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Background:   
 
The Division of Reproductive and Urologic Products (DRUP) consulted us to 
provide an assessment of the cardiovascular risk associated with the 
increases in systolic blood pressure for mirabegron.  The Division of 
Cardiovascular and Renal Products (DCRP) provided advice to the 
sponsor1 with regard to the cardiovascular risk assessment using the Cox 
Proportional Hazards model described by D’Agostino et al2.    In the 
current document, the cardiovascular risk projection based on the blood 
pressure data pooled from 3 Phase III trials of 12 weeks duration (178-CL-
046, 178-CL-047 and 178-CL-074) is presented.  In an attempt to 
characterize the blood pressure effects of mirabegron, Study 178-CL-031 
and Study 178-Cl-077 (Thorough QT study) are evaluated3.  The changes in 
the projected cardiovascular risk based on the blood pressure effect 
derived from the TQT study are also performed.   
 
Key Questions: 
 

1) What is the effect of mirabegron on blood pressure? 
 
Based on the results of the phase I studies Study CL-178-031, 
mirabegron demonstrates an exposure-dependent increase in blood 
pressure (systolic as well as diastolic) as shown in the Figure 1 below.   
 

                                                 
1 Teleconference dated  02/09/2012 and  03/01/2012 
2  General Cardiovascular Risk Profile for Use in Primary Care: The 
Framingham Heart Study. Ralph B. D’Agostino et al.  Circulation 
2008;117;743-753 
3 Analyses performed by Jiang Liu, Ph.D., Pharmacometrics Reviewer, 
OCP.  For details see the Clinical Pharmacology AC Background 
Document. 
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It should be noted that none of these differences are statistically 
significant compared to placebo and are lower than the effects 
observed in the TQT study.   The potential reasons for under-estimating 
the blood pressure effects in phase III studies, as compared to what 
was demonstrated in the TQT study, are: 
 
1) Use of different measurement techniques for blood pressure (self 

measurement in phase III versus office measurements in TQT study 
with time matched-baseline).  
  

2) Timing of the blood pressure measurement.  In TQT study, relatively 
more measurements within the inter-dosing interval allowed for 
assessment of drug effect at peak and trough.  In the phase III 
studies, vital signs were collected by the subject during the AM 
(after waking up in the morning before the morning dose) and PM 
(between 2 PM and 6 PM) in a 5-day vital sign diary using a self-
measurement device.   This sampling scheme did not allow for the 
assessment of the peak effects which generally occurred around 3 
– 4.5 hours coinciding with the peak mirabegron concentrations 
post-dose, as demonstrated by the histogram of post-dose timing of 
the afternoon blood pressure reading in the figure below. 
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Figure 4: The peak effects are not assessed for most of the patients in 
the phase III trials at week 12.  The time of the AM measurement is used 
as a reference for dosing time. 

 
For the purpose of cardiovascular risk assessment in phase III, AM SBP 
(morning SBP obtained from the vital signs collected via Patient Diary) 
is utilized.  This typically represents the trough SBP (SBP at the trough 
exposure of the treatment).  For the treatment effect, the maximum 
AM SBP (the maximum of the three visits post-baseline derived from the 
ISS database; AVISIT = 7777) is considered. A brief description of the 
derivation of the SBP measurement from the patient diary is provided in 
the Appendix. 
  
The cumulative distribution of the change from baseline in morning SBP 
for the pooled Phase III trials (178-CL-046, 178-CL-047 and 178-CL-074) 
for Placebo and the mirabegron 50 mg QD, the dose for which 
approval is being sought is shown in the figure below.  As expected 
based on the time-course, the cumulative distribution curve for 
mirabegron is shifted to the right by a small change in SBP of 0.5 mmHg 
(95%CI: -0.21, 1.16).    These results suggest that SBP effect greater than 
1.16 mm Hg can be ruled out with a certain confidence under the 
specific design used for blood pressure measurement in the Phase III 
trials. 
 
 

 

Mean Difference 
Mirabegron Vs 

Placebo 
0.47 (-0.21, 1.16) 
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Figure 5: Cumulative distribution of maximum mean change from 
baseline AM SBP for the pooled phase III trials (178-CL-046, 178-CL-047 
and 178-CL-074).  The X-axis is truncated to -20 mmHg on the lower end and 20 
mmHg on the higher end.  
  
 
2) What is the impact of change in SBP on the cardiovascular risk? 

 
To assess the potential impact of the changes in SBP, the Cox-
Proportional hazards model developed by D’Agostino et al was 
utilized2.   This model provides a quantitative relationship between 
various risk factors and the probability of developing cardiovascular 
disease (CVD).  CVD is defined as a composite of CHD (coronary 
death, myocardial infarction, coronary insufficiency, and angina), 
cerebrovascular events (including ischemic stroke, hemorrhagic stroke, 
and transient ischemic attack), peripheral arterial disease (intermittent 
claudication), and heart failure.  The various predictors of risk are sex, 
age, total and high-density lipoprotein cholesterol, systolic blood 
pressure, treatment for hypertension, smoking and diabetes status.  
Using this model, 10-year general CVD risk can be assessed. 
 
CVD risk assessment based on SBP effect observed in the 12-week 
phase III trials: 
 
The change in 10-year general CVD risk was computed on the pooled 
Phase III data (178-CL-046, 178-CL-047 and 178-CL-074), taking into 
account various patient-specific risk factors and changes in AM SBP.  
The AM SBP typically represented the trough SBP during the trial.  The 
SBP for the treatment effect was the maximum mean AM SBP observed 
post-baseline (explained on Page 4) obtained from the vital signs 
collected via Patient Diary.  Patients receiving either systemic Beta 
Blockers or agents acting on Renin Angiotensin System (RAS) at 
baseline were flagged as receiving treatment for hypertension.  The 
same definition was used for baseline and post-baseline visit.  Patients 
with a history of diabetes at baseline were flagged for diabetes status. 
 
In the Phase III trials, total cholesterol, high density lipoprotein, and 
smoking status were not collected.  For the purpose of this analysis, the 
mean total cholesterol value and mean HDL cholesterol value by age 
and gender based on the National Health and Nutrition Examination 
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Surveys (NHANES) [Carroll et al, 20054] was used for each patient.  
Patients between the ages of 18 and 19 years are not covered by 
NHANES, so they were assigned the mean total cholesterol value and 
mean HDL cholesterol value for the age group of 20 to 29 years by 
gender based on NHANES. Smoking status was based on the age- and 
gender-specific average percentage of current cigarette smokers in 
2010 for the United States from the National Health Interview Survey 
(NHIS)5.  These imputations were proposed by the sponsor and 
accepted by the Agency. 
 
The change in 10-year general CVD risk was also computed for 
patients with high baseline risk.  High risk patients were defined as those 
patients in the upper 25% of the baseline risk.  For the pooled Phase III 
studies this comprised patients with a 10-year CVD risk greater than 
19.9%. 
 
A summary of the available baseline risk factors for the pooled phase III 
trials is presented in Table 2 below. 
 
 
 
 
 
 
 
 
 
 

Table 2: Summary of the available baseline risk factors for assessment 
of 10-year general CVD risk by treatment for the pooled phase III trials 

 
 
The small increases in SBP for the pooled twelve-week phase III trials 
translate into a small increase in the 10–year general CVD risk a shown 
in Figure 6 below.  The absolute increase in the mean 10-year CVD risk 

                                                 
4 Carroll et al.   Trends in serum lipids and lipoproteins of adults, 1960-2002. 
JAMA. 2005;294(4):1773-81. 
 
5 Centers for Disease Control and Prevention. Vital signs: current cigarette 
smoking among adults aged ≥ 18 years --- United States 2005 – 2010. 
MMWR. 2011;60(35):1207-12. 

Patient Characteristics Placebo 
N = 1329 

Mirabegron 50 
mg 

N = 1327 
Age, yrs (Mean, [SD]) 59 (13) 60 (13) 
SBP, mmHg (Mean, [SD]) 126 (17) 126 (17) 
Gender, M/F 363/966 383/944 
Antihypertensive 
Treatment, % 40 39 

Diabetes Status, % 8.0 9.0 
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on an average is 0.19% (or 0.19 CVD events per 1000 patient-years) 
and fails to achieve statistical significance.  
  
 

 
 
Figure 6: Cumulative distribution plots for change from baseline in 10-
year general CVD risk for Placebo and Mirabegron 50 mg QD based on 
the SBP effects observed in the twelve-week phase III trials 
 
 
The prevalence of OAB is estimated to be 34 million in the United 
States6.  When this increase in the CVD risk of 0.19 events/1000 patient-
years is extended to an OAB population (with risk characteristics similar 
to those in the phase III studies) of a million patients on treatment with 
mirabegron 50 mg QD for 1 year, 187 additional CVD events are 
projected, per the figure below. 
 

                                                 
6 Irwin et al.  Understanding the elements of overactive bladder: questions 
raised by the EPIC study. BJU Int. 2008;101:1381–1387 

Mean Difference 
Mirabegron Vs Placebo 

0.19 (-0.03, 0.40) 
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Figure 7: Projection of the cardiovascular impact of the increase in 10-
year CVD risk based on the SBP effects observed in the twelve-week 
phase III trials 
 
  
This increase in the CVD risk is magnified in patients with a higher 
baseline risk (patients in the upper 25th percentile of baseline CVD risk) 
as shown in the Figures 8 & 9 below.  These patients in general tend to 
demonstrate more advanced age (median: 70 years), higher baseline 
AM SBP (median: 141 mmHg), a greater proportion of diabetes (22 – 
23%), more treatment for hypertension (67 – 68%) and higher baseline 
10-year CVD risk (median: 30.6%).  Accordingly, in these higher risk 
patients on treatment with mirabegron 50 mg QD for 1 year, an 
additional 556 CVD events are projected per million patients (still not 
statistically significant, p-value derived based on 25% of the total 
sample size in the Phase III trials). 
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Figure 8:  Cumulative distribution plots for change from baseline in 10-
year general CVD risk for placebo and mirabegron 50 mg QD in high 
risk patients based on the SBP effects observed in the twelve-week 
phase III trials 
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Figure 9: Projection of the cardiovascular impact of the increase in 10-
year CVD risk for placebo and mirabegron in high risk patients based 
on the SBP effects observed in the twelve-week phase III trials 

Mean Difference 
Mirabegron Vs 

Placebo 
0.56 (-0.16, 1.27) 
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CVD risk assessment based on SBP effect observed in the TQT Study: 
 
The blood pressure effects observed in the TQT study represent a 
relatively precise estimate of the blood pressure effects of mirabegron 
as these results were obtained under tightly controlled conditions.  It is 
not unreasonable to assume that the effects observed in this study are 
representative of the true SBP effects of mirabegron.  The design and 
conduct of phase III trials generally do not allow detection of peak or 
mean effects.    The analysis presented below represents an effort to 
understand the potential cardiovascular impact of the blood pressure 
effects observed in the TQT study. 
 
Blood pressure effects associated with the treatment of placebo and 
mirabegron 50 mg QD were simulated based on the results presented 
in Table 1 assuming normal distributions.  The 24-hour average 
(corrected for placebo and baseline) change in blood pressures 
represented the change from the baseline AM SBP (i.e., trough) for the 
pooled phase III data.  The effect observed for the moxifloxacin arm in 
the TQT study (Mean [SD]: 0.02 mmHg [11.2]) was used to simulate the 
placebo effect for the placebo arm (N =1329) while that observed for 
mirabegron 50 mg QD (Mean [SD]: 3.0 [10.2]) was used for the 
mirabegron arm (N = 1327) for the pooled phase III trial data.  All the 
other risk factors at baseline and end or treatment were retained from 
the observed phase III data. 
 
The projection of the change in the 10-year CVD risk and its impact 
per-million patient-years are presented in the Figures below for the 
overall population (Figures 10 and 11) and patients with high baseline 
risk (Figures 12 and 13). 
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Figure 10:  Cumulative distribution plots for change from baseline in 10-
year general CVD risk for placebo and mirabegron 50 mg QD based 
on the simulated blood pressure effects derived from TQT study 
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Mean Difference 
Mirabegron 50 mg  Vs Placebo 

0.84 (0.66, 1.05) 
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Figure 11:  Projection of the cardiovascular impact of the increase in 
10-year CVD risk based on the simulated blood pressure effects 
derived from TQT study 
 

 

 
Figure 12: Cumulative distribution plots for change from baseline in 10-
year general CVD risk for placebo and mirabegron 50 mg QD based 
on the simulated blood pressure effects derived from TQT study in high 
risk patients 
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Mean Difference 
Mirabegron 50 mg Vs 

Placebo 
1.34 (0.64, 2.02) 
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Figure 13:  Projection of the cardiovascular impact of the increase in 
10-year CVD risk based on the simulated blood pressure effects 
derived from TQT study in high risk patients 

 
As would be expected, the higher demonstrated blood pressure 
elevation in the TQT study predicts a higher risk of CVD events than did 
the phase III data.   
Monte Carlo simulations of 100,000 trials based on the SBP effects 
observed in the TQT study showed that the 10-year CVD risk projections 
were reasonable. 

 

 10-year CVD Risk 
(Additional Events/1000 pt-years) 

Population 2.5th 
Percentile 

50th 
Percentile 

97.5th 
Percentile 

All 0.45 0.66 0.87 

High Risk 0.53 1.19 1.87 
 
Table 3: Summary of the Monte Carlo simulation of 100,000 trials 

 
3) What is the impact of Mirabegron 25 mg QD on the cardiovascular 

risk? 
 
At the Advisory Committee Meeting held on April 5th, 2012, several 
experts opined on the utility of Mirabegron 25 mg QD as a starting 
dose.  During the internal deliberations, the review team requested 
that we compute the potential CV risk anticipated with Mirabegron 25 
mg QD. 
    
The cumulative distribution of the change from baseline in morning SBP 
for the pooled Phase III trials (178-CL-046, 178-CL-047 and 178-CL-074) 
for placebo and for mirabegron 25 mg QD are shown in the figure 
below. 
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Figure 14: Cumulative distribution of maximum mean change from 
baseline AM SBP for the pooled phase III trials (178-CL-046, 178-CL-047 
and 178-CL-074).  The X-axis is truncated to -20 mmHg on the lower end and 20 
mmHg on the higher end.  

 
As seen from the figure, a small decrease in the SBP is observed with 
mirabegron 25 mg unlike that seen with the higher dose of 50 mg (see 
Figure 5).  The impact of this small change in SBP is presented below for 
the overall population and the high risk group.  It can be seen that the 
potential for CVD risk associated with mirabegron 25 mg QD is very small 
and comparable to that of placebo. 

 

Mean Difference 
Mirabegron Vs 

Placebo 
-0.35 (-1.33, 0.63) 

Mean Difference 
Mirabegron  Vs Placebo 

0.01 (-0.29, 0.31)
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Figure 15: Cumulative distribution plots for change from baseline in 10-
year general CVD risk for Placebo and Mirabegron 25 mg QD based on 
the SBP effects observed in the twelve-week phase III trials 

 
 

 
Figure 16:  Cumulative distribution plots for change from baseline in 10-
year general CVD risk for placebo and mirabegron 25 mg QD in high 
risk patients based on the SBP effects observed in the twelve-week 
phase III trials 

Mean Difference 
Mirabegron  Vs Placebo 

0.02 (-0.91, 0.95)
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Appendix: 
 
The following is a brief description of the systolic blood pressure collection 
and the calculation of the average excerpted from sponsor’s Integrated 
Summary of Safety. 
 

“Vital Sign Conventions 
The vital sign collection method and conventions described below 
are applicable to the EU/NA OAB 12-week Phase 3 and EU/NA 
Long-term Controlled populations. 
Vital sign measurements (systolic and diastolic blood pressure and 
pulse rate) are collected in two ways. For the ISS, diary 
measurements will be used for all analyses of vital signs. Each 
subject records vital sign measurements in a 5-day diary period 
preceding the study visit (e.g., for the 12-week studies: 
Randomization Visit, Week 4, Week 8, Week 12, and Final Visit) using 
a self-measurement device. For each diary day, the subject will 
collect AM measurements (after waking in the morning but prior to 
breakfast and double-blind study drug intake) and PM 
measurements (between 2 pm and 6 pm in the afternoon). Subjects 
are to take 3 readings which are approximately 2 minutes apart for 
both the AM and PM measurements.” 

 
“Averaging Vital Signs Measurement 
Diary Measurement 
An average will be calculated for AM and PM measurements 
separately for each vital sign variable (SBP, DBP and pulse rate). The 
average for each day will first be calculated and then the average 
over the diary days will be calculated. 
The last 2 vital sign values measured each day for AM and PM with 
the subject’s self-measurement device will be utilized for the AM 
and PM analyses. If only 1 or 2 measurements are taken in the AM or 
PM, then all values will be utilized in the AM or PM analyses. 
If a subject recorded a vital sign measurement for ≥ 4 diary days for 
AM or PM, an average will be calculated based on the last 3 diary 
days provided they are within the analysis window for a given visit. If 
a vital sign measurement is recorded for only 1 to 3 diary days, an 
average will be calculated based on all diary days within the 
analysis window for a given visit.” 
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1.0 Executive Summary 
 
1.1 Recommendation 
 
From the Clinical Pharmacology perspective, this NDA is acceptable. 
 
1.2 Phase 4 Commitment 
 
From the Clinical Pharmacology perspective, no post-marketing commitments are indicated for 
this NDA. 
 
1.3 Summary of Important Clinical Pharmacology Findings: 
 
Mirabegron (also known as YM178) Oral Controlled Absorption System (OCAS) is modified 
release film coated tablet to be available in two dosage strengths of 25 mg and 50 mg. This is a 
new chemical entity and first-in-class compound as a selective agonist for human beta 3-
adrenoceptor (beta 3-AR). It is being developed for the treatment of overactive bladder (OAB) 
with symptoms of urge urinary incontinence, urgency and urinary frequency. The proposed 
initial dose is 25 mg once daily for 8 weeks prior to titrating up to 50 mg daily with or without 
food.  However, a dose of 25 mg is reserved for patients with severe renal or moderate hepatic 
impairment with no increase to 50 mg.  

 
The sponsor conducted 41 studies consisting of 29 Phase 1 and 2 clinical pharmacology studies 
and 12 global safety and efficacy studies. The Phase 1 studies consist of 6 biopharmaceutics 
studies and 23 human PK studies including extensive PK/PD modeling and simulation. The 
primary/pivotal safety and efficacy studies are 178-CL-046, 047, and 074. In addition to the 
standard clinical pharmacology studies, the sponsor conducted two thorough QT (TQT) studies 
(# 178-CL-037 and 077). Additional analysis was performed to evaluate the cardiovascular 
effects (e.g., blood pressure and heart rate). 
 
In addition to human in vivo studies, the sponsor conducted numerous in vitro studies using 
human biomaterials (e.g., microsomes and cell lines) to characterize the drug metabolic 
pathways, potential drug-drug interaction (DDI), to identify the isoezymes responsible for the 
metabolism of mirabegron, and transport mechanisms.   
 
Basic PK Information: 
 
While Mirabegron has a chiral center (R and S) the product under review is the R-enantiomer. It 
should be noted that no chiral inversion was observed in vivo. The plasma protein binding is 
71%. The drug binds to albumin and alpha-1 acid glycoprotein. Erythrocytes concentration is 2-
fold higher than in the plasma (in-vitro data). The drug is widely distributed in the body with 
large volume of distribution of approximately 1670 L. The terminal elimination half life of 
mirabegron on average is approximately 50 hours.   
 
The time to reach maximum concentration (Tmax) is 3-4 hours. Based on the Biopharmaceutics 
Classification System (BCS) mirabegron may be considered Class 3 with high solubility and low 
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permeability (see ONDQA review). The absolute bioavailability is approximately 29% at 25 mg 
dose and 35% at 50 mg dose (i.e., dose dependent). Also, the bioavailability appears to be higher 
in females than in males. Overall, the exposure in females is approximately 40% to 50% higher 
than in males (uncorrected for body weight). However, when corrected for body weight, the 
difference is reduced to approximately 20% to 30%.  
 
Absorption is dependent on the fat content of food; the effect being greater following a low fat 
meal compared to a high fat meal. The maximum concentration (Cmax) and the area under the 
concentration-time curve (AUC) were reduced by approximately 45% and 17% following high 
fat meal compared to fasting, respectively. However, when low fat meal was consumed, the 
Cmax was reduced by 75% and AUC was reduced by 51%.  This may cause potential day-to-day 
fluctuation in mirabegron plasma concentration compared to fasting condition. 
 
Irrespective of this unpredictability in mirabegron systemic exposure due to inconsistencies in 
food contents and the associated dose dependency in bioavailability, the sponsor’s proposed 
label states that the drug may be given with or without food. It should be noted that pivotal Phase 
3 studies were conducted irrespective of food consumption. 
 
Metabolism: 
 
Approximately 55% of radioactivity (14C) is recovered in urine and 34% in feces. The drug is 
extensively metabolized to approximately 10 metabolites. Approximately 25% of dose was 
excreted unchanged in urine. None of these metabolites appears to be active in reference to 3-
AR. There appear to be several metabolic pathways involved in the metabolism of mirabegron. 
These include dealkylation, oxidation, and glucuronidation, and amid hydrolysis. Also, these 
pathways involve several enzymes and isoenzymes such as butyrylcholinesterase, uridine 
diphospho-glucuronosyltransferase (UGT), CYP3A4, and CYP2D6, and alcohol dehydrogenase. 
However, CYP3A4 appears to be the primary responsible isoenzyme. 
 
Dose-Exposure and Specific Population:   
 
It appears, in general, that steady state plasma concentrations are reached within 7 days after 
once daily (QD) dosing. There was no apparent difference in PK in relation to age (18-55 vs. 65-
80 years). Cross study analysis reveals that the exposure in Japanese subjects appears to be 
higher than that of Westerner subjects (Studies 178-CL-41 and 078). There were no apparent 
differences in PK between Caucasians and African Americans. 
 
In patients with mild, moderate, and severe renal impairment the AUC increased by 31%, 66%, 
and 118% and the Cmax increased by 6%, 23%, and 92% compared to healthy subjects, 
respectively. In patients with mild hepatic impairment (Child-Pugh Class A) the Cmax and AUC 
were increased by 9% and 19% and in moderate (Child-Pugh Class B) they were increased by 
175% and 65% compared to healthy subjects, respectively. No study was conducted in severe 
hepatic impairment patients (Child-Pugh Class C). Based on these studies, the recommended 
dose is only 25 mg QD in severe renal and moderate hepatic impairment with no titration up to 
50 mg dose.  However, mirabegron is not recommended in patients with severe hepatic 
impairment (Child-Pugh Class C). 

Reference ID: 3129601



 6

 
Drug-Drug Interaction (DDI) Findings:  
 
The sponsor conducted several in vivo and in-vitro drug-drug interaction studies to establish the 
effect of other drugs on the PK of mirabegron and the effect of mirabegron on other drugs.  
 
Ketoconazole, as a potent CYP3A4 and P-glycoprotein (P-gp) inhibitor, increased the Cmax and 
AUC of mirabegron by 45% and 81% while rifampin as a potent enzyme inducer reduced the 
Cmax and AUC by 35% and 44%, respectively. Other tested drugs such as metformin, 
solifenacin, and tamsulosin had no effect on mirabegron PK. 
 
From the genetic polymorphism perspective, there was no apparent difference in mirabegron 
exposure between CYP2D6 poor metabolizers and extensive metabolizers. Based on these 
findings, the sponsor did not conduct study with CYP2D6 inhibitors. Therefore, no dose 
adjustment is needed when the drug is co-administered with CYP2D6 inhibitors or patients who 
are CYP2D6 poor metabolizers.  
 
Mirabegron increased the Cmax and AUC of two CYP2D6 substrates, metoprolol and 
desipramine. The Cmax and AUC of metoprolol increased by 90% and 229% and of desipramine 
by 79% and 241%, respectively. This shows that mirabegron is a moderate inhibitor of CYP2D6. 
Therefore, metoprolol, desipramine, and other CYP2D6 substrates with a “narrow therapeutic 
index” should be used with caution and will require titration when coadministered with 
mirabegron.  
 
The Cmax and AUC of tamsulosin (a CYP2D6 and CYP3A4 substrate) was increased by 60% 
when co-administered with mirabegron. Other studies showed that mirabegron has minimal or no 
effect on other drugs such as:  combined oral contraceptives (COC) containing ethinyl estradiol 
and levonorgestrel or other in vivo probes of metabolism such as: solifenacin (CYP3A4 
substrates), warfarin (probe substrate for CYP2C9), metformin, and digoxin.  
 
Exposure-Response and Cardiovascular/QT Data:   
 
An analysis of the data in reference to the effect on blood pressure was performed by the cardio-
renal and the clinical pharmacology team. Based on this analysis, mirabegron shows 
concentration dependent increase in systolic blood pressure (SBP) in healthy subjects from Phase 
1 studies and specifically in TQT study (Study # 178-CL-077). This analysis is performed in 
details in joint documents from the cardio-renal and clinical pharmacology team (reviews dated 
January 20, 2012 and February 28, 2012). This issue was also discussed in details at the 
Advisory Committee (AC) meeting held on April 5, 2012 (see background materials, 
presentation slides, and transcript at  
http://www.fda.gov/AdvisoryCommittees/Calendar/ucm291237.htm. 
    
As the dose of mirabegron increased from 50 mg to 200 mg, the observed increase in heart rate 
over baseline was approximately 6.7 beats per minutes (bpm) to 17.3 bpm. PK/PD modeling 
showed that heart rate and blood pressure increased with increasing mirabegron plasma 
concentration, especially in TQT study (178-CL-077).  
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Based on an Emax model, it appears there is a dose separation in micturation frequency and 
mean volume voided across the dose range of 25mg, 50 mg, and 100 mg equal to 52%, 85%, and 
98% of the Emax (maximum efficacy), respectively. However, the exposure-response 
relationship for incontinence episodes per 24 hours was flat across the 25 to 100 mg doses range. 
All doses were associated with approximately 26% reduction in the rate of incontinence 
compared to placebo.  
 
Synopsis of the Advisory Committee: 
 
On April 5, 2012 a Reproductive Health Drugs Advisory Committee meeting was held for 
mirabegron. The background materials and presentation slides can be retrieved at  
http://www.fda.gov/AdvisoryCommittees/Calendar/ucm291237.htm. 
 
The focus of the discussion was on the efficacy and safety (in particular the cardiovascular risk 
and the increase in blood pressure associated with mirabegron). Overall, the committee members 
were in favor for the marketing of mirabegron to provide an alternative treatment for OAB 
patients who fail on other therapy. 
 
The transcript and voting scores can be found on-line. 
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2. Question Based Review 
 
2.1 General Attributes/Background: 
 
2.1.1 What are the highlights of the chemistry and physico-chemical properties of the drug 
substance and formulation of the drug product? 
 
Mirabegron (YM178) is a selective agonist for human beta 3-adrenoceptor (beta 3-AR). It is a 
new chemical entity, first-in-class compound with a different mechanism of action compared 
with pharmacotherapy, primarily antimuscarinics, for the treatment of symptoms associated with 
OAB. 
 
The chemical name is 2-(2-Amino-1,3-thiazol-4-yl)-N-[4-(2-{[(2R)-2-hydroxy-2- 
phenylethyl]amino}ethyl)phenyl]acetamide, the molecular formula is C21H24N4O2S and the 
chemical structure is as follows: 
 

 
 
The drug product is formulated as Oral Controlled Absorption System (OCAS) tablets. OCAS is 
a modified release system (also referred as extended-release or prolonged-release) that allows the 
release of drug from the tablets for an extended period. The tablets are film coated at doses of 25 
and 50 mg. From the Biopharmaceutics Classification System (BCS) perspective mirabegron is 
classified as Class III compound of high solubility and low permeability.  
 
2.1.2 What are the proposed mechanism(s) of action and therapeutic indication(s)? 
 
2.1.2.1 Mechanism of Action:  
 
Mirabegron is an agonist of human beta 3-adrenoceptors (AR).  It relaxes the detrusor smooth 
muscle during the urinary bladder fill-void cycle by activation of beta 3-AR without interfering 
with the voiding contraction.  
 
2.1.2.2.2 Indications: 
 
The proposed indication is for the treatment of OAB with symptoms of urge urinary 
incontinence, urgency, and urinary frequency 
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2.1.3 What are the proposed dosage(s) and route(s) of administration? 
 
According to the sponsor’s proposed label, the initial recommended dose of mirabegron is 25 mg 
daily for 8 weeks prior to the titration up to 50 mg once daily with or without food. A dose of 25 
mg once daily with no titration up to 50 mg with or without food is recommended in the 
following populations: 
 
• Severe renal impairment (CLcr 15 to 29 mL/min or eGFR 15 to 29 mL/min/1.73 m2) 
• Moderate hepatic impairment (Child-Pugh Class B).  
 
Mirabegron should be taken with liquid and swallowed whole. It should not be chewed, divided 
or crushed. 
 
2.1.4. What are the Core Studies Submitted in this NDA? 
 
The clinical pharmacology program consist of in vitro studies that were conducted with human 
biomaterials and clinical studies to characterize the absorption, distribution, metabolism and 
excretion (ADME) of mirabegron in healthy volunteers, special populations and subjects with 
OAB.  It also, includes PD studies investigating mirabegron’s effects on cardiovascular 
parameters and intraocular pressure (IOP), and several drug-drug interaction studies.  
 
2.1.4.1 What are the Studies Used Human Biomaterials (In Vitro and Ex Vivo Studies)? 
 
The sponsor conducted several in vitro studies using human biomaterials. The purposes of these 
studies are to investigate several characteristics including but not limited to the following: 
permeability, transport, mechanism of hepatic uptake, plasma protein binding, metabolism, effect 
on cytochrome P450 (CYP) isoforms and transporters, effect of mirabegron on transporters, and 
chiral inversion.  
 
From all these studies migrabegron was found to be substrate for P-glycoprotein (P-gp), organic 
cation transporters (OCT 1, 2, and 3) and transported via P-gp. The uptake was saturable. 
Mirabegron was found weak inhibitory of P-gp and OCT1 and 2. In plasma, the drug binds 
mainly to albumin and alpha-1 acid glycoprotein.  
 
Mirabegron was found to breakdown to approximately 10 metabolites. Most of these metabolites 
were <10% of dose which are inactive toward beta-3 adrenergic receptor (3-AR). The drug is 
metabolized through several metabolic pathways including but not limited to the following: 
oxidation (or N-dealkylation) of secondary amine; (2) amide hydrolysis and acetyl conjugation of 
the amine generated; (3) glucuronidation of the hydroxyl group or the primary amine, or 
carbamate glucuronidation of the secondary amine; (4) oxidation of the hydroxyl group to  
carbonyl group. Esterases, and in particular butyrylcholinesterase (BChE) are involved in the 
hydrolysis of mirabegron. 
 
In vitro, mirabegron was found to be a moderate inhibitor of CYP2D6 and a weak inhibitor of 
CYP3A4. These findings were confirmed in in vivo human studies using two CYP2D6 
substrates, metoprolol and desipramine and CYP3A4 substrates using combined oral 
contraceptives (COC) and solifenacin (see Section 2.4.1.2 effect of mirabegron on other drugs). 

Reference ID: 3129601



 10

For metoprolol, the Cmax and AUC were increased by 90% and 229% (Study 178-CL-005) and 
for desipramine by 79% and 241% (Study 178-CL-058) when co-administered with mirabegron, 
respectively. There was minimal effect on COC and solifenacin (Study 178-CL-068). 
 
In vitro studies showed no potential DDI between sulfonylurea hypoglycemic agents such as 
glibenclamide, glipizide and tolbutamide and mirabegron in both directions. Mirabegron is not 
an inducer of CYPs. In vitro data showed no chiral inversion. 
 
2.1.4.2 What are the Highlights of Studies Conducted in Human (In Vivo Human Studies)? 
 
The clinical development of mirabegron consisted of 41 studies. The clinical pharmacology 
Phase 1 program consists of 29 studies as listed below:   
 
• 18 clinical pharmacology studies which used the Oral Controlled Absorption System 

(OCAS) formulation 
• 5 clinical pharmacology studies which used an oral solution or immediate release (IR) solid 

dosage formulations 
• 6 biopharmaceutic (bioavailability, food effect and In-Vitro-In-Vivo Correlation [IVIVC]) 

studies which used OCAS formulations with varying release rates. 
 
In addition, there were 2 thorough QT (TQT) studies (# 178-CL-037 and 077) and PK/PD 
modeling and simulation reports. 
 
IR formulations of mirabegron were used in the initial studies. Subsequently, the development 
was focused on modified release formulations leading to the development of mirabegron OCAS. 
The proposed to-be-marketed formulation of mirabegron is the OCAS medium-release 
formulation. In this NDA and throughout the review it has also been referred to as “OCAS-M”, 
“OCAS target” or simply “OCAS”. 
 
The safety and efficacy was evaluated in 6 global, 12 week Phase 2b and Phase 3 studies. The 
following are the three pivotal efficacy studies in patients with OAB conducted in North 
America and Europe: 178-CL-046, 047, and 074. The following Sections give the synopsis of the 
clinical pharmacology studies per subjects:   
 
2.1.4.2.1 PK Studies in Healthy Subjects: 
 
The single- and multiple-dose PK of mirabegron were assessed in several phase 1 studies. Study 
178-CL-001, the first-in-human study of mirabegron given as an IR formulation, was conducted 
in 2 parts. The first part studied the PK of escalating single doses of mirabegron IR and also 
assessed dose proportionality of the IR formulation. Part 2 of the study examined the effects of 
food. Dose proportionality after single and multiple doses of the OCAS formulation was assessed 
in several dose escalation studies (178-CL-031, 066, 034, 076, 077, and 072). 
 
In Studies 033 and 076, the PK of mirabegron after intravenous administration was 
characterized. The mass balance study conducted to determine the disposition of a 160 mg oral 
dose as solution of 14C-labeled mirabegron in study 007. The effect of food on the PK of IR and 
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OCAS mirabegron formulations has been evaluated in multiple studies. However, the pivotal two 
studies using OCAS tablets were study 041 in Westerners (conducted in USA) and study 078 in 
Japanese (conducted in Japan). 
 
2.1.4.2.2 PK Studies in Special Population (Intrinsic Factors Studies): 
 
The sponsor conducted several clinical pharmacology studies to characterize the PK of 
mirabegron in special populations. These studies include: 
 
Age: The PK in healthy elderly volunteers was examined in studies 178-CL-031 and 072. The 
effect of age on mirabegron PK was also assessed in an exploratory pooled analysis across phase 
1 studies and in a population PK analysis of sparse sampling data obtained in patients with OAB 
(Report # 178-PK-015). 
 
Gender: Study 072 was dedicated to investigating the PK in healthy male and female volunteers. 
The effect of sex on mirabegron PK after intravenous and oral administration of mirabegron was 
examined in Study 178-CL-076. The effect of sex on mirabegron PK was also assessed in a 
population PK analysis of sparse sampling data obtained in patients with OAB (Report # 178-
PK-015). 
 
Race: The influence of race on the PK of mirabegron was explored in the thorough QT (TQT) 
study 178-CL-077. In addition, the effect of race was assessed in an exploratory pooled analysis 
across phase 1 studies and in a population PK analysis of sparse sampling data obtained in 
patients with OAB (Report # 178-PK-015). Studies 178-CL-064, 078, 066 and 034 examined the 
PK and food effect of single and multiple doses of mirabegron in healthy Japanese volunteers; 
PK parameters were compared to those obtained in Western volunteers in comparable studies. 
 
Weight: The effect of body weight on mirabegron PK was assessed in a population PK analysis 
of sparse sampling data obtained in patients with OAB (Study report 178-PK-015). 
 
Genetic Polymorphism: In vitro data indicated a minor involvement of CYP2D6 in the 
metabolism of mirabegron (Study 178-ME-002). The PK in healthy subjects genotyped and 
phenotyped as poor (PM) or extensive metabolizers (EM) for CYP2D6 was examined in Study 
178-CL-005 and several other studies for which genotyping for CYP2D6 was performed. An 
exploratory pooled analysis was conducted to assess the potential impact of the derived 
phenotype (i.e. poor, intermediate (IM), extensive or ultrarapid (UM) metabolizer) on the PK of 
mirabegron. 
 
Renal Impairment: The human mass balance study indicated that mirabegron and its 
metabolites are substantially eliminated renally (Study 178-CL-007). The PK in volunteers with 
varying degrees of impaired renal function (mild to severe) was examined in Study 178-CL-038. 
Subjects with End Stage Renal Disease (ESRD) were not studied. In addition, population PK 
analysis of sparse sampling data obtained in patients with OAB was used to examine the 
influence of renal function on the PK parameters (Study report # 178-PK-015). 
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Hepatic Impairment: In vitro and in vivo data suggested that mirabegron is cleared through 
multiple metabolic pathways and possibly biliary excretion of unchanged drug. The PK in 
volunteers with mild (Child-Pugh A) and moderate (Child-Pugh B) hepatic impairment was 
examined in Study 178-CL-039. Subjects with severe hepatic impairment were not studied. 
 
Drug-drug interaction (DDI) studies were designed based on in vitro transporter and metabolism 
studies and the potential for concomitant use of specific agents with mirabegron. 
 
2.1.4.2.3 Studies of Drug-Drug Interaction-DDI (Extrinsic Factors) 
 
In vitro hepatic oxidative metabolism is primarily mediated by CYP3A4, with a minor role of 
CYP2D6 (Study 178-ME-002). In addition, mirabegron is a substrate for P-glycoprotein (P-gp) 
(Studies 178-ME-031, 178-ME-132). DDI studies were performed with ketoconazole, a potent 
CYP3A4 and P-gp inhibitor (Study 178-CL-036) and rifampin, a potent CYP3A4 and P-gp 
inducer (Study 178-CL-070) to assess the contribution of CYP3A4 to the overall metabolic 
clearance of mirabegron. 
 
Mirabegron is a moderate inhibitor of CYP2D6 in vitro (Studies 178-ME-009, 178-ME-015, 
178-ME-068). To evaluate the in vivo relevance of these findings, the potential impact of 
mirabegron on the PK of the probe CYP2D6 substrates metoprolol (Study 178-CL-005) and 
desipramine (Study 178-CL-058) was assessed. In addition, in vitro studies showed that 
mirabegron is a weak inhibitor of CYP3A4 at concentrations greatly exceeding those observed in 
vivo. Given the widespread use of combination oral contraceptives (COC) and the fact that the 
components of the most widely used COC, ethinyl estradiol and levonorgestrel, are substrates of 
CYP3A4, the effect of mirabegron on the PK of the ethinyl estradiol and levonorgestrel 
containing COC Minidril®  (non- US approved product) was investigated in Study 178-CL-068.  
 
The CYP2D6- and CYP3A4-inhibitory potential of mirabegron was further explored in 
interaction studies with the urologic products solifenacin (Study 178-CL-069), which is 
predominantly eliminated by CYP3A4-mediated metabolism, and tamsulosin (Study 178-CL-
080), which is eliminated by CYP2D6- and CYP3A4-mediated metabolism. These studies also 
assessed the effect of solifenacin and tamsulosin on the PK of mirabegron. In addition, study 
178-CL-080 evaluated the potential cardiovascular PD interactions between mirabegron and 
tamsulosin. 
 
In vitro studies suggested that mirabegron may have weak inhibitory effects on P-gp-mediated 
drug transport (Study 178-ME-032). The in vivo P-gp inhibitory potential of mirabegron was 
investigated in Study 178-CL-059, using digoxin as a probe P-gp substrate. Other studies were 
conducted to investigate the potential interactions of metformin, which, like mirabegron, is a 
renally secreted organic cation (Study 178-CL-006). Given the narrow therapeutic index of 
warfarin, the effects of mirabegron on warfarin PK, prothrombin time (PT) and International 
Normalized Ratio (INR) were examined in Study 178-CL-040.  
 
In addition, the potential influence of co-medication on mirabegron PK parameters was tested 
using population PK analysis of sparse sampling data in patients with OAB (Study Report # 178-
PK-015).  
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2.1.4.2.4 PK Studies in Subjects with Overactive Bladder (OAB) 
 
Population PK analysis methods were used to characterize the clinical PK of mirabegron in 
subjects with OAB (Study Reports # 178-PK-004, 012, 015). The population analyses included 
data from subjects enrolled in 3 phase 2 studies (178-CL-008 (IR formulation), 044, and 045) 
and 4 phase 3 studies (178-CL-046, 047, 048, and 074) that evaluated the efficacy and safety of 
mirabegron in OAB. The data were derived from sparse sampling strategies used in these studies. 
Also rich sampling data from healthy subjects were included to help the model development. 
 
2.1.4.2.5 Pharmacodynamic (PD) Studies: 
 
It was observed that mirabegron causes dose-dependent increases in heart rate and blood 
pressure in healthy subjects. In order to explore the mechanism of the increase in heart rate, a 
single oral dose of mirabegron was administered before and after beta adrenoreceptor (AR) 
blockade with the nonselective beta 1/2-AR antagonist propranolol or the selective beta 1-AR 
antagonist bisoprolol (Study 178-CL-053). The mirabegron associated heart rate effects in the 
presence of beta-AR blockade were compared to those seen in placebo pretreated subjects. In 
addition, impedance cardiography (ICG) was used to evaluate the cardiovascular response 
induced by mirabegron. Initial experience with impedance cardiography was obtained in study 
178-CL-072 (see Medical Officer’s review). 
 
As mirabegron is a new chemical entity, electrocardiographic assessments, with particular 
emphasis on QT intervals, were evaluated in the TQT studies 178-CL-037 and 077 (This will be 
discussed in later sections of this review and for more details please also see Pharmacometric 
review and QT-IRT review dated January 24, 2012). 
 
A thorough evaluation of the potential for mirabegron to affect intraocular pressure or induce 
glaucomatous events was conducted. A phase 1b study (Study 178-CL-081) was conducted to 
address the potential imbalance in glaucoma-type events observed in the mirabegron phase 2/3 
clinical program (see medical Officer’s review). 
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2.2 General Clinical Pharmacology  
 
2.2.1 What efficacy and safety information (e.g., biomarkers, surrogate endpoints, and 
clinical endpoints) contribute to the assessment of clinical pharmacology study data? How 
was it measured? 
 
The efficacy of mirabegron in the treatment of patients with symptoms of OAB, including urge 
urinary incontinence, urgency, and urinary frequency was evaluated in 9 studies including 3 
primary phase 3 studies, 1 supportive phase 3 study, 2 supportive phase 2b studies, 1 phase 2a 
proof-of-concept study, 1 phase 3 active-controlled long-term safety study, and 1 phase 3 open 
label, long-term safety study. 
 
It should be noted that of the three primary 3 studies, only one study (074) included mirabegron 
25 mg dose. Therefore, the doses studied in Phase 3 are 25, 50, and 100 mg administered daily 
for 12 weeks. 
 
The efficacy of mirabegron in reducing mean number of incontinence episodes per 24 hours and 
mean number of micturitions per 24 hours as compared with placebo was demonstrated across 
these studies. It appears that all three doses demonstrated superiority compared with placebo. 
However, there was no much separation between 25 mg and 50 mg doses and 100 mg dose 
demonstrated slight superiority over 50 mg dose. Figures 2.2.1.1 and 2.2.1.2 show the mean 
primary endpoints from studies 074 and 047 as examples.  
 
Figure 2.2.1.1 Mean Incontinence Frequency in Studies 074 and 047 
A: Study 074      B: Study 047 
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For details of Phase 3 trials and each study, please see the Medical Officer’s review. Based on 
these data, the initial dose is 25 mg once daily for 8 weeks and then titrated up to 50 mg once 
daily as needed. However, the 25 mg once daily dose is reserved for severe renal impairment and 
moderate hepatic impairment with no titrating to 50 mg dose. 
 
2.2.2 What are the Characteristics of Drug Metabolism?  
 
As discussed earlier in this review, mirabegron is metabolized via multiple pathways involving 
dealkylation, oxidation, glucuronidation, and amide hydrolysis. Urinary excretion data suggest 
that butyrylcholinesterase is involved in the hydrolysis of mirabegron, in addition to 
contributions from uridine diphospho-glucuronosyltransferase (UGT), CYP3A4 and CYP2D6 
enzymes and possibly alcohol dehydrogenase. CYP3A4 is the primary responsible isoenzyme for 
in vitro hepatic oxidative metabolism of mirabegron, along with CYP2D6. 
 
Mirabegron was the major circulating component in the plasma following a single radioactive 
dose of mirabegron. A total of 10 metabolites (M5, M8, M9, M11, M12, M13, M14, M15, M16 
and M17) were identified in human urine. Eight of these (M5, M8, M11, M12, M13, M14, M15, 
and M16) were also observed in human plasma after oral administration. The postulated 
metabolic pathways of mirabegron in humans are shown in Figure 2.2.2.1. 
 
Figure 2.2.2.1. Metabolic Pathways of Mirabegron in Humans 

 
 
It should be noted that the metabolite-to-parent AUC ratios were relatively constant across 
multiple oral doses of 25 to 200 mg QD, indicating that the metabolism of mirabegron is not 

Reference ID: 3129601



 17

saturable over this dose range. The 2 glucuronidated metabolites, M11 and M12, are considered 
major metabolites which representing 16% and11% of total exposure in plasma, respectively. 
None of the metabolites observed in plasma were pharmacologically active toward 3AR (see 
pharmTox review). 
 
Following the administration of 160 mg 14C-mirabegron solution to healthy volunteers (n=4) in a 
mass balance study, approximately 89% of the administered radioactive dose was recovered: 
55% in the urine and 34% in the feces (Study 178-CL-007, Table 2.2.2.1), 25% of the dose was 
excreted unchanged in urine. 
 
Table 2.2.2.1 Summary of Plasma, Blood, Urinary and Fecal PK Parameters of 
Mirabegron and Total Radioactivity (Study 178-CL-007) 

 
 
2.2.3 Does this Drug Prolong the QT or QTc Interval? 
 
The sponsor conducted a thorough QT (TQT) study to investigate the effect of mirabegron on the 
QTc (Study 178-CL-077). The study was conducted in 352 healthy subjects (176 women and176 
men) following 10 days daily dosing of 50 mg, 100 mg, 200 mg mirabegron or corresponding 
each strength placebo and a single oral dose of 400 mg of the active control, moxifloxacin or its 
placebo. Overall, based on this study mirabegron does not appear to cause QT prolongation at 
the tested doses. However, a small signal was observed, in females at 200 mg dose. 

 
This study was reviewed by the FDA Interdisciplinary Review Team for QT (IRT-QT) which it 
confirmed that there are no major QTc prolongation signals of clinical concern. Table 2.2.3.1 
and Figure 2.2.3.1 are extracted form IRT-QT review which summarized the QTc data from this 
study. 
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Table 2.2.3.1 The Point Estimates and the 90% CIs Corresponding to the Largest Upper 
Bounds for Mirabegron and the Largest Lower Bound for Moxifloxacin (FDA Analysis, 
IRT-QT review dated January 24, 2012)) 

 
 
Figure 2.2.3.1 Mean Change in QTc from Placebo for Mirabegron (Study 178-CL-077) 

 
However, it should be noted that throughout this NDA females appear to have higher exposure 
than males for mirabegron. Overall, the exposure in females is approximately 40% to 50% higher 
compared to males, uncorrected for body weight (Figure 2.2.3.2 and Table 2.2.3.2). This may 
explains the larger effect of mirabegron on QTc for females. However, based on IRT-QT review, 
this difference is of no clinical significance at the proposed 50 mg dose. 
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The potential reasons for observing different exposure-BP relationship between healthy 
subjects from Phase 1 studies and OAB patients from Phase 2b and 3 studies include: 

• Different in population: Healthy subjects from Phase 1 studies are young and have 
relatively low BP baseline. 

• Different in BP measurement: Self measurement of sitting BP in Phase 3 versus clinic 
measurements of supine BP in Phase 1 studies. 

• Timing of the blood pressure sampling. In Phase 1 studies, relatively more 
measurements within the inter-dosing interval allowed for assessment of drug effect 
at peak and trough.  In the Phase III studies, vital signs were collected by the subject 
during the AM (after waking up in the morning before the morning dose) and PM 
(between 2 PM and 6 PM) in a 5-day vital sign diary using a self-measurement 
device. This sampling scheme did not allow for the assessment of the peak effects 
which generally occurred around 3-4 hours coinciding with the peak mirabegron 
concentrations post-dose. 

 
Based on the Cardio-Renal review, it was noted that categorical changes from baseline was 
numerically higher percentage of patients at final visit systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) elevation on 50 mg mirabegron than for tolterodine, a commonly 
used anticholinergic drug for the treatment of OAB or placebo. When the data from 50 mg dose 
is compared to placebo, the differences in final visit categorical SBP/DBP elevation rates are less 
< 2%. The effect of mirabegron on SBP/DBP was similar to those of tolterodine. Also, there was 
a dose response in SBP/DBP effects between 50 mg and 100 mg mirabegron. 
 
Therefore, the Cardio-Renal team recommends that the sponsor put the target population’s 
characteristics into a Framingham risk model so that they can predict what the likely impact will 
be on cardiovascular event rates for the observed blood pressure effects (see cardio-renal review 
dated January 20, 2012). This comment, among others, was conveyed to the sponsor during the 
T-con held on February 9th, 2012 and other correspondences during the review cycle. 
Furthermore, this model was discussed in detail at the Advisory Committee meeting held on 
April 5, 2012 (se meeting transcript and FDA background package at 
http://www.fda.gov/AdvisoryCommittees/Calendar/ucm291237.htm. 
   
2.2.4 What are the PK characteristics of the drug? 
2.2.4.1 What are the single and multiple dose PK parameters of mirabegron and its 
metabolites? How do the PK parameters change with time following chronic dosing? 
 
The sponsor conducted several studies following single- and multiple-dose to assess the PK 
profiles of mirabegron. Initially the sponsor conducted PK studies with IR formulation to assess 
dose proportionality after a single dose escalation (Study 178-CL-001) and after multiple 
escalating doses (178-CL-002). Later in the development, dose proportionality studies were 
conducted with OCAS formulation after single and multiple/repeat dose escalation (Studies 178-
CL-031, 066, 034, 076, 072, and 077). The absolute bioavailability of mirabegron is 
approximately 35% after 50 mg dose, but it appears to be dependent on the dose (Figure 
2.2.4.1). 
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Figure 2.2.4.1.7 Mirabegron Compiled Bioavailability and Dose from Several Studies 
OCAS Tablets  

Absolute Bioavalability of Mirabegron in Relation to 
Dose After OCAS Tablets From Different Studies
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After intravenous (IV) infusion of 7.5, 15, 30 mg, and 50 mg there was no deviation was 
observed from dose proportionality (Figures 2.2.4.1.1 and 2.2.4.1.2, Studies 178-CL-076 and 
033). It should also be noted that there was no evidence of deviation from linearity for the dose 
normalized ratio up to 30 mg. Further, the ratio for females was slightly higher than males. 
However, the magnitude of difference between females and males after IV infusion appears to be 
much smaller than that observed after oral administration (see later discussion under effect of 
gender-sex, Section 2.3.1.2).   
 
Figures 2.2.4.1.1: Mean Plasma Concentration-Time Profiles of Mirabegron After IV 
Infusion to 30 Human Subjects (Study 178-CL-076) 
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Figures 2.2.4.1.2: Mean Cmax and AUC of Mirabegron After IV Infusion Over 120 
Minutes in 30 Human Subjects From Two Studies: Study 178-CL-076 Doses Were 7.5, 15, 
and 30 mg Study 178-CL-033 Doses Were 15 mg and 50 mg. 
A: Cmax     B: AUC 
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Unlike IV administration, the deviation from dose proportionality was more evident after oral 
administration. For example, following oral administration of 10 to 340 mg single doses of the 
IR tablet administered in the fasted state, a greater than proportional increase in mean AUC and 
Cmax was observed (Figures 2.2.4.1.3, Study 178-CL-001). Similarly, greater than dose 
proportional increase was observed after multiple dose administration of 40 mg to 240 mg doses 
of IR tablets (Study 178-CK-002).   
 
Figure 2.2.4.1.3 Mean (SD) Cmax and AUC of Mirabegron After Oral Administration of 
IR Tablets (Study 178-CL-001) 
A: Cmax     B: AUC 
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Table 2.3.1.1.1. Across Studies Pooled Analysis for the Effect of Age on Mirabegron PK 
After Multiple Doses of 50 mg and 100 mg (Pooled Data From Several Studies) 

Dose Parameter 18-45 years 46-64 years 65-74 years >75 years 
Single Dose 

n  145 18 11 1 
50 mg Cmax (±SD) 

(ng/ml) 
33 (35.9) 29.1 (21.8) 32.1 (15.2) 51.5 

 AUC (±SD) 
(ng.h/ml) 

340 (237) 314 (165) 308 (79.4) 297 

Multiple Dose 
n  35 14 19 2 

50 mg Cmax (±SD) 
(ng/mL) 

50.4 (22.3) 58.1 (26.9) 41.7 (19.1) 50.1 (4.24) 

100 mg AUC (±SD) 
(ng.h/mL) 

401 (146) 410 (144) 318 (148) 494 (202) 

 
Reviewer’s Comments: 
 
Although the data from this NDA shows no clear trend on the influence of age on any of the PK 
parameters, population PK analysis showed slight increase (~11%) in mirabegron exposure in 
subjects with advanced age (Report # 178-PK-015).   
 
2.3.1.2 Effect of Gender: 
 
Overall, it was observed from this NDA that mirabegron Cmax and AUC are approximately 40% 
to 50% higher, respectively, in females compared with males. However, when the data is 
normalized for body weight, the difference becomes smaller ranging from 20% to 30% 
(depending on the study). Therefore, the observed difference in exposure appears to be partially 
associated with body weight and other unknown factors.  
 
The study 178-CL-072 was conducted in healthy male and female subjects at doses of 25 mg, 50 
mg, and 100 mg QD for 7 days (a loading dose as BID on day 1, then QD for 6 days). The data 
from all three doses were consistent in which the exposure of mirabegron and its metabolites 
were higher in females than in males. 
 
For the 50 mg dose, the overall mean Cmax and AUC in young or elderly females were 
numerically higher than that in the corresponding male subjects, the elderly subjects having a 
more pronounced difference. Specifically, the observed mean Cmax was 54.4, 58.1 in young 
males and females and 43.5, and 66.3 in elderly males and females, respectively. For AUC the 
mean was 413, 471 in young males and females, and 341 and 512 in elderly males and females, 
respectively.  In addition, the half life tended to be longer in females (mean values, 59.0 to 67.9 
hr) compared with males (mean values, 56.3 to 60.0 hr).  
 
As described earlier similar results were also obtained in the TQT study 178-CL-077 (Figure 
2.2.3.2, Section 2.2.3).  After multiple doses of 50 mg to 200 mg QD, the observed AUC was 
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approximately 39% to 51% and the Cmax was approximately 32% to 63% higher in female 
compared to male volunteers across all doses. 
 
In one of the formulation development study, the sex difference in the PK of mirabegron was 
shown to be more pronounced after oral administration compared with intravenous 
administration (Study 178-CL-076). This study was conducted after single IV doses of 7.5 mg, 
15 mg or 30 mg of mirabegron. The mean Cmax and AUC were approximately 20% and 27% 
higher in female subjects compared to male subjects across all dose levels. However, after oral 
administration of 25 mg, 50 mg or 100 mg of mirabegron, the mean Cmax and AUC were 
approximately 49% and 64% higher in female subjects compared to male subjects across all dose 
levels. The absolute bioavailability from this study was 35.0% and 53.0% in females and 24.6% 
and 40.3% in males at 25 and 100 mg doses, respectively. No differences in bioavailability were 
observed at the 50 mg dose.  
 
The gender differences in exposure observed in these studies are consistent across studies 
submitted in this NDA as illustrated from the Pop PK analysis of Phase 2 and 3 data (Report 
#178-PK-015, Figure 2.3.1.2.1). From this analysis, females had a 38% higher AUC than males, 
although the magnitude of the difference did differ with age and dose as shown above. 
 
Figure 2.3.1.2.1 Influence of Sex on Typical Male and Female Subject’s Steady State 
Plasma Concentration versus Time Profile after Receiving a 50 mg Dose of Mirabegron 
(Pop PK Analysis, Report #178-PK-015) 

 
 
Based on the overall drug safety and efficacy shown in Phase III studies in which the majority of 
subjects enrolled in all these studies were females, no dose adjustment is needed based on 
gender.  
 
2.3.1.3 Effect of Race: 
 
The influence of race on mirabegron plasma exposure was explored in the TQT study 178-CL-
077. This study included a similar number of Caucasians and African American subjects. After 
multiple doses of 50 mg, 100 mg or 200 mg, there were no notable differences in mean Cmax 
and AUC between Caucasian subjects and African American subjects. The numbers of subjects 
in other racial categories were too small for an informative analysis.  
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The influence of race on the PK of mirabegron was further explored in a pooled analysis across 
phase 1 studies. In this analysis only healthy subjects receiving mirabegron OCAS alone at 
single or multiple doses under fasted conditions were included. No consistent trend was seen 
among all treatments between the subjects classified for race.  While numerical differences were 
seen, these differences did not rise to the level of anticipated clinical significance.  
 
Several single-dose and multiple-dose PK studies and food effect studies with mirabegron were 
conducted in healthy Japanese subjects (178-CL-034, 066, 064 and 078). The food effect study 
078 was of similar design as the food effect study 041 performed in Western (i.e. non-Asian) 
subjects. This allows a direct comparison of single-dose PK parameters between Japanese and 
Western subjects (Table 2.3.1.3.1). Mean Cmax and AUC values in Japanese subjects were 
approximately 54% to 177% and 42% to 119% higher, respectively, than those observed in 
Western subjects after single doses of mirabegron (50 mg and 100 mg) under fasted conditions.  
 
This difference in exposure is largely related to differences in body weight. Weight-normalized 
values for Cmax were about 14% to 64% higher in Japanese subjects compared to those in 
Western subjects, whereas mean AUC values were 38% higher at the 50 mg dose and 5% lower 
at the 100 mg dose. Half life was comparable for the Japanese and Western populations, 
consistent with the comparable degree to which mirabegron accumulated in plasma after once 
daily dosing in these subjects.  
 
Similar results were obtained after multiple doses of mirabegron. Mean values for Cmax and 
AUC in healthy young Japanese participants who received mirabegron 100 or 200 mg for 7 days 
[Study 178-CL-034] were higher compared with healthy young Western subjects who received 
mirabegron 50 to 300 mg qd for 10 days [Study 178-CL-031]. Mean Tmax and half life values 
were similar between the 2 populations. 
 
Further analysis of the data between Japanese and Westerners (North American) can be seen in 
the Biopharmaceutics Section 2.5.3 (Effect of Food). 
 
Table 2.3.1.3.1 Comparison of PK Parameters in Male Japanese and Western Subjects 
after Single-Dose Administration of Mirabegron In Fasted Subjects (Studies 041 and 078) 
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Reviewer’s Comments: 
 
While there is inconsistent trend in exposure between African Americans and Caucasians, there 
appears to be consistent trend between Japanese and Westerners (North Americans) in which the 
observed exposure in Japanese is higher than in North Americans. However, in Japan, the 
approved doses are the same as those proposed for marketing in the United States.  Based on this 
data no dose adjustment is necessarily with regards to race and specifically among African 
Americans and Caucasians for mirabegron. 
 
2.3.1.4 Effect of Body Weight: 
 
As described in Section 2.3.1.2 above (i.e., effect of gender), the magnitude of the observed 
mirabegron exposure differences between male and female volunteers and between Japanese and 
Western volunteers was attenuated with correction for body weight. 
 
The influence of weight (including other body size measures such as body mass index, lean body 
mass and height) has been investigated across a number of population PK analysis using data 
from healthy subjects and patients with OAB who received IR or OCAS formulations (178-PK-
003, 012, 015). In the population PK analysis of phase 2 and 3 data it was shown that body 
weight affected mirabegron exposure (Study 015). Relative to a subject with a body weight of 70 
kg, AUC was about 53% higher in subjects with body weight of 30 kg and approximately 17% 
lower in subjects with body weight of 100 kg (Figure 2.3.1.4.1).  
 
Figure 2.3.1.4.1 Influence of Weight on a Typical Subject’s Steady State Plasma 
Concentration Versus Time Profile after Receiving a 50 mg Dose of Mirabegron (Pop PK 
analysis 178-PK-015). 

 
Reviewer’s Comments: 
 
Based on the data of gender differences, Japanese study, and Pop PK analysis mirabegron 
exposure appears to be higher in low body weight and surface area than in average weight of 70 
kg subjects. Considering the variability in the data and the data from the clinical trials it appears 
there is no strong safety signal of concern. 
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2.3.1.5 Effect of Genetic Polymorphism: 
 
The effect of CPY2D6 genetic polymorphism was studied as part of the TQT study following 50, 
100, and 200 mg doses of OCAS formulation (Study 178-CL-077). At a dose of 50 mg the mean 
AUC was approximately 30% lower in ultrarapid metabolizers (UM) and 8% higher in PM 
compared to EM subjects (Table 2.3.1.5.1). A similar pattern was also seen for 100 mg and 200  
mg. However the number of UMs and PMs was very small in comparison to EMs. Similar trends 
were observed Phase 1 studies.  
 
Table 2.3.1.5.1 Mirabegron PK Parameters in CYP2D6 Phenotyped Subjects After  
Multiple-Dose Administration in TQT Study 178-CL-077 
 

 
 
An additional analysis was conducted by pooling data from three multiple dose studies following 
administration of OCAS tablets (Studies 178-CL-037, -072, -077). Based on this analysis there 
was no difference in dose normalized Cmax and AUC based on CYP2D6 phenotype (Figure 
2.3.1.5.1). 
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Mean mirabegron elimination half life was slightly increased from approximately 43 h in healthy 
control to 52 h in severe renal impairment patients.  
 
Renal impairment increased exposure of 8 major mirabegron metabolites, M5, M8, M11, M12, 
M13, M14, M15 and M16. The extent of exposure was more pronounced in those metabolites 
that appear to be CYP-mediated such as M8 and glucuronidated metabolites such as M14. For 
example, the metabolic ratio (MR) as defined by the metabolite AUC divided by the parent AUC 
for M8 and M14 was 13% and 62% in severe group compared to 2% and 16% in normal group, 
respectively.  
 
Urinary excretion of mirabegron appears to follow the same pattern of the plasma data. The 
mean cumulative amounts of mirabegron excreted into urine over 120 hours post-dose were 
comparable between the normal and mild groups but was much lower in moderate and severe 
groups (Figure 2.3.1.6.2). 
 
Figure 2.3.1.6.2. Mean (Standard Deviation) Cumulative Amounts of Mirabegron 
Excreted Into Urine in Subjects with Varying Degrees of Renal Functions 

 
 
Since mirabegron is extensively metabolized the urinary excretion of unchanged fraction is 
expected to be small but with similar patterns as that of plasma relative to renal function. 
Therefore, as expected, the average percentage of unchanged mirabegron excreted in urine was 
5.7%, 6.3%, 3.9% and 2.3% of the administered dose in the normal, mild, moderate and severe 
groups, respectively. From this data it shows that the amount excreted in urine is reduced with 
the severity of renal function. 
 
Based on these data, the sponsor’s proposed label is to reduce the dose to 25 mg in patients with 
severe renal impairment.  
 
2.3.1.7 Effect of Liver Function (Hepatic Impairment) 
 
The sponsor conducted one study in patients with hepatic impairment that were matched to 
healthy control subjects with respect of sex, age and body mass index (BMI). Two groups of 
hepatic impairment were studied: mild (Child-Pugh Class A) and moderate Child-Pugh Class B). 
No patients with severe hepatic impairment (Child-Pugh Class C) were included in this study. 
All subjects received a single dose of 100 mg mirabegron (Study # 178-CL-039). 
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Tables 2.3.1.7.2 Summary of PK Statistical Analysis (90% CI) of Mirabegron in Subjects 
with Varying Degrees of Hepatic Function (Study 178-CL-039) 

Hepatic 
Function 

 Least Square Meansa   

  Healthy Impaired Ratio 
(Impaired/Healthy) 

90% CI 

Mild Cmax ) 
(ng/mL) 

46.6 50.7 1.09 0.42, 2.80

 AUC 
(ng.h/mL) 

 

550 655 1.19 0.69, 2.05

Moderate Cmax ) 
(ng/mL) 

31.7 87.1 2.75 1.08, 6.98

 AUC 
(ng.h/mL) 

 

424 699 1.65 0.95, 2.85

aLeast Square Means  
 
The urinary excretion of unchanged mirabegron slightly increased in patients with hepatic 
impairment compared to control. The percentage of unchanged mirabegron excreted in urine was 
about 6.8% of the administered dose in controls, 6.3% in mild, and 9.3% in moderate hepatic 
impairment. The difference between the normal and moderately impaired hepatic function 
groups was statistically significant.  In addition, plasma concentrations of the eight known 
metabolites were increased in both mild and moderate hepatic impairment, but as they are 
considered to be inactive.  
 
Reviewer’s Comments: 
 
Given its metabolic profile, it would be expected that the exposure of mirabegron would be 
increased in hepatic impairment patients. Based on these data, the sponsor’s proposed 
recommendation is to reduce the dose to 25 mg once daily in patients with moderate hepatic 
impairment. However, mirabegron is not recommended in patients with severe hepatic 
impairment (Child-Pugh Class C) as it has not been studied in this population. 
 
2.4 Extrinsic factors 
 
2.4.1 What extrinsic factors such as drugs influence exposure and/or response and what is 
the impact of any differences in exposure on pharmacodynamics? 
 
The sponsor conducted several studies to characterize the effect of other drugs and food on 
mirabegron PK profiles and also the effect of mirabegron on the PK of other drugs.  
 
Ketoconazole, a potent CYP3A and P-gp inhibitor, causes increase in mirabegron exposure by 
approximately 45% for Cmax and 80% for AUC (Table 2.4.1.1, Study 178-CL-036). However, 
the co-administration of potent inducers of CYP3A and P-gp such as rifampin, the exposure for 
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mirabegron is decreased by approximately 35% for Cmax and 44% for AUC (Table 2.4.1.1, 
Study 178-CL-070).  
 
Table 2.4.1.1 Effect of Co-administered Drugs on the PK of mirabegron 

 
 
The other significant drug-drug interaction studies in this NDA demonstrating mirabegron is a 
moderate inhibitor of CYP2D6. In two studies, mirabegron increased the exposure of CYP2D6 
substrates such as metoprolol and desipramine. For metoprolol, the exposure was increased by 
90% for Cmax and 229% for AUC (Study 178-CL-005) and for desipramine the Cmax was 
increased by 79% and AUC by 241% (Study 178-CL-058). 
 
Food appears to decrease mirabegron Cmax by 45% to 75% and AUC by 17% to 51%.  
However, this effect is dependent on the fat contents of food (see Section 2.5, Biopharmaceutics 
for detail discussion) 
 
The most relevant DDI studies are individually summarized below in this section under two 
major sub-sections: 
A: Effect of other drugs on mirabegron PK 
B: Effect of mirabegron on the PK of other drugs 
 
2.4.1.1 What is the Effect of Other Drugs on Mirabegron? 
 
2.4.1.1.1 What is the Effect of CYP3A and P-gp Inhibitors on Mirabegron PK? 
 
Study 178-CL-036 was conducted to evaluate the effect of ketoconazole as a potent CYP3A and 
P-gp inhibitor on the PK of mirabegron. In this study, ketoconazole was administered daily at a 
dose of 400 mg for 9 days prior to the administration of a single dose of 100 mg of mirabegron.  
The coadministration of ketoconazole resulted in higher mirabegron plasma exposure (45% 
higher Cmax and 81% higher AUC) than when given alone (Table 2.4.1.1.1.1 and Figure 
2.4.1.1.1.1). 
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As consistently observed in this NDA, female subjects exhibited higher plasma concentrations 
compared with male subjects. Mirabegron Cmax and AUC in females in the presence of 
ketoconazole were increased by 66% and 100% compared to 28% and 65% in males, 
respectively. 
 
Reviewer’s Comments: 
 
The study design was optimal to evaluate the effect of ketoconazole on the PK of mirabegron. 
From this study, it does not appear that ketoconazole show dramatic effect on the PK of 
mirabegron.  
 
Considering the safety margins of mirabegron as demonstrated in several clinical trials and TQT 
study, no dose adjustment is needed when mirabegron is co-administered with ketoconazole or 
perhaps other CYP3A inhibitors  
 
2.4.1.1.2 What is the Effect of CYP3A and P-gp Inducers on Mirabegron PK? 
 
The sponsor conducted a study to assess the effect of repeat doses of the potent enzyme and 
transporter inducer rifampin on the PK of mirabegron and its metabolites. In this study, rifampin 
was administered daily at a dose of 600 mg for 11 days (Days 5 to 15). Mirabegron was 
administered on Day 1 (alone) and on Day 12 (with rifampin) as a single dose of 100 mg each 
time (Study 178-CL-070).  
 
Rifampin decreased mirabegron Cmax by approximately 35% and AUC by 44% (Figures 
2.4.1.1.2.1 and Tables 2.2.1.1.2.1). In addition, the urinary cumulative excretion of mirabegron 
was also reduced on Day 12 compared to Day 1 (Figures 2.4.1.1.2.2). 
 
The mechanism of this interaction appears to be associated with decrease in the bioavailability of 
mirabegron when coadministered with rifampin. It should also be noted that due to the enzyme 
induction, the exposure to mirabegron metabolites was markedly increased and in particular 
CYP-mediated metabolite M8. Furthermore, rifampin appears to induce the glucuronidation 
pathways. The exposure of some of mirabegron glucuronides such as M11, M13, and M14 were 
increased. Other mechanisms may also be involved such as induction of intestinal P-gp efflux as 
well as some effect on the renal secretion of the metabolites. 
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Figures 2.4.1.1.2.1 Mean Plasma Concentration-Time Profiles of Mirabegron on When 
administered Alone (Day 1) and after 11 Days of Daily Administration of Rifampin (Day 
12) (Study 178-CL-070) 

 
Table 2.4.1.1.1 Statistical Data for Cmax and AUC of Mirabegron When Administered 
Alone (Day 1) and after 11 Days of Daily Administration of Rifampin (Day 12) (Study 178-
CL-070) 

 
 
Figures 2.4.1.1.2.2 Mean (± SD) Cumulative Amounts of Mirabegron Excreted in Urine 
When Administered Alone (Day 1) and after 11 Days of Daily Administration of Rifampin 
(Day 12) (Study 178-CL-070) 

 
Reviewer’s Comments: 
 
Although there was a reduction in mirabegron exposure which is associated with increase in 
mirabegron metabolites, no dose adjustment is necessary. Since the metabolites are known to be 
inactive (see PharmTox review), the increase in their exposure may not be of safety concern at 
this time.   
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2.4.1.1.3 What is the Effect of CYP2D6 Inhibitors on Mirabegron PK? 
 
The sponsor did not conduct a study to evaluate the effect of potent CYP2D6 inhibitors on the 
PK of mirabegron., the rationale being that CYP2D6 PMs exhibited similar or only slightly 
higher mirabegron exposure compared to EMs after a single oral dose of 160 mg mirabegron 
(Figure 2.4.1.1.3.1, Study 178-CL-005). This study will be discussed in more details later in the 
subsequent Section under “Effect of Mirabegron on Other Drugs-CYP2D6 
Substrates/metoprolol).  
 
Figure 2.4.1.1.3.1 Mean Plasma Concentration-Time Profiles of Mirabegron in PMs and 
EMs of CYP2D6 Following a Single 160 mg Dose of Mirabegron (Study 178-CL-005) 

 
Reviewer’s Comments: 
 
The data from this study appears to be convincing that the exposure in CYP2D6 PMs is similar 
to that of the EMs. This may mimic the inhibition potential of potent CYP2D6 inhibitors.  
 
2.4.1.1.4 What is the Effect of Renally Secreted Drugs on Mirabegron PK? 
 
Interaction with Metformin (Study 178-CL-006): 
 
Like mirabegron, metformin is a renally secreted cation and substrate of OCTs. Therefore, the 
PK of mirabegron may be altered when co-administered with metformin. 
Therefore, study was conducted in which metformin was co-administered with mirabegron for 
11 days at a 500 mg BID and 160 mg daily dose of mirabegron IR tablets (Study 178-CL-006). 
The study was placebo controlled. 
 
Mirabegron exposure was only reduced by approximately 20% when co-administered with 
metformin. It should also be noted that the PK profile of meformin was not affected by the 
presence of mirabegron. 
 
Reviewer’s Comments: 
 
The difference is about 20% reduction in mirabegron Cmax and AUC when co- administered 
with meformin. This difference may not be of clinical significance. Therefore, no dose 
adjustment is necessary when mirabegron is co-administered with metformin at the most 
commonly used dose of 500 mg.  
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2.4.1.1.5 Interaction with Other Urologic Drugs 
 
Interaction with Solifenacin: 
 
Solifenacin is currently marketed by the same sponsor (Astellas Pharma) and was approved in 
November 19, 2004 for the treatment of over active bladder (NDA 021518). Study 178-CL-069 
was conducted with two main objects:  
• To evaluate the effect of steady state concentrations of mirabegron on the single dose PK of 

solifenacin. 
• To evaluate the effect of steady state concentrations of solifenacin on the single dose PK of 

mirabegron. 
 
The rationales for this study are of two folds: 

1. The sponsor is considering development of combination product of solifenacin and 
mirabegron in the future. 

2. Mechanistically, solifenacin is a muscarinic receptor antagonist. Therefore, it is 
anticipated to inhibits GI motor activity and prolong gastric residence and transit 
time. From these actions, solifenacin like other muscarnic antagonists, may increase 
the bioavailability of mirabegron. Furthermore, solifenacin is predominantly 
metabolized by CYP3A4. This will also assess the competitive interaction with 
CYP3A4 mediated metabolism with both drugs.   

 
Study Design:  
 
Arm 1: Subjects received a single dose of 10 mg solifenacin on Day 1 and were discharged on 
Day 9 with washout period until Day 15. Mirabegron was administered daily at a dose of 100 mg 
as a film coated tablet for 9 consecutive days (Day 15 to Day 23). On Day 9th (Day 23) a single 
dose of 10 mg solifenacin was administered together with 100 mg daily dose of mirabegron until 
Day 38. 
 
Arm 2: Subjects received a single dose of 100 mg mirabegron as a film coated tablet on Day 1 
with a washout period of 6 days. Solifenacin was administered at a daily dose of 20 mg for 10 
consecutive days (Day 7 to Day 16). On the 10th day of solifenacin dosing (Day 16) subjects 
received a single dose of 100 mg as a film coated tablet of mirabegron together with solifenacin. 
Solifenacin dosing continued until Day 20th. 
 
The plasma concentration-time profiles and the PK parameters of mirabegron were almost 
similar when administered alone or in combination with solifenacin. The AUC of mirabegron 
was increased by 15% when administered with solifenacin. It should be noted there was minimal 
effect of mirabegron on solifenacin PK as the Cmax and AUC increased by approximately 23% 
and 26%, respectively. 
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Reviewer’s Comments: 
 
From this study, it can be concluded that no dose adjustment is necessary for both drugs when 
concomitantly administered. 
 
Interaction with Tamsulosin: 
 
Tamsulosin is an alpha-1 adrenoceptor antagonist for the treatment of benign prostatic 
hyperplasia (BPH). The rationale for this study is that tamsulosin is eliminated by CYP2D6 and 
mirabegron is a moderate inhibitor of CYP2D6. 
 
The sponsor conducted a study to investigate the cardiovascular effect and the PK of mirabegron 
and tamsulosin when coadministred together (Study 178-CL-080). The study was conducted in 
48 healthy males as two arms (n=24 in each arm) as follows: 
 
Arm 1:  Single doses of tamsulosin were given alone and after 9 days of dosing with 100 mg 
doses of mirabegron. 
Arm 2:  Single doses of mirabegron were given alone and after 5 days of dosing with tamsulosin 
0.4 mg doses. 
 
On the day of the combination dose, tamsulosin and mirabegron were administered together. 
From this study there was no effect of tamsulosin on the plasma concentration-time profiles of 
mirabegron or its PK Parameters. In terms of effect of mirabegron on tamsulosin PK, there was 
about 1.6 fold increase in exposure (Cmax and AUC) of tamsulosin (Figure 2.4.1.1.5.1).   
 
Figure 2.4.1.1.5.1. Mean Plasma Concentration Time Profiles of Tamsulosin Single Dose 
and Combination Dosing with Mirabegron – Treatment Arm 1 (Study 178-CL-080) 

 
Reviewer’s Comments: 
 
From this study the effect of tamsulosin on mirabegron PK was minimal as the Cmax and AUC 
decreased by approximately 15%. However, mirabegron increased the exposure of tamsulosin by 
approximately 1.6 fold. Overall, there is no need for dose adjustment when mirabegron and 
tamsulosin are administered together. 
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Table 2.4.1.2.1 Summary of PK parameters of metoprolol in the absence and presence of 
Mirabegron (Study 178-CL-005) 

 
Table 2.4.1.2.2. Statistical Analysis  

 
 
Reviewer’s Comments: 
 
This study confirms the in vitro findings that mirabegron is a moderate inhibitor of CYP2D6. 
The data demonstrates that mirabegron reduces the clearance of metoprolol by inhibition of 
CYP2D6 and increases its bioavailability by reducing the first-pass effect. Based on the data 
from this study, metoprolol dose should be adjusted and/or titrated when co-administered with 
mirabegron.  
 
Desipramine (Study 178-CL-058): 
 
This study was a cross-over design with two periods. In period 1, subjects received a single oral 
dose of 50 mg desipramine on Day 1. From Day 5 up to and including Day 23, subjects received 
daily oral doses of 100 mg mirabegron. A single dose of 
50 mg desipramine was given in combination with mirabegron on Day 18 (13 days after the first 
dose of mirabegron). In period 2 (after 13 days washout), subjects received a single oral dose of 
50 mg desipramine on Day 38. 
 
When coadministerd with mirabegron, there was a marked increase in the plasma concentration-
time profiles of desipramine (Figure 2.4.1.2.2). The mean Cmax and AUC of desipramine were 
increased by 79% and 241%, respectively. 
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Effect of Mirabegron on Oral Contraceptives (Study 178CL-068): 
 
The objective of this study was to determine the effect of multiple doses of 100 mg mirabegron 
on the PK of EE and LNG containing COC.  
 
The study was a double-blind cross-over design. All subjects received a study COC (Minidril®, 
not US approved) containing 30 mcg EE and 150 mcg LNG. Subjects started their study COC on 
Day 1 and continued for 21 days in the first study period. After 7 days (without a COC) to allow 
for break-through bleeding, they re-started the COC for 21 days in the second study period. In 
each study period, starting on the 12th day of receipt of the COC, subjects received either 
mirabegron (100 mg once daily) or matching placebo, for 10 days. 
 
The co-administration of mirabegron had no effect on the plasma concentration-time profiles or 
the PK parameters of EE and LNG on Day 21 (Figures 2.4.1.2.1). The ratio of least square 
means for Cmax and AUC values with and without mirabegron were 0.958 and 0.961, 
respectively, for EE, and 0.938 and 0.955, respectively, for LNG. The 90% confidence intervals 
of the treatment ratios were contained entirely within the predefined equivalence limits of 0.80-
1.25 (Table 2.4.1.2.2). 
 
Figure 2.4.1.2.1 Mean Steady-State Plasma Concentration-Time Profiles for EE and LNG 
Following Administration of COC Alone or in Combination with Mirabegron 
100 mg QD (Study 178-CL-068) 
A: EE      B: LNG 
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Table 2.4.1.2.2 Statistical Analysis of the Effect of Mirabegron 100 mg Administered QD on 
PK of EE and LNG on Day 21 (Study 178-CL-068) 

 
 
Reviewer’s Comments: 
 
Based on this study mirabegron is not expected to impair hormonal contraceptive efficacy of a 
combination oral contraceptive containing EE and LNG. However, the data may not be 
extrapolated to other COC that contains other than EE and LNG. Overall, from this study it can 
be anticipated that mirabegron may have minimal effect on CYP3A4 substrates. 
 
Effect of Mirabegron on Solifenacin (Study 178CL-069): 
 
This study was described early in the section related to the effect of mirabegron on the urologic 
drugs. Therefore, the study design will not be repeated here. Based on this study the plasma 
concentration-time profiles of solifenacin and the PK parameters were minimally affected by the 
co-administration of mirabegron (Figure 2.4.1.2.2 and Table 2.4.1.2.2). Solifenacin Cmax and 
AUC were increased by 23% and 26% as a result of co-administration with mirabegron, 
respectively. 
 
Figure 2.4.1.2.2 Mean Solifenacin Plasma Concentration-Time Profiles Following 
Administration of Solifenacin 10 mg Alone (Day 1) or in Combination with Mirabegron 
100 mg QD (Day 23) (Study 178-CL-069) 
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Table 2.4.1.2.2 Statistical Analysis of PK Parameters of Solifenacin Following 
Administration of Solifenacin 10 mg Alone (Day 1) or in Combination with Mirabegron 
100 mg QD (Day 23) (Study 178-CL-069) 

 
 
Reviewer’s Comments: 
 
These data further support the observed effect on COC in which mirabegron has minimal effect 
on CYP3A4. Therefore, mirabegron can be administered with drugs known to be metabolized by 
CYP3A4. 
 
2.4.1.2.3 Studies with P-gp Substrates: 
 
To investigate the clinical effect of mirabegron on P-gp, the PK of digoxin (single dose of 0.250 
mg), was studied with and without coadministration of mirabegron (100 mg qd) [Study 178-CL-
059].  
 
The study was crossover at a single oral dose of 0.250 mg digoxin that was administered on Day 
1. The PK profile of digoxin was followed up to 144 hours when given alone. On Day 10 up 
through Day 23, subjects received daily oral doses of 100 mg mirabegon. On Day 18, a single 
0.250 mg dose of digoxin was given again in combination with mirabegron (i.e., 8 days after the 
first dose of mirabegron). The PK profile of digoxin was again followed up to 144 hours. On 
Day 16 through Day 19, blood samples for mirabegron were collected. There was no change in 
the plasma concentration-time profiles of digoxin or any of its PK parameters (Figure 2.4.1.3.1) 
 
Figure 2.4.1.3.1 Mean Plasma Digoxin Concentration-Time Profiles Following Single Dose 
Administration of 0.250 mg Digoxin Alone or in Combination with Mirabegron 100 mg 
Dose (Study 178-CL-059) 
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Reviewer’s Comments: 
 
The results from this study indicate that the inhibitory effect of mirabegron on P-gp is weak. 
However, as digoxin is a drug with narrow therapeutic index it is recommended that serum 
digoxin concentrations be monitored and used for titration of the digoxin dose to obtain the 
desired clinical effect. In addition, it is recommended that the lowest dose for digoxin should 
initially be used when intended to be co-administered with mirabegron. 
 
2.4.1.2.4 Other Commonly Used Drugs 
 
Interaction with Warfarin (Study 178-CL-040): 
 
Warfarin is a commonly used drug as anticoagulant and it is known as a CYP2C9 substrate. This 
study was designed as a crossover following a supratherapeutic single dose of 25 mg of warfarin 
and in combination with 100 mg mirabegron administered once daily.  
 
On Day 1 and Day 23 warfarin was administered as a single 25 mg dose followed by a PK 
sampling post dosing in each day. From Day 15 to Day 30 mirabegron 100 mg daily doses were 
administered. Thus, warfarin was co-administered with mirabegron only on Day 23.  
 
Mirabegron had no effect on the PK profiles or parameters of S- or R- warfarin. The mean ratios 
for Cmax were 1.05 and 1.04 (R- and S-warfarin, respectively) and for AUC were 1.10 for both 
R- and S-warfarin; the bounds of the 90% CIs were contained within the predefined limits for 
equivalence (0.80-1.25). In addition, mirabegron did not affect the pharmacodynamic (PD) effect 
of warfarin such as prothrombin time (PT) and international normalized ratio (INR) (Figure 
2.4.2.4.1).  
 
Figure 2.4.1.2.4.1 Mean Pharmacodynamic (PD) Profiles Following Single Dose 
Administration of 25 mg Warfarin with and without 100 mg Mirabegron (Study 178-CL-
040) 
A: PT      B: INR 
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Reviewer’s Comments: 
 
This study clearly demonstrates that mirabegron had no effect on CYP2C9 substrates as warfarin 
is well known probe for this isoenzyme. There was no effect on either PK or PD (PT or INR) 
profiles of warafrin.  
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2.5 General Biopharmaceutics 
2.5.1 What is the Effect of Food on the BA of Mirabegron? 
 
The effect of food on the bioavailability of mirabegron was evaluated in 6 Phase 1 studies. The 
focus of this review is on the pivotal two studies that were conducted in Western (Studies 178-
CL-041) and Japanese (178-CL-078) subjects. The other studies are irrelevant as they were 
conducted using IR tablets. Also, the focus of the review is on the highest recommended dose 
strength of 50 mg tablet.   
 
Overall, mirabegron OCAS tablets exhibited a decrease in plasma exposure when given with 
food. However, the extent of absorption is dependent on meal composition and specifically the 
fat contents (i.e., low-fat versus high-fat). Co-administration of a 50 mg tablet with a high-fat 
meal reduced mirabegron Cmax and AUC by 45% and 17%, respectively. A low-fat meal 
decreased mirabegron Cmax and AUC by 75% and 51%, respectively. Similar results were 
obtained with a 100 mg dose of mirabegron. It should be noted that there was no food restrictions 
in the primary Phase 3 studies to establish the safety and efficacy of mirabegron. 
 
Study 178-CL-41 was a crossover designed at a dose of 50 mg or 100 mg administered under 
fasted or fed conditions (high-fat and low-fat breakfasts). The study was conducted in 72 healthy 
subjects where 18 men and 18 women were enrolled in each arm, 50 mg or 100 mg dose. From 
this study it can be seen that food in general caused reduction in the bioavailability of 
mirabegron, the highest effect was noted after taking the drug with low fat food content (Figures 
2.5.1.1 and 2.5..12 and Tables 2.5.1.1). The same trend was also seen for urine excretion data 
for mirabegron in the same study (Figure 2.5.1.2).  
 
It should also be noted that food had similar effect in the Japanese study, but the mirabegron 
plasma levels were higher than in Westerners (Compare scale in Figures, 2.5.1.3 vs 2.5.1.1, 178-
CL-078). The study was also conducted after 50 mg and 100 mg OCAS tablets and of similar 
design as that of the Westerners study (041). 
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Figure 2.5.1.4 Comparison of the Effect of Food on Cmax of Miragebron in Westerns 
(Study 041) and Japanese (Study 078). Data is Expressed as Mean (±SD) of Observed 
Cmax (Left) and Cmax Normalized by Weight-Adjusted Dose (Right)  
A: Observed Cmax    B: Cmax normalized by Weight-Adjusted Dose  
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Figure 2.5.1.5 Comparison of the Effect of Food on AUC of Miragebron in Westerns (Study 
041) and Japanese (Study 078). Data is Expressed as Mean (±SD) of Observed AUC (Left) 
and AUC Normalized by Weight-Adjusted Dose (Right)  
A: Observed AUC    B: AUC Normalized by Weight-Adjusted Dose 
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The mean Cmax and AUC were normalized by weight and dose using the observed data from 
studies 41 and 078 following 50 mg dose in average normal body weight of 70 kg as follows:  
 
Ratio A (weight-adjusted dose ratio centered at 70 kg) = 70/subject weight   
Ratio B (exposure normalized by the weight-adjusted dose) = AUC or Cmax/Ratio A (i.e., 
weight-adjusted dose ratio centered at 70 kg) 
 
The analysis was performed as two sets. One set for the mean Cmax and AUC and mean body 
weight in respective study and treatment. The second set was for individual observed Cmax and 
AUC and individual weights at a respective treatment. It should be noted that the mean body 
weight in Japanese study was 57.92 Kg ranging from 46.2-74.0 Kg and in Westerners study the 
mean body weight was 77.31 Kg ranging from 55.2 to 103.6 kg.  
 
By normalizing the mean Cmax for mean body weight adjusted dose in each study the difference 
between Japanese and Westerners subjects became minimal for the mean and individual Cmax 
and AUC data, especially after food. Based on this analysis, it appears that the observed 
difference in exposure between Japanese and Westerners can be explained by weight difference 
between the two populations. It should be noted that based on the pharmacogenomic review no 
genetic factors were found to be associated with the PK and/or the metabolism of mirabegron 
(Appendix II) 
 
To conclude, in all studies the data is conclusive that food reduces the absorption of mirabegron. 
Also it was consistently observed that low fat content appears to lower the bioavailability of 
mirabegron at greater extent than high fat content. Overall, the exposure of mirabegron is 
consistently higher in Japanese compared to Westerners following the same dose. It should be 
noted that the pivotal Phase 3 studies were conducted irrespective food or food contents and the 
sponsor proposed label states that mirabegron is to be taken with or without food.  
 
2.5.2 Was the to-be-Marketed Formulation Used in the Clinical Trials? 
 
Various dosage forms and formulations of mirabegron have been used through different stages of 
clinical development.  
 
The early clinical studies were conducted with immediate release (IR) capsules and tablets. An 
aqueous solution was used for the human mass balance study. Since the IR formulations showed 
a considerable decrease in plasma exposure with food and high peak-to-trough fluctuations in 
plasma concentrations with once daily dosing, a modified release tablet using Oral Control 
Absorption System (OCAS) technology was developed. OCAS modified release formulation is 
also referred to as extended-release or prolonged-release. Several OCAS formulations, with 
differing dissolution profiles were screened in one study (Study 178-CL-030). 
 
Based on the data from 178-CL-30 study, an OCAS tablet with an intermediate dissolution rate 
(OCAS-M) was selected for further development. The release rate of mirabegron from this 
OCAS formulation resulted in a PK profile with a slower rate of absorption than the IR tablet, an 
attenuated food effect with a high-fat meal and reduced fluctuations in plasma concentrations 
compared with once daily mirabegron IR.  
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The OCAS-M tablet was used in the phase 2 and 3 efficacy studies and all clinical pharmacology 
studies, with the exception of those investigating the effect of CYP2D6 genotype and drug-drug 
interactions (DDIs) with metoprolol (Study 178-CL-005) and metformin (Study 178-CL-006), 
and the mass balance study (Study 178-CL-007). 
 
The sponsor made minimal changes to the OCAS-M tablet formulation during clinical 
development. There were minor differences in the formula and granulating method between 
OCAS-M tablets used in the initial phase 1 studies and those used during the phase 2b stage of 
clinical development. In vitro release of mirabegron was not influenced by these changes (see 
ONDQA review). It is important to note that 50-mg tablets used in phase 2b and Phase 3 were 
identical in terms of composition and manufacturing process.  
 
For 25 mg and 100 mg strengths, used in Phase 2b and Phase 3 were differed only in film-
coating agents used to improve the visual identification for the final products. Dissolution 
profiles demonstrated that these formulations exhibited similar release characteristics in vitro 
(See ONDQA review).  
 
The proposed mirabegron 25 mg and 50 mg commercial formulations are identical to the 
tablets used in the phase 3 stage, except that the commercial product will be debossed. 
Dissolution testing of plain and debossed tablets demonstrated that debossing does not affect in 
vitro drug release (see ONDQA review). Figure 2.5.21 shows representative dissolution profiles 
imported from ONDQA review. Table 2.5.22 shows the composition of the final to be marketed 
formulation (OCAS-M) for 25 mg and 50 mg tablets.  
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Figure 2.5.4.1 Dissolution Profiles of Mirabegron OCAS Tablets 25 mg in USP Phosphate 
Buffer (pH 6.8) Containing Ethanol 
 
A: 25 mg tablet     B: 200 mg tablet 
 

 
 
2.5.6 Are the method and dissolution specifications supported by the data provided by the 
sponsor? 
 
The method proposed for in vitro dissolution is summarized below:  
 
Apparatus:   I (40 mesh baskets) 
Media:   USP pH 6.8 phosphate buffer 
Speed:    100 RPM 
Volume:   900 mL 
Temperature:  37 ± 0.5 ºC  
 
ONDQA will assess the adequacy of the final method and specifications. 
 
2.6 Analytical Section  
 
The plasma concentrations of mirabegron were determined by a validated liquid 
chromatography/tandem mass spectrometry (LC/MS/MS) method. The lower limit of 
quantitation (LLOQ) of the assays is 0.2 ng/mL. The calibration curve is linear over a 
concentration ranging from 0.2 to 100 ng/mL. The inter- and intra-day assay %CV is <10% 
(ranging from 3.6% to 7.8%). The accuracy at a concentration of 0.2 ng/mL (LLOQ) was 95% to 
109% and at 80 ng/mL was 102.6% to 108.1%. All other assay validation data are satisfactory. 
Blood samples of the majority of the PK studies were assayed at Astellas Pharma Europe BV 
(Leiderdorp, The Netherlands) and  
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3.0 Labeling Comments (preliminary):  
 
Labeling comments will be made directly into the label during the internal labeling meetings.  
 
4.0 Appendices 
4.1 Sponsor’s Proposed Label   
4.2. Individual Study Review (Selected Studies) 
4.3 Consult Reviews: 
4.3.1 Appendix I: Pharmacometric Review 
4.3.2 Appendix II: Genomics Group Review 
4.3 Filing memo 
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4.2. Individual Study Review (Selected Studies) 
 
4.2.1 Study 178-CL-031 (Single and Multiple Doses): 
 
Study Title: “Double-Blind, Randomized, Placebo-Controlled, Exploratory Study to Investigate 
the Pharmacokinetics, Safety and Tolerability of Multiple Doses of YM178 OCAS-M in Healthy 
Young Male and Female Subjects and Healthy Elderly Male and Female Subjects: Phase I 
YM178 OCAS Dose-Proportionality Study” 
 
Objectives: 
 
Primary 
• To evaluate the PK of mirabegron after single and multiple oral administrations. 
Secondary 
• To evaluate the safety and tolerability  
• To compare the PK of mirabegron between healthy elderly and young subjects. 
 
Study Design: 
 
This was a double blind, randomized, placebo controlled design comprised 96 subjects. The 
study consisted of healthy young and elderly male and female subjects. The study was conducted 
in two centers. The subjects were distributed among the two sites in a balanced manner (see 
Table below for the demographic data). The following is a synopsis of the study: 
 
Arm 1: Healthy Young Males and Females: 
 
In this arm mirabegron was administered among 4 groups of young subjects (A, B, C and D). 
Each group was treated with one dose level and contained 16 subjects: 8 male subjects (6 on 
active treatment and 2 on placebo) and 8 female subjects (6 on active treatments and 2 on 
placebo). The young subjects were treated with the following dose levels: 
 
Group A: 50 mg 
Group B: 100 mg 
Group C: 200 mg 
Group D: 300 mg 
 
Arm 2: Healthy Elderly Males and Females Subjects 
 
This arm consists of two groups. Each group was treated with one dose level and contained 16 
subjects: 8 male subjects (6 on active treatment and 2 on placebo) and 8 female subjects (6 on 
active treatments and 2 on placebo) as follows:  
 
Group E: 50 mg 
Group F: 200 mg 
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Each subject participated in one dose group only. Each subject received a single dose of 
mirabegron or placebo on Day 2, followed by multiple dosing once daily for 10 days (Days 5-
14). The doses were administered under fasted conditions on PK days (Days 2 and 14). 
 
The following Table shows the demographic Data of the study: 
 

 
 
Results: 
 
There was increase in exposure as the dose increase in all subjects (Figures 4.2.1.1 and 4.2.1.2 
and Table 4.2.1.1). There was no noticeable difference in exposure between young and elderly. 
However, females had higher exposure than males. There was greater than dose proportional 
increase in exposure with minimal accumulation after multiple doses compared to a single dose 
(Figures 4.2.1.3 and 4.2.1.4). 
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Figure 4.2.1.1 Mean Plasma Concentration-Time profiles of Mirabegron after the First 
Dose in Young and Elderly (Study 031) 
 

 
Figure 4.2.1.1 Mean Plasma Concentration-Time profiles of Mirabegron after the Last 
Dose in Young and Elderly (Study 031) 
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Table 4.2.1.1 Comparison of Single Dose and Multiple Dose PK Parameters (Study 031)  
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Reviewer’s Comments: 
 
The exposure in females was consistently higher than males at all doses. There was no obvious 
effect of age on mirabegron PK. There was no obvious accumulation of mirabegron after 10 days 
daily administration at 50 mg dose, except some at higher doses. 
 
The study clearly shows greater than dose proportionality in exposure in all subjects over the 
dose range of 50 mg to 300 mg. However, this should not be an issue as the observed deviation 
from linearly is above the recommended dose of 50 mg. 
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4.2.2 Study 178-CL-034 (Single and Multiple Doses): 
 
Study Title: “Phase I Clinical Study of YM178: Single and Multiple Oral Dose Study of YM178 
Sustained-release Tablets“ 
 
Objectives: 
To assess the safety and PK of mirabegron sustained-release tablets after single and multiple oral 
dosing in healthy adult male Japanese subjects. 
 
Study Design: 
This study was conducted in Japanese subjects as follows: 
 
Part I (single dosing, Steps 1 to 5): 
At each step, a single oral dose of mirabegron (50, 100, 200, 300, or 400 mg) or placebo was 
administered in fasted subjects (n=8 at each dose) 
 
Part II (multiple dosing, Steps 6 to 7) 
At each step, a single oral dose of mirabegron (100 mg or 200 mg) or placebo was administered 
within 30 min to 1 h after breakfast (n=12 at each dose). After a 2-day washout period subjects 
received multiple doses for 7 days.  
 
Results: 
 
This study shows the exposure of mirabegron over a dose range for 50 mg to 400 mg after single 
and for 100 mg to 200 mg? multiple doses. There was clear increase in exposure with increasing 
in dose (Tables 4.2.2.1-4.2.2.3 and Figures 4.2.2.1-4.2.2.4). 
 
Table 4.2.2.1 Mean Cmax and AUC of Mirabegron after Single Dose Administration 
(Study 034)  
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Table 4.2.2.2 Geometric Mean Ratio (GMR) of Dose-Adjusted Cmax and AUC Between the 
Steps (Study 034)  

 
 
Table 4.2.2.3 Summary Statistics of PK Parameters after Multiple Dose Administration 
(Part II) (Study 034) 

 

Reference ID: 3129601



 78

Figure 4.2.2.1 Mean Cmax (Study 034) 

Mean Cmax After Single Doses of Mirabegron (Study 034)
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Figure 4.2.2.2 Mean AUC (Study 034) 

Mean AUC After Single Doses of Mirabegron (Study 034)
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Reviewer’s Comments: 
 
As shown in study 031, there was minimal accumulation of drug after multiple doses. The steady 
state was achieved within 7 days. This is a confirmatory study to study 031. 
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4.2.3 Study 178-CL-072 (Age and Sex): 
 
Study Title: “An Open-Label, Randomized, 2-Way Crossover Study to Evaluate the 
Pharmacokinetics of Mirabegron and its Metabolites in Healthy Young and Elderly Male and 
Female Subjects: Mirabegron Age and Gender Pharmacokinetic Study” 
 
Objectives: 
 
Primary: 
• To evaluate the steady state PK of mirabegron and its metabolites in healthy subjects. 
• To explore the effect of age and gender on the PK of mirabegron and its metabolites. 
Secondary: 
• To explore the effect of mirabegron on heart rate and cardiac output. 
 
Study Design: 
 
The study was an open-label, randomized, two-way crossover design and comprised 36 young 
(aged 18 to 45 years) subjects and 39 elderly (aged >55 years) subjects (see Table below for 
demographic characteristics of the subjects). There was 14 days washout period between 
treatments. The study was conducted in 75 healthy subjects as follows 
 
Young (18 to 45 years): n=18 females and 18 males 
Elderly (>55 years): 21 males and 18 females 
 
Demographic Characteristics (Study 072) 
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Drug Administration: 
 
Only on Day 1, subjects received the assigned oral dose of mirabegron twice, one in the morning 
and one in the evening. Then, on Day 2 to Day 7 subjects received an oral dose of mirabegron 
once daily. PK samples were collected over 168 hours after the last dose. 
 
The study was conducted at three doses of 25, 50, and 100 mg as shows in the following scheme: 

 
 
Results: 
 
• The PK data from this study is summarized in Tables 4.2.3.1 to 4.2.3.3 and Figures 4.2.3.1 

to 4.2.3.4. 
• As shown in other studies, there was greater than dose proportional increase in Cmax and 

AUC with increase in dose.  
• Across the tested dose range, mean Cmax and AUC were 44% and 38% higher in females 

compared with males. It appears that this observed difference between males and females 
was more pronounced in elderly subjects ≥ 55 years of age compared with young subjects 
(18-45 years of age) (see Figures 4.2.3.3 and 4.2.3.3) 

• There were no age-related differences in mean Cmax and AUC of mirabegron.  
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Table 4.2.3.1 Mean Cmax an AUC After 25 mg Dose on Day 7 (Study 072) 

 
Table 4.2.3.2 Mean Cmax an AUC After 50 mg Dose on Day 7 (Study 072) 
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Table 4.2.3.3 Mean Cmax an AUC After 100 mg Dose on Day 7 (Study 072) 

 
 

 
Reviewer’s Comments: 
 
This study is a confirmatory to the other studies in terms of: 
• Exposure in females compared to males 
• Effect of age (i.e., no effect of age on PK of mirabegron) 
• Greater-than dose proportionality in exposure with increase in dose 
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4.2.4 Study 178-CL-038 (Effect of Renal Impairment): 
 
Study Title: “A Phase 1, Open-Label, Single-Dose Parallel-Group Study to Assess the Effect of 
Mild, Moderate and Severe Renal Impairment on the Pharmacokinetics of Mirabegron 
(YM178)” 
 
Objectives: 
 
• To assess the PK and protein binding of mirabegron administered under fasted conditions to 

male and female volunteers with mild, moderate or severe renal impairment compared with 
volunteers with normal renal function. 

• To evaluate the safety and tolerability of a single oral 100 mg dose of mirabegron in these 
patients 

 
Study Design: 
 
This is 100 mg single-dose study in patients with mild, moderate or severe renal impairment (not 
on dialysis) and healthy subjects with normal renal function (see Table below for demographic 
Characteristics of the subjects). The renal function was determined based on Estimated 
Glomerular Filtration Rate (eGFR) as shown below: 

 
A total of 8 volunteers per renal group were enrolled in this study. Subjects received 100 mg 
single dose after overnight fast. PK samples were collected over 120 hours post dosing. 
 
Demographic Characteristics (Study 038)  
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Table 4.2.4.1. Summary of Cmax and AUC of Mirabegron (Study 038) 

 
 
Table 4.2.4.2. Statistical Analysis of Cmax and AUC of Mirabegron (Study 038) 
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Figure 4.2.4.3. Mean (SD) Cumulative Amounts of Mirabegron Excreted into Urine (Study 
038) 
 

 
 
Reviewer’s Comments: 
 
Since the drug and its metabolites are primarily eliminated by the kidneys, the exposure in renal 
impairment and in particular in severe condition would be expected to be higher than healthy 
subjects with normal renal function. Based on this, the sponsor proposed to reduce the dose to 25 
mg in patients with severe renal impairment. Mirabegron is not recommended in patients with 
End Stage Renal Disease (ESRD). 
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4.2.5 Study 178-CL-039 (Effect of Hepatic Impairment): 
 
Study Title: “An Open Label Single Dose Study to Investigate the Effect of Mild and Moderate 
Hepatic Impairment on the Pharmacokinetics, Safety and Tolerability of Mirabegron (YM178) 
Compared with Healthy Subjects YM178 Hepatic Impairment” 
 
Objectives: 
 
Primary  
• To assess the single dose PK of 100 mg of mirabegron in subjects with mild or moderate 

hepatic impairment relative to matching healthy subjects. 
Secondary  
• To evaluate the safety and tolerability of mirabegron in subjects with mild or moderate 

hepatic impairment. 
 
Study Design: 
 
This was a single 100 mg dose in healthy and hepatically impaired subjects. The determination 
of the severity of hepatic impairment was based on Child-Pugh scale. The study was conducted 
in 16 males and females with hepatic impairment, 8 mild, 8 moderate, and 16 healthy (The table 
below shows the demographic characteristics of the subjects). Subjects received the dose after 
overnight fast. PK blood samples were collected over 144 hours post dose. Below is the 
summary of subjects’ demographic characteristics. 
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Demographic Characteristics (Study 039) 

 
 
Results:  
 
From this study, the Cmax and AUC were increased in moderate hepatic impairment relative to 
healthy subjects (Figure 4.2.5.1 and tables 4.2.5.1 and 4.2.5.2). 
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Table 4.2.5.2. Statistical Analysis of Cmax and AUC of Mirabegron (Study 039) 

 
 
Reviewer’s Comments: 
 
Since mirabegron is extensively metabolized drug, it is expected the exposure will be increased 
as a function of hepatic impairment. Based on this, the sponsor proposed to reduce the dose of 
mirabegron to 25 mg in patients with moderate renal impairment. Mirabegron is not 
recommended in patients with severe hepatic impairment.  
 
 
 

Reference ID: 3129601



 96

4.2.6 Study 178-CL-005 (CYP2D6 Assessment and DDI with Metoprolol): 
 
Study Title: “An Open-Label, One-Sequence, Parallel Study to Compare the Single Dose 
Pharmacokinetics of YM178 in Healthy Poor or Extensive Metabolizers for CYP2D6 and to 
Assess the Effect of Multiple Doses of YM178 on the Metabolism of the Model Substrate 
Metoprolol” 
 
Objectives: 
 
Part I: To compare the single dose PK profile of mirabegron in poor (PM) and extensive (EM) 
metabolizers for CYP2D6 
Part II: To evaluate the effect of multiple doses of mirabegron on the metabolism of metoprolol; 
a model substrate of CYP2D6 
 
Study Design: 
 
All subjects were genotyped for CYP2D6 before the study. Genotype expression was confirmed 
by dextromethorphan phenotyping. 
 
Part I: The PK profile of a single dose of mirabegron was compared in 8 healthy subjects 
genotyped and phenotyped as PM for CYP2D6 and in 8 healthy subjects genotyped and 
phenotyped as EM for CYP2D6. Subjects were admitted from the day before dosing until 72 h 
after dose administration. Plasma and urine samples of mirabegron were collected before dosing 
and for 72h thereafter. 
 
Part II: The effect of mirabegron on the model substrate of CYP2D6 metoprolol was evaluated, 
using a cross-over design, in 12 healthy male subjects genotyped and phenotyped as EM for 
CYP2D6.  
 
Each subject received a single dose of metoprolol tartrate on the first day of dosing (Day 1). 
After a 1-day washout mirabegron was given as multiple doses alone for 4 days (Days 3-6) and 
in combination with metoprolol for 1 day (Day 7). The PK profile of metoprolol was assessed on 
the first day and on the last day of dosing. Plasma concentrations of mirabegron were measured 
on the last day of monotherapy and during the combination treatment of mirabegron with 
metoprolol. Trough levels of mirabegron were assessed throughout dosing of mirabegron. The 
following scheme shows the overall study design: 
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Schedule of the Overall Study design for Part I 

 
 
Schedule of the Overall Study design for Part II 
 

 
 
Subjects: 
 
The study was conducted in male Caucasian subjects with the age ranged from 18 to 55 years. 
Prior the initiation of the study, 120 subjects were genotyped for CYP2D6 alleles, and 49 of 
them were screened. Out of these, a total of 28 subjects completed the study as follows: 
 
Part I: 8 EMs and 8 PMs for CYP2D6 were planned, enrolled and completed the study, and 
were analyzed for the primary endpoints and for safety.  
Part II: 12 EMs for CYP2D6 were planned, enrolled and completed the study, and were 
analyzed for the primary endpoints and for safety. 
 
Dosing and Administration: 
 
Part I: Subjects received a single 160 mg dose of mirabegron as 2 x80 mg capsule after 
overnight fast. Plasma and urine samples were collected over 72 hours. 
 
Part II:  
This part was designed as a crossover study as follows: 
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Metoprolol: Subjects received 2 single doses of 100 mg metoporolol tablets on Day 1 and Day 
7. 
 
Mirabegron: Subjects received multiple doses of 160 mg as 2 x 80 mg capsules once daily on 
Days 3 through Day 7 and metoprolol on Days 1 and 7 (see above). In this case, mirabegron was 
administered alone for 4 days (Days 3 to 6). Metoprolol was administered alone on Day 1 and in 
combination with mirabegron on Day 7. Therefore, nothing was administered on Day 2 
(washout). 
 
Plasma concentrations of mirabegron were measured on the last day of monotherapy (Day 6) and 
during the combination treatment of mirabegron with metoprolol (Day 7). Trough levels of 
mirabegron were assessed throughout (pre-dose on days 3, 4, 5, and 6). Plasma samples for 
metoprolol PK were collected on Day 1 and Day 7 up to 36 hours post dosing in each day. 
 
Results: 
 
Part I: 
 
There was small difference in the PK data for mirabegron between EM and PM subjects (Table 
4.2.6.1 and Figure 4.2.6.1). The exposure in PM appears to be slightly higher (~19%) compared 
to EM. The same trend was also seen for urinary excretion data in PM which was approximately 
26% higher than EM (Table 4.2.6.2). For detail discussion please see Genomics Group review in 
Appendix II. 
 
Table 4.2.6.1 Mean Mirabegron PK Parameters in PM and EM Subjects (Study 005) 
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Figure 4.2.6.1 Mean Plasma Concentration-Time Profiles of Mirabegron in PM and EM 
Subjects (Study 0005) 

 
Table 4.2.6.2 Mean Mirabegron Urine PK Parameters in PM and EM Subjects (Study 005) 

 
 
Part II: 
 
• The summary data from Part II study is shown in Figure 4.2.6.2 and Tables 4.2.6.3-4.2.6.5.  
• The mean metoprolol Cmax was increased from 132 ng/mL to 247 ng/mL when co-

administered with miraegron. Also, the AUC was increased from 439 ng.h/mL to 1389 
ng.h/mL. Metoprolol half-life was also increased from the mean of 2.96 h to 4.11 h.  

• As expected, the Cmax and AUC of metoprolol metabolite, α-hydroxymetoprolol, were 
decreased (Cmax from 81.7 to 33.6 ng/mL and AUC from 540 to 260 ng.h/mL). 
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Table 4.2.6.5 Mean PK Parameters of α-Hydroxymetoprolol With and Without 
Mirabegron (Study 005) 

 
 
Reviewer’s Comments: 
 
• The observed increase in Cmax and AUC of mirabegron in the PMs compared to the EMs 

was minimal (see also Genomics Review in Appendix II). 
• The increase in metoprolol exposure was expected as mirabegron was found in vitro to be a 

moderate CYP2D6 inhibitor. Therefore, the increase in exposure of metoprolol could be a 
result of a combination of decrease the clearance of metoprolol by inhibition of its 
metabolism and increased the bioavailability by decreasing first-pass effect. 

• The inhibition of metoprolol metabolism by mirabegron was confirmed by the reduction in 
the formation its metabolites, α-hydroxymetoprolol. 
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4.2.7 Study 178-CL-038 (Effect of Desipramine): 
 
Study Title: “An Open-Label, One-Sequence Crossover Study to Evaluate the Effect of Multiple 
Doses YM178 on the Pharmacokinetics of the CYP2D6 Substrate Desipramine in Healthy 
Subjects: DDI Desipramine 
 
Objectives: 
 
• To determine the effects of steady state mirabegron levels on the PK of a single dose of 

desipramine 
• To evaluate the interaction between mirabegron and desipramine in terms of safety and 

tolerability 
• To evaluate the PK of desipramine after washout of mirabegron 
 
Study Design: 
 
This was one-sequence crossover study of 2 periods as follows: 
 
Period 1: 
 
Subjects received a single oral dose of 50 mg desipramine on Day 1. From Day 5 up to and 
including Day 23, subjects received daily oral doses of 100 mg mirabegron. A single dose of 50 
mg desipramine was given in combination with mirabegron on Day 18 (13 days after the first 
dose of mirabegron). Blood PK samples for desipramine were collected post dose on Day 18. In 
addition, from Day 16 up to and including Day 19, blood samples for mirabegron were collected.  
 
Period 2: 
 
After a wash-out period of 13 days, subjects received a single oral dose of 50 mg desipramine on 
Day 38. The overall design of the study is presented in the Scheme below:  
 

 
 
Blood samples for desipramine PK were collected over 120 hours post dose. 
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Figure 4.2.7.2 Mean (SD) Cmax of Desipramine With and Without Mirabegron (Study 058) 
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Figure 4.2.7.3 Mean (SD) AUCof Desipramine With and Without Mirabegron (Study 058) 
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Table 4.2.7.1 Mean PK Parameters of Desipramine With and Without Mirabegron (Study 
058) 

 
 
Table 4.2.7.2 Statistical PK Data of Desipramine with and Without Mirabegron (Study 
058) 

 
 
• As expected, the formation of desipramine metabolite, 2-hydroxydesipramine was reduced 

by inhibition of its metabolism (Figure 4.2.7.4 and Table 4.2.7.3). The mechanism of this 
reduction is similar to that for metoprolol (i.e., inhibition of CYP2D6 mediated metabolism). 

• In the presence of mirabegron, the Cmax of 2-hydroxydesipramine was approximately 50% 
lower than without mirabegron. 

• The mean ratio of AUC for 2-hydroxydesipramine in the presence of mirabegron was 
approximately 1.3. After the 15-day washout period, the mean AUC was comparable to the 
value observed at baseline. 
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Figure 4.2.7.4 Mean Plasma Concentration-Time Profiles of Desipramine Metabolite, α-
hydroxydesipramine, with and Without Mirabegron (Study 058) 

 
 
Table 4.2.7.3 Summary of PK Parameters of Desipramine Metabolite, α-
hydroxydesipramine, with and Without Mirabegron (Study 058) 
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Reviewer’s Comments: 
 
• The administration of mirabegron as a single dose for 19 days resulted in a 3.41-fold (i.e., 

241%) increase in desipramine AUC and 1.79-fold (i.e., 79%) increase in Cmax. 
• As expected, the formation of desipramine, α-hydroxydesipramine is expected to be reduced. 

In this case, the Cmax was reduced by 2-fold and AUC by 1.3 fold.  
• Desipramine half-life was also increased from approximately 19.5 h to 35.8 h when co-

administered with mirabegron. 
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4.2.8 Study 178-CL-036 (Effect of Ketoconazole): 
 
Study Title: “A Phase 1, Open-Label, Two-Period, One-Sequence Crossover Study to Assess 
Pharmacokinetic Interaction of Multiple Dose Ketoconazole on Single Dose YM178 Oral 
Controlled Absorption System (OCAS) in Healthy Male and Female Adult Volunteers” 
 
Objectives: 
 
• The primary objective of this study was to assess the PK interaction of multiple dose 

ketoconazole on single-dose mirabegron in healthy adult volunteers. 
 
• The secondary objective of this study was to assess the safety and tolerability of mirabegron 

alone and in combination with ketoconazole in healthy adult volunteers. 
 
Study Design: 
 
This was two-period, one-sequence crossover study in 12 healthy male (Group A) and 12 female 
(Group B) subjects.  There were 2 study periods for each group. A single 100 mg oral dose of 
mirabegron OCAS tablet was administered on Day 1 of period 1 and on Day 4 of period 2. 
During period 2, a 400 mg oral dose of ketoconazole was administered once daily on Days 1 
through 9. 
 
During period 1, subjects were admitted to the clinical unit on day -1, confined through the 
morning of day 4, and then released. Subjects returned the mornings of Days 5 through 7 for the 
collection of PK blood samples. 
 
During period 2, subjects were re-admitted to the clinical unit on Day -1, confined through the 
morning of Day 7, and then released. Subjects returned the mornings of Days 8 and 9 for 
ketoconazole dosing, the collection of PK blood samples. Subjects returned on the morning of 
Day 10 for final study assessments, including the collection of PK blood samples. The following 
Scheme shows the overall study design: 
 

 
Period 1: Mirabegron 100 mg administered on Day 1 
Period 2: Ketoconazole 400 mg once daily on Days 1 through 9. Mirabegron 100 mg was 
administered on Day 4 (Concomitant with ketoconazole). 
Washout: ~ 7 days from day 1 of period 1 
 
In period 1 and period 2 blood samples for mirabegron PK were collected up to 144 hours post 
dose of Day 1 (i.e., up to Day 7 in period 1) and post dose on Day 4 (i.e., up to Day 10 in period 
2). 
 

Reference ID: 3129601







 111

Table 4.2.8.1 Summary of PK Parameters of Mirabegron with and Without Ketoconazole 
(Study 036) 
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Table 4.2.8.2 Statistical Analysis of PK Parameters of Mirabegron with and Without 
Ketoconazole (Study 036 

 
 
Reviewer’s Comments: 
 
Since mirabegron is extensively metabolized and it undergoes multiple metabolic pathways, the 
effect of ketoconazole is considered minimal in this study. If CYP3A4 is the only isoenzyme that 
is responsible for the metabolism of mirabegron and if involved a single metabolic pathway, the 
effect of co-administration of ketoconazole would have been much greater (may be several folds) 
than what was observed in this study. 
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4.2.9 Study 178-CL-077 (TQT Study): 
 
Study Title: “A Phase 1, Randomized, Double-Blind, Placebo and Active Controlled, Parallel 
Crossover Study to Evaluate the Effect of Repeat Oral Doses of Mirabegron on Cardiac 
Repolarization in Healthy Male and Female Adult Subjects 
 
Objectives: 
 
• The primary objective of this study was to evaluate the effect of repeat oral dosing of 

mirabegron (50, 100 and 200 mg QD) on QTcI interval in healthy male and female adult 
subjects. 

• The secondary objectives of the study were: 
o To evaluate the effect of repeat oral doses of mirabegron (50, 100 and 200 mg QD) 

on QT interval corrected for heart rate using fixed mathematical form optimized for 
each subject (QTcIf) and QTcF interval in healthy adult subjects. 

o To characterize the PK of mirabegron in healthy adult subjects  
o To evaluate the safety and tolerability of mirabegron. 

 
Study Design: 
 
This was a double-blind, randomized, placebo and active controlled, parallel crossover, phase 1 
thorough QT (TQT) study in which each active treatment was investigated in a separate group 
crossed over with placebo. A randomization of 352 healthy volunteers (176 women and 176 
men) was planned for the study. The study consisted of two 10-day treatment periods (Days 1-
10) as follows: 
 
Days 1 to 9: Once daily dosing of mirabegron, mirabegron placebo or moxifloxacin placebo  
Day 10: Mirabegron, mirabegron placebo, moxifloxacin, or moxifloxacin placebo followed by a 
1 day post-treatment period (Day 11).  
 
All drugs were administered under fasted conditions. 
 
Baseline and ECG Measurements: Subjects checked in on Day -4 of each treatment period and 
had continuous baseline 12-lead ECGs recorded on Days -3 and -1.  
 
Washout: Each treatment period was separated by a washout period of at least 12 days from Day 
10 of treatment period 1 to day -4 of treatment period 2. 
 
Randomization and Subjects: Subjects were randomized to 1 of 8 treatment sequences 
(Sequence 1-8) and randomization was stratified by sex, with 22 women and 22 men assigned to 
each sequence as shown below: 
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Study Treatment Sequences: 

 
 
Dosing and Treatments: 
 
Miraabegron: 50, 100 and 200 mg tablets  
Moxifloxacin: 400 mg over-encapsulated tablets with matching placebos.  
 
The following table outlines the treatments: 
 
Study Treatments Administered: 

 
 
All subjects received the same number of tablets per day (3 tablets on days 1-9; and 3 tablets and 
one over-encapsulated tablet on Day 10) in each treatment period as either active drug or placebo 
to maintain the blind.  
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Subject’s Confinement: For each treatment period, subjects were admitted to the study center 
on day -4 and confined until the mid-day of Day 11. Subjects fasted for a minimum of 8 hours 
prior to dosing on Days 1 to 10; the same fasting schedule was followed on day -3 and day -1 
within each treatment period. 
 
ECG Measurement: On days of continuous ECG monitoring (Days -3, -1, 10 and 11 of each 
study period), subjects remained in the same comfortable supine positions for at least 10 minutes 
at prespecified data collection times. During these 10-minute periods, subjects had their whole 
body supported in a supine position, and were requested to remain as motionless as possible. 
They were not permitted to speak or to sleep and were strictly kept free of any external 
disturbance. On Days 1 and 3 of each treatment period, ECG recordings were obtained while the 
subjects were not required to adopt strict motionless supine positions. However, during these 
study days, the subjects were required to be in supine position for no less than 20 minutes of 
each hour in order to obtain noise-free ECG signals of sufficient technical quality. 
 
PK Samples: 
 
Blood samples were collected at the following time points: predose on Day 1 and Day 9, and at 
predose, 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12 and 14 hours postdose on Day 10 and on Day 11 (24 hours 
postdose on Day 10).  
 
Results: 
 
For detail discussion of the study design and results please see Pharmacometics group review in 
Appendix I and also QT-IRT review dated January 24, 2012. This review briefly discusses the 
main results and conclusions from this study. 
 
• The mean difference from placebo in QTcI increased with increasing doses of mirabegron in 

all treatment groups in both the total population and by sex (Table 4.2.9.1) 
• Mirabegron did not cause a QTcI prolongation at the proposed therapeutic dose of 50 mg. In 

the mirabegron 50 mg group the largest treatment effect occurred at 3 to 4 hours with a mean 
(upper bound of the 1-sided 95% CI) treatment difference of 3.66 (5.16) msec in all subjects, 
4.49 (6.81) msec in female volunteers and 2.96 (5.00) msec in male subjects.  

• A dose dependent increase in time-matched mean change in baseline-adjusted heart rate (HR) 
between mirabegron and placebo on Days 10 and 11 was observed after treatment with 
mirabegron (Table 4.2.9.2) 
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Table 4.2.9.1 Summary of Mean Difference Between Mirabegron and Placebo, Baseline 
Adjusted in Time-Matched QTcI Interval (msec) on Days 10 and 11, by 
Sex (Study 077) 
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Table 4.2.9.2 Summary of Mean Difference Between Mirabegron and Placebo, Baseline 
Adjusted in Time-Matched HR (bpm) on Days 10 and 11, by Sex (Study 077) 

 

 
 
• Mirabegron exposure increased with increase in dose. As shown in all other studies, the 

exposure was higher in females compared to males at all doses (Figures 4.2.9.1-4.2.9.3).  
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4.2.10 Study 178-CL-0041 (Effect of Food, U.S. Study): 
 
Study Title: “A Phase 1, Open-label, Randomized, Single Oral Dose, Three-Way Crossover 
Study to Assess the Effect of Food on the Pharmacokinetics of Mirabegron: 
Phase 1 Food Effect Study” 
 
Objective: 
 
The primary objective of the study was to assess the effect of food on the PK of a single oral 
dose of the mirabegron OCAS formulation (50 mg or 100 mg) in healthy male and female 
volunteers. 
 
Study Design: 
 
This was a single-dose, randomized, parallel-dose group, 3-period, 6-sequence crossover study. 
It was designed to assess the effect of food on the PK of mirabegron (50 mg or 100 mg) 
administered under fasted and fed conditions. Two fed conditions (high-fat and low-fat 
breakfasts) were evaluated. 
 
A total of 72 healthy subjects were enrolled in this study as follows: 
 
Group A: 50 mg dose (n=36, 18 men and 18 women) of OCAS tablet 
Group B: 100 mg dose (n=36, 18 men and 18 women) of OCAS tablet 
 
Subjects in each dose group were randomized to 1 of 6 sequences of treatment administration. 
Each subject participated in 3 treatment periods, with washout periods of at least 10 days 
between consecutive dose administrations.  
 
During the fasted treatment, subjects fasted overnight for at least 10 hours prior to receiving the 
dose of mirabegron (50 or 100 mg) and continued to fast for at least 4 hours after dosing. During 
the fed treatments, subjects fasted overnight for at least 10 hours before receiving either a high-
fat, high-calorie breakfast (approximately 1000 calories) or low-fat, light-calorie breakfast 
(approximately 450 calories). Mirabegron (50 or 100 mg) was orally administered 30 minutes 
after the start of the meal and no additional food was served until 4 hours after dosing. The 
caloric breakdown of the test breakfasts is shown below:  
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Figure 4.2.10.2 Mean (SD) Cmax of Mirabegron in Fed and Fasted Condition after 50 mg 
Dose (Study 041) 

Effect of Food on Mean (SD) Cmax and AUC of Mirabegron 
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Figure 4.2.10.3 Mean (SD) AUC of Mirabegron in Fed and Fasted Condition after 50 mg 
Dose (Study 041) 

Effect of Food on Mean (SD) Cmax and AUC After 50 mg Dose 
(Study 178-CL-41)
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Table 4.2.10.1 Summary of Mirabegron PK Parameters in Fed and Fasted Condition after 
50 mg Dose (Study 041) 

 

 
Table 4.2.10.2 Statistical Analysis of Mirabegron PK Parameters in Fed and Fasted 
Condition after 50 mg Dose (Study 041) 
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Reviewer’s Comments: 
 
The observed effect of food on mirabegron is associated with delay in absorption as a result of 
possible physical interaction with food. As BCS Class 3 (high solubility/low permeability) drug 
the absorption is likely to be rate limited by intestinal membrane permeation (i.e., intestinal 
influx and efflux plays an important role). The transport mechanism may become saturated in 
presence of fat. Therefore, meal constituents may compete for mirabegron uptake and efflux.  
 
Anther study was conducted in Japan with similar design as this study (178-CL-078). The effect 
of food observed in the Japanese study was similar to this study. 
 
It should be noted that Phase 3 studies were conducted irrespective of food. Since there was no 
major safety concern and the drug shows efficacy in Phase 3, the sponsor proposed that 
mirabegron can be taken with or without food. 
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Appendix I 
 
4.3.1 Pharmacometric Review 
 

Office of clinical PHarmacology: 
Pharmacometric review 

Application Number NDA 202611 
Submission Number (Date) 29 Aug 2011 
Drug Name Mirabegron 
Formulation: Extended release tablets 
Dose: 50 mg once daily (reduced to 25 mg daily for patients 

with severe renal or moderate hepatic insufficiency) 
Clinical Division Division of Reproductive and Urologic Products 
Primary CP Reviewer  Sayed (Sam) Al Habet, RP.h., Ph.D. 
Primary PM Reviewer Jiang Liu, Ph.D.  
Secondary CP Reviewer Myong-Jin Kim, Ph.D. 
Secondary PM Reviewer Yaning Wang, Ph.D. 
Sponsor Astellas Pharma Global Development, Inc. 

 
1 Summary of Findings 

1.1 Key Review Questions 
The purpose of this review is to address the following key questions. 

1.1.1 Does mirabegron exposure-response for efficacy and safety support the proposed 50 
mg QD dose?   
 

For the co-primary efficacy endpoints (i.e., change from baseline to final visit in mean number of 
incontinence episodes per 24 hours and change from baseline to final visit in mean number of 
micturitions per 24 hours), the 25, 50, and 100 mg QD mirabegron doses were consistently 
superior to the placebo in all of the Phase 3 clinical trials. A dose higher than 25 mg does not 
seem to provide significant further benefit for primary efficacy endpoints (Figure 1). Exposure-
response analyses indicate higher mirabegron exposure (AUC24_ss) was associated with larger 
volume voided and other supportive efficacy endpoints (e.g, better urgency and quality of life 
outcome). However, doses higher than 50 mg do not seem to offer significant further advantage 
(Figure 2 and Figure 3). The lack of substantial blood pressure (BP) effect of the 50 mg QD 
mirabegron in overactive bladder (OAB) patients may not be accurately evaluated from the 
Phase 3 trials.  In healthy subjects stabilized at the 50 mg QD mirabegron dose, an increase of 4 
mmHg (1.64, 6.43) in placebo corrected systolic blood pressure (SBP) 3 to 6 hours after dosing 
was observed (Figure 6). Further investigation of the BP effect of mirabegron in OAB patients 
should be conducted.  
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Figure 1.  The 25, 50, and 100 mg Mirabegron Doses Were Superior to the Placebo in the Pivotal 
Phase 3 Trials for the Co-Primary Efficacy Endpoints: Change in Incontinence 
Episodes (Top) and Micturitions (Bottom) Per 24 Hours. 
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Exposure-response for efficacy:  

• For the co-primary efficacy endpoints, the 25, 50, and 100 mg mirabegron doses were all 
superior to the placebo in the pivotal Phase 3 trials. A dose higher than 25 mg does not 
seem to provide significant further benefit (Figure 1). 

• For the secondary efficacy endpoint (i.e., change from baseline to final visit in mean 
volume voided per micturition), higher mirabegron exposure (AUC24_ss) was associated 
with larger volume voided.  However, doses higher than 50 mg do not seem to offer 
significant further advantage (Figure 2 and Figure 3). 

• For supportive efficacy endpoints (e.g, change from baseline to final visit in mean 
number of urgency episodes per 24 hours, change from baseline to final visit in mean 
level of urgency, and change from baseline to final visit in treatment satisfaction- visual 
analog scale, TS-VAS), higher mirabegron exposure (AUC24_ss) was also associated with 
better outcomes. Again, doses higher than 50 mg do not seem to offer significant further 
advantage (not shown). 
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1.3 Label Statements 
Labeling statements to be removed are shown in red strikethrough font and suggested labeling to 
be included is shown in underline blue font. 

 

2. Pertinent regulatory background 
This is the original submission (NDA 202611) that the sponsor is seeking approval of 
mirabegron 50 mg QD for the treatment of symptoms associated with OAB in adult patients. 

Mirabegron is a selective agonist for human beta 3-adrenoceptor (beta 3-AR). It is a new 
chemical entity, first-in-class compound with a distinct mechanism of action compared with the 
current standard of care, primarily antimuscarinics, as pharmacotherapy for the above indication. 
Mirabegron was approved in Japan in 2011. 

The initial clinical development program examined an indication of type 2 diabetes mellitus and 
was subsequently discontinued due to the absence of efficacy. A total of 29 Phase 1 studies and 
12 Phase 2 and 3 studies (9 in patients with OAB) have been conducted globally over 10 years in 
10,552 volunteers, patients with OAB, patients with lower urinary tract symptoms 
(LUTS)/bladder outlet obstruction (BOO), or patients with type 2 diabetes mellitus. The primary 
efficacy and safety data comes from 3 Phase 3 studies: 178-CL-046, 178-CL-047, and 178-CL-
074. Also the Phase 2b Study 178-CL-044 and the Japanese Phase 3 Study 178-CL-048 and 
Phase 2b Study 178-CL-045 provide supportive evidence. 

 

3 Results of Sponsor’s Analysis 

3.1 Explore the exposure-response relationship for efficacy 
The exposure-response relationships for micturition frequency, mean volume voided and 
incontinence frequency have been investigated. The data included were from the Phase 2b Study 
178-CL-044 and the 3 pivotal Phase 3 studies. In total, there were 5346 subjects in the analysis, 
and doses of mirabegron ranging from 25 mg to 200 mg. The exposure-response for incontinent 
episodes indicated that the exposure response relationship was flat (Figure 7). Exploratory 
graphical analyses demonstrated higher mirabegron exposure (AUC24) was associated with larger 
volume voided and more reduction in micturition frequency (Figure 8).  
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Figure 7.  Incontinent Episodes Change from Baseline (Left) and Incontinent Episodes for at Least a 50% 
Reduction from Baseline  (Right) versus Mirabegron AUC24 

Comparison of a smooth through the data (red) to the grouped means with 90% CI (by ascending AUC group) 
(Source: Sponsor’s Study Report: 178-PK-017, Figure 19 and 21) 
 

Figure 8.  Placebo Corrected Change from Baseline (Left) in Micturition Frequency and Volume Voided  (Right) 
versus Mirabegron AUC24 

Comparison of a smooth through the data (red) to the grouped means with 90% CI (by ascending AUC group) 
(Source: Sponsor’s Study Report: 178-PK-017, Figure 12) 
 

A joint ANCOVA type model was also developed for Micturition frequency and mean volume 
voided. The model corrected for baseline, estimated the placebo effect, and used a sigmoidal 
Emax model for mirabegron. It also estimated the tolterodine 4 mg SR effect for both endpoints: 
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where “Emic” is the observed LOCF change from baseline for micturition frequency, and “Evol” is 
the observed LOCF change from baseline for mean volume voided. The ANCOVA correction 
for baseline micturitions for subject i (“basemic i”) and baseline mean volume voided (“basevol i”) 
is through parameters “Bmic” and “Bvol”, which are centered using 12 micturitions and 160 mL 
for micturition frequency and mean volume voided respectively. The “Emax” is the maximum 
effect, “AUC50” is the AUC required to give 50% of the maximal response, “AUCi” is the AUC 
for subject i, and “γ” is the Hill coefficient. The parameter “FACTOR” scales the “Emax” from 
the micturition frequency to the correct value for mean volume voided. The tolterodine 4 mg SR 
effects are estimated using parameters “Tolmic” and Tolvol” for micturition frequency and mean 
volume voided respectively. The placebo effect is modelled with parameters “E0mic” and “E0vol”. 
As different studies typically vary in the placebo response, the parameters “E0mic” and “E0vol” 
were fitted for a reference study (the largest, Study 46), with offset terms for the other three 
studies (44, 47, and 74). The residual variances for micturition frequency and mean volume 
voided are σ1

2 and σ2
2 respectively, with ρ the correlation between the two residual variances. 

The influence of continuous and categorical covariates was also tested for their effect on the 
placebo response for either micturition frequency (E0mic) and/or mean volume voided (E0vol) and 
the mirabegron AUC50 parameter. Both the base and the final model offered a reasonable 
description of the relationship between both micturition frequency and mean volume voided and 
mirabegron exposure (Figure 9). Emax was estimated to be a -0.66 change in micturitions versus 
placebo (95% CI: -0.49, -0.88). The maximum effect for mean volume voided was about 14.5 
mL. AUC50 was estimated to be 75 ng*hr/mL (95% CI: 46, 123 ng*hr/mL). No covariates were 
found to influence AUC50. Simulation predicted 52% and 85% of the estimated maximal 
response for the 25 and 50 mg mirabegron doses respectively. 
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Figure 9.  Placebo Corrected Change from Baseline (Left) in Micturition Frequency and Volume Voided (Right) 
versus Mirabegron AUC24 with Smooth and 95% CI (Red Lines) and the Final Fitted Models 
Overlaid (Black Line). 

 
(Source: Sponsor’s Study Report: 178-PK-017, Figure 24) 
 

3.2 Explore the exposure-response relationship for safety 
No exposure-response relationships were found for either systolic or diastolic blood pressure in 
patients with OAB using data from the above 4 studies (Figure 10). In contrast, a graphical 
analysis of data from 3 separate healthy volunteer studies (178-CL-031, 178-CL-037 and 178-
CL-072) revealed an increase in SBP as a function of increase in exposure (Figure 11). Sex had 
no effect on the SBP response. The increase in SBP as a function of exposure tended to be more 
marked in younger subjects. Analysis by age subsets revealed that the absence of an effect of 
exposure on changes in SBP overall was age-dependent. An increase in SBP as a function of 
exposure was observed in OAB patients younger than 45 (Figure 12). 
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Figure 11.  Comparison of SBP Change from Baseline versus AUC24 at the Steady State from Healthy 
Volunteers and Patients with OAB. Trend Lines for the Healthy Volunteers (Red Lines) and 
Patients with OAB (Orange Lines) Are Superimposed. 

 
(Source: Sponsor’s Study Report: 178-PK-022, Figure 33) 
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Figure 12.  Comparison of SBP Change from Baseline versus AUC24 at the Steady State from Healthy 
Volunteers and Patients with OAB Aged Less Than 45 Years. Trend Lines for the Healthy 
Volunteers (Red Lines) and Patients with OAB (Orange Lines) Are Superimposed. 

 
(Source: Sponsor’s Study Report: 178-PK-022, Figure 33) 

 
The graphical analysis of the exposure-pulse rate relationship in patients with OAB revealed that 
an apparent pulse rate increase with a higher mirabegron exposure (Figure 13). A population 
exposure-pulse rate model of mirabegron in OAB patients was also developed. The model has 
three major components: (1) a ‘baseline’ model that describes the morning and afternoon pulse 
rate during the run-in period, (2) a ‘placebo’ model that describes the placebo effect which is 
additive to the baseline during the treatment period (only significant in the afternoon: -0.39 ± 
0.10 bpm), (3) a ‘drug’ EMAX model which is additive to both the baseline and placebo models 
and that describes the mirabegron exposure-related pulse rate increase. The results indicated that 
the mean maximum increase in pulse rate was 6.97 ± 0.81 bpm and the mean mirabegron 
exposure that gives 50% of maximum pulse rate increase is 1086 ng.h/mL (with 95%CI: 721 – 
1635 ng.h/mL) in the typical subject (60 years with morning pulse rate baseline of 70 bpm and 
no co-medication with beta-blockers). The covariate analysis found the mean log(AUC50) of 
6.99 ± 0.21 increased with increasing age (+0.31 ± 0.06 per 10 years), morning baseline (+0.55 ± 
0.098 per 10 bpm) and co-treatment with beta-blockers (+0.73 ± 0.22) indicating that the pulse 
rate increase induced by mirabegron diminishes with age, with increased baseline pulse rate and 
when beta-blockers are co-administered. The impact of period of the day, body mass index, sex, 
studies, race, diabetes, cardiac heart failure, hypertension, beta2-agonists and diuretics on drug 
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Table 1.  ANCOVA Modeling Results: Change from Baseline at Endpoint in Mean Number of Micturitions 
per 24 Hours (FAS) 

  Placebo YM178 OCAS
25 mg qd 

YM178 OCAS
50 mg qd 

YM178 OCAS 
100 mg qd 

YM178 OCAS
200 mg qd 

N 166 167 167 168 166 

Adjusted mean CFB -1.44 -1.88 -2.08 -2.12 -2.24 

Estimated difference 
from placebo   -0.45 -0.64 -0.68 -0.80 

95% CI   -0.99; 0.10 -1.19; -0.10 -1.22; -0.13 -1.34; -0.25 

P-value   0.1083 0.0205* 0.0152* 0.0041* 

(Source: Sponsor’s Study Report: 178-PK-044, Table 13) 

 
Table 2.  ANCOVA Modeling Results: Change from Baseline at Endpoint in Mean Number of Incontinence 

Episodes per 24 Hours (FAS) 

  Placebo YM178 OCAS
25 mg qd 

YM178 OCAS
50 mg qd 

YM178 OCAS 
100 mg qd 

YM178 OCAS
200 mg qd 

N 106 99 108 111 110 

Adjusted mean CFB -0.53 -1.36 -1.15 -1.06 -1.10 

Estimated difference 
from placebo   -0.84 -0.62 -0.53 -0.58 

95% CI   -1.45; -0.23 -1.22; -0.02 -1.12; 0.06 -1.16; 0.01 

P-value   0.0072* 0.0416* 0.0758 0.0551 

 (Source: Sponsor’s Study Report: 178-PK-044, Table 21) 

 

4 Reviewer’s Analysis 

4.1 Introduction 
This is the original submission of mirabegron, a first-in-class of a selective agonist for human 
beta 3-adrenoceptor (beta 3-AR). The sponsor is seeking approval of mirabegron for the 
treatment of symptoms associated with OAB in adult patients. The proposed dose of mirabegron 
is 50 mg orally once daily (QD) with or without food in the general population and 25 mg QD in 
renal and hepatic impairment patients. A thorough review of the dosing strategy and exposure-
response relationships for efficacy and safety is performed. 
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4.2 Objectives 
Analysis objective is to assess the proposed 50 mg QD dose based on the exposure-response 
relationship for efficacy and safety. 
 

4.3 Methods 

4.3.1 Data Sets 
Data sets used are summarized in Table 3 
 
Table 3 Table 3 
 
Table 3.  Analysis Data Sets 

Study Number Name  Link to EDR 
178-pk-017 input01.xpt 

(incontinent) 
\\cdsesub5\EVSPROD\NDA202611\0000\m5\datasets\178-pk-
017\analysis\datasets\input01.xpt 

178-pk-017 input02.xpt 
(Micturition 
and Volume 
Voided) 

\\cdsesub5\EVSPROD\NDA202611\0000\m5\datasets\178-pk-
017\analysis\datasets\input02.xpt 

integrated-
analysis-
of-efficacy 

admd.xpt \\cdsesub5\EVSPROD\NDA202611\0000\m5\datasets\integrated-
analysis-of-efficacy\analysis\datasets\admd.xpt 

integrated-
analysis-
of-efficacy 

admd2.xpt \\cdsesub5\EVSPROD\NDA202611\0000\m5\datasets\integrated-
analysis-of-efficacy\analysis\datasets\admd2.xpt 

integrated-
analysis-
of-safety-
p2-3 

advsoor.xpt \\cdsesub5\EVSPROD\NDA202611\0014\m5\datasets\integrated-
analysis-of-safety-p2-3-
datasets\analysis\datasets\advsoor.xpt' 

178-cl-031 vs_os.xpt \\cdsesub5\EVSPROD\NDA202611\0000\m5\datasets\178-cl-
031\analysis\datasets\vs_os.xpt' 

178-cl-031 D_PK.xpt \\cdsesub5\EVSPROD\NDA202611\0000\m5\datasets\178-cl-
031\analysis\datasets\D PK.xpt' 

178-cl-077 advs.xpt \\cdsesub5\EVSPROD\NDA202611\0000\m5\datasets\178-cl-
077\analysis\datasets\advs.xpt' 

 

4.3.2 Software 
SAS, R, and NONMEM were used for the reviewer’s analyses. 

 

4.3.3 Models and Results 

4.3.3.1 Exposure-Response relationship for efficacy 
The exposure-response analyses for efficacy mainly focused on the non-Japanese trials for 
patients with OAB.  The data were pooled from the Phase 2b study 178-CL-044 and the three 
pivotal Phase 3 studies 178-CL-046, 178-CL-047, and 178-CL-074.  The exposure was the 
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5 Listing of Analyses Codes and Output Files 
File Name Description Location in 

\\cdsnas\pharmacometrics\Reviews\Ongoing 
PM Reviews\ 

ER_efficacySafety.sas ER analysis in OAB 
patients 

\Mirabegron_NDA202611_JL\ER_Analyses\ 

BP_S31.sas ER analysis for BP in 
healthy subjects 

\Mirabegron_NDA202611_JL\ER_Analyses\ 

quartilePlot_sigEmax.sas ER plotting \Mirabegron_NDA202611_JL\ER_Analyses\ 
quartilePlot_loglinearMix.sas ER plotting \Mirabegron_NDA202611_JL\ER_Analyses\ 
S047_incontinenceTimeCourse.r Dose-response time 

course 
\Mirabegron_NDA202611_JL\ER_Analyses\ 

S077_BPTimeCourse.r Dose-response time 
course for BP 

\Mirabegron_NDA202611_JL\ER_Analyses\ 
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Appendix - Population PK Analyses of Mirabegron 

6 Summary of Findings 
The final population PK model for orally administered mirabegron was a three compartment 
model with sequential zero- and first-order absorption processes. Mirabegron exposure was 
influenced by covariates:  

• weight and sex on CL and central volume of distribution  

• dose on F1. 

Other covariate influences affecting the exposure were age, co-administration of proton pump 
inhibitors, co-administration of weak to moderate CYP3A4 inhibitors, creatinine clearance and 
food conditions. Important effects based on simulations were found for the following covariates: 

• Dose: AUCtau for doses of 25 to 200 mg increased by a factor 20 while the dose increased 
only by a factor of 8. 

• Body weight: AUCtau increased with decreasing body weight. From a body weight of 70 
kg, AUCtau increased by 52.8 % for a body weight of 30 kg and decreased by 16.5% for a 
body weight of 100 kg. 

• Sex: AUCtau was 27.5% lower for male compared to female. 

• Creatinine clearance: AUCtau increased with decreasing creatinine clearance. From a 
creatinine clearance of 92 mL/min, AUCtau increased by 39.9 % for a creatinine 
clearance of 25 mL/min and decreased by 10.6 % for a creatinine clearance of 142 
mL/min. 

• Age: AUCtau increased with increasing age. From a patient aged 60 years, AUCtau 
decreased by 23.9 % for a patient aged 20 years and increased by 10.6 % for a patient 
aged 90 years. 

 

7 Results of Sponsor’s Analysis 
The sponsor conducted a population pharmacokinetic analysis to: 

1. Characterize the pharmacokinetics of mirabegron in OAB patients 
2. Evaluate the effects of covariates on mirabegron exposure 
3. Obtain individual post-hoc estimates of mirabegron exposure for exposure-response 

analysis 
 
The dataset consisted of plasma concentrations in OAB patients from 2 Phase 2 studies (178-CL-
044, 178-CL-045) and four Phase 3 studies (178-CL-046, 178-CL-047, 178-CL-048 and 178-
CL-074). In all studies, mirabegron was administered in OCAS formulation. Due to very sparse 
information in these above 6 studies and in order to well characterize the disposition Phases of 
mirabegron, a population structural PK model was first developed using only intravenous data 
from Studies 178-CL-033 and 178-CL-076 in healthy subjects. Records for which concentrations 
were missing or below the limit of quantification (BLQ) were removed from the database. 
Further details of the dataset are provided in Table 4-Table 6. 
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Table 4. Summary of Data Included in the Population Pharmacokinetic Analysis 

Study 033 076 044 045 046 047 048 074 
Number of 
subjects 

12 89 626 586 925 778 358 808 

Number of PK 
samples 

202 1670 3292 1675 3421 2723 1020 2975 

Mirabegron  
formulation 

IV IV OCAS OCAS OCAS OCAS OCAS OCAS 

Single/Multiple 
dose 

Single Single Multiple Multiple Multiple Multiple Multiple Multiple

Dose levels 15 
and 
50 mg 

7.5, 
15 
and 
30 mg 

25, 50, 
100 and 
200 mg 

25, 50 
and 100 
mg 

50 and 
100 mg 

50 and 
100 mg 

50 mg 25 and 
50 mg 

No. 
samples/subject 

18 
post-
dose 

19 
post-
dose 

5 to 6 
samples: 
2 to 3 
samples 
per visit 
(WK 4, 
8, 12) 

3 
samples: 
1 
samples 
per visit 
(WK 4, 
8, 12) 

4 
samples: 
1, 2 or 3 
samples 
per visit 
(WK 4, 
8, 12) 

4 
samples: 
1, 2 or 3 
samples 
per visit 
(WK 4, 
8, 12) 

3 
samples: 
1 
samples 
per visit 
(WK 4, 
8, 12) 

4 
samples: 
1, 2 or 3 
samples 
per visit 
(WK 4, 
8, 12) 

LOQ 1 
ng/mL 

0.2 
ng/mL 

1 ng/mL 1 ng/mL 0.2 
ng/mL 

0.2 
ng/mL 

1 ng/mL 0.2 
ng/mL 

 
Table 5. Summary of Continuous Covariates for the Subjects Included in the Oral Phase II and III Analysis 

Study Statistic Age 
(years) 

BMI 
(Kg/m2) 

Scr 
(µM/L) 

CrCL 
(mL/min) 

GFR 
(mL/min/1.73m2) 

Weight 
(kg) 

044 
n=626 

 

Mean 
Median 

Min 
Max 

57 
58 
18 
91 

27 
27 
16 
51 

73 
71 
32 
176

92 
88 
31 
239

82 
81 
34 
195 

74 
72 
40 
129

045 
n=586 

 

Mean 
Median 

Min 
Max 

56 
58 
20 
80 

23 
22 
16 
42 

55 
53 
19 
137 

97 
93 
30 
262 

111 
110 
34 
290 

57 
55 
33 
106 

046 
n=925 

 

Mean 
Median 

Min 
Max 

59 
60 
19 
90 

28 
27 
17 
50 

72 
70 
24 
236 

98 
94 
27 
224 

88 
88 
24 
259 

77 
76 
42 
132 

047 
n=778 

 

Mean 
Median 

Min 
Max 

60 
61 
21 
87 

30 
29 
17 
63 

77 
74 
37 
147 

98 
91 
33 
258 

81 
80 
34 
177 

84 
81 
43 
172 
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048 
n=358 

 

Mean 
Median 

Min 
Max 

59 
60 
22 
89 

22 
22 
15 
38 

58 
55 
34 
124 

86 
83 
28 
195 

103 
101 
40 
177 

55 
53 
34 
90 

049 
n=808 

 

Mean 
Median 

Min 
Max 

60 
61 
21 
87 

29 
28 
16 
58 

77 
75 
46 
187 

97 
92 
35 
241 

83 
82 
31 
137 

82 
80 
41 
168 

Total 
n=4081 

Mean 
Median 

Min 
Max 

59 
60 
18 
91 

27 
26 
15 
63 

70 
69 
19 

236 

96 
91 
27 

262 

89 
87 
24 

290 

74 
72 
33 

172 
(Source: Sponsor’s Study Report: 178-PK-015, Table 7) 

 
Table 6. Summary of Categorical Covariates for the Subjects Included in the Oral Phase II and III Analysis 

 

Study1 
 

Sex 
 

Race 
 

Study2 
 

Food4 

044 
n=626 

 

Male          61 
Female        565 

Caucasian              615 
Black                        2 
Asian                        2 
Japanese                  0 
Other3                                   7

3 
n=3292 
CL-044 

Fasting 
Fed 

0 
3292

045 
n=586 

 

Male        102 
Female        484 

Caucasian                 0 
Black                        0 
Asian                        0 
Japanese               586 
Other                        0

4 
n=1675 
CL-045 

Fasting 
Fed 

0 
1675

046 
n=925 

 

Male        263 
Female        662 

Caucasian              916 
Black                        2 
Asian                        4 
Japanese                  0 
Other                        3

5 
n=3421 
CL-046 

Fasting 
Fed 

1672 
1749

047 
n=778 

 

Male        206 
Female        572 

Caucasian              697 
Black                      53 
Asian                      15 
Japanese                  0 
Other                      13

6 
n=2723 
CL-047 

Fasting 
Fed 

1012 
1711

048 
n=358 

 

Male          58 
Female        300 

Caucasian                 0 
Black                        0 
Asian                        0 
Japanese               358 
Other                        0

7 
n=1020 
CL-048 

Fasting 
Fed 

2 
1018

049 
n=808 

 

Male        261 
Female        547 

Caucasian              741 
Black                      57 
Asian                        7 
Japanese                  0 
Other                        3

8 
n=2975 
CL-074 

Fasting 
Fed 

1461 
1514
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Parameter 

 
Estimate 

1 
SE 

(CV %)
IIV 
(%) 

CL       L/h 50.5 2.2 14.5 
V1       L 19.8 3.9 14.1 
K12     1/h 2.39 4.3 / 
K21     1/h 0.0399 2.1 / 
K13     1/h 3.15 3.2 / 
K31     1/h 0.374 2.4 / 
Weight effect 0.50 FIX / / 
Males effect + 0.142 22 / 
Correlation (CL/V1) 0.539 / / 
Residual error  (%) 14.3 4.2 / 

Total 
n=4081 

Male       951 
Female     3130 

Caucasian         2969 
Black                   114 
Asian                     28 
Japanese             944 
Other                     26

Total 
n=15106 

Fasting 
Fed 

4147 
10959

 
1: n corresponds to the number of subjects 
2: n corresponds to the number of mirabegron concentrations 
3: missing RACE information was re-coded to race ‘Other’ 
4: missing FOOD information was re-coded to Fed conditions 

(Source: Sponsor’s Study Report: 178-PK-015, Table 9) 

 

7.1 Pharmacokinetics Model 

A three compartment structural model was first selected based on the IV data. The parameter 
estimates for the final IV pharmacokinetic model are presented in Table 7. Based on goodness-
of-fit plots (Figure 17), the model describes the data well. Inter-individual variability was fairly 
low, being approximately 14% for both CL and central volume of distribution (V1). Covariates 

entered the model in a way, as is illustrated in 
2

1

θ

θ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
•=

COVAR

i
i TV

COVAR
PAR  for continuous 

covariates and in ( )ii COVARPAR •+•= 21 1 θθ for categorical covariates. Both total CL and V1 
increased with increasing Weight, 10% change in Weight leads to around 5% change in 
parameters, and both parameters were higher in males (+14.2%). 

 
Table 7. Estimated Population Pharmacokinetic Parameters of Mirabegron from the Final Pharmacokinetic 

Model after IV Administration 

 
 (Source: Sponsor’s Study Report: 178-PK-015, Table 20) 
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Figure 17.  Mirabegron Goodness-of-Fit Plots for the Final Three Compartment Model with Covariate 
Influences after IV Administration of Mirabegron. The Red Lines Show the Observed Trend 
Which Overlaid With the Identity Line (Blue Lines). 

 
(Source: Sponsor’s Study Report: 178-PK-015, Figure 13) 

For the oral data, a combination of zero-order and first order absorption model was chosen. The 
disposition parameter values as obtained in the IV model were applied in the oral model. A 
power model was selected to take into account the dose-dependency on F1. The parameter 
estimates for the final oral pharmacokinetic model are presented inTable 7. Based on goodness-
of-fit plots (Figure 18 - Figure 19), the model fitted well the data at the population level (PRED 
and CWRES), but some minor trends could be observed at the individual level (IPRED). There 
was no trend when looking at residuals as function of period (Week 4, 8 and 12). The influence 
of the different covariates on the typical concentration-time profiles after oral administration in 
OAB patients is illustrated in Figure 20.  Some covariates (e.g. co-administration of Proton 
Pump inhibitors on total clearance, and Food condition and co-administration of Weak to 
Moderate CYP3A4 inhibitors on central volume of distribution), in spite their statistical 
significance, have little impact on the concentration-time profile of mirabegron and the exposure. 
 
Table 8. Estimated Population Pharmacokinetic Parameters of Mirabegron from the Final Pharmacokinetic 

Model after Oral Administration 
 
Parameter 

 
Estimate 

 
SE 

(CV %)
IIV 
(%) 

IOV 
(%) 
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CL       L/h 50.5 Fixed / 41 / 
V2 (V1) L 19.8 Fixed / 106 / 
K23     1/h 2.39 Fixed / / / 
K32     1/h 0.0399 Fixed / / / 
K24     1/h 3.15 Fixed / / / 
K42     1/h 0.374 Fixed / / / 
Ka       1/h 0.109 4.0 / / 
D1       h 2.79 6.4 / / 
F1 50 mg 0.220 1.3 211 321 
Gamma_CL,V2_Weight +0.50 Fixed / / / 
CL,V2_Male +0.142 Fixed / / / 
CL_Proton_Pump_Inh -0.0919 20 / / 
CL_Proton_Pump_Inh missing +0.102 23 / / 
Gamma_V2_Dose -0.453 9.3 / / 
V2_Weak_CYP3A4 +0.426 15 / / 
V2_Weak_CYP3A4 missing +0.690 21 / / 
V2_Food_non_Japanese +0.187 16 / / 
Gamma_F1_Dose +0.443 3.7 / / 
F1_Male -0.170 9.7 / / 
Gamma_F1_Age +0.245 17 / / 
Gamma_F1_CrCL -0.258 12 / / 
Correlation (CL/V2) +0.775 / / / 
Residual error  (%) 26.1 3.5 / / 

2 
IIV/IOV calculation: 100*(F1 50 mg)*(1-F1 50 mg)*sqrt(ETA)/(F1 50 mg) 

 

 (Source: Sponsor’s Study Report: 178-PK-015, Table 27) 
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Figure 18.  Mirabegron Goodness-of-Fit Plots for the Final Model with Covariate Influences after Oral 
Administration of Mirabegron. The Red Lines Show the Observed Trend Which Overlaid with 
the Identity Line (Blue Lines). 

 
(Source: Sponsor’s Study Report: 178-PK-015, Figure 26) 
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Figure 20.  Simulated Effects of Covariates on Population Concentration-Time Profiles after Oral 
Administration of Mirabegron at the Steady-State. 

 
(Source: Sponsor’s Study Report: 178-PK-015, Figure 30) 

 
 
Reviewer’s Comment: The population PK model based on the IV data characterized the 
disposition Phase of mirabegron reasonably well. Due to the sparse information in the oral 
datasets, precisely characterizing the absorption PK profile of the oral formulation was 
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challenging and the outcome from evaluating the influence of covariates should be interpreted 
only as evaluating the influence of covariates on the exposure of mirabegron and not on specific 
parameters. The food conditions had no or little impact on mirabegron exposure based on the 
population PK oral model, however this result was likely to be confounded by other factors (e.g., 
food effect can only be assessed in the non-Japanese studies). The clinical significance of the 
effect of weight, sex, age, and food on mirabegron exposure has also been evaluated with 
specific studies (see Dr. Al Habet’s review). 
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Appendix II 
 

OFFICE OF CLINICAL PHARMACOLOGY  
GENOMICS GROUP REVIEW 

 
NDA/BLA Number 202611 
Submission Date 08/29/11 
Applicant Name Astellas 
Generic Name Mirabegron 
Proposed Indication Treatment of overactive bladder 
Primary Reviewer Christian Grimstein, Ph.D. 
Secondary Reviewer Mike Pacanowski, Pharm.D. M.P.H. 
 
1 Background 
 
Mirabegron is a beta-3 adrenergic agonist that is proposed for use in the treatment of overactive 
bladder.  Mirabegron is metabolized by the polymorphic CYP2D6 based on in vitro studies. The 
sponsor assessed mirabegron exposure among different CYP2D6 phenotypes in several single- 
and multiple-dose studies using either the immediate release (IR) or the to-be-marketed orally-
controlled absorption system (OCAS) formulation. According to the sponsor’s analysis, no 
differences in exposure were seen among the various CYP2D6 phenotypes, regardless of 
formulation and dosing regimen (i.e. single-dose vs. multiple-dose). In the label, the sponsor has 
proposed language stating that CYP2D6 does not impact mirabegron exposure  

  The purpose of this review is to assess the 
magnitude of the CYP2D6 genotype effect on mirabegron exposure in the multiple-dose scenario 
and whether these results are appropriate to include in labeling.  
 
2 Submission Contents Related to Genomics 
 
The sponsor provided subject level CYP2D6 phenotype and genotype data from three Phase 1 
multiple-dose clinical studies in which the OCAS formulation was administered (Table 1). 
Dextromethorphan phenotype data were available for one multiple-dose study (study 178-CL-
072).  
 
Table 1: Studies with subject-level CYP2D6 phenotype and genotype data.  

Study Population Design Objective Genotypes assessed Dose/ 
regimen 

DNA 
sampling rate 

178-CL-
037 

Healthy R, DB, 4-
way 

crossover 

QT *3, *4, *5, *6, xN, *17 
(unknown if other alleles 

were assessed) 

100mg, 
200mg, qd 

46/49 (94%) 

178-CL-
072 

Healthy R, OL, 2-
way 

crossover 

PK *3,*4, *5, *6, xN 25mg, 
50mg,  

100mg; qd 

71/75 (95%) 

178-CL-
077 

Healthy R, DB, 2-
way 

crossover 

QT *2, *3, *4,*5, *6, *7, *9, 
*10, *14, *17, *29, *41, 

*45/46, xN 

50mg, 
100mg, 

200mg; qd 

249/352 (71%) 

R: randomized; DB: double-blind; OL: open-label  
 

Reference ID: 3129601

(b) (4)



 155

Subjects were categorized based on their genotype-derived phenotype in studies 178-CL-037 and 
-077 (using a validated real-time PCR assay), and based on dextromethorphan phenotype in 
study 178-CL-072 (metabolic ratios >0.3 were classified as poor metabolizers).  Genotype-
inferred phenotype designations were inconsistent across studies. Although CYP2D6 *3, *4, *5, 
and *6 were assessed in all three studies, other CYP2D6 alleles were not assessed in all three 
studies.  Generally, subjects were predicted as poor metabolizers (PMs) if they carried two non-
functional alleles (*3, *4, *5, *6), intermediate metabolizers (IMs) if they carried 1 non-
functional and 1 functional or 1 allele with reduced function or 2 alleles with reduced function. 
Extensive metabolizers (EMs) carried 2 functional alleles or 1 functional allele and 1 allele with 
reduced activity. Ultrarapid metabolizers (UMs) carried gene duplications.  The intermediate 
metabolizer category was not assigned in studies 178-CL-037 and 178-CL-072, and the ultra-
rapid metabolizer category was not assigned in study 178-CL-072. 
 
The sponsor evaluated doses of 25mg, 50mg, 100mg, and 200mg. The effect of CYP2D6 
genotype was also determined following 242 single-dose exposures to 50 or 100 mg of 
mirabegron. The proposed labeling is based on this single-dose PK data and is summarized in 
section 5.2. Only the sponsor’s assessment of the multiple dose studies will be reviewed here and 
reanalyzed below, as this represents the more relevant clinical scenario. 
 
 
3 Key Questions and Summary of Findings 
 
3.1 Does CYP2D6 genotype affect mirabegron PK? 
 
Sponsor’s analysis: 
In study 178-CL-072, the sponsor determined CYP2D6 phenotype based on dextromethorphan/ 
dextrorphan ratio in urine at screening (genotype was assessed in this study as well but not used 
for phenotype classification). In contrast, in studies 178-CL-037 and -077, phenotypes were 
assigned based on genotypes.  Based on the sponsor’s analysis, no clinically relevant differences 
between assessed CYP2D6 phenotypes were observed (Tables 2, 3). The sponsor concluded that 
CYP2D6 phenotype does not impact mirabegron exposure as indicated in section 12.3 of the 
proposed labeling. The reviewer confirmed the sponsor’s analyses presented below.  
 
Table 2: Mirabegron PK parameters by predicted CYP2D6 phenotype after multiple-dose administration of 
mirabegron in study 178-CL-077 
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Table 3: Mirabegron PK parameters by predicted CYP2D6 phenotype after single- and multiple-dose 
administration of mirabegron 

 
 
Reviewer’s analysis: 
To assess the effect of CYP2D6 phenotype on mirabegron exposure (AUCtau and Cmax), the 
reviewer’s analysis pooled subject-level data from three multiple dose studies (178-CL-037, -
072, -077) in which the proposed commercialized formulation OCAS was administered.  
Phenotypes of individuals were assigned based on genotype as described in Table 4. 
 
Table 4: Assignment of CYP2D6 phenotype based on predicted CYP2D6 activity  

CYP2D6 allele *3,*4,*4xN,*5,*6,*7, 
*16,*36,*40,*42,*56B 

*9,*10,*17,*29,*4
1, *45,*46 

*1,*2,*35,*43, 
*45xN 

*1xN,*2xN, *35xN 

Predicted CYP2D6 
activity 

Poor activity (PA) Intermediate 
activity (IA) 

Extensive 
activity (EA) 

Ultra-rapid activity 
(UA) 

Assigned CYP2D6 
Phenotype 

Poor metabolizer: 
PA+PA 

Intermediate 
metabolizer: 

PA+IA; PA+EA; 
IA+IA  

Extensive 
metabolizer 

IA+EA, EA+EA, 
PA+UA  

Ultra-Rapid 
metabolizer 

UA+UA, UA+EA  

 
As shown in Figure 1 and Table 5, the reviewer’s evaluation identified a graded effect of 
CYP2D6 genotype on mirabegron PK.  However, the effect was not large or statistically 
significant and is not likely to be clinically meaningful across all doses assessed.  When looking 
at dose normalized exposure differences between phenotypes, a statistical significant difference 
between mirabegron AUCtau in PMs and EMs was observed. AUCtau in PMs is 17% higher 
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4.4 Filing Memo 
 
 

FINAL   
(November 8, 2011) 

 

Office of Clinical Pharmacology 
New Drug Application Filing and Review Form 

General Information About the Submission 

 Information  Information 
NDA/BLA Number 20-2611 Brand Name NA  
OCP Division (I, II, III, 
IV, V) 

III Generic Name Mirabegron    

Medical Division DRUP Drug Class Beta 3-
adrenoceptor 
(AR) agonist   

OCP Reviewer Sayed (Sam,) Al Habet, 
R.Ph., Ph.D. 

Indication(s) Overactive 
Bladder  

OCP Secondary 
Reviewer/Signer 

E. Dennis Bashaw, 
Pharm.D. 

Dosage Form 25 mg and 50 
mg ER tablets   

Pharmacometrics 
Reviewer 

N/A Dosing Regimen 50 mg QD or 25 
mg QD in special 

population   
Date of Submission August 26, 20111 (cover 

letter) 
 

Route of 
Administration 

Oral  

Estimated Due Date of 
OCP Review 

April 2012 Sponsor Astellas, 
Deertfield, IL  

Medical Division Due 
Date 

June 2012 Priority 
Classification 

Standard 

PDUFA Due Date 
June 25, 2012   

Clin. Pharm. and Biopharm. Information 
 “X” if 

included 
at filing 

Number of 
studies 
submitted 

Number 
of studies 
reviewed 

Critical Comments 
If any 

STUDY TYPE                           X                                

Table of Contents present and 
sufficient to locate reports, 
tables, data, etc. 

      X                                
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Tabular Listing of All Human 
Studies  

       X                               

HPK Summary      X                                  

Labeling      X                                  

Reference Bioanalytical and 
Analytical Methods 

                                         

I.  Clinical Pharmacology X                                                                            
    Mass balance: X    

    Isozyme characterization: X    

    Blood/plasma ratio: X    

    Plasma protein binding: X    

    Pharmacokinetics (e.g., Phase 
I) - 

X        29                                                         

Healthy Volunteers- 
                                                                            

single dose:  19  Studies: SCO-5432, 
1034-PHII, 

OXBTN/2006/223, 
SCO 5486, SCO 
5488, SCO 5487, 

and OXPK2) 
multiple dose:  10  42 mg, 60 mg, and 

84 mg/da x 20 days 
(Study # 1034-PhII), 

n=48 healthy 
subjects 

And Pilot study x 7 
days (#OXPK2) 

Patients- 
                                                                            

single dose:  -   

multiple dose:  3   

   Dose proportionality -                                                                             
fasting / non-fasting single dose:  3  Dose escalation 

(Study # 1034-PhII) 
fasting / non-fasting multiple 

dose: 
   Dose escalation 

(Study # 1034-PhII) 
    Drug-drug interaction studies 
- 

                                                                                                

In-vivo effects on primary drug:  8   

In-vivo effects of primary drug:  2   

In-vitro: X 1   
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    Subpopulation studies -                                                                    Across study 
comparison between 
efficacy and safety 
data from Study # 
20070060 and data 
available in 
literature for 
marketed Oxytrol-
TDS® and 
Gelnique®) in 
special population       

ethnicity: X I  + Pop PK 

gender: X 1  + Pop PK 

pediatrics: - -  - 

geriatrics: X 1  + Pop PK 

renal impairment: X 1   

hepatic impairment: X I   

    PD -                                                                                                 
Phase 2: X 6   

Phase 3: x 6   

    PK/PD -                                        
Phase 1 and/or 2, proof of 

concept: 
x 5   

Phase 3 clinical trial: x 6   

    Population Analyses -                                        
Data rich: x    

Data sparse: x    

II.  Biopharmaceutics                                                                                                 
    Absolute bioavailability x 1   

    Relative bioavailability -            x                  2                                     
solution as reference:     

alternate formulation as 
reference: 

    

    Bioequivalence studies -                                                                                                
traditional design; single / multi 

dose: 
    

replicate design; single / multi 
dose: 

    

    Food-drug interaction studies     

    Bio-waiver request based on 
BCS 

    

    BCS class     

   Dissolution study to evaluate 
alcohol induced 
   dose-dumping 
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In vitro Penetration Studies  3  3 ex vivo penetration 
studies with pig, 

human cadaver, and 
fresh human skin 

(Studies # AP-1034, 
368/03, and 932/09) 

                                                                             
    Genotype/phenotype studies X 2   

    Chronopharmacokinetics     

    Pediatric development plan    Requested waiver for 
WAIVER for <5 years of age 
for OAB  

 and DEFERRAL 
for 5 to <18 years of age for 

OAB   

    Literature References     

Total Number of Studies     
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On initial review of the NDA/BLA application for filing: 
 

 Content Parameter Yes No N/A Comment 
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data comparing 

to-be-marketed product(s) and those used in the pivotal 
clinical trials? 

  X  

2 Has the applicant provided metabolism and drug-drug 
interaction information? 

X    

3 Has the sponsor submitted bioavailability data satisfying the 
CFR requirements? 

X    

4 Did the sponsor submit data to allow the evaluation of the 
validity of the analytical assay? 

X    

5 Has a rationale for dose selection been submitted? X    
6 Is the clinical pharmacology and biopharmaceutics section of 

the NDA organized, indexed and paginated in a manner to 
allow substantive review to begin? 

X    

7 Is the clinical pharmacology and biopharmaceutics section of 
the NDA legible so that a substantive review can begin? 

X    

8 Is the electronic submission searchable, does it have 
appropriate hyperlinks and do the hyperlinks work? 

X    

 
Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) 
        Data  
9 Are the data sets, as requested during pre-submission 

discussions, submitted in the appropriate format (e.g., 
CDISC)?  

X    

10 If applicable, are the pharmacogenomic data sets submitted in 
the appropriate format? 

  N/A  

        Studies and Analyses  
11 Is the appropriate pharmacokinetic information submitted? X    
12 Has the applicant made an appropriate attempt to determine 

reasonable dose individualization strategies for this product 
(i.e., appropriately designed and analyzed dose-ranging or 
pivotal studies)? 

X    

13 Are the appropriate exposure-response (for desired and 
undesired effects) analyses conducted and submitted as 
described in the Exposure-Response guidance? 

X    

14 Is there an adequate attempt by the applicant to use exposure-
response relationships in order to assess the need for dose 
adjustments for intrinsic/extrinsic factors that might affect the 
pharmacokinetic or pharmacodynamics? 

X    

15 Are the pediatric exclusivity studies adequately designed to 
demonstrate effectiveness, if the drug is indeed effective? 

  NA waiver and 
deferral 
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requests 
16 Did the applicant submit all the pediatric exclusivity data, as 

described in the WR? 
X    

17 Is there adequate information on the pharmacokinetics and 
exposure-response in the clinical pharmacology section of the 
label? 

X    

        General  
18 Are the clinical pharmacology and biopharmaceutics studies 

of appropriate design and breadth of investigation to meet 
basic requirements for approvability of this product? 

X    

19 Was the translation (of study reports or other study 
information) from another language needed and provided in 
this submission? 

  N/A  

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION 
FILEABLE? ______Yes_ 
 
Executive Filing Summary: 
 
This is original NDA for a new molecular entity (NME), mirabegron (YM178) tablets. 
Pharmacologically, the drug is a beta 3-adrenoceptor (AR) agonist for the treatment of overactive 
bladder. 
 
The sponsor conducted 41 studies consisting of 29 Phase I and II safety and efficacy (Phase 
II/III) studies (Appendix I). The Phase I studies 6 biopharmaceutics studies and 23 human PK 
studies including extensive PK/PD modeling and simulation (Appendix I, Sections A and B). 
The efficacy was evaluated in 6 global, 12 week Phase 2b and 3 studies. The following are the 
three pivotal efficacy studies in patients with over active bladder (OAB) that were conducted in 
North America and Europe: 178-CL-046, 178-CL-047, and 178-CL-074 (Appendix I, Section 
C).  
 
In addition to the standard clinical pharmacology studies, the sponsor conducted two thorough 
QT (TQT) studies (# 178-CL-037 and 178-CL-077). 
 
What are the Primary Clinical Pharmacology Characteristics of the Drug from the NDA? 
 
Pharmacology: 
• Beta 3- adrenoceptor (beta 3-AR) agonist 
• First-in-class NME 
• Beta 3-AR dominant in the human detrusor muscle. Therefore, activation of Beta 3-AR in the 

bladder facilities urine storage (in contrast to stimulation of muscarinic receptors which 
facilitates urine voiding) 
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Basic PK Information: 
 
Chemistry: 
 
• Mirabegron has a chiral center (R and S). However, it is developed as R-enantiomer 
• No chiral inversion 
 
Absorption, Effect of Food and Alcohol: 
 
• Tmax = 3-4 h 
• Based on the Biopharmaceutics Classification System (BCS) mirabegron is a Class 3 (High 

solubility and Low permeability). 
• Absolute bioavailability is 29% at 25 mg dose and 35% at 50 mg dose (i.e., dose dependent).  
• Absolute bioavailability appears to be higher in females than males.  
• Dose disproportional PK (i.e., more than dose proportional increase in exposure) 
• Saturation of efflux transport mechanism (P-glycoprotein, P-gP) 
• Solution exhibits higher bioavailability (~40%) than tablets (Modified Release Tablet with 

Intermediate Dissolution Rate, OCAS-M). 
• Food decrease exposure: 

o Overall food decreases exposure: 
 High-fat meals: reduces Cmax and AUC by 45% and 17%, respectively 
 Low-fat meals: reduces Cmax and AUC by 75% and 51%, respectively 

• Alcohol: 4% ethanol has no effect on in-vitro dissolution profiles. However, 40% ethanol 
delays dissolution profiles. 

 
Systemic PK: 
 
Distribution: 
 
• Protein binding: 71% (albumin and alpha-1 acid glycoprotein) 
• Erythrocytes concentration is 2-fold higher than in the plasma (in-vitro data) 
• Large volume of distribution (approximately 1670 L) 
 
Elimination: 
 
• Terminal half life = ~50 hours (effective half life = ~19 h) 
• Excretion: primary renal and secondary biliary 
• Renal clearance (CLr) appears to be independent of dose 
• Primary excretion occurs via active tubular secretion and glomerular filtration 
 
Metabolism:  

• 10 metabolites (none appears to be active in reference to 3-AR activity) 
• Extensively metabolized: ~6% to 9% unchanged in urine (dose-dependent).  
• Approximately 55% of radioactivity (14C) recovered in urine and 34% in feces 
• Pathways: Dealkylation, oxidation, and glucuronidation, and amid hydrolysis 

Reference ID: 3129601



 166

• Enzymes and isoenzymes: butyrylcholinesterase, uridine diphospho-
glucuronosyltransferase (UGT), CYP3A4, and CYP2D6, and alcohol dehydrogenase. 
However, CYP3A4 is the primary responsible isoenzyme. 

• Metabolites-to-parent AUC ratios were relatively constant over 25 to 200 mg (i.e,, 
metabolism appears not to be saturable) 

 
Dose-Exposure (Dose-Proportionality):  
 
• Greater than dose-proportional increase in Cmax and AUC after oral administration (e.g., 2-

fold increase in dose results in 2.9- and 2.6-fold increase in Cmax and AUC, respectively). 
• Dose proportional after IV 
• Steady-state: Reached within 7 days after once daily (QD) dosing 
• Variability: There is considerable inter-subject variability with estimated %CV of 

approximately 40% to 52% for Cmax and 39% to 45% for AUC. However, the intra-subject 
variability is lower than inter-subject (%CV =  33% to 45% for Cmax and 19% to 31% for 
AUC) 

Special Population: 
• Age: No apparent difference in PK in relation to age 
• Gender: Cmax and AUC were approximately 40% to 50% higher in females compared to 

males. 
• Race: No apparent difference 
• Body Weight: Based on Pop PK analysis the AUC appears to be approximately 53% higher 

in subjects with small body weight of approximately 30 Kg compared to 70 kg. By contrast, 
the AUC is approximately 17% lower in subject with body weight of 100 kg compared to 
subjects with body weight of 70 kg. The reasons for these discrepancies are not clear at this 
time (pending review and re-analysis). 

• Renal Impairment:  
 Mild renal impairment: Cmax and AUC increased by 6% and 31% compared 

to healthy subjects, respectively. 
 Moderate renal impairment: Cmax and AUC increased by 23% and 66% 

compared to healthy subjects, respectively. 
 Severe renal impairment: Cmax and AUC increased by 92% and 118% 

compared to healthy subjects, respectively. 
 ESRD: The sponsor recommends reduction in dose to 25 mg QD in severe 

renal impairment and is not recommended in End Stage Renal Disease 
(ESRD). However, no dose adjustment in mild and moderate.  

• Hepatic Impairment:  
 Mild (Child-Pugh Class A): Cmax and AUC increased by 9% and 19% 

compared to healthy subjects, respectively. 
 Moderate (Child-Pugh Class B): Cmax and AUC increased by 175% and 

65% compared to healthy subjects, respectively. 
 Severe (Child-Pugh Class C): Not studied. 
 Sponsor’s recommendation: No dose adjustment in mild. Reduction in dose 

to 25 mg QD in moderate hepatic impairment. It is not recommended in 
severe hepatic impairment (child-Pugh C).  
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o QT prolongation is also apparent with a mean increase of approximately 10 msc 
(pending review). 

 
• Exposure-Response and Efficacy:  

o Based on Emax model, it appears there is a dose separation in micturation frequency 
and mean volume voided across the dose range of 25mg, 50 mg, and 100 mg that 
achieving 52%, 85%, and 98% of the Emax (maximum efficacy), respectively. 

o However, the exposure-response relationship for incontinence episodes per 24 hours 
was flat across the 25 to 100 mg doses range. All doses were associated with 
approximately 26% reduction in the rate of incontinence compared to placebo. 

o It appears the modeling and simulation data for exposure-efficacy analyses appears to 
complement the data observed in Phase II studies. 

o PK/PD modeling showed that heart rate increased with increasing mirabegron plasma 
exposure. However, no apparent relationship with respect to systolic blood pressure 
(SBP) or diastolic blood pressure (DBP) and exposure in patients with OAB. 

 
• Phase III Studies:  

 
o Primary clinical trials are 178-CL-046, -047, and -074 
o The majority of population in Phase III studies was females (~725)  
o Primary efficacy end-points:  

 Urge urinary incontinence 
 Urgency 
 Urinary frequency 

o Phase III Doses: 25 mg, 50 mg, and 100 mg QD x 12 weeks 
o Overall there is apparent superiority compared to placebo in reference to incontinence 

episodes per 24 hours and micturitions per 24 hours at 50 mg and 100 mg doses, but 
not at 25 mg dose. 

o No separation in efficacy between 25 mg and placebo. 
o Also no separation in efficacy between 50 mg and 100 mg. 
o Dose Selection: As stated earlier, there was some separation across the dose range of 

25 mg, 50 mg, and 100 mg that acehiving 52%, 85%, and 98% of Emax for 
micturition and volume voiding, respectively. However, the difference between 50 
mg and 100 mg is small (85% and 98%).  

o Collectively, based on the primary and secondary endpoints, the data support the use 
of 50 mg QD dose over 100 mg dose which is associated with higher adverse events 
than 50 mg dose and 25 mg dose which exhibits narrow difference in efficacy 
compared to placebo. However, 25 mg dose is only recommended in patients with 
severe renal impairment and moderate hepatic impairment. 
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OCAS formulations, with differing dissolution profiles, were screened to select the formulation 
for development and eventual commercialization (Study 178-CL-030). An OCAS tablet with an 
intermediate dissolution rate (OCAS-M) was selected for further development.  
 
The release rate of mirabegron from this OCAS formulation resulted in a pharmacokinetic (PK) 
profile with a slower rate of absorption than the IR tablet, an attenuated food effect with a high-
fat meal and reduced fluctuations in plasma concentrations compared with once daily mirabegron 
IR.  
 
The OCAS-M tablet was used in the phase II and III efficacy studies and all clinical 
pharmacology studies, except the study related CYP2D6 genotyping and DDI study with 
metoprolol (Study 178-CL-005), DDI study with metformin (Study 178-CL-006), and the mass 
balance study (Study 178-CL-007). 
 
Pediatric Waiver and Deferral: 
 
The sponsor is requesting waiver from studies in pediatric patients <5 years of age for OAB 
indication. The primary rationale of the sponsor request is that OAB is not a condition that seen 
in children <5 years of age who are not yet bladder trained.   
 
In addition, the sponsor is requesting deferral of conducting studies in children between 5 to <18 
years of age for OAB indication and  for Neurogenic Detrusor 
Overactivity. The sponsor requesting deferral until the initial NDA is approved in adults first. 
This deferral request was accepted by the Agency at the End-of-Phase II meeting held on 
November 14, 2007. It should be noted, however, that the  

 
 
Reviewer’s Comments: 
 
The sponsor conducted adequate studies to satisfy the clinical pharmacology program.  

The 25 mg tablet is designated to be used only in 
patients with renal and hepatic impairment. However, the presence of the 25 mg tablet may be 
misleading if the prescribe or the pharmacist may substituted the 2x25 mg for 50 mg table if the 
50mg tablet is out of stock. Therefore, the sponsor is required to provide justification for dosage 
strength equivalence (i.e., 2 x 25 mg is equivalent to 50 mg tablet).   
 
The approvability of the NDA will be based on overall assessment of the PK data as well as the 
safety and efficacy data. From the clinical pharmacology perspective, the NDA can be filed.  
 
Comments for the 74-Day Letter: 
 
•  please provide 

justification for dosage strength equivalency between the 25 mg tablet and 50 mg tablet (i.e., 
2 x25 mg tablets are equivalent to 50 mg tablet).    

 
Recommendation: 
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The NDA can be filed from the clinical pharmacology perspective.  
 
 
Sayed (Sam) Al Habet, RP.h., Ph.D. 
Reviewing Clinical Pharmacologist      Date 
 
E. Dennis Bashaw, Pharm.D. 
Secondary Reviewer/Supervisor       Date 
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Appendix 1: Synopsis of Individual Studies (Biopharmaceutics, PK, and Clinical Studies) 
 
A: Biopharmaceutics Studies 
 

 

 
 
B: Human PK Studies 
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C: Efficacy and Safety Studies 
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references (with the median values of material attributes). Therefore, the proposed 
material attribute ranges are acceptable. 

 

 
RECOMMENDATION 
 
NDA 202-611 for Mirabegron ER Tablets is recommended for approval from the 
Biopharmaceutics perspective. 
 
 
 
 
_______________________________________                             _________________ 
John Duan, Ph.D.        Date 
Reviewer 
ONDQA Biopharmaceutics 
 
 
 
 
 
 
_______________________________________                             _________________ 
Angelica Dorantes, Ph.D.       Date 
ONDQA Acting Biopharmaceutics Supervisory Lead 
 
cc: NDA 202611/DARRTS 
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Reviewer’s Comments:  
The drug burst release from mirabegron OCAS tablet does not occur by addition of 
alcohol in vitro dissolution media.   
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3. In vivo pharmacokinetics 
 
The PK data from the Phase 1 study No. 178-CL-076 were used for the development of 
the IVIVC model. The study consisted of three parallel single dose, randomized, open-
label three-way, six-sequence crossover studies involving 90 healthy male and female 
volunteers. Three different mirabegron OCAS tablet formulations with different release 
rates [target release rate (MR-M), slow release rate (MR-L), fast release rate (MR-H)] in 
addition to the target release rate formulation obtained from another batch/lot (for 
external predictability validation) and an IV formulation (for reference) were 
administered at each of three dose levels.  
 
Each subject was randomized to one of the three oral mirabegron doses (25, 50 or 100 
mg), then further randomized to a treatment sequence (1, 2, 3, 4, 5 or 6) as shown in 
Table 20. Each subject participated in five-treatment periods separated by washout 
periods of at least 10 days between dose administrations. 
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Subjects fasted for at least 10 hours prior to the morning dosing of mirabegron on Day 1 
of each period.  
 
The IV treatment (A) was a reference and was administered in the first period of each 
sequence for all dose levels. Each subject received a single IV infusion of 7.5 mg over 
120 minutes if randomized to the 25 mg oral dose group, 15 mg over 120 minutes if 
randomized to the 50 mg dose group or 30 mg over 120 minutes if randomized to the 100 
mg dose group.  
 
During each of Periods 2-4, the subject received one of three mirabegron OCAS tablet 
formulations (B=fast release, C=target release, D=slow release) in random order. The 
additional batch at the target release rate (Formulation E) was not be randomized within 
each sequence but was administered in the fifth period of each sequence for all doses.  
 
Serial blood samples were taken pre-dose and up to 96 hours post-dose after each dose 
for the determination of plasma mirabegron concentrations.  
 
The mean PK parameters of mirabegron after a single oral dose of OCAS formulations 
are attached in Table 23 to Table 25. For the internal validation of IVIVC model, the PK 
data (Cmax and AUCinf) of Periods 2-4 were used. For the external validation, the PK 
data of Period 5 were used. 
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4. The development of “Level A” IVIVC 
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The criteria for internal predictability of the IVIVC are that the absolute %PE for each 
formulation should not exceed 15% and the MAPPE should not exceed 10% for Cmax 
and AUCinf. The criteria for external predictability of the IVIVC as acceptable are that 
the absolute %PE for external formulation should not exceed 10% for Cmax and AUCinf.  
 
The predicted Cmax and AUCinf values were obtained as in the internal validation. As 
the observed Cmax and AUCinf values, the PK data of Phase 1 study (178-CL-076) were 
used directly. The percent prediction error was estimated for each treatment as listed in 
the reviewer’s analyses section (see pages 9-14 of this review). 
 
In conclusion, a multiple “Level C” IVIVC was established, which is considered to be as 
useful as the “Level A” IVIVC. 
 
Reviewer’s Comment:  
Although, the proposed “Level A” IVIVC model could not be validated, a “Level C” 
IVIVC was established for mirabegron ER Tablets.  
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Review of Analysis Plan for the 10-year CVD Risk Estimates 
 

NDA: 202611 
Drug name: mirabegron 
Sponsor: Astellas Pharma US, Inc 
Consult requesting division: Division of Reproductive and Urologic Products 
Type of document reviewed: Synopsis of Analysis Plan 
Consult request date: February 21, 2012 
Review date: February 22, 2012 
Primary Clinical Pharmacology Reviewer: Rajanikanth Madabushi, Ph.D. 
Primary Medical Reviewer Preston Dunnmon, MD 
Secondary Reviewer: Norman Stockbridge, MD, Ph.D. 

 
BACKGROUND 
 
The Division of Reproductive and Urologic Products (DRUP) consulted us to review the sponsor’s 
Analysis Plan for the 10-year Cardiovascular Disease (CVD) Risk Estimates.  A copy of the Analysis 
Plan can be found at the following link: \\cdsesub1\EVSPROD\NDA202611\\0019\m1\us\cover-
20120217-0019.pdf. 
 
COMMENTS: 
 

1. Derivation of General CVD Risk: We recommend you use the continuous risk function using 
the Cox model estimates instead of the using the score sheet provided by D’Agostino et al, 
2008 for computing.  Specifically we recommend that you use the following general formula 
provided in the appendix of the publication by D’Agostino et al, 2008: 
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2. Total cholesterol and HDL at baseline and final visit: Your proposal to impute the baseline 
total cholesterol and HDL based on Carroll et al, 2005 is acceptable.  If possible consider 
utilizing the NHANES data over the duration of 2008 to 2010 to represent the duration of the 
trials 178-CL-046, 178-CL-047 and 178-CL-074.  

 
3. Systolic Blood Pressure (SBP) at baseline and final visit:  In addition to the sponsor 

proposal, we recommend that you conduct independent analyses of incremental cardiovascular 
risk using the mean AM SBP as well as mean PM SBP separately.  Both the sponsor proposed 
analysis and the analysis of AM SBP and PM SBP should then be conducted using maximal 
observed as opposed to mean SBPs.   
 
In study 046, the definition of “Final Visit” is as follows:  “In last observation carried forward 
(LOCF) analyses at the Final Visit, the week 12 measurement was used. If no week 12 
measurement was available, the last available earlier postbaseline measurement within the post-
dosing window was used.”  Please confirm that all data used for these calculations for final 
visit blood pressures were obtained while the patients were actually taking study drug (as 
opposed to being allowed to discontinue medication and then return to the site for a final visit). 

 
4. Anti-hypertensive medication use at the time of the measurement for SBP: Your definition 

is acceptable. 
 

5. Smoking Status at baseline and final visit: It is not clear as to why you choose to average the 
percent of the current cigarette smokers in 2005 and 2010. We recommend you to consider 
derive the smoking status over the duration comparable to the time-frame of the conduct of 
your studies. 

 
6. Diabetes Status at baseline and final visit: Your proposed definition is reasonable. 

 
7. Analysis of the General CVD Risk Estimates:  In addition to your proposal, we 

recommend you to provide: 
a. Descriptive statistics for age, total cholesterol, HDL, SBP, proportion of patients on 

antihypertensive medications, proportion of smokers, proportion of diabetics, and the 
10-year CVD risk at baseline and the final visit by dose.  

b. The above request by dose (including tolterodine) and study. 
c. Please provide the cumulative distribution function (CDF) plots for change in the 10-

year CVD risk for the final visit from baseline by dose (please show the placebo arm 
also). Also provide the CDF plots by quartiles of baseline risk for all the doses (please 
show the placebo arm also). 

d. To identify whether or not a subgroup of subjects who might be at an increased risk of 
developing CVD after treatment of mirabegron compared to the placebo, we 
recommend you to perform the following analyses: 

1. Calculate and compare proportion of subjects with ≥ 5%  increase in 
estimated CVD risk from baseline to final visit by treatment groups 

2. Calculate and compare proportion of subjects with ≥ 10%  increase in 
estimated CVD risk from baseline to final visit by treatment groups 

3. If sufficient numbers of patients are predicted to be at the higher risk group (≥ 
5% or ≥ 10% increase in CVD risk), conduct subgroup analyses to identify 
potential characteristics of subjects associated with the high risk group. 
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e. Perform a sensitivity analysis for all of the above excluding the Open label Study 178-
CL-049 

f. We request you to provide the datasets supporting the analysis with the report. 
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