).   
 
Metabolites  
Due to the high variability and small number of animals, it is difficult to form conclusions 
regarding the involvement of metabolites in the toxicity.  Although not likely, data from 
the mirabegron alone group suggests that metabolites could be implicated in the fetal 
toxicity because exposure to M5 and M16 but not mirabegron was correlated with 
embryo-fetal toxicities in animals used for TK assessment. The maternal exposure to 
M5 and M16 were elevated at least 8-fold while exposure to mirabegron was at least 8-
fold lower in the three rabbits with fetal cardio defects in the mirabegron alone group 
(data in parenthesis), in comparison to the two does without fetal toxicities in the same 
group (data in brackets). Never the less, it is unlikely that metabolites are involved in the 
fetal toxicities.  Metabolites M11 to M15 are not expected to have contributed to the 
toxicity since they are glucuronide conjugates and were only present at low levels.  
Although the exposure to M5 and M16 in rabbits is exceedingly high compared to 
humans, rats, mice, and monkeys which implicate them in the fetal cardio toxicities 
(Tables above and Section 5.1.3 cross species metabolism), they did not have 
appreciable in vitro agonist activity for the human β1-AR, β2-AR, or β3-AR at 
pharmacological concentrations (see Section 4.1.1).  Additionally M5 and M16 are likely 
not causative of these fetal toxicities because similarly high levels of M5 and M16 were 
observed in both treatment groups while fetal cardio toxicities were almost eliminated in 
the mirabegron + MET group (compare group mean values or values in parentheses in 
the mirabegron group to the combination group).   
  
Dosing Solution Analysis 
Dosing solution homogeneity was not assessed.  
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Key Study Findings 
Rats were exposed to mirabegron at 0.9, 6.1, and 21.5x times the MRHD based upon 
toxicokinetic data from gestational rats (178-TX-022) and elderly fasted women dosed 
with 50 mg of mirabegron (178-CL-072). 
 
F0 
• Mortality in the F0 generation at 100 mg/kg.  2F at GD21-GD22 (cause unknown). 
• Recoverable reduction in food intake and decreased weight F0 at ≥ 30 mg/kg during 

gestation.  
 
F1  
• Elevated death of F1 pups between PND0 and PND4 at 100 mg/kg. 7.5% died at 100 

mg/kg vs. 1.2% in controls. 
• Decreased body weight of F1 males and females at 100 mg/kg during the post 

weaning period. 
• No adverse effects on behavior or learning 
• No significant adverse effects on reproductive endpoints 
 
NOAEL for F0 Maternal toxicity = 10 mg/kg (1x MRHD) based upon decreased feed 

intake and reduced weight at 30 mg/kg 
NOAEL for F0 Fertility = 30 mg/kg (6x MRHD) based upon decreased viability of 

offspring between PND0 and PND4 at 100 mg/kg 
NOAEL for F1 Toxicity = 30 mg/kg (6x MRHD) based upon post weaning deaths males 

(2/36) and females (1/36) at 100 mg/kg 
NOAEL for F1 Fertility ≥ 100 mg/kg (22x MRHD) based on no affects on F1 fertility  
 
Methods 
Doses: 0, 10, 30, or 100 mg/kg 
Frequency of dosing: Daily 
Dose volume: 5 mL/kg 
Route of administration: Oral gavage 
Formulation/Vehicle: 0.5% methylcellulose 
Species/Strain: Sprague-Dawley rats SPF [Crl:CD(SD)] 
Number/Sex/Group: 20/females/group 
Satellite groups: None, toxicokinetics was not assessed 
Study design: A single male was mated to a female in proestrus.  

The day following successful copulation was 
considered gestation day 0 (GD0).  Dams were dosed 
daily from GD7 to postnatal day 20 (PND20).  This 
correlates with implantation to weaning. The dams 
were euthanized on PND21.  

Parameters and endpoints evaluated:   
Dams: Clinical signs were taken four times daily. Body weight was measured on 

gestation days 0, 4, and 7-20 and on postnatal days 0, 4, 7, 11, 14, 17, and 21. Food 
consumption was measured on gestation days 1, 4, 8, 11, 14, 17, and 20 and on 
postnatal days 2, 4, 7, 11, 14, 17, and 21. The day of delivery was designated as 
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postnatal day 0. Rats nursed their pups until weaning on PND21. Gross pathology 
was conducted on all dams at PND21.  

Pups: were weighed, sexed, and examined for abnormalities at birth. Still born fetuses 
were fixed in 70% ethanol.  Five days after birth the pups were culled to 4/sex/litter. 
Excess litter mates were examined for gross pathology. Mortality was noted daily with 
the dead pups being stored for necropsy. Pup weight was recorded on days 4, 7, 11, 
14, 17, and 21 after birth. Pups were observed for pinna detachment, incisor 
eruption, opening of the eyes, righting reflex, air righting reflex, pupillary reflex, 
Preyer’s reflex, and pain reflex. On PND21 2/sex/litter were selected one each for 
behavioral testing and reproductive testing, see below. The remaining pups were 
euthanized and examined macroscopically.  

F1 animals post weaning: Postnatal weights were recorded on PND 28, 35, 42, 49, 56, 
63, and 70. Sexual development was noted for females on days 35 and 42 (opening 
of the vagina) and days 42 and 49 in males (cleavage of the balanopreputial gland). 
Behavioral tests were conducted on 1 pup/sex/litter including, open field test at 5 
weeks of age and water filled multiple T-maze during weeks 7-8. These animals were 
euthanized after reaching 10 weeks of age and examined macroscopically. In 
addition to behavioral testing, an additional single pup sex/litter were tested for 
mating success during weeks 10-12 after birth. Males and females from the same 
dose group (not litter mates) were housed together. F1 offspring used for 
reproductive study were euthanized 12 weeks after birth. Major organs were 
examined macroscopically. F1 females were weighed on days 0, 4, 7, 11, and 14 of 
gestation, and euthanized on GD14. F1 females were examined macroscopically at 
necropsy on GD14. Ovaries, uterus, and vagina were examined for implantation, 
number of corpora lutea, and number of live and dead fetuses. Females who did not 
show implantation sites were further studied by clearing the tissue with 10% NaOH to 
confirm the lack of implantation. Ovaries and uterus with vagina from non-pregnant 
F1 rats were stored in 10% formalin.  

Deviation from study protocol: None that significantly effected study findings 
Homogeneity: Dosing solutions were 96.5 to 103.3% of the target. 
 

Observations and Results 
 
The high dose of 100 mg/kg was chosen because of maternal deaths at 300 mg/kg in 
the embryo-fetal study (178-TX-022) and decreased body weight, food consumption, 
and impaired bone development in the fetuses at ≥ 100 mg/kg.   
 
F0 in-life:  
Mortality: Two F0 dams in the 100 mg/kg group died, one each on GD21 and GD22. 
These dams did not display any adverse signs or gross pathology and their fetuses 
appeared normal. The cause of death was unknown. 
 
Clinical Signs: No clinical signs were reported in any group during gestation and 
lactation.  
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Body Weight: Dams in the 100 mg/kg group had reduced weight (4%) during GD 11-17 
and during postnatal days 0 to 11 (4-6%) but recovered thereafter.   
 
Feed Intake: Feed intake was reduced on GD 8 in the 30 (12%) and 100 mg/kg (29%) 
groups and on GD 11 in the 100 mg/kg group (13%).  Intake was normal after this time 
point.   
 
Reproductive Success: There was no affect of mirabegron on the mean numbers of live 
births, still born pups, gestation period, and implantation sites. There was no affect of 
mirabegron on sex ratio or birth weight of the pups. None of the pups had external 
malformations at birth.  
 
F0 necropsy:  No gross pathology was observed in the dams. 
 
F1 physical development:   
During lactation:  Viability between postnatal days 0 and 4 was reduced at the high dose 
(92.5% survived to postnatal day 4 vs. 98.8 in the control).  Death of 1 to 3 pups per 
litter occurred during the first four days after birth in 2/19 litters at 0 mg/kg and 11/18 
litters at 100 mg/kg.  Viability was similar across groups from PND4 to PND 21. The 
time to detachment of the pinna, eruption of lower incisors, opening of eyelids, vaginal 
opening, and cleavage of the balanopreputial gland was not altered by mirabegron 
exposure. Gross pathology was not affected by mirabegron either 4 or 21 days of birth.  
 
Post-weaning: After weaning, three F1 deaths occurred at the high dose. Two F1 males 
died, one each 61 days (1 of 18 in the behavioral testing study) and 81 days after birth 
(1 of 18 in the reproductive function study) along with one female (1 of 18 in the 
reproductive function study) 68 days after birth. The male that died 61 days after birth 
displayed dark red area in the lungs (1/18) and retention of food in the pharynx. Adverse 
pathology was not observed in the other animals that died after weaning. Adverse 
pathology was not reported animals that lived to PND70 except for one male in the high 
dose group who had enlarged unilateral testis.  
 
Body weight: Body weight was reduced 6% to 18% from postnatal day 4 to 70 in the 
high dose males and 7% to 14% in high dose females from postnatal day 4 to 35.   
 
F1 behavioral evaluation:   
There was no affect of mirabegron on righting reflex, air righting reflex, pupillary reflex, 
Preyer’s reflex, or pain reflex. In the open field test at week 5, latency, ambulation, 
rearing, grooming, and defecation were not altered by mirabegron in females but 
defecation was slightly increased in males at the high dose. Mirabegron did not 
appreciably affect the results from the water-filled multiple T-maze in males or females 
at weeks 7-8.  
 
F1 fertility:   
Since both the male and female F1 rats of each mating pair were from the same dose 
group, any potential affects could not be linked to the fertility of one specific sex alone. 

Reference ID: 3115118



























NDA 202-611   Reviewer: Eric Andreasen, Ph.D. 
 

202 

urinalysis tests would be between 56 mL and 112 mL (5.6 mg divided by 0.1 mg/mL or 
0.25 mg/mL).  Because humans usually void much higher volumes over a six hour 
period, there does not appear to be a large potential for mirabegron in urine to elevate 
urine protein levels inappropriately.   
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11 Integrated Summary and Safety Evaluation 

11.1 Pharmacology 
Beta Adrenergic Receptor Selectivity 
Mirabegron (YM178) a beta-3 adrenergic (β3-AR) agonist indicated for the treatment of 
overactive bladder, is a new molecular entity and first in its class for this indication. In 
vitro data suggests that mirabegron is primarily a β3-AR agonist with minimal β1-AR 
and essentially little to no β2-AR activity in animals and humans.  However, animal 
models and a clinical study suggest that mirabegron has β1-AR activity in vivo.  
Humans administered a single 200 mg dose of mirabegron responded with elevated 
heart rate and systolic blood pressure, findings that were both repressed by co-
administration with propanolol (β1/β2 antagonist) or bisoprolol (β1 antagonist) 
suggesting that mirabegron activates β1 receptors in humans (Study 178-CL-053).   

 
Primary Pharmacology 
The urinary bladder detrusor muscle responds to cholinergic stimulation by contracting 
while adrenergic stimulation decreases the detrusor contraction. Mirabegron is intended 
to alleviate overactive bladder symptoms by agonist activation of the β3-AR resulting in 
relaxation of the bladder detrusor muscle.  
 
Animal models demonstrated that mirabegron can promote increases in bladder 
capacity and reduce urinary bladder contractions.  Mirabegron was able to reduce pre-
constricted isolated rat detrusor muscle, reduced distension induced bladder 
contractions in rats, reduced bladder contractions in a model of bladder outlet 
obstruction in rats, increase bladder capacity in water loaded rats and monkeys, and 
reduced intravesical pressure in dogs.   
 
Absorption, Distribution, Metabolism, and Excretion 
Absorption: Mirabegron was readily absorbed in rats, dogs, and humans.  Bioavailability 
increased with dose in rats (23-76%), dogs (42-77%), and humans (24-45%).  
Absorption in rats occurred primarily from the small intestines and less from the colon 
and stomach.  In vitro studies demonstrated that mirabegron binds to plasma proteins 
(73-79%) in mice, rats, and humans.   
  
Distribution: Tissue distribution was assessed in albino mice after 14C-mirabegron 
dosing.  Compared to plasma levels, the highest levels of radioactivity were observed in 
the liver (20x), small intestine (14x), kidneys (11x), adrenals (7x), pituitary (7x), thyroid 
(6x), stomach (5x), cecum (4x), lungs (4x), pancreas (4x), large intestine (3x), spleen 
(3x), submaxillary glands (3x), bone marrow (3x), heart (2x), testes (2x), skin (1x), and 
fat (1x). The rank order of tissues with radioactivity less than the plasma level include 
the thymus, skeletal muscle, blood, eye, cerebellum, and cerebrum.  Fifteen days after 
dosing, greater than 40% of the maximal radiolabel remained in the thyroid, kidney, 
testes, and bone marrow, suggestive of slow elimination from these organs.  
Accumulation of mirabegron and some of its metabolites in pigmented tissues is 
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predicted due to an apparent association with melanin in the eyes of pigmented rats.  
The half-life of drug related radioactivity was 157 days in the eyes of pigmented rats. 
Placental and lactational transfer was confirmed in rats dosed orally with 14C-
mirabegron.   
 
Metabolism: In vitro studies suggest that mirabegron is primarily metabolized by 
CYP3A4 and to a lesser extent by CYP2D6.  In plasma, mirabegron was hydrolyzed 
principally by the esterase butyrylcholinesterase.  A total of 18 metabolites were 
identified in plasma, bile, urine, or feces of mice, rats, rabbits, monkeys, and humans.  
Eight of the metabolites were observed in human plasma and an additional two were 
observed in human urine, none of which were unique to humans.  The metabolite 
exposure in humans was exceeded by that in at least one species in the chronic toxicity, 
carcinogenicity, and reproductive toxicity assays.  All metabolites are considered 
qualified.  
 
Elimination: In rats, mirabegron and metabolites were eliminated primarily in feces 
(73%) with less in urine (16%).  Enterohepatic circulation was confirmed in rats.  In 
monkeys radioactivity was excreted equally in urine and feces within 72 hrs of 14C-
mirabegron dosing. In humans receiving a 160 mg dose of 14C-mirabegron, 55% and 
34% of the radioactivity was recovered in urine and feces, respectively.   
 

11.2 Toxicology 
Summary of Toxicology 
Toxicities observed in nonclinical studies were generally those expected of a β1/β3-AR 
agonist with the exception of hepatotoxicity, skin irritation and sensitization, and 
reproductive and developmental toxicity. Principle toxicities include, but are not limited 
to, hepatotoxicity, effects on body weight and metabolism, salivary gland toxicity, 
cardiovascular toxicity, and developmental effects.  
 
Principle Nonclinical Toxicology Studies Conducted 
The sponsor has conducted nonclinical safety pharmacology studies, local tolerance 
assessments, repeat dose toxicity studies in dogs (2–weeks), mice (2- and 13-weeks), 
rats (2-, 13-, and 26–weeks), monkeys (2-, 13-, and, 52 weeks), reproductive and 
developmental toxicity studies (fertility in male and female rats, embryo/fetal 
development in rats and rabbits, and pre- and postnatal development in rats), 
genotoxicity studies (AMES, in vitro chromosomal aberration, and in vivo micronuclei in 
rats), and two-year carcinogenicity studies in mice and rats.  The sponsor also 
investigated in vivo mechanisms of developmental and cardiac toxicities.  
 
The species used were generally acceptable.  However, the following factors should be 
kept in mind.  Weight loss at high doses or following prolonged exposure periods is an 
expected pharmacologic response in rodents but not expected in humans.  Monkeys 
were not assessed at large multiples of the human exposure in the chronic toxicity study 
because of dose limiting ECG findings. Dogs were apparently not pursued as a model 
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species based on expected pharmacologic responses including severe adverse findings 
in the salivary glands after a few day of exposure, and adverse ECG findings.    
 
Multiples of the clinical exposures in animals discussed below are derived by dividing 
the exposure in animals (AUC or Cmax) by the systemic exposure in fasted women at 
least 55 years old at the maximum recommended human dose (MRHD = 50 mg/day, 
AUC = 512 ng-hr/mL, Cmax = 66.3 ng/mL, Study 178-CL-072).  With respect to age, 
sex, and fed state, this subpopulation was chosen because it was the subpopulation 
with the greatest steady state exposure (Studies 178-CL-072 and 178-CL-041). 
 
11.2.1 Cardiac Toxicity 
Pharmacology 
General cardiac safety pharmacology was assessed in rats, rabbits, dogs, and 
monkeys; and mechanistic studies were conducted in rats, dogs, and rabbits to evaluate 
potential mechanisms related to increases in heart rate induced by mirabegron.  To 
assess proarrhythmic risk of mirabegron and its five major metabolites, the sponsor 
conducted cardiac ion channel assays, hERG assays, isolated cardiac papillary muscle 
action potential assays, and canine ventricular wedge assays. 
 
The in vitro studies suggest that there is little potential for mirabegron or its principle 
metabolites to impair cardiac ion channel activity, alter cardiac action potential, or 
prolong QT interval at clinically relevant exposures.  Mechanistic studies in rats and 
dogs suggest that the increased heart rate at low doses of mirabegron is a 
compensatory response to vasodilating effects of β3-AR stimulation (reflex tachycardia).  
However, these studies also suggest that elevated heart rate at high doses of 
mirabegron is the result of direct chronotropic effects of off target β1-AR activation.  
Cardiac toxicities in pharmacology studies are discussed in the context of the toxicity 
assessment below.  
 
Cardiovascular Toxicity  
Potential Cardiac Findings near the Clinical Exposure:  
Elevated heart rate was observed in rats after IV dosing at exposures <2x MRHD and 
after oral dosing in dogs at exposures ≥ 0.1x MRHD, rabbits at ≥ 9x MRHD, and 
monkeys at 12x MRHD.  Systolic and mean blood pressure was reduced after oral 
dosing in dogs at 0.1x MRHD but not in monkeys at exposures up to 51x MRHD.  PR 
interval was shortened after oral dosing in dogs at exposures ≥ 1x MRHD but prolonged 
in monkeys at exposures ≥ 11 x MRHD. 
 
Severe Cardiac Findings at Super Therapeutic Exposures:   
Ventricular tachycardia was observed after oral dosing in dogs (at the lethal dose, 20 
mg/kg 29x MRHD), and monkeys at ≥ 37x MRHD.  QRS was slightly prolonged in 
monkeys at exposures ≥ 17-23x MRHD.  QTc was not clearly effected in dogs at 
exposures up to 32 MRHD (Matsunaga’s correction) or monkeys at exposures up to 51x 
MRHD (Bazett’s and Fridericia’s correction).  Clear drug related adverse cardiac 
histopathology was not reported in the toxicology studies.   
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Intravenous dosing generally resulted in similar but more severe cardiac findings in rats, 
dogs, and monkeys.  For instance one male monkey at 3 mg/kg IV (13x MRHD based 
on Cmax) went into coma after the third dose although he later recovered. Additionally 
one monkey went into ventricular tachycardia and died within 15 minutes of 
administrating a 10 mg/kg IV dose (114x MRHD based on Cmax).  Similarly intravenous 
dosing in dogs led to death at IV doses ≥ 10 mg/kg due to ventricular tachycardia that 
progressed to ventricular fibrillation within 5-10 minutes.   
 
These findings suggest that mirabegron can reduce blood pressure in some species 
and increase heart rate at near clinical exposure levels, and promote tachycardia and 
death at extremely high exposures which is expected pharmacology for a mixed β-
adrenergic agonist.  These studies in conjunction with the in vitro assays also suggest 
that there is little potential for QTc prolongation in animals.  
 

11.2.2 CNS Toxicity 
Adverse signs suggestive of CNS toxicity which were observed at or near clinical 
exposures include lacrimation and prone position at ≥ 0.2x MRHD and salvation at ≥ 2x 
MRHD in rats: and prone position with slight hyperthermia (≥ 2x MRHD) in mice.   
 
Adverse signs of CNS toxicity which were observed at or near the lethal exposures 
include the following: 

• Rats - deep respiration, reduced grip strength, closed eyes, and decreased body 
and abdominal tone, clonic convulsions, mydriasis, and tachypnea (45-160x 
MRHD) 

• Mice - decreased alertness, spontaneous movement, and muscle tone (29x 
MRHD), and colonic convulsions (63-72x MRHD) 

• Rabbits - hyperpnea, tremor, dyspnea, and tonic convulsions (> 21x MRHD) 
• Monkeys - ptosis, decreased motor activity, and staggering (8x MRHD), and 

vomiting and ventricular tachycardia (29-34 MRHD).    
 
Since exposure to the brain was low in rats and monkeys and the findings in animals 
were reversible at sublethal doses and without clear adverse histopathology in the 
toxicology studies, there does not appear to be a significant toxicological concern for 
mirabegron-induced CNS toxicity at the clinical exposure level.   
 
11.2.3 Hepatotoxicity 
Hepatotoxicity was observed in rodents and dogs but not monkeys.  The liver was the 
organ with the greatest exposure to radiolabeled mirabegron with levels reaching 20 
times the plasma concentration in rats.  Similarly in monkeys the liver was the organ 
with the greatest concentration of radioactivity when assessed seven days after dosing 
with 14C-mirabegron. 
 
Hepatic findings in mice were likely only of toxicological relevance at the lethal dose.   
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Minimal to mild increase in hepatic glycogen content accompanied by increased food 
consumption and body weight was observed at exposures ≥ 10x MRHD in the 13-week 
study.  Although minimal hepatocyte hypertrophy was observed in both sexes at the 
lethal exposure (48x MRHD) in mice after 13 weeks,  liver weights and LFTs were not 
affected and findings of hepatocyte hypertrophy were not dose-dependent in the 2-year 
mouse carcinogenicity study at the highest dose administered (21x MRHD).  
 
In rats, slight elevations (< 2 fold) in ALT, ALP and cholesterol were observed in the 2-, 
13-, and 26-week studies, with slightly elevated AST and decreased triglycerides also 
observed in the 13- and 26-week studies.  The minimal dose necessary to elevate LFTs 
actually increased with continued exposure and ranged from 4-6x MRHD after two 
weeks of dosing, 10-44x MRHD after 13 weeks, and 17-55x MRHD after 26 weeks of 
dosing. Histological evaluation after 13 weeks revealed pigment deposition at 
exposures 44-50x MRHD, and hepatocyte swelling, fibrosis, and one rat with moderate 
centrilobular necrosis at the lethal dose (130-160x MRHD).  The only hepatic finding 
after 26 weeks of dosing at exposures up to 55-59x MRHD was eosinophilic 
hepatocytes at exposures ≥ 12-17 MRHD. The significance of these findings is 
questionable since adverse hepatic histopathology was not observed in the 2-year rat 
carcinogenicity study at the highest doses tested in males (25x MRHD) or females (45x 
MRHD).   
 
Although hepatotoxicity was not reported in the two-week dog toxicology study at the 
lethal dose of 20 mg/kg (16x MRHD), reversible hepatotoxicities were observed in a 
follow up study at the same dose but with higher exposures (25x MRHD) after three 
days of dosing.  These findings include enlarged and yellow discolored livers with mild 
to moderate hepatocyte hypertrophy and hepatic vacuolation, slight glycogen 
accumulation, and mild deposition of lipid in peri- and centrilobular hepatocytes. 
Concurrent control group was not included but it appears that ALT, ALP, and AST may 
have been slightly elevated.   
 
Hepatotoxicity was not observed in monkeys dosed for one year at exposures up to 8 
times exposure at the MRHD.   
 
In summary, since hepatotoxicity was limited to rodents and dogs, was reversible, and 
did not cause adverse histopathology except at or near the lethal dose with large 
multiples of the clinical exposure, the potential for hepatotoxicity at the maximum 
recommended dose in humans appears low.   
 
11.2.4 Effects on Body Weight and Adipocytes 
Indicative of increased lipolysis, lipid levels in brown and/or white adipocytes decreased 
in mice, rats, and potentially in monkeys after 2 to 13 weeks of dosing at or near the 
expected clinical exposure level.  This was generally accompanied by increased food 
consumption and decreased body weight in rodents but not in monkeys. The findings in 
monkeys were not clearly treatment related due to the low incidence and lack of 
progression with continued exposure.  In the two clinical studies were it was assessed, 
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body weight was not effected when dosing exceeding the MRHD for 12 weeks including 
a 10 week period at 200 mg/day (Studies 178-CL-003 and 178-CL-004).   
 
11.2.5 Thymic Atrophy 
Thymic atrophy of slight to minimal intensity was observed in mice at exposures ≥ 14x 
MRHD after 13 weeks, and in rats at exposures ≥ 50-156x MRHD after 2 and 13 weeks 
of dosing.  However, thymic atrophy was not reported in the two-year carcinogenicity 
studies in mice or rats at exposures exceeding 20x MRHD.  Additionally, thymic weight 
and atrophy were not clearly affected at the maximal dose in the 2-week dog toxicology 
study at exposures up to 16x MRHD, or at the maximal exposures in the 2-week (29-
34x MRHD), 13-week (6-9x MRHD), or 52-week (8X MRDH) monkey toxicology studies.   
 
Since thymus findings were only observed in rodents in subchronic toxicity studies at 
large multiples of the anticipated human exposure, thymic toxicities do not appear to be 
a safety concern for humans.   
 
11.2.6 Reproductive Organ Findings 
Mirabegron-induced toxicity to male or female reproductive tissues is not expected in 
humans.  Clear adverse findings were not reported in reproductive tissues at the 
maximal dose in dogs after 2 weeks at 16x MRHD, in mice after 2 years at 21x MRHD, 
or in monkeys after 52 weeks at 8x MRHD.  
 
Concern about potential reproductive toxicities in female rats (slight atrophy of the 
uterus at exposures ≥ 31-44x MRHD and decreased ovarian and uterine weights at 
exposures 44-156x MRHD) is of low concern because they occurred at high exposures 
in the 2- and 13-week studies, were not observed after 6 months or more of dosing at 
exposures up to 45x MRHD, and were reversible.   
 
Distribution studies suggest that there may be potential for drug accumulation in the 
testes of rats.  However, adverse testicular findings were not apparent in repeat-dose 
studies.  Although reduced prostate weight at 136x MRHD and seminal vesicle weights 
at exposures ≥ 45x MRHD were observed after 2 and/or 13 weeks of dosing, they were 
secondary to reduced body weight, were reversible, and without histological correlates 
other than reduced seminal vesicle secretions at exposures ≥ 45x MRHD in the 2-week 
toxicology study.  Also, male reproductive toxicities were not apparent in rats at the 
maximal doses in the 26-week study at 55x MRHD and 2-year carcinogenicity study at 
25x MRHD.   
 
11.2.7 Kidney 
Questionable kidney pathology was reported in rats at very high doses but not at the 
maximal dose in dogs after 2 weeks of dosing at 16x MRHD; in mice after 2-weeks at 
exposures 98-123x MRHD, 13-weeks at exposures 48-51x MRHD, and 2 years at 
exposures 21-25x MRHD; or in monkeys after 2 week at exposures 29-34x MRHD, 13 
weeks at exposures 6-9x MRHD, and 52 weeks at exposures 8x MRHD.   
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In rats, mirabegron decreased urine excretion (expected pharmacology) after a single 
dose at 1x MRHD and after 13 weeks of dosing at exposures ≥ 12x MRHD.  Serum 
urea and creatinine were not affected in rats but potassium was slightly elevated (9-
18%) after exposures for 2, 13, and 26 weeks at exposures ≥ 2-12x MRHD.  Although 
slight to moderate lipoprotein (lipofuscin) deposition in the renal tubule epithelia was 
observed in rats after 13 weeks of dosing at exposures 50-130x MRHD and urinary 
bladder stones at 160x MRHD, adverse renal pathology was not reported after 26 
weeks at 55x MRHD or 2 years of dosing at exposures up to 25-45x MRHD.   
 
Since potential renal toxicities were only reported at high multiples of the clinical 
exposure in a single species without obvious effects on relevant renal biomarkers, these 
findings suggest that renal toxicity is not a significant safety concern for humans at the 
MRHD.   
 
11.2.8 Ocular 
Studies in pigmented and albino rats demonstrated that mirabegron and some of its 
metabolites have a long half-life in the eye due to their apparent association with 
melanin. The half-life of radioactivity in the eye of pigmented rats dosed with 4C-
mirabegron was 157 days.  Radioactivity was distributed to the ciliary body, choroid, 
and conjunctiva of the eye at high levels while medium levels were observed in the iris 
and trace levels in the vitreous body.  Similarly, the eye was the tissue with the third 
highest amount of radioactivity one week after oral administration of 14C-mirabegron in 
monkeys. 
 
Despite the potential for accumulation of drug in the eye, ocular toxicity was not 
apparent in repeat-dose studies in rats, dogs, and monkeys.  Intraocular pressure was 
not assessed but clearly adverse histology and ophthalmoscopic findings were not 
observed in dogs after 2 weeks of dosing at exposures up to 15-16x MRHD, in rats after 
26 weeks of dosing at exposures up to 55-59x MRHD  or in monkeys for up to 52 weeks 
at to exposures up to 8x MRHD.  Adverse dose related ocular histology was also not 
clearly observed in the 2-year rat and mouse carcinogenicity studies.  
 

11.2.9 Salivary/Lacrimal Glands 
Salivary gland secretion is stimulated by adrenergic and cholinergic agonists (10 and 
11).  Acetylcholine and alpha-1 adrenergic signaling primarily stimulate fluid secretion 
and beta adrenergic agonists promote release of protein storage granules and salivary 
proteins from acinar and ductal cells. Isoproterenol, a nonselective β-adrenergic 
agonist, induces salivary gland enlargement in rats via cell proliferation and hypertrophy 
theoretically via β1-AR and β2-AR stimulation (12).  Enlargement of salivary glands was 
not reported in mirabegron treated mice, rats, dogs, or monkeys.  In addition to 
salivation, lacrimation is expected as a result of off target agonism of the α1D adrenergic 
and beta adrenergic receptors (6-9). 
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As expected pharmacology of a β1/β2 agonist, mirabegron promoted salivation and 
lacrimation in rats and promoted atrophy of the secretory cells in the salivary glands in 
mice and rats after 13 weeks, and dogs after 2 weeks at exposures near the clinical 
levels or the lowest dose evaluated.  Findings in dogs after three days of dosing at 
exposures 25x MRHD (lethal dose) were especially adverse including hemorrhaging, 
atrophy, and necrosis of the salivary gland acinar and ductal cells.  Salivation and 
lacrimation in rats increased with dose and duration of exposure beginning after at least 
2 weeks of exposure.  However, the significance of these findings is less concerning 
since adverse pathology was not reported in mice at exposures 21 to 25x MRHD or rats 
at 25 to 45x MRHD after two years of exposure, or in monkeys after a year of exposure 
at 8x MRHD.  Additionally, the findings were generally recoverable or partially 
recoverable after drug withdrawal. 
 

11.3 Principle Reproductive and Developmental Toxicity Findings 
Reproductive and developmental toxicity studies assessed fertility in male and female 
rats, embryo/fetal development in rats and rabbits, and pre- and postnatal development 
in rats.   
 
Effects on male and female fertility in rats are considered likely to be secondary to overt 
toxicity.  No adverse effects on female fertility were observed in rats at exposures 22x 
MRHD.  However, in female rats at exposures 96x MRHD, maternal body weight and 
food consumption decreased while the diestrus period was prolonged and the mean 
number of corporal lutea, implantations, and live fetuses were all slightly reduced.  No 
adverse effects on male mating and fertility were observed in male rats exposed at up to 
77x MRHD.  However, at exposures that were lethal to 14/20 male rats (171x MRHD), 
only 3/6 of the surviving male rats were able to impregnate their non-mirabegron treated 
mate. The reduced male fertility is likely due to overt toxicity and unrelated to any drug-
related effect on reproductive tissues.  
 
Fetal exposure was confirmed in rats during gestation at levels slightly less than the 
maternal exposure.  Effects on rat fetuses due to in utero exposure were not observed 
at exposures up to 6x MRHD.  Adverse fetal findings at greater exposures include wavy 
ribs and slight decrease in ossification of the metatarsi at exposures ≥ 22x MRHD and 
sternebrae and vertebrae at 96x MRDH, along with decreased fetal weight and bone 
malformations at 96x MRHD. However, decreases in ossification and fetal weight were 
reversible and occurred only at exposures that caused maternal weight loss (≥ 22x 
MRHD) or death (96x MRHD).  In rabbits, no adverse fetal effects were observed after 
in utero exposure to clinically relevant exposures and the only clear adverse effect 
observed at exposures 14x MRHD was a slight, 10-12%, decrease in fetal weight 
without other correlating fetal toxicities.  At exposures 36x MRHD, post-implantation 
loss, fetal death, reduced fetal body weight, cardiomegaly, dilated aorta, fusion of the 
sternebrae, and a slight delay in ossification of some digits were observed. It is unclear 
if the malformed and delayed development of bone in rats and rabbits, and 
cardiomegaly and dilated aorta in rabbits are direct effects of mirabegron on the fetal 
tissues or if they are related to overt maternal toxicity and effects on maternal cardiac 
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function.  Pregnancy in rabbits but not rats appeared to elevate maternal exposure to 
mirabegron roughly two fold. The effect of pregnancy on human pharmacokinetics is 
unknown. 
 
Despite the demonstration of maternal transfer of 14C-mirabegron to pups via lactation, 
in utero and lactational exposure to mirabegron had no discernible adverse 
developmental effects at exposures 6x MRHD.  However, at 22x MRHD deaths of pups 
increased slightly during the first four days after birth and pup weight decreased 6-18% 
in the post weaning period which was recoverable in females only.  In utero and 
lactational exposure did not affect behavior or fertility of the offspring.   
 
Overall, mirabegron is not anticipated to significantly increase the risk of adverse 
reproductive and developmental outcomes in humans when used in accordance with 
the recommended dosing schedule.   

11.4 Carcinogenicity 
Nonclinical data suggest that mirabegron is neither a genotoxin nor a carcinogen.  
Mirabegron related neoplasms were not apparent after two years of daily oral dosing in 
mice who were exposed up to 21-25 times the MRHD or rats who were exposed up to 
25-45 times the MRHD.  Additionally mirabegron related neoplasms were not reported 
in monkeys dosed for one year at up to 8 times the MRHD.   
 
In humans, the incidence of neoplasms (all types combined) in mirabegron treated 
subjects was elevated at the 100 mg dose (11/820) compared to the 50 mg dose 
(1/812) and to an active comparator group (4/812) during a one year study (178-CL-
049).  However, the sponsor discounts these findings because in their view mirabegron 
was not genotoxic or carcinogenicity to rodents, the duration of the clinical exposure 
was too short of a latency period, incidence did not increase with continued clinical 
exposure, tumor types were diverse in humans, and the incidence of malignancies was 
not different from that in the general population when adjusted for age.  
 
A clinical oncology consult was requested to evaluate the significance of the neoplasms 
in humans.  The clinical oncology consult concluded, that, “The increased number of 
neoplasms in the mirabegron 100 mg group is of concern” and “While a signal was not 
evident in the mirabegron 50 mg cohort, given the study size, the consultants cannot 
rule out an increased risk for the development and or detection of neoplasm.“ 
 
A limited amount of published data in animal and cell culture models suggests that 
sustained beta adrenergic stimulation may act to promote growth and metastasis of 
neoplasms (25-37).  However, these nonclinical findings are not sufficient to form 
conclusions regarding the relevance to this theory to humans.  Furthermore, the 
relevance of this theoretical mechanism of tumor promotion to mirabegron is unknown.  
 
If mirabegron were a potent tumor promoter, natural background neoplasms in the 
rodent carcinogenicity studies would likely have been more aggressive and more easily 
detected resulting in an earlier onset and greater incidence of neoplasm.  This was not 
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observed.  From a nonclinical perspective it should be kept in mind that although rodent 
carcinogenicity studies are useful, they are not always predictive of findings in humans 
(38).   
 

11.5 OVERALL CONCLUSION 
Nonclinical data suggest that effects at exposures relative to the clinical dose proposed 
for marketing may be limited to expected pharmacology including, decreased frequency 
of urination, decreased blood pressure, increased heart rate, and potential increases in 
salivation and lacrimation.  At exposures well in excess of the clinical exposure the 
following toxicities may be predicted in humans: acute CNS toxicity, hepatotoxicity, 
impairment of cardiac function including ventricular tachycardia, and reproductive and 
developmental toxicities.  Nonclinical data suggest that mirabegron is not genotoxic or 
carcinogenic.   
 
Overall the nonclinical program supports approval of this product in proposed population 
and indication and a maximum daily dose of 50 mg.   
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Appendix B – Executive Carcinogenesis Assessment Committee Meeting 
Minutes 
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NDA Number: 202-611 Applicant: Astellas Pharma US, Inc. Stamp Date: 8-29-11 

Drug Name: Mirabegron NDA Type: 505(b)(1)  

 
Nonclinical Filing Status Recommendation 

 
The nonclinical body of data in the NDA appears adequate to support filing of the NDA.   Requests for 
further nonclinical investigations are not anticipated at this time.   
 
Currently, there are no nonclinical requests for Advisory Committee input, issues that may warrant 
postmarketing safety activity, need for consultant review, or need for nonclinical inspections.  

 
Brief Summary of the Nonclinical Program 

 
Beta Adrenergic Receptor Selectivity 
Mirabegron (YM178) is a beta 3 adrenergic agonist and is the first in its class. In vitro data suggests that 
YM178 is primarily a β3 agonist with minimal β1 and essentially no β2 activity in animals and humans.  
However, animal models and a clinical study suggest that YM178 has clinically relevant β1-AR activity 
in vivo.  Humans administered a single 200 mg dose of YM178 responded with elevated heart rate and 
systolic blood pressure findings that were both repressed by co-administration with propanolol (β1/β2 
antagonist) or bisoprolol (β1 antagonist) suggesting that YM178 activates β1 receptors in humans (Study 
178-CL-053).   
 
Principle Nonclinical Studies Conducted 
The Sponsor has conducted nonclinical safety studies, local tolerance assessments, in vitro metabolism, 
ADME, repeat dose toxicity studies (dogs 2 weeks, mice 13 weeks, rats 26 weeks, monkeys 52 weeks), 
reproductive and developmental toxicity studies (fertility in male and female rats, embryo/fetal 
development in rats and rabbits, and pre- and postnatal development in rats), genotoxicity studies (AMES, 
in vitro chromosomal aberration and in vivo micronuclei in rats) and two year carcinogenicity studies 
(mice and rats).  Since the end of phase two meeting the Sponsor investigated in vivo metabolism (mice, 
rats, monkeys and rabbits), carcinogenicity (2-years mice and rats), and mechanisms of developmental 
and cardiac toxicities.  
 
Safety Pharmacology 
CNS – rat, dogs and monkeys 
Cardiovascular – dogs, rabbits, rats, monkeys and in vitro studies 
Respiratory - monkey 
 
ADME 
In vitro metabolism – rat, dog, monkey and human 
Extensive metabolite assessment at steady state – mice, rats, rabbits, monkeys and humans 
ADME – rats (pigmented and albino) and monkeys 
Placental transfer – rats 
Transfer to milk - rats 
 
Toxicology - Multiple Oral Doses  
Dogs – 2 weeks 
Mice – 2 and 13 weeks 
Rats – 2, 13 and 26 weeks 
Monkeys – 2, 13 and 52 weeks 
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Reproductive and Developmental Toxicology 
Fertility and early embryonic development – rats (male and female) 
Embryo-fetal development – rats and rabbits 
Pre- postnatal development - rats 
 
Carcinogenicity  
Mouse – 2 years 
Rat – 2 years 
 
Genotoxicity  
In vitro – Reverse mutation assay in bacteria 
 - Chromosomal aberration assay in human lymphocytes 
In vivo – Bone marrow micronuclei in rats 
 
Other Toxicology Studies 
Local tolerance – dermal irritation in rabbits 

- eye irritation in rabbits 
- intravascular irritation in rabbits 

Dermal sensitization – guinea pigs 
 
Toxicology 
Toxicities observed in nonclinical studies were generally those expected of a β1/β3-AR agonist and 
include, but are not limited to, hepatotoxicity, effects on body weight and metabolism, cardiovascular 
toxicity and reproductive/developmental effects. The cardiovascular and developmental toxicities remain 
the most concerning toxicities. The Sponsor has implied that these toxicities are not applicable to humans 
since they were believed to be mediated through the β1-AR in animals and YM178 does not appreciably 
bind or activate the human β1-AR in vitro.  However, their clinical data suggests that YM178 does 
activate the β1-ARs in humans and therefore these cardiovascular and reproductive findings should be 
applicable to humans.   
 
Carcinogenicity 
In humans, the incidence of neoplasms (all types combined) in YM178 treated subjects was elevated 
compared to an active comparator group during a one year study.  However, the Sponsor discounts these 
findings because in their view YM178 was not genotoxic or carcinogenicity to rodents, the duration of the 
clinical exposure was too short of a latency period, incidence did not increase with continued clinical 
exposure, tumor types were diverse in humans, and the incidence of malignancies was not different from 
that in the general population when adjusted for age.  
 
The Sponsor’s nonclinical data suggest that YM178 is neither a genotoxin nor a carcinogen.  YM178 
related neoplasms were not apparent in the two-year rat and mouse carcinogenicity studies. However, 
there is a theoretical potential for YM178 to act as a tumor promoter.  A potential mechanism for YM178 
related tumor promotion is by beta adrenergic enhancement of Hif1α dependent expression of VEGF 
leading to increased vascularization of neoplasms (1-4).  This is supported by a limited body of cell 
culture and in vivo data in animals suggesting that beta agonists including norepinephrine (which 
activates all beta receptors) and stress itself may act as tumor promoters.  Stress induced tumor formation 
in mice was inhibited with exposure to β-antagonist propanolol in vivo (5). The β1/β2 antagonist 
propanolol inhibited the norepinephrine stimulated invasion of cancer cells in vitro (6). Epinephrine 
enhanced and propanolol partially reversed the incidence of pulmonary carcinomas that were induced by 
a tobacco carcinogen in hamsters suggesting that beta adrenergic signaling can promote tumor growth in 
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vivo (7).  Similarly, propanolol inhibited the norepinephrine dependent increase in the incidence of 
metastases in a mouse model (8).   
 
On initial overview of the NDA application for RTF:  
 

 Content Parameter Yes No Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

X  

 

2 Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

X 
  

 

3 Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

X 
  

 

4 Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

X 
  

See the list above containing the principle 
nonclinical studies submitted to support 
marketing.  Juvenile studies were not 
conducted since this population is not intended 
for marketing under this NDA.  
The ExCAC meeting date for the 2-year rat 
and mouse carcinogenicity results was March 
15, 2011. 

5 If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

X  

 

6 Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

X  

 

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

X  

Sponsor, “The core battery studies were 
conducted in compliance with the standards 
for nonclinical studies on drug safety (Good 
Laboratory Practice: GLP), in accordance 
with the Guidance for Industry Nonclinical 
Safety Studies for the Conduct of Human 
Clinical Trials and Marketing Authorization 
for Pharmaceuticals (ICH M3(R2)) and in 
accordance with the safety pharmacology 
study guideline (ICH S7A).”  
Sponsor, “All pivotal toxicity studies were 
conducted in compliance with GLP, in 
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 Content Parameter Yes No Comment 
11 Has the applicant addressed any abuse 

potential issues in the submission? 

X  

Sponsor Module 2-7-4, “Based upon 
pharmacology, beta 3-ARs are not amongst 
the central nervous system (CNS) receptors 
known to mediate abuse-related effects. 
Evaluation of the clinical data in the 
mirabegron program suggests that 
mirabegron is unlikely to demonstrate abuse 
potential. Among the 5863 patients who 
received at least one dose of mirabegron in 
phase 2/3 studies, there were no reported AE 
suggesting a risk of abuse liability.  In both the 
nonclinical and clinical mirabegron studies, 
there is no evidence of withdrawal or rebound. 
There were no AE with the PT of drug 
withdrawal syndrome or withdrawal syndrome 
among the 5863 patients who received at least 
one dose of mirabegron in phase 2/3 studies.”

12 If this NDA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted? 

NA  
Not applicable.  This application is only for 
prescription use of their product.  

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION FILEABLE?  
 
YES 
 
Recommended Comment to Sponsor:  
 
The necessity for a warning in labeling sections 5 and 7 for inaccurate overestimation of protein in urine 
by dipstick methods is under review.  Labeling may indicate that high concentrations of mirabegron in 
urine may incorrectly yield elevated protein levels by dipstick methods. If clinically indicated, secondary 
follow-up methods for protein detection in urine will be recommended for labeling to ensure that 
proteinuria assessments are accurate.   
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