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Abstract The first-in-class b3-adrenoceptor agonist mir-

abegron is indicated in the EU (BetmigaTM), Japan (Be-

tanisTM) and several other countries for the management of

overactive bladder (OAB) syndrome. Evidence for its use

in this setting includes several large phase 3 trials. Com-

pared with placebo, oral mirabegron for 12 weeks reduced

the frequency of micturition and generally also that of

incontinence, with other benefits including reduced

urgency, increased void volume and improved health

related quality-of-life (HR-QOL). Mirabegron comparisons

versus tolterodine are descriptive; however, in a 12-week

powered comparison versus solifenacin in patients dissat-

isfied with antimuscarinic efficacy, mirabegron did not

demonstrate noninferiority in reducing micturition fre-

quency or significantly differ in terms of improving other

urinary symptoms. Urinary and HR-QOL benefits of mir-

abegron were sustained over up to 52 weeks of treatment

and the drug was generally well tolerated, with a numeri-

cally lower incidence of dry mouth than antimuscarinics.

Real-world data support the trial findings and indicate

possible persistence and adherence benefits for mirabegron

over antimuscarinics. Mirabegron use is not generally

restricted by patient age, sex or antimuscarinic treatment

status, although data in men (from a phase 4 study and

phase 3 trial subanalyses) are variable; additional studies in

older and male OAB patients are awaited with interest.

Although further longer-term efficacy and tolerability data

would be beneficial, current clinical evidence indicates that

mirabegron provides an alternative to antimuscarinics for

the management of OAB in adults, including those for

whom antimuscarinics have proven unsuitable.

Mirabegron: clinical considerations in OAB

First b3-adrenoceptor agonist approved for OAB

Once-daily oral administration

Reduces the frequency of micturition, incontinence

and urgency and improves HR-QOL

Sustains these improvements over 52 weeks’ therapy

Generally well tolerated

1 Introduction

Overactive bladder (OAB) is a common syndrome, the

prevalence and severity of which increases with age [1]. It

is characterized by bothersome urinary symptoms [1],

namely urgency (usually with urinary frequency and noc-

turia), with or without incontinence, in the absence of

obvious pathology [2]. OAB pathophysiology is not

entirely understood, but is thought to involve micturition

reflex abnormalities [3]. Normally, voiding is under
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voluntary control, with the prefrontal cortex indirectly

suppressing voiding until socially appropriate [4]. Until

then, urine filling/storage is facilitated by relaxation of the

bladder, which occurs via noradrenaline-mediated activa-

tion of b3-adrenoceptors (expressed predominantly in

bladder tissue) with resultant suppression of detrusor

muscle voiding contractions [3, 4]. However, when voiding

is desired, parasympathetic nerves release acetylcholine

that activates muscarinic receptors (M2 and M3) causing

detrusor muscle contraction and urination [3, 4]. In OAB,

contractions of the bladder are involuntary, even when

there is little urine [5], causing frequent urination with only

small void volumes [1].

OAB symptoms considerably impinge upon daily

activities, are detrimental to life quality and can be par-

ticularly burdensome for older patients [1, 6]. The first

pharmacological agents available for the management of

OAB were the antimuscarinics [3], and this drug class

remains the mainstay of OAB therapy today [6]. However,

as these agents are not without limitations (including tol-

erability and compliance issues), additional treatment

options have been sought [3]. Mirabegron, a first-in-class

b3-adrenoceptor agonist, is indicated in the EU (Bet-

migaTM) [7], Japan (BetanisTM) [8] and several other

countries for the management of OAB. This article reviews

data relevant to the use of mirabegron in this indication in

the EU and Japan and focuses on the dosage recommended

in these regions (i.e. 50 mg once daily; Sect. 7).

2 Pharmacodynamic Properties of Mirabegron

Mirabegron is a potent selective agonist of the b3-adreno-
ceptor [9, 10]. By stimulating b3-adrenoceptors in the

bladder, mirabegron likely results in bladder relaxation and

thus enhanced urine storage, reductions in bladder con-

traction and, consequently, fewer unwanted urinations

[7, 11].

2.1 Urodynamics

Relaxation of the bladder during filling and a reduction in

the frequency of non-voiding activity was seen with mir-

abegron in men with comorbid lower urinary tract symp-

toms (LUTS) and bladder outlet obstruction (BOO) [10] in

a 12-week placebo-controlled study (n = 200) [12]. Con-

sistent with these findings, bladder storage measures sig-

nificantly (p B 0.01 vs. baseline) improved over 12 weeks

in women with OAB who received mirabegron 50 mg once

daily in a noncomparative trial (n = 60) [13]. The benefit

of the drug on urine storage is further supported by void

volume outcomes in large phase 3 studies in OAB [10]

(Sect. 5.1). Moreover, mirabegron had relaxant effects on

pre-contracted bladder tissue in vitro [9], reduced the fre-

quency, but not amplitude, of reflex bladder contractions

induced by filling in rats [9] and improved storage-phase

urodynamics in a rat model of bladder dysfunction [14],

with other animal studies/models generally supporting

these findings [10, 15]. Further in vitro data suggest mir-

abegron may promote urethral relaxation through a com-

bination of b3-adrenoceptor agonism and a1A/D-
adrenoceptor antagonism [16], although the clinical rele-

vance of this is unknown.

Voiding should not be impeded by b3-adrenoceptor
stimulation in the bladder because, in contrast to the urine

storage phase (during which sympathetic nerve stimulation

predominates), it is controlled by the parasympathetic

nervous system [7] (Sect. 1). Indeed, mirabegron 50 mg

once daily for 12 weeks did not inhibit voiding function in

men with LUTS/BOO, with the drug being noninferior to

placebo in terms of adjusted mean changes from baseline in

maximum urinary flow rate (Qmax) and detrusor pressure at

Qmax and not significantly differing from placebo with

regard to corresponding changes in post-void residual urine

volume [12]. Similar findings were reported over 12 weeks

with this dosage of mirabegron in women with OAB, with

no significant changes from baseline occurring in any of

these measures [13].

2.2 Other Effects

In a thorough QT interval (QTI) study in healthy adults

[17], mirabegron at 50 mg (therapeutic dose) or 100 mg

(supratherapeutic dose) once daily did not prolong the

corrected QTI (QTcI) in either sex, and 200 mg

(supratherapeutic dose) once daily did not prolong it in

men. However, QTcI prolongation occurred with the

200 mg dosage in women, with the baseline-adjusted dif-

ference between mirabegron and placebo exceeding the

threshold of regulatory concern (95% CI upper bound

[ 10 ms) at several timepoints [17]. These findings are

consistent with the differences in mirabegron exposure

between the sexes (Sect. 3.1). Cautious use of mirabegron

is advised in patients with a history of QTI prolongation or

taking drugs that prolong the QTI (EU [7] and Japan [8]),

as well as in those with hypokalaemia or prone to

arrhythmia (Japan) [8].

Cardiostimulant effects have been seen with mirabegron

in vitro [18], and increases in pulse rate (PR) [17, 19] and

blood pressure (BP) [systolic but not diastolic] [19] have

occurred with therapeutic [17] and supratherapeutic

[17, 19] doses of the drug in healthy men [17, 19] and

women [17], mediated (at least in part) by b1-adrenoceptor
stimulation [19]. In adults with OAB, adjusted mean

increases from baseline in BP and PR were small with

mirabegron 50 mg once daily over 12 weeks in large phase
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3 trials (pooled analysis [20] and BEYOND [21]; Sect. 5);

these changes were not considered clinically relevant

[20, 21] and did not significantly differ from those with

solifenacin 5 mg once daily (the active comparator of

BEYOND) [21]. ECG and laboratory measures were clin-

ically unremarkable [20], with few mirabegron (two) or

solifenacin (four) recipients experiencing clinically sig-

nificant ECG changes [21]. Longer-term data from a

52-week phase 3 OAB trial of once-daily mirabegron

50 mg (TAURUS; Sect. 5) were consistent with these

findings [22]. However, BP should be monitored before

and during mirabegron therapy [7, 8]; the drug is con-

traindicated in patients with severe heart disease in Japan,

as PR increases may worsen symptoms [8]. Cardiovascular

(CV) safety is discussed in Sect. 6.

In terms of other effects, intraocular pressure of heal-

thy volunteers was not increased by 8 weeks of mirabe-

gron (100 mg once daily) in a placebo-controlled study

[23]; however, careful administration of mirabegron and

periodical ophthalmological assessment is advised in

patients with glaucoma in Japan [8]. Mirabegron has been

shown to affect the reproductive organs and function of

animals and should consequently be avoided as much as

possible in patients of reproductive age in Japan (boxed

warning) [8].

3 Pharmacokinetic Properties of Mirabegron

Oral mirabegron is readily absorbed, with maximum

plasma concentrations reached 3–5 h after single- or mul-

tiple-administration of a 50 mg dose [24–27]. When

administered once daily, steady-state concentrations of

mirabegron are attained within 7 days and there is two- to

threefold accumulation of the drug [24, 26, 27]. Exposure

to mirabegron is reduced when the drug is taken in a fed

versus a fasted state [27, 28]. In Japan, mirabegron should

be taken after a meal [8]; however, in the EU, mirabegron

can be taken with or without food, on the basis of its

efficacy and tolerability when taken without food restric-

tions in patients with OAB in pivotal phase 3 trials [7]

(Sects. 5 and 6). The absolute bioavailability of mirabe-

gron 50 mg is 35% [7, 8].

Mirabegron has a large volume of distribution

[7, 8, 24, 25] (e.g. & 1670 L at steady state [7]) and par-

titions into erythrocytes, with concentrations of the drug

being twofold greater in erythrocytes than in plasma

in vitro [7]. Mirabegron is & 71–77% bound to plasma

proteins [7, 8] and is metabolized via several pathways

(amide hydrolysis, glucuronidation, N-dealkylation and

oxidation) [29] and enzymes [butyrylcholinesterase, UDP-

glucuronosyltransferases (including UGT2B7 [30]),

CYP3A4, CYP2D6 and possibly alcohol dehydrogenase,

although the roles of CYP3A4 and/or CYP2D6 may be

limited] [7, 31]. After a single oral dose, unchanged mir-

abegron is the most abundant moiety circulating in the

plasma [29] and there are two major metabolites (each a

glucuronide and inactive) [7].

Mirabegron is eliminated in the urine (55%) and faeces

(34%), with unchanged mirabegron accounting for 45%

and almost all of the drug eliminated via these respective

routes [29]. Mirabegron has a terminal elimination half-life

of & 50 h, a total body clearance from plasma of & 57 L/

h and a renal clearance of & 13 L/h, with the latter

occurring via active tubular secretion (predominantly) and

glomerular filtration [7].

3.1 Special Patient Groups

Mild or moderate renal impairment does not appear to have

a clinically meaningful impact on mirabegron pharma-

cokinetics [32]; however, severe renal impairment increa-

ses exposure to mirabegron considerably [32],

necessitating a reduction in dosage [7, 8]. In the EU [7],

mirabegron is not recommended for use in patients with

end-stage renal disease, as it has not been evaluated in this

setting. Similarly, mild hepatic impairment does not appear

to alter mirabegron pharmacokinetics to any clinically

meaningful extent [32], whereas moderate hepatic impair-

ment increases mirabegron exposure markedly [32] and

requires the mirabegron dosage to be reduced [7, 8]. Mir-

abegron is not recommended (EU) [7] or is contraindicated

(Japan) [8] in patients with severe hepatic impairment,

given the drug has not been studied in these patients [7] and

the increased risk of excessive mirabegron exposure [8].

However, EU recommendations alter if strong CYP3A

inhibitors are being used, with mirabegron requiring a

dosage reduction for mild or moderate renal impairment or

mild hepatic impairment and not being recommended in

severe renal or moderate hepatic impairment [7].

No adjustments in mirabegron dosage are recommended

on the basis of race, CYP2D6 polymorphisms, age or sex

[7, 8]. However, exposure to mirabegron is higher in

women than men [7, 8, 25–27] (due to bodyweight and

bioavailability differences) and, despite being generally

similar regardless of age [7, 26], was 1.32-fold higher in

older versus younger Japanese OAB patients (aged C 65 vs.

\ 65 years), necessitating careful use of mirabegron in the

elderly in Japan [8].

4 Drug Interactions

Mirabegron is a substrate of various enzymes (Sect. 3),

including transporters such as OCT1, OCT2, OCT3 and

P-gp [7]. Plasma concentrations of mirabegron are reduced
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by drugs that induce CYP3A or P-gp; however, the mir-

abegron dosage does not need adjusting when these

inducers (e.g. rifampicin) are being used concomitantly at

therapeutic concentrations in the EU [7], although care is

advised in Japan [8]. Care is also recommended in Japan if

coadministering mirabegron with strong CYP3A4 inhibi-

tors (some of which also inhibit P-gp), as mirabegron blood

concentrations may increase [8]; increased exposure to

mirabegron may increase PR [7]. Moreover, combined use

of mirabegron and catecholamines may increase adrenergic

nerve stimulation and requires care in Japan [8].

Mirabegron inhibits CYP2D6 moderately [7], and may

thus increase exposure to drugs that are CYP2D6 substrates

[7, 8]. In the EU, caution is required when coadministering

mirabegron with drugs that are metabolized significantly

by CYP2D6 and have narrow therapeutic indices (e.g.

thioridazine, type 1C antiarrhythmics and tricyclic antide-

pressants) or CYP2D6 substrates that require individual

dose titration [7]. Similar recommendations apply in Japan,

although mirabegron is contraindicated for use in combi-

nation with certain type 1C antiarrhythmics (flecainide

acetate and prophenone hydrochloride) [8].

Mirabegron inhibits P-gp, albeit weakly, and may

therefore increase exposure to P-gp substrates, a property

that requires consideration in the EU if mirabegron is to be

used in conjunction with dabigatran and other sensitive

P-gp substrates [7]. Serum concentrations of digoxin (a

P-gp substrate) should be monitored in patients receiving

concomitant mirabegron in the EU [7] or Japan [8]. Mir-

abegron is also a weak inhibitor of CYP3A [7].

5 Therapeutic Efficacy of Mirabegron

This section focuses on the efficacy of mirabegron 50 mg

once daily in treating OAB in adults, as evaluated in sev-

eral large (n[ 400) multicentre clinical trials of 12 or

52 weeks’ duration; large real-world studies (n[ 1000

mirabegron recipients) and analyses of pooled clinical trial

data are also discussed. Most clinical trials were random-

ized, double-blind, placebo- and/or active comparator-

controlled studies (except one, which was open-label and

noncomparative [33]) and were phase 3 unless stated

otherwise. Among the trials with active comparator arms,

only one (BEYOND) was powered to make statistical

comparisons between mirabegron and the active agent

(solifenacin) [21]. Most trials were multinational

[21, 22, 34–36], with some conducted in USA/Canada [37],

Asia [36] or specifically Japan [33, 38].

The clinical trials enrolled men and women (or just men

[39]) with OAB symptoms for C 3 [21, 22, 34–37, 39] or

C 6 [33, 38] months who (after completing a run-in phase

of 1–2 weeks) experienced an average of C 8 micturition

episodes/24 h and either C 3 urgency episodes

[21, 22, 34, 35, 37] or C 1 urgency and/or C 1 urgency

incontinence episode/24 h [33, 36, 38] during a 3-day pre-

treatment period. Common exclusion criteria among the

studies included stress (or predominantly stress) inconti-

nence, average daily urine volume[ 3000 mL and severe

hypertension. Across trials, patients were predominantly

women (64–85% in mixed-sex studies) and had a mean age

of 54–61 years. Where specified, the mean OAB duration

was 58–113 months and, in trials other than BEYOND (in

which all patients had received antimuscarinics previously;

Sect. 5.3), 48–65% of patients had previously received

pharmacological OAB therapy, discontinuing most often

because of insufficient benefit.

5.1 Urinary Symptoms

Mirabegron improved micturition frequency, and also

generally improved incontinence frequency, in adults with

OAB in five short-term trials. After 12 weeks’ treatment,

the daily number of micturition episodes (primary endpoint

in all studies) was significantly reduced with mirabegron

relative to placebo [34–38], as was the daily number of

incontinence episodes (primary endpoint in all but two

studies) in most trials [34, 35, 37, 38] (Table 1). Mirabe-

gron recipients also had significant reductions in the daily

number of micturitions associated with grade 3–4 urgency

and voided a significantly greater volume of urine per

micturition than placebo recipients; however, only one [37]

of the three [36–38] trials that assessed nocturia frequency

found it to be significantly reduced with mirabegron versus

placebo (Table 1). The findings of the five trials are gen-

erally supported by a pre-specified analysis [40] of pooled

data from three of the studies [34, 35, 37], with significant

benefit seen with mirabegron versus placebo for all of the

discussed parameters, including nocturia (Table 1).

Improvements in the primary efficacy measures of

individual trials were evident with mirabegron versus pla-

cebo at the first assessment (i.e. at week 4 of treatment) and

sustained thereafter [34–38], with similar findings being

reported with mirabegron in the prespecified pooled anal-

ysis [41].

Among incontinent patients, reductions in the frequency

of incontinence and urgency episodes with mirabegron

versus placebo appeared to increase with increasing base-

line incontinence severity, whereas improvements in mic-

turition frequency and void volume showed little variation

across the assessed populations. This post hoc analysis [42]

of the pooled data already discussed (i.e. from three

12-week trials [34, 35, 37]) included patients with C 1

(n = 1740) or an average of C 2 (n = 906) or C 4

(n = 392) incontinence episodes/24 h at baseline.

836 E. D. Deeks



Longer-term treatment with mirabegron for 52 weeks

provided sustained improvements in key OAB symptoms

in two additional studies (Table 2) [22, 33].

In contrast to mirabegron, tolterodine did not signifi-

cantly differ from placebo for most urinary outcomes in the

two 12-week trials that made such statistical comparisons

(Table 1) [34, 36]. However, urinary symptom improve-

ments did not markedly differ between mirabegron and

tolterodine in the comparative 52-week study, although

between-group statistical comparisons were not performed

(Table 2) [22].

5.2 Health-Related Quality of Life and Other

Outcomes

Improvements in health-related quality of life (HR-QOL)

were seen with mirabegron in most short-term studies. In

the three trials that used the OAB questionnaire (OAB-q),

12 weeks’ treatment with mirabegron was associated with

significant (p\ 0.05 vs. placebo) adjusted mean

improvements in symptom bother score [34, 35, 37], as

well as three [43] or four [37] of the five OAB-q HR-QOL

domain scores (coping, concern, total HR-QOL and/or

sleep, but not social), where specified. There were also

significant (p\ 0.05 vs. placebo) adjusted mean

improvements in the Patient Perception of Bladder Con-

dition questionnaire (PPBC) score in two [34, 37] of the

three [34, 35, 37] trials. The benefit of mirabegron, as

measured by these instruments, was corroborated in a post

hoc analysis [44] of pooled data (see Sect. 5.1 for details)

and was generally also evident in patients with inconti-

nence at baseline, where reported [43].

Among the two 12-week trials that assessed HR-QOL

with the King’s Health Questionnaire (KHQ), one reported

Table 1 Efficacy of 12 weeks’ treatment with oral mirabegron in adults with OAB in phase 3 trials and a prespecified pooled analysis

Study Regimen
(mg once daily)
[no. of patients]a

Change from BL [BL] in no. of episodes/24 h Change from BL
[BL] in void
volume per
micturition (mL)

Incontinence Micturition Urgency
(grade 3–4)

Nocturia

Comparisons with PLb

Khullar et al. [34]c

(SCORPIO)
MIR 50 [473; 293i] - 1.6**d [2.8] - 1.9***d [11.7] - 2.3** [5.7] 24.2*** [161]

PL [480; 291i] - 1.2d [2.7] - 1.3d [11.7] - 1.7 [5.8] 12.3 [157]

TOL 4 [475; 300i] - 1.3d [2.6] - 1.6d [11.6] - 2.1* [5.8] 25.0*** [159 ]

Nitti et al. [37] (ARIES) MIR 50 [425; 312i] - 1.5*d [2.8] - 1.7*d [11.8] - 1.6* [5.9] - 0.6* [1.9] 18.2* [156]

PL [433; 325i] - 1.1d [3.0] - 1.1d [11.5] - 0.8 [5.6] - 0.4 [1.9] 7.0 [158]

Herschorn et al. [35]c

(CAPRICORN)
MIR 50 [426; 257i] - 1.4***d [2.5] - 1.6*d [11.7] - 1.9** [5.8] 20.7*** [159]

PL [415; 262i] - 0.96d [2.4] - 1.2d [11.5] - 1.4 [5.4] 8.3 [164]

Kuo et al. [36]e MIR 50 [338] - 1.2 [2.4] - 2.1*d [12.1] - 0.5 [2.3] 19.0* [148]

PL [323] - 1.1 [2.4] - 1.5d [12.6] - 0.4 [2.5] 9.0 [153]

TOL 4 [333] - 1.2 [2.3] - 1.5d [12.1] - 0.4 [2.4] 15.8 [150]

Yamaguchi et al. [38] MIR 50 [369] - 1.1** [1.99] - 1.7***d [11.2] - 0.4 [1.7] 24.3*** [150]

PL [368] - 0.7 [1.9] - 0.97d [11.3] - 0.4 [1.8] 9.7 [147]

TOL 4 [368] - 0.9 [1.9] - 1.4d [11.1] - 0.4 [1.7] 28.8 [146]

Comparison with PL in a pooled analysis (SCORPIO, ARIES and CAPRICORN)

Nitti et al. [40] MIR 50 [1324; 862i] - 1.5* [2.7] - 1.8* [11.7] - 1.9* [5.8] - 0.6* [2.2] 21.4* [159]

PL [1328; 878i] - 1.1 [2.7] - 1.2 [11.6] - 1.3 [5.6] - 0.4 [2.2] 9.4 [159]

Comparison with SOL

Batista et al. [21]
(BEYOND)

MIR 50 [865pp; 405i]
f - 1.4 [2.1] - 2.95d,g [11.6] - 4.6 [7.7] - 0.95 [2.3]

SOL 5 [854pp; 413i]
f - 1.6 [2.1] - 3.13d [11.4] - 4.8 [7.8] - 0.94 [2.3]

Changes from BL are adjusted means (in one study [38] they are means); BL values are means. All study drugs were taken orally

BL baseline, FAS full-analysis set, MIR mirabegron, PL placebo, SOL solifenacin, TOL tolterodine (specified as extended release [34, 36])

*p B 0.05, **p\ 0.01, ***p\ 0.001 vs. PL
aFAS, unless denoted ‘i’ (FAS patients with BL incontinence; used for incontinence outcomes) or ‘pp’ (per-protocol set)
bStatistical analyses were not performed between TOL and PL in one trial [38] or between TOL and MIR in any study
cFor PL, all changes from BL [35] and BL values for urgency and void volume outcomes [34, 35] are from another source [7]
dPrimary endpoint
eChanges from BL are estimated from graphs
fFAS was used for urgency and nocturia outcomes (n = 921 and 912 in MIR and SOL groups)
gMIR did not show noninferiority vs. SOL, as 95% CI for treatment difference (- 0.42, 0.06) did not have a lower bound[- 0.20
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significant (p\ 0.05 vs. placebo) mean improvements with

mirabegron in most domains (incontinence impact, role,

physical and social limitations, emotions, sleep/energy and

severity, but not personal relationships or general health

perceptions) [38], whereas the other trial reported no sta-

tistically significant benefit with the drug (vs. placebo)

[36]. However, mean changes from baseline in most

domain scores exceeded the clinically important difference

of 5 points with mirabegron in each study [36, 38].

Treatment satisfaction [assessed by visual analogue scale

(VAS)] significantly (p\ 0.05) improved with mirabegron

versus placebo over 12 weeks, where reported [34, 35, 37],

including in patients with baseline incontinence [43], with

the prespecified analysis of pooled data supporting these

findings [40]. Mirabegron recipients also had numerical

improvements versus placebo recipients in the absenteeism,

presenteeism and work and activity impairment components

of the Work Productivity and Activity Impairment-Specific

Health Problem (WPAI-SHP) questionnaire (no statistical

analyses performed) [43].

Longer-term treatment with mirabegron for 52 weeks

was associated with sustained improvements in HR-QOL

(OAB-q [22], PPBC [22] and KHQ [33] scores) and

treatment satisfaction (VAS) [22].

In tolterodine control arms, 12 weeks’ treatment was

associated with significant (p\ 0.05) improvements in

OAB-q symptom bother score [34] (but not OAB-q [43] or

KHQ [36] HR-QOL domain scores), disease perception

(PPBC) [34] and treatment satisfaction (VAS) [34], and

numerical improvements in absenteeism and activity

impairment (but not presenteeism or work impairment)

[WPAI-SHP] [43] versus placebo. In the 52-week com-

parative study, improvements in HR-QOL (OAB-q and

PPBC) and treatment satisfaction (VAS) with tolterodine

were not markedly different from those seen with mir-

abegron, although statistical comparisons were not per-

formed [22].

5.3 Versus Solifenacin

The phase 3b BEYOND study enrolled adults with OAB

who were dissatisfied with the efficacy of their last

antimuscarinic (which could have been any, except

solifenacin); 57% of patients had received just one

antimuscarinic [21]. Mirabegron did not meet the pre-

specified noninferiority criteria versus solifenacin for

improvements in daily micturition frequency over

12 weeks of treatment in this trial (primary endpoint;

Table 1). There were no significant differences between the

two treatment groups for other urinary symptom measures,

including the daily frequency of incontinence, grade 3–4

urgency and nocturia episodes (Table 1). Mirabegron had

significantly (p\ 0.05) more favourable adjusted mean

changes in some HR-QOL measures (OAB-q symptom

bother and PPBC, but not OAB-q total HR-QOL) and all

treatment satisfaction measures (VAS and Treatment Sat-

isfaction-questionnaire Likert scale); however, these sta-

tistical differences versus solifenacin were not considered

to be clinically relevant [21].

5.4 Specific Patient Groups

The clinical benefit of mirabegron in adults with OAB was

more notable in those who had received antimuscarinics

previously versus those who had not, both in a prespecified

subanalysis of pooled data (see Sect. 5.1 for details) [40] and

in a post hoc analysis [45] of one study [34]. For instance, over

12 weeks in the pooled analysis [40], the adjusted mean

change from baseline in incontinence episodes/24 h was

- 1.5 with mirabegron versus - 0.9 with placebo in

antimuscarinic-experienced patients and - 1.5 versus - 1.4

in antimuscarinic-naı̈ve patients. Corresponding changes in

micturition episodes/24 h were - 1.7 versus - 0.9 in the

experienced group and- 1.8 versus- 1.5 in the naı̈ve group.

Mirabegron also appears to reduce the frequency of

incontinence and micturition episodes in older OAB

Table 2 Efficacy of 12 months’ treatment with oral mirabegron in adults with OAB in phase 3 trials

Study Regimen (mg od)

[no. of patients]a
Change from BL [BL] in no. of episodes/24 h Change from BL

[BL] in void volume

per micturition (mL)Incontinence Micturition Nocturia

Chapple et al.b [22]

(TAURUS)

MIR 50 [789; 479i] - 1.0 [2.7] - 1.3 [11.1] - 0.46 [2.1] 17.5 [160]

TOL 4 [791; 488i] - 1.3 [2.4] - 1.4 [10.9] - 0.43 [2.0] 18.1 [160]

Yamaguchi et al. [33] MIR 50 [146] - 1.3* [1.95] - 2.2* [11.1] - 0.5* [1.5]

Changes from BL are means [33] or adjusted means [22]; all BL values are means. All study drugs were taken orally

BL baseline, FAS full-analysis set, MIR mirabegron, od once daily, TOL tolterodine extended release

*p\ 0.05 vs. BL
aFAS, unless denoted ‘i’ (FAS patients with BL incontinence; used for incontinence outcomes)
bStudy assessed efficacy outcomes as secondary endpoints and was not designed to demonstrate significant between-group differences

838 E. D. Deeks



patients, according to a prospective analysis [46] of the

pooled data. Differences between mirabegron and placebo

for adjusted mean changes from baseline in incontinence

episodes/24 h and micturitions/24 h were - 0.66 and

- 0.62 in patients aged C 65 years (n = 700 and 1003

evaluable for respective measures) and - 0.65 and - 0.59

in those aged C 75 years (n = 223 and 303).

Mirabegron has also been evaluated specifically in male

OAB patients in various trials/analyses. In a phase 4 study

(MIRACLE) [39], mirabegron (n = 308) and placebo

(n = 154) did not significantly differ in the mean change from

baseline in daily micturition frequency at 12 weeks (1.6 vs.

1.5) [primary endpoint], although recipients of the drug had

more favourable (p B 0.02) mean changes in OAB Symptom

Scores (total, urgency and urgency incontinence) and most

International Prostate Symptom Scores (storage and urgency,

but not quality of life). The findings of a prespecified analysis

of the pooled phase 3 data were also mixed, with mirabegron

(n = 168–382) significantly reducing the mean daily fre-

quency of micturition, but not incontinence or grade 3 or 4

urgency episodes versus placebo (n = 154–362) [latter mea-

sure was post hoc] [47]. In terms of active comparisons, male

patient data from BEYOND [47] supported the overall find-

ings of the trial (Sect. 5.3),withmirabegron (n = 58–222) and

solifenacin (n = 59–221) not significantly differing in terms

of adjusted mean improvements in daily micturition, incon-

tinence or grade 3 or 4 urgency frequency over 12 weeks

(measures other than micturition were post hoc).

5.5 Real-World Studies

Efficacy has been observed with mirabegron in the real-

world setting in two large prospective Japanese post-mar-

keting studies. Mirabegron was considered an effective

OAB treatment in the majority (81%) of recipients after 12

[48] and 52 [49] weeks of therapy (n = 9394 and 1091

evaluable), with significant improvements in urinary

symptoms (measured by OAB Symptom Scores) evident

with the drug over these periods (n = 4153 and 502

evaluable) [48, 49]. Of note, in a post hoc analysis [50] of

the 12-week study [48], mirabegron was slightly (albeit

significantly) less effective in patients aged C 75 years

than in those aged\ 75 years for some measures, includ-

ing the proportion of patients who achieved a minimally

clinically important change in total OAB Symptom Score

over this period (61 vs. 66%; p\ 0.001).

In various retrospective analyses of pharmacy/medical/

insurance claims (Japan [51], Canada [52], USA [53]) and

primary care research (UK [54]) databases

(n = 3970–71,980), rates of treatment persistence after

52 weeks were relatively low with mirabegron (14–38%) as

well as with antimuscarinics (5–25%), although significantly

(p B 0.002) favoured mirabegron over antimuscarinics

where specified [54]. A large Japanese post-marketing study

reported 66% persistence with mirabegron at 52 weeks,

although this may have been due to aspects of the study’s

prospective design (e.g. frequent follow ups) [49].

When adherence was assessed in some of the retrospec-

tive studies, 18–44% ofmirabegron recipients versus 7–35%

of antimuscarinic recipients were adherent to therapy over

52 weeks [i.e.were adherentC 80%of the time, asmeasured

by proportion of days covered [53] or medication possession

ratio (MPR) [51, 54]], with the difference being significant

(p B 0.02) where specified [54]. Adherence measured by

median [52] or mean [54] MPR was also significantly (p

B 0.004) more favourable with mirabegron than all [52] or

most [54] assessed antimuscarinics.

6 Tolerability of Mirabegron

Oral mirabegron was generally well tolerated for up to

52 weeks in adults with OAB in the pivotal clinical trials

[21, 22, 33–39] and large post-marketing studies [48–50]

discussed in Sect. 5, with this section focusing on pooled

data (where possible) and the recommended dosage of

50 mg once daily.

In a prospective analysis [20] of pooled data from three

12-week phase 3 trials [34, 35, 37], the tolerability profile

of mirabegron was generally similar to that of placebo

(Table 3). In each of these treatment groups, adverse

events (AEs) considered to be treatment related (i.e.

TRAEs) occurred in\ 20% of patients, were rarely serious

(B 1% of patients) and caused fewer than 3% of patients to

discontinue treatment. Hypertension and headache were the

TRAEs that occurred most frequently with mirabegron

(although their incidence did not markedly differ from that

seen with placebo; Table 3) and led to the most mirabegron

discontinuations [20].

Mirabegron had a generally similar tolerability profile to

that of the antimuscarinic agents tolterodine [20] and

solifenacin [21] over 12 weeks in this pooled analysis [20]

and BEYOND [21] (Table 3). In terms of the most com-

mon treatment-emergent AEs (TEAEs) [21] or TRAEs

[20], mirabegron did not differ markedly from solifenacin

for headache and constipation or from tolterodine for

hypertension, headache and constipation, although the

incidence of dry mouth (the most common event with each

of the antimuscarinics) was 1.9- to 10.6-fold lower with

mirabegron (Table 3) [20, 21].

The longer-term tolerability profile of mirabegron was

generally consistent with that seen with the drug in 12-week

trials. For example, in the largest [22] of the two 52-week

studies [22, 33], the proportion of patients who experienced

TEAEs, serious TEAEs or discontinued treatment because of

TEAEs was 59.7, 5.2 and 6.4%, respectively, with
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mirabegron (vs. 62.6, 5.4 and 6.0% with tolterodine)

[n = 812 in each treatment group]. Mirabegron was gener-

ally similar to tolterodine in terms of the nature and incidence

of the most common TEAEs, which included hypertension

(9.2 vs. 9.6%), urinary tract infection (5.9 vs. 6.4%) and

headache (4.1 vs. 2.5%), although the incidence of drymouth

(the second most common TEAE with tolterodine) was 3.1-

fold lower with mirabegron (2.8 vs. 8.6%) [22]. The TRAEs

that most commonly led to mirabegron discontinuation were

headache and constipation [20].

The tolerability profile of mirabegron did not appear to

be markedly impacted by age, race or sex in the pooled

analysis of 12-week trials [20], or the large 52-week study

[20], with its tolerability in male patients over 12 weeks

being further supported by MIRACLE [39] and subanaly-

ses of BEYOND (post hoc) and the pooled data [47].

6.1 Adverse Events of Special Interest

Urinary retention was rare with mirabegron over 12 weeks’

therapy in the pooled analysis [20] and BEYOND [21],

occurring with an incidence of 0.1% [20, 21] versus 0.5%

with placebo [20], 0.6% with tolterodine [20] and 0.1%

with solifenacin [21]. All cases resolved spontaneously and

none were acute in BEYOND [21], whereas in the pooled

analysis [20], acute urinary retention occurred in 0.1% of

mirabegron, 0.2% of placebo and 0.6% of tolterodine

recipients, with all those affected in the mirabegron and

tolterodine groups consequently discontinuing treatment.

Findings were similar longer term, with urinary retention

reported in 0.1% of mirabegron and 0.4% of tolterodine

recipients over 52 weeks’ treatment in TAURUS; no cases

were acute with mirabegron versus one case with tolter-

odine that required catheterization and permanent discon-

tinuation of treatment [22]. However, mirabegron requires

cautious use in patients with clinically significant BOO or

taking antimuscarinics for OAB in the EU [7]. In Japan,

mirabegron should be discontinued if symptoms of urinary

retention occur and the drug should not be used in com-

bination with anticholinergic OAB drugs [8].

In terms of CV profile, the incidence of independently-

adjudicated major adverse CV events (MACE), as well as

TEAEs, serious AEs and CV-adjudicated AEs involving

ventricular arrhythmia or QTI prolongation, was low over

12 weeks with mirabegron, placebo or tolterodine in the

pooled analysis (e.g. QTI prolongation AEs occurred in 0, 0

and 0.4% of patients in the respective groups) [20]. Similarly,

CV AEs (including QTI prolongation, cardiac arrhyth-

mia/failure, tachycardia and atrial fibrillation) also occurred

with low incidence with mirabegron and solifenacin over

12 weeks in BEYOND (0.1–1.7 vs. 0–1.8%) [21]. Longer-

term data support these findings, with mirabegron being

associatedwith a low incidence of adjudicatedMACE (0.7 vs.

0.5% with tolterodine), QTI prolongation (0.4 vs. 0.4%) and

cardiac arrhythmia (3.9 vs. 6.0%) over 52 weeks of treatment

in TAURUS [22]. However, mirabegron is contraindicated in

patients with severe uncontrolled hypertension (EU) [7], as

cases of serious hypertension (including hypertensive crisis)

have been reported with the drug, some of which had a clear

temporal relationship to its use [55].

7 Dosage and Administration of Mirabegron

Mirabegron tablets are indicated for the symptomatic

treatment of urgency, increased micturition frequency and/

or urgency incontinence in adults with OAB syndrome in

the EU [7], and for urgency, urinary frequency and urge

urinary incontinence in OAB in Japan [8]. The recom-

mended dosage is 50 mg taken orally once daily with or

without food [7] or after a meal [8]. Consult local pre-

scribing information for details of use in special patient

populations, drug interactions, contraindications, and other

warnings and precautions.

Table 3 Tolerability of oral mirabegron over 12 weeks in adults with OAB in a phase 3 trial and a prespecified pooled analysis

Parameter (% of pts) Pooled analysis [20] of SCORPIO, ARIES and CAPRICORN BEYOND [21]

MIR (n = 1375) PL (n = 1380) TOL (n = 495) MIR (n = 936) SOL (n = 934)

Any TRAE 18.6 16.8 26.5 11.1 14.5

Serious TRAE 0.5 0.4 1.2 0.4 0.4

Discontinuation for TRAE 2.5 2.0 4.0 1.0 1.5

Most common TRAEs [20] or TEAEs [21] (C 2% in any group)

Hypertension 4.7 4.6 6.1

Headache 2.0 1.3 2.2 3.0 2.4

Dry mouth 0.9 1.6 9.5 3.1 5.8

Constipation 0.8 1.2 1.4 2.2 2.5

MIR mirabegron 50 mg once daily, PL placebo, pts patients, SOL solifenacin 5 mg once daily, TEAEs treatment-emergent adverse events, TOL

tolterodine extended release 4 mg once daily, TRAE(s) treatment-related adverse event(s)
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8 Place of Mirabegron in the Management
of Overactive Bladder Syndrome

Relieving symptoms to optimize quality of life is the main

aim of OAB management and several therapeutic options

are available to achieve this goal [1, 4]. Conservative

approaches (e.g. behavioural/lifestyle interventions and/or

physical therapy) are generally the first port-of-call, with

pharmacotherapy initiated if symptom improvement

remains inadequate [1, 56, 57]. Other treatment options are

more invasive (e.g. neuromodulation, botulinum toxin

injection) and are generally reserved for select patients,

including those with OAB refractory to first- and second-

line therapies [1, 56, 57].

Pharmacotherapy is amainstay treatment forOAB [4] and

has been dominated for many years by antimuscarinics (e.g.

tolterodine, oxybutynin, solifenacin) [3], which reduce

detrusor contractions and urgency sensations by inhibiting

M2 and M3 muscarinic receptors in the bladder detrusor

muscle and urothelium [6]. However, as many patients stop

taking these drugs (e.g. 43–83% within first 30 days in one

medical claims review) [58], often because of unmet treat-

ment expectations and AEs [59], there has been a clear need

for additional non-invasive treatments that could delay

consideration of more invasive procedures. Mirabegron is a

relatively recent (but widely used [3]) pharmacological

agent that has expanded the non-invasive treatment options

available for managing OAB. As a b3-adrenoceptor agonist,
it was the first drug with a new mechanism of action to be

approved for use in this setting in decades [60], appearing to

act primarily by relaxing the bladder to increase its storage of

urine without impeding voiding (Sect. 2.1) or increasing the

risk of urinary retention (Sect. 6.1).

Mirabegron is currently the only b3-adrenoceptor ago-
nist approved for managing OAB and, like antimuscarinics,

is a symptomatic treatment (i.e. does not modify or cure

OAB). Its efficacy in alleviating OAB symptoms in adults

has been demonstrated in several large phase 3 trials and

real-world studies of up to 52 weeks’ duration (Sect. 5),

with its clinical benefit versus placebo in phase 3 trials

(Sect. 5.1) generally being mirrored by improvements in

HR-QOL and other patient-reported outcomes (Sect. 5.2).

As changes in micturition and/or incontinence frequency

were the primary endpoints of these studies, robust trials

primarily designed to evaluate urinary urgency/urgency-

related outcomes would be of interest.

Benefits of mirabegron versus placebo were modest but

generally consistent with those seen with standard

antimuscarinics [15]. Although some phase 3 trials inclu-

ded a tolterodine control arm, BEYOND is currently the

only large trial powered to compare mirabegron with

another active agent (other such studies would be

beneficial). In this 12-week study in patients dissatisfied

with the efficacy of their last antimuscarinic, mirabegron

did not demonstrate noninferiority versus solifenacin in

reducing micturition frequency, although the drugs pro-

vided similar improvements in other urinary outcomes and

did not differ to any clinically relevant extent in HR-QOL/

satisfaction benefits (Sect. 5.3). However, some of the

trial’s limitations, such as the exclusion of patients dis-

satisfied with the tolerability of antimuscarinics, need to be

considered when interpreting these findings.

Tolerability (like efficacy) is an important determinant of

patient adherence to OAB therapy [1]. Mirabegron for up to

52 weeks was generally well tolerated in clinical trials,

displaying a profile generally similar to that of placebo and,

for the most part, antimuscarinics (Sect. 6). Among the AEs

associated with antimuscarinics, dry mouth, constipation,

blurred vision and cognitive impairment are some of the

most bothersome [3, 61], with dry mouth being one of the

most common reasons for antimuscarinic discontinuation

[62]. Mirabegron appeared to have a lower incidence of dry

mouth than antimuscarinics (Sect. 6), which could poten-

tially improve patient adherence/persistence to treatment

[61]. Indeed, in the real-world setting, persistence and

adherence benefits were evident with mirabegron versus

antimuscarinics in patients with OAB, although rates were

still relatively low (Sect. 5.5).

The CV safety of OAB treatments is also important to

consider, as CV comorbidities are common among OAB

patients [63]. Antimuscarinics have the potential for CV

AEs, such as QTI prolongation, torsade de pointes and

increased BP and PR, because of the roles M2 and M3

receptors play in mediating PR and vasodilation [6].

However, clinically significant PR or BP effects rarely

occur with these agents [6] and their overall CV safety is

considered to be good [64]. Currently available data indi-

cate that mirabegron is also likely to have generally good

overall CV safety, with initial concerns about the potential

for clinically relevant off-target effects at b-adrenoceptors
in CV tissues being largely unsubstantiated [64, 65]

(Sects. 2.2 and 6.1). However, there are CV warnings and

precautions for mirabegron, including a contraindication in

patients with severe uncontrolled hypertension (as serious

hypertensive events have occurred with the drug;

Sect. 6.1). Longer-term and pharmacovigilance data are

needed to determine the tolerability (as well as the effi-

cacy) of mirabegron beyond 52 weeks; however, prospec-

tive routine surveillance [66] and a retrospective analysis

of administration claims databases [67] have found no

increased risk of acute myocardial infarction or stroke with

mirabegron versus oxybutynin to date in the USA.

Mirabegron use is generally not restricted by patient age,

sex or antimuscarinic treatment status [7, 8]. Subanalyses of

phase 3 trials found benefit with the drug in patients who had,
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or had not, received antimuscarinics previously (although

benefit was less notable in naı̈ve patients due to them having a

greater placebo effect, as has been seen in some antimus-

carinic trials) or were of an older age (Sect. 5.4). Data from a

phase 4 study of mirabegron in OAB patients aged

C 65 years (NCT02216214) are awaited with interest, par-

ticularly as the adverse cognitive effects of antimuscarinics

can limit their use in older patients [61] (although CNS AE

incidence may be determined more by a patient’s total anti-

cholinergic burden than any single drug per se [6]). Although

most mirabegron trial participants were women, limited data

indicate some outcomes may be improved in men (Sect. 5.4).

Additional robust studies are therefore needed in men, with

phase 4 trials already underway (NCT02757768) or recently

reporting promising findings [68] with mirabegron in men

with OAB also taking the a-blocker tamsulosin for benign

prostatic hyperplasia (BPH); however, for patients with BPH

or other lower urinary tract obstructive diseases in Japan,

treatment (e.g. with an a-blocker) should be the priority.
Further powered head-to-head active comparisons would

also be of interest, although inmixed treatment comparisons of

data from 44 randomized, controlled OAB trials (27,309

patients), mirabegron 50 mg once daily displayed similar

efficacy tomost antimuscarinics (only solifenacin 10 mg once

daily was more effective) and caused less dry mouth [69].

Treatment guidelines relevant to themanagement of OAB

include those specific to the condition [1, 56] and those for

urinary incontinence [57, 70], some of which include OAB-

specific recommendations [57]. Mirabegron is recom-

mended by NICE as an option for managing OAB symptoms

when antimuscarinics are intolerable, clinically ineffective

or contraindicated [71]. However, more recent guidelines by

the EAU recommend mirabegron (grade B recommenda-

tion) and antimuscarinics (grade A) as first-line pharmaco-

logical options for treating urgency urinary incontinence

[70], with US [1] and Canadian [56] OAB guidelines making

similar recommendations. Notably, treating OAB with mir-

abegron may lower healthcare resource use, work produc-

tivity losses and the overall cost of treatment compared with

antimuscarinics, according to a UK pharmacoeconomic

analysis [72]. Moreover, in cost-utility analyses, mirabegron

was estimated to be a cost-effective treatment option for

OAB versus standard oral antimuscarinics from the per-

spective of the UK NHS [73, 74], although fesoterodine was

determined to be cost effective versus mirabegron for OAB

with urge urinary incontinence from a Spanish NHS per-

spective [75]. Further cost-utility data would be beneficial.

To conclude, although further longer-term efficacy and

tolerability data would be beneficial, current clinical evi-

dence indicates that mirabegron offers an alternative to

antimuscarinics for the management of OAB in adults,

including those for whom antimuscarinics have proven

unsuitable, and may thus delay consideration of more

invasive treatment options.

Data Selection Mirabegron: 461 records identified

Duplicates removed 86

Excluded during initial screening (e.g. press releases;

news reports; not relevant drug/indication; preclinical

study; reviews; case reports; not randomized trial)

11

Excluded during writing (e.g. reviews; duplicate data;

small patient number; nonrandomized/phase I/II trials)

289

Cited efficacy/tolerability articles 28

Cited articles not efficacy/tolerability 47

Search Strategy: EMBASE, MEDLINE and PubMed from 2013 to

present. Previous Adis Drug Evaluation published in 2013 was hand-

searched for relevant data. Clinical trial registries/databases and

websites were also searched for relevant data. Key words were

Mirabegron, Betanis, Betmiga, YM178, overactive bladder. Records

were limited to those in English language. Searches last updated 2 May

2018
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