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Executive Summary:  

· Mirabegron is the first β3-adrenoceptor agonist marketed with an indication for the treatment of overactive bladder (OAB) with symptoms of urge urinary incontinence, urgency, and urinary frequency.

· Mirabegron is believed to eliminate or lessen the symptoms of OAB by stimulating beta3-adrenergic receptors in the bladder to promote detrusor smooth relaxation and increase bladder capacity.  

· Mirabegron is available as a 25 mg and 50 mg extended-release tablet.

· The initial dose of mirabegron is 25 mg daily taken with or without food.  After 8-weeks if an adequate treatment response is not achieved the dose can be increase to 50 mg once daily.  The maximum dose is 50 mg per day.
· The daily dose should not exceed 25 mg in patients with severe renal impairment (CrCl 15 to 29 mL/min or eGFR 15 to 29 mL/min/1.73m2).  Use is not recommended in patients with end stage renal disease.

· The daily dose should not exceed 25 mg in patients with moderate hepatic impairment (Child-Pugh Class B).  Use is not recommended in patients with severe hepatic impairment (Child-Pugh Class C).

· Approximately 35% of subjects in clinical trials were age 65 years or older, with ~10% 75 years or older.  No dosage adjustment is recommended based on age.

· Mirabegron was compared to placebo in three 12-week Phase 3 clinical trials enrolling more than 3500 participants; 1807 assigned to mirabegron 25 mg or 50 mg.  Tolterodine was used an active comparator in one 12-week and 12 month safety and efficacy trial. Although no direct comparisons can be made, mirabegron and tolterodine resulted in similar changes from baseline and differences from placebo in the primary outcome measures number of incontinence episodes and number of micturitions per 24 hours. 

· Mirabegron was well tolerated with the most common adverse events including hypertension, nasopharyngitis, and UTI.  Dry mouth, often an intolerable effect of antimuscarinic agents, was reported less frequently with mirabegron than tolterodine.  

· A marked increase in blood pressure appears to the most concerning adverse effect.  It is recommended that patient’s blood pressure be monitored periodically.  Patients who are hypertensive may experience the greatest increase in blood pressure.

· Mirabegron is not first-line therapy for patients who are appropriate candidates for an antimuscarinic OAB agent.  Until comparative trials are available, mirabegron should be reserved for patients who have not responded to or are cannot tolerate an antimuscarinic OAB drug, or who have contraindications to or could be harmed by drugs with anticholinergic properties.  It must be that noted that mirabegron has not been studied in many of these patient populations such as patients with cognitive impairment. 
Introduction1, 2
Overactive bladder (OAB) is a condition defined by its symptoms of urinary urgency with or without incontinence, urinary frequency and nocturia in the absence of other causes such as a urinary tract infection.  The prevalence of OAB ranges from 7% to 27% of men and 9% to 43% of women.  The prevalence of urinary incontinence in male veterans is estimated to be 7.4% to 20.8%. The wide prevalence ranges are due to different study populations and how OAB was defined.  
Behavior modification is the initial treatment for OAB with 20% to 30% of patients achieving remission.  Antimuscarinic drugs are usually the next line of therapy.  Achieving remission with antimuscarinic drugs is limited by their effectiveness and side effects; chiefly, dry mouth and constipation.  Discontinuation rates range from 43% to 80% within the first month of treatment and 75% to 90% after 1 year.
Mirabegron is a beta-3 adrenergic receptor agonist seemingly void of antimuscarinic properties, thus a potential alternative to antimuscarinic agents. The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating mirabegron for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics3,4
The relaxation and contraction of the detrusor muscle in the bladder is a coordinated by parasympathetic and sympathetic activity.  Cholinergic stimulation results in contraction of the detrusor, while antimuscarinic agents antagonize cholinergic receptors inhibiting contraction and increasing bladder capacity.  Stimulation of alpha1-adrenergic receptors located in the base of the bladder and urethra promote contraction and closure of the bladder’s internal sphincter.  Antagonism of beta3-adrenergic receptors located in the detrusor allows cholinergic-mediated contraction.  Stimulation of beta3-adrenergic receptors with a beta agonist results in detrusor smooth relaxation and increases bladder capacity.  Beta3-adrenergic receptors account for 97% of the beta receptors in the human detrusor.  Mirabegron is a selective beta3 adrenergic agonist. A 200 mg dose of mirabegron was required to stimulate human beta1 receptors.
Table 1 Pharmacokinetics of Mirabegron
	Parameter
	Mirabegron

	Bioavailability
	29% (25 mg)/ 35% (50 mg)

	Volume of Distribution
	1670 L

	Protein Binding
	71% (albumin & α1-acid glycoprotein

	Metabolism
	Multiple metabolic pathways including dealkylation, oxidation, glucuronidation and amide hydrolysis.  The CYP 2D6 and 3A4 isozymes have a limited role in mirabegron metabolism.

	Elimination
	25% renal via active tubular secretion and glomerular filtration

	Half-life
	50 hours


FDA Approved Indication(s)3
Mirabegron is indicated for the treatment of overactive bladder with symptoms of urge urinary incontinence, urgency, and urinary frequency.
Potential Off-label Uses

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).
None have been identified.

Current VA National Formulary Alternatives

Oxybutynin immediate- and sustained- release tablets
Dosage and Administration3
The recommended starting dose is 25 mg once a day with or without food.  If mirabegron 25 mg once a day is not effective after 8 weeks, then the dose can be increased to 50 mg once a day.  The maximum dose is 50 mg once a day. The response in clinical trials was not improved with doses greater than 50 mg per day.
Mirabegron is available as 25 mg and 50 mg extended-release tablets.

Renal impairment

The daily dose should not exceed 25 mg in patients with severe renal impairment (CrCl 15 to 29 mL/min or eGFR 15 to 29 mL/min/1.73m2).  Use is not recommended in patients with end stage renal disease.

Hepatic impairment

The daily dose should not exceed 25 mg in patients with moderate hepatic impairment (Child-Pugh Class B).  Use is not recommended in patients with severe hepatic impairment (Child-Pugh Class C).

Elderly

No dose adjustment is necessary based upon age.
Efficacy5-8 

Efficacy Measures

Efficacy measures used in clinical trials include the following:

· A 24-hour urinary diary kept for 3 consecutive days during the baseline period and prior to each clinic visits.

Primary outcome measures
· Change from baseline at final visit

· Mean number of incontinence episodes per 24 hours

· Mean number of micturitions per 24 hours

Secondary outcome measures
· Change from baseline in the:
· Mean volume voided per micturition at final visit
· Mean number of urge episodes per 24 hours after 4 weeks

· Mean number of incontinence episodes per 24 hours after 4 weeks

· Mean number of micturitions per 24 hour after 4 weeks

· Number (%) responders at final visit
· Reduction in incontinence episodes

· Zero incontinent episodes
· Quality of Life Measures
· Treatment Satisfaction Visual Analog Scale (TS-VAS; 10 = complete satisfaction; positive change signals improvement)

· Symptom Bother Scale OAB-q (SBS; 0-100; 100 = worst; negative change signals improvement)

· Patient Perception of Bladder Condition (PPBC; 6 point Likert scale; 1 = no problem at all; 6 = many severe problems; negative change signals improvement

Clinical Trial Design: Phase 3 studies, 12-week studies5-7
Mirabegron was studied in three Phase 3 randomized, double-blind, placebo-controlled, parallel group clinical trials in patients with overactive bladder with symptoms of urge incontinence, urgency, and urinary frequency. The trials are referred to as SCORPIO, ARIES and CAPRICORN as in the FDA Medical Review.  Each study included a 2-week placebo run-in phase followed by a 12-week post randomization phase.  Men and women age 18 years and older were eligible.  Inclusion criteria included symptoms of overactive bladder for at least 3 months, at least 8 micturitions per day, and at least 3 episodes of urgency with or without incontinence over the 3 consecutive-day diary period.  Exclusion criteria included stress incontinence or mixed incontinence with stress as the predominant form, an average total daily micturition volume exceeding 3000 mL, or systolic blood pressure >180 mm Hg or diastolic blood pressure >110 mm Hg.  Prior use of an antimuscarinic agent was not an exclusion from participating in ARIES and CAPRICORN. The trial treatment groups are as follows:

· SCOPRIO - placebo, mirabegron 50 mg or 100 mg once daily, or  tolterodine extended-release 4 mg tablets (1:1:1:1).  Tolterodine served as an active comparator and no statistical comparisons were made to mirabegron.
· ARIES – placebo, mirabegron 50 mg or 100 mg once daily (1:1:1)

· CAPRICORN – placebo, mirabegron 25 mg or 50 mg once daily (1:1:1)
Analyses were performed using all subjects (Full Set Analysis, FAS) and the subset of subjects reporting incontinence episodes at baseline (FAS-I).
Summary of Efficacy Findings5-7 

Note: The results for mirabegron 100 mg daily are not presented in the monograph since no additional efficacy was observed and the maximum label dose is 50 mg daily.
Women accounted for ~72% of subjects, 94% of participants were White, and the mean age was 59 years (range 18 – 95 years).  Persons age 65 years and older accounted for ~38% of subjects and ~12% were greater than or equal to 75 years.  Study participants had OAB symptoms for means from 85.2 to 88.3 months.  Approximately 52% of subjects had taken antimuscarinic OAB drugs with 66% having discontinued them due to a lack of effect and 25% due to poor tolerability.

The primary outcome measure results are shown in Table 2.  After 12 weeks, each of the mirabegron treatment groups in all three trials provided a significant decrease from baseline in the mean number of incontinence episodes per 24 hours.  The change from baseline was significant from placebo in the SCORPIO and ARIES trials.  Only the active comparator tolterodine ER 4 mg did not differ significantly from placebo.   The change from baseline in the mean number of micturitions per 24 hours decreased significantly in all treatment groups.  The decreases for mirabegron 25 mg and 50 mg, and tolterodine ER 4mg differed significantly from placebo.

Table 2 Results of Primary Outcome Measures from SCORPIO, ARIES AND CAPRICORN:

  Mean baseline and change from baseline after 12 weeks
	Measure
	SCORPIO
	ARIES
	CAPRICORN

	
	Placebo
	Mira 50
	Tolt 4
	Placebo
	Mira 50
	Placebo
	Mira 25
	Mira 50

	Mean Number of Incontinence Episodes/24 hours (FAS-I)

	n
	291
	293
	300
	325
	312
	262
	254
	257

	
	
	
	
	
	
	
	
	

	Baseline

Adjusted ∆ from baseline
(95% CI)

Difference from placebo

(95% CI)


	2.67
-1.17

(-1.39,

-0.95)


	2.83
-1.57

(-1.79,

-1.35)

-0.41

(-0.72,

-0.09)
	2.63
-1.27

(-1.49,  
-1.05)

-0.10

(-0.42,  0.21)
	3.03

-1.13
(-1.35,

-0.91)


	2.77

-1.47
(-1.69,

-1.25)

-0.34

(-0.66,

-0.03)
	2.43
-0.96
(NR)


	2.65
-1.36

(NR)

-0.40

(-0.74,

-0.06)
	2.51
-1.38

(NR)

-0.42

(-0.76,

-0.08)

	Mean Number of Micturitions/24 hours (FAS, Full Analysis Set)

	n
	480
	473
	475
	433
	425
	415
	410
	426

	
	
	
	
	
	
	
	
	

	Baseline
Adjusted ∆ from
baseline

(95% CI)

Difference from placebo

(95% CI)
	11.71
-1.34

(-1.55,

-1.12)


	11.65
-1.93

(-2.15,   -1.72)

-0.60

(-0.90,

-0.29)
	11.55
-1.59
(-1.80,

-1.37)

-0.25
(-0.55,

0.66)
	11.51

-1.05
(-1.31,

-0.79)
	11.80
-1.66

(-1.92,

-1.40)

-0.61

(-0.98,

-0.24)
	11.48
-1.18

(NR)
	11.68
-1.65

(p=0.007)
-0.47

(-0.82,

-0.13)
	11.66
-1.60

(p<0.015)

-0.42

(-0.76,

-0.08)


FAS-I = Full Set Analysis including only those with incontinence at baseline
NR = Not Reported
Secondary outcome measures were not uniformly reported from all three trials; the results that are available are shown in Table 3.  After 4 weeks the change from baseline in the mean number of incontinence episodes per 24 hours decreased significantly in all treatment groups.  All active treatments differed significantly from placebo.  The change in the mean number of micturitions per 24 hours also decreased significantly in all treatment groups with both doses of mirabegron being significant from placebo.  At least 60% of subjects with baseline incontinence reported a 50% or greater reduction in incontinence episodes.  The proportion of responders with zero incontinence episodes at their final visit was not significant for any treatment group.
Table 3 Results of Secondary Outcome Measures from SCORIO, ARIES, and CAPRICORN:    

  Mean baseline and change from baseline after 4 or 12 weeks
	Measure
	SCORPIO
	ARIES
	CAPRICORN

	
	Placebo
	Mira 50
	Tolt 4
	Placebo
	Mira 50
	Placebo
	Mira 25
	Mira 50


	n (FAS-I)
	291
	293
	299
	325
	312
	262
	254
	255


	Mean number of incontinence episodes per 24 hours after 4 weeks

	Adjusted ∆ from baseline
(95% CI)
	-0.65
(-0.88,

-0.42)
	-1.04
(-1.27,

-0.81)
	-1.00
(-1.23,

-0.77)
	-0.72
(-0.95,

-0.50)
	-1.20
(--1.43,

-0.97)


	NR
	NR
	NR

	Difference from placebo

(95% CI)
	
	-0.39

(-0.71,

-0.06)


	-0.35

(-0.68,

-0.03)
	
	-0.48
p=0.003
	
	-0.34
(p=0.039)
	-0.51
(p<0.001)

	Responder analysis for reduction in incontinence episodes at 12 weeks (or final visit)

	Responders,%
Difference % from placebo

(95% CI)
	60.1

	72.0
11.9

(4.3,

19.5)
	68.3
8.2

(-0.4,

15.3)
	NR
	NR
	59.2

	72.8
13.7
(5.6,

21.8)
	70.0
10.8
(2.7,

19.1)

	Responder analysis for zero incontinence episodes at 12 weeks (or final visit)

	Responders,%
Difference % from placebo

(95% CI)
	40.5
	45.1
4.5

(-3.5,

12.5)
	47.3
6.8

(-1.2,

14.8)
	NR
	NR
	39.7
	45.7
6.0
(-2.5,

14.5)
	47.1
7.4
(-1.1,

15.9)



	n (FAS)
	479
	471
	474
	433
	425
	415
	410
	426

	Mean number of micturitions per 24 hours after 4 weeks

	Adjusted ∆ from baseline

(95% CI)
	-0.77

(-0.96,

-0.58)
	-1.16

(-1.35,

-0.97)
	-1.10

(-1.29,

-0.091)

	-0.77
(-1.02,

-0.52)
	-1.19
(-1.44,

-0.93)
	-1.15

NR
	-1.66

NR
	-1.62

NR

	Difference from placebo (95% CI)


	
	-0.40

(-0.66,

-0.13)
	-0.33

(-0.60, -0.06)
	
	-0.42
(p=0.022)
	
	-0.18
(p=0.039)
	-0.51
(p<0.001)

	Mean volume voided, mL, per micturition at 12 weeks (or final visit)

	Adjusted ∆ from baseline

(95% CI)
	12.3
(8.4, 16.3)
	24.2
(20.3,

28.2)
	25.0
(21.1,

28.9)


	7.0
(2.3,

11.7)
	18.2
(13.4,

22.9)


	8.3
NR
	12.8
NR
	20.7
NR

	Difference from placebo

(95% CI)
	
	11.9

(6.3,

17.4)
	12.6

(7.1,

18.2)


	
	11.1
(p=0.001)
	
	4.6
(p=0.15)
	12.4
(p<0.001)

	Mean number of urgency episodes, grade 3 or 4, per 24 hour


	Adjusted ∆ from baseline

(95% CI)
	-1.65


	-2.25
	-2.07
	-0.82

(-1.13,

-0.50)
	-1.5

(-1.89,

-1.25)


	

	Difference from placebo

(95% CI)
	
	-0.60

(-1.02,

-0.18)
	-0.42 

(-0.84,

0.00)
	
	NR
	


NR = not reported
Clinical Trial Design: Phase 3, 12-monthStudy8
Mirabegron’s safety and tolerability were studied in a 12-month randomized, double-blind parallel-group, active controlled study.  Following a single-blind 2-week placebo run-in phase, patients 18 years and older who had symptoms of OAB for 3 months or longer were randomized to mirabegron 50 mg or 100 mg daily, or tolterodine ER 4 mg daily.  Participants completed a 3-day micturition diary before visits for randomization and months 1, 3, 6, 9, and 12.  As part of the safety assessment blood pressure and pulse were recorded every morning and afternoon for 5 days prior to each visit.  A subset of subjects in the United States had their blood pressure and heart rate recorded during the 24-hours prior to randomization and at Months 6 and 12.
Efficacy (Only the results for mirabegron 50 mg and tolterodine are provided here)
A total of 2444 patients were randomized and received one dose of study drug (mirabegron 50 mg n=812, tolterodine n=812).  Over 80% had participated in one of the 3 mirabegron Phase 3 trials: 21% to 24.3% had previously been assigned to placebo or mirabegron, and 13.0% to 16% to tolterodine.  Seventy percent were women, >94% were White, the mean ages were ~59 to 60 years with ~35% 65 years of age or older (10% >75 years).
The adjusted mean changes in incontinence measures from baseline are shown in Table 4.  These mean changes are reflective of the mean changes seen at each study visit over the 12 months.  Response rates were similar with both treatments. No statistical comparisons were made between the groups.
Table 4 Adjusted Mean Changes from Baseline and Response Rate 

	Adjusted mean change from baseline
	Mirabegron 50 mg
	Tolterodine ER 4 mg

	Mean # micturitions/24 h
	-1.27
	-1.39

	Mean # incontinence episodes/24 h
	-1.01
	-1.26

	Mean volume voided/micturition, mL
	17.5
	18.1

	
	
	

	At Month 12
Response >50% decrease in mean incontinence episodes/24, %

Response of zero incontinence episodes/24 h, %
	63.7

43.4
	66.8

45.1


Quality of Life5,6,8
Quality of life outcome measures from SCORPIO, ARIES and the 12 month study are shown in Table 5.  After 12 weeks the mean difference from placebo for mirabegron 50 mg and tolterodine ER 4 mg were significant (improvements) for treatment satisfaction (TS-VAS), symptom bother (SBS), and patient perception of bladder condition (PPBC) in SCORPIO.  In ARIES, the mean change from baseline significantly favored mirabegron 50 mg in all three measures, but not placebo.  The findings from the 12-month study were similar to those seen in the Phase 3 trials.
Table 5  Summary findings of Quality of Life Measures: Scorpio, Aries and 12 month study
	QoL Measure
	SCORPIO
	ARIES
	12 Month Study

	TS-VAS
	Placebo
	Mira50
	Tolt4
	Placebo
	Mira50
	Mira50
	Tolt4

	Baseline

Mean change form baseline

(95% CI)

Mean diff from placebo

(95% CI)
	1.89

NR


	2.55

NR

0.66

(0.25,

1.07)
	2.44

NR

0.55

(0.14,

0.95)
	0.7

(0.4, 1.0)
	1.55

(1.2, 1.9)
	4.87

2.08

(1.75, 2.4)


	5.01

2.27

(1.94, 2.59)

	SBS OAB-q
	
	
	
	
	
	
	

	Baseline

Mean change form baseline

(95% CI)

Mean diff from placebo

(95% CI)
	-14.9

NR
	-19.6

NR

-4.7

(-7.1,

-2.4)
	-18.4

NR

-3.5

(-5.9,

-1.2)
	-10.8

(-12,7,

-8.9)
	-17.0

(-18.9,

-15.1)
	44.6

-13.1

(-14.4, -11.8)
	44.2

-14.3

(-15.6, -13.1)

	PPBC
	
	
	
	
	
	
	

	Baseline

Mean change form baseline

(95% CI)

Mean diff from placebo

(95% CI)
	-0.8
	-1.0

-0.2

(-0.3,

0.0)
	-1.0

-0.2

(-0.3, 

0.0)
	-0.5

(-0.6,

-0.4)
	-0.7

(-0.8,

-0.6)
	3.9

-0.8 

(-0.9, -0.7)
	3.8

-0.8

(-0.9, -0.8)


NR- not reported
Adverse Events (Safety Data)3,5-8,9
Deaths and Other Serious Adverse Events 

Three deaths were reported in the three Phase 3 trials.  No deaths were attributed to study drug.  The third death was in a patient assigned to mirabegron 100 mg per day.  The rates of treatment emergent adverse events and serious adverse events were similar across treatment arms (Table 6).
Table 6 Adverse Event Rates and Deaths: SCORPIO, ARIES, & CAPRICORN
	
	SCORPIO
	ARIES
	CAPRICORN

	
	Placebo
	Mira50
	Tolt 4
	Placebo
	Mira 50
	Placebo
	Mira 25
	Mira 50

	Any AE, %
	43.3
	42.8
	46.7
	50.1
	51.6
	50.1
	48.6
	47.3

	Serious AE, %
	1.6
	2.8
	2.2
	2.0
	2.5
	2.8
	1.6
	0.9

	Deaths, n
	0
	0
	1
	1
	0
	0
	0
	0


Common Adverse Events
Table 7 Pooled Percentage of Patients with Adverse Effects Reported by >1% Patients from SCORPIO, ARIES, & CAPRICORN
	Adverse Effect
	Placebo
n = 1380
	Mirabegron 25 mg
n = 432
	Mirabegron 50 mg
n = 1375
	*Tolterodine ER 4 mg
n = 495

	Hypertension
	7.6
	11.3
	7.5
	8.1

	Nasopharyngitis
	2.5
	3.5
	3.9
	2.8

	UTI
	1.8
	4.2
	2.9
	2.0

	Constipation
	1.4
	1.6
	1.6
	2.0

	URI
	1.7
	2.1
	1.5
	

	Arthralgia
	1.1
	1.6
	1.3
	

	Diarrhea
	1.3
	1.2
	1.5
	

	Tachycardia
	0.6
	1.6
	1.2
	

	Abdominal pain
	0.7
	1.4
	0.6
	

	Fatigue
	1.0
	1.4
	1.2
	


*SCORPIO only
Table 8   Most Frequent Adverse Events from the 12-Month Study (>2% of any treatment) 

	Adverse Event
	Mirabegron 50 mg, %
n = 812
	Tolterodine ER 4 mg, %
n = 812

	Any AE
	597
	62.6

	Hypertension
	9.2
	9.6

	UTI
	5.9
	6.4

	Dry mouth
	2.8
	8.6

	Nasopharyngitis
	3.9
	3.1

	Headache
	4.1
	2.5

	Influenza
	2.6
	3.4

	Constipation
	2.8
	2.7

	Back pain
	2.8
	1.6

	Dizziness
	2.7
	2.6

	Diarrhea
	1.8
	2.0

	Sinusitis
	2.7
	1.5

	Arthralgia
	2.1
	2.0

	Tachycardia
	1.0
	3.1

	Cystitis
	2.1
	2.3


Other Adverse Events

Table 9 Other Adverse Effects for Phase 3 Trials
	
	SCORPIO
	ARIES
	CAPRICORN

	Adverse Event
	Placebo
	Mira50
	Tolt 4
	Placebo
	Mira 50
	Placebo
	Mira 25
	Mira 50

	Dry mouth
	2.6
	2.8
	10.1
	1.5
	0.5
	2.1
	1.9
	1.6

	Headache
	2.8
	3.7
	3.6
	2.0
	3.2
	4.4
	2.1
	2.7


Dose-related increases in blood pressure were reported in healthy volunteers with maximum differences in systolic and diastolic blood pressures of ~3.5 and ~1.5 mm Hg greater than placebo.  These increases were seen in supra-therapeutic doses of up to 300 mg.  The mean increase in systolic and diastolic blood pressure seen in OAB clinical trials were ~0.5 to 1 mmHg greater than placebo.  In the three Phase 3 trials, morning SBP increased by at least at least 15 mm Hg from baseline in 5.3%, 5.1%, and 6.7% of patients assigned to placebo, mirabegron 25 mg and mirabegron 50 mg, respectively.  Morning DBP increased by at least 10 mm Hg in 4.6%, 4.1% and 6.6% of treatment groups, respectively.  Patients with pre-existing hypertension (SBP/DBP 120-159/90-109 mm Hg) appeared to be more prone to increases in blood pressure.
Mirabegron’s effect on cardiac electrophysiology was studied in 352 healthy men and women using a multiple dose, 4-way crossover design comparing mirabegron 50 mg, 100 mg and 200 mg daily for 10 days.  The mean difference from placebo in changes in QTc individual correction method (QTcI) were dose related: Mirabegron 50 mg 3.7 msec (95% upper limit, 5.1 msec), mirabegron 100 mg 6.1 msec (7.6 msec) and mirabegron 200 mg 8.1 msec (9.8 msec); moxifloxacin 400 mg 9.4 msec (10.8 msec).  The study concluded that mirabegron did not cause QTcI prolongation and the 50 and 100 mg doses in either sex.  Mirabegron 200 mg prolonged QTcI in women (upper 95% CI >10 msec), but not in males.  
In the same trial mirabegron was found to increase heart rate in a dose dependent fashion.  The maximum mean difference from placebo with mirabegron 50 mg, 100 mg and 200 mg were 6.7 bpm, 11 bpm, and 17 bpm, respectively.
Atrial fibrillation (0.2%) and prostate cancer (0.1%) were reported by more than 1 patient and a rate greater than placebo.  
Tolerability

Mirabegron was well tolerated in clinical trials with 5% or less of subjects assigned to mirabegron discontinuing study participation due to an adverse effect and 1.2% or less due to lack of efficacy (Table 10).  The most frequent adverse events reported in SCORPIO, ARIES, and CAPRICORN leading to discontinuation in patients assigned to mirabegron 25 mg or 50 mg were nausea, headache, hypertension, diarrhea, constipation, dizziness and tachycardia.
Table 10 Discontinuation Rates (%): SCORPIO, ARIES, & CAPRICORN

	
	SCORPIO
	ARIES
	CAPRICORN

	
	Placebo
	Mira50
	Tolt 4
	Placebo
	Mira 50
	Placebo
	Mira 25
	Mira 50

	Discontinued
	8.9
	11.5
	10.0
	15.2
	13.3
	15.2
	10.6
	12.3

	ADE
	2.6
	5.0
	3.2
	3.7
	4.1
	3.5
	3.9
	2.7

	Lack of effect
	1.0
	1.2
	0.4
	2.0
	0.2
	2.5
	0.9
	0.7


Contraindications3
None.
Warnings and Precautions3
· Increases in blood pressure – periodic blood pressure measurements are recommended, especially in hypertensive patients.  Mirabegron is not recommended for patients whose SBP >180 mm Hg or DBP >110 mmHg.
· Urinary retention in patients with bladder outlet obstruction (BOO) and in patients taking antimsucarinic medications have been reported since marketing.  In clinical trial patients with BOO did not experience increased urinary retention.  Mirabegron has not been studied in combination with urinary antimuscarinic agents.  
· Patients taking drugs metabolized by CYP2D6 may need closer monitoring and their dose lowered since mirabegron is a moderate inhibitor of CYP2D6.
Special Populations3
Pregnancy
Pregnancy Category C: There are no adequate and well-controlled studies using mirabegron in pregnant women. Mirabegron should be used during pregnancy only if the potential benefit to the patient outweighs the risk to the patient and fetus. Women who become pregnant during mirabegron treatment are encouraged to contact their physician.
Nursing Mothers

No studies have been conducted to determine if mirabegron is excreted in human milk, affects milk production or effects on breast-fed children.  The manufacturer advises the women discontinue mirabegron if they choose to breast feed or not breast feed if they continue mirabegron.

Renal Impairment
Mirabegron has not been studied in patients with end-stage renal disease (CrCl<15mL/min or eGFR<15 mL/min/1.73m2) or patients requiring dialysis; use in these patients is not recommended.
Hepatic Impairment

Mirabegron has not been studied in patients with severe hepatic impairment (Child-Pugh Class C); use in these patients is not recommended.

Sentinel Events

No data.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a Joint Commission standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name mirabegron:  Miradon, Miralax, Mirapex
LA/SA for trade name Myrbetriq: Mylerar, Miralax, Mirapex, Miradon
Drug Interactions3
Drug-Drug Interactions

· Mirabegron’s pharmacokinetics were not sufficiently affected by ketoconazole, rifampicin, solifenacin, tamsulosin or metformin to require a dose adjustment.
· Mirabegron did not sufficiently affect the pharmacokinetics of solifenacin, ethinyl estradiol, levonorgestrel, tamsulosin, or metformin to require their dose be adjusted.
· Mirabegron is a moderate inhibitor of CYP2D6 and co-administration with desipramine and metoprolol resulted in increases in their AUC and Cmax.  Appropriate monitoring and dose adjustment may be necessary, particularly for other CYP2D6 substrates with a narrow therapeutic index such as thioridazine, flecainide, and propafenone.

· Co-administration of mirabegron and a single dose of digoxin 0.25 mg resulted in an increase in digoxin’s AUC and Cmax to recommend that digoxin be started at the lowest dose and that digoxin serum concentrations be monitored and used for dosage titration.
· Mirabegron did not change the single-dose AUC or Cmax of warfarin’s R or S enantiomers.  Although no effect on INR or PT was projected, mirabegron’s label states its full effect under multiple dosing conditions has not been fully investigated.
· Concurrent use of mirabegron and drugs with anticholinergic, cholinergic or sympathetic activity (theoretically) may affect bladder and lower urinary tract function.

Drug-Lab Interactions

· None.
Acquisition Costs
Refer to VA pricing sources for updated information.
Conclusions

Mirabegron with its novel mechanism of action offers an alternative to antimuscarinic agents for the treatment of OAB.  No comparative trials to antimuscarinic agents have been completed. Tolterodine ER 4 mg was used as an active comparator to mirabegron 25 mg and 50 mg.  Although no direct comparisons can be made, mirabegron and tolterodine resulted in similar changes form baseline and differences from placebo in the primary outcome measures number of incontinence episodes and number of micturitions per 24 hours.  Mirabegron was well tolerated with the most common adverse events including hypertension, nasopharyngitis, and UTI.  Dry mouth, often an intolerable effect of antimuscarinic agents, was reported less frequently with mirabegron than tolterodine.  A marked increase in blood pressure appears to the most concerning adverse effect.  Mirabegron’s dose should be started at 25 mg per day and increased to 50 mg per day after 8 weeks if response is inadequate.  
Mirabegron is not first-line therapy for patients who are appropriate candidates for an antimuscarinic OAB agent.  Until comparative trials are available, mirabegron should be reserved for patients who have not responded to or are cannot tolerate an antimuscarinic OAB drug, or who have contraindications to or could be harmed by drugs with anticholinergic properties.  It must be that noted that mirabegron has not been studied in many of these patient populations such as patients with cognitive impairment.   
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