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Abstract Mirabegron (YM178, MyrbetriqTM, Betanis®,
Betmiga'™) is a s-adrenergic receptor agonist approved in
several countries for the symptomatic treatment of adults
with overactive bladder syndrome. In three 12-week, ran-
domized, double-blind, placebo-controlled, multinational
trials in patients with overactive bladder syndrome, oral
mirabegron 25 or 50 mg once daily significantly reduced
the adjusted mean number of incontinence episodes per 24
h (in patients with incontinence at baseline) and the
adjusted mean number of micturition episodes per 24 h (in
full trial populations) [coprimary endpoints]. Across trials,
mirabegron 50 mg once daily also consistently significantly
reduced urgency episodes and increased the volume of
urine voided per micturition, generally in association with
improved health-related quality of life (HR-QOL) and
treatment satisfaction. Based on descriptive analyses from
a 12-month trial, once-daily mirabegron 50 mg and tolte-
rodine extended-release (ER) 4 mg were both efficacious in
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reducing urinary symptoms and improving HR-QOL.
Mirabegron was generally well tolerated in the trials. Over
12 weeks, the adverse event rate with mirabegron 50 mg
once daily was similar to that with placebo. During 12
months of treatment, 2.8 % of mirabegron 50 mg once
daily recipients reported dry mouth compared with 8.6 %
with tolterodine ER 4 mg once daily recipients. Mirabegron
50 mg once daily carries a low risk of QT interval pro-
longation. Thus, mirabegron is an efficacious new treat-
ment for overactive bladder syndrome with a favourable
tolerability profile.

First B3-adrenergic receptor agonist to be approved for
the treatment of overactive bladder syndrome

Long half-life after oral administration, making it
suitable for once-daily dosing
Well tolerated and more efficacious than placebo in

randomized trials in patients with overactive bladder
syndrome

Trials comparing mirabegron with antimuscarinics in
overactive bladder syndrome would be of interest

1 Introduction

The central clinical features of overactive bladder syn-
drome are urinary urgency, with or without urgency
incontinence, usually accompanied by frequency and noc-
turia, according to an International Urogynecological

A\ Adis



1214

M. Sanford

Fig. 1 Chemical structure of
mirabegron

Association (IUGA)/International Continence Society
(ICS) joint report on female pelvic floor dysfunction [1].
As these symptoms are non-specific and overlap with other
medical conditions, in order to meet the IUGA/ICS defi-
nition for overactive bladder syndrome, they must occur in
the absence of urinary tract infection or other obvious
pathology [1].

Overactive bladder syndrome is a common impairing
condition with a negative impact on quality of life and is
associated with an increased risk of depression, sleep dis-
turbances, skin infections, falls and fractures [2]. In a 2005
population-based survey of adults aged >18 years in
Canada and four European countries, 12.8 % of women
and 10.8 % of men reported the lower urinary tract
symptoms that define overactive bladder syndrome [3]. In
an earlier population-based survey conducted in six Euro-
pean countries, 16.6 % of adults aged >40 years had
symptoms suggestive of overactive bladder syndrome, with
symptoms mostly of a chronic nature [4]. The prevalence
of these symptoms increased with age, from 3.4 and 8.7 %
in men and women aged 40-44 years to 41.9 and 31.3 % in
those aged >75 years [4]. Approximately two-thirds of
respondents with these symptoms reported that their con-
dition affected their daily living [4].

The precise aetiology of overactive bladder syndrome is
unknown, but it is thought that a combination of neurogenic,
myogenic or unknown factors cause overactivity of the
detrusor muscle, producing bladder dysfunction during
voiding, although 30-50 % of patients with storage symp-
toms of overactive bladder syndrome do not exhibit detrusor
muscle overactivity when tested in the laboratory [5]. The
important efferent neural pathways to the detrusor muscle
that are involved in bladder filling and emptying are the
parasympathetic nerves, sympathetic nerves and somatic
nerves, which mediate conscious control of voiding [5].

Recommended first-line treatments for overactive blad-
der syndrome include bladder and pelvic floor retraining,
dietary modifications, such as reduced fluid and caffeine
intake, and antimuscarinics, which are considered the
mainstay of medical management [6]. Antimuscarinics
(e.g. tolterodine, solifenacin, darifenacin, oxybutynin)
increase bladder relaxation through antagonism of musca-
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rinic M, receptors and reduce bladder contraction through
antagonism of Mj receptors [2]. Several meta-analyses of
placebo-controlled trials of antimuscarinics in overactive
bladder syndrome indicate that they are well tolerated and
efficacious in improving symptoms [6]. The meta-analyses
also show that there is a substantial placebo response [6].
The most frequently occurring adverse effects of antimu-
scarinics are dry mouth and constipation, which can lead to
drug discontinuation in some patients [6]. More serious
adverse effects include cognitive functioning deficits or
confusion in the elderly and cardiovascular changes,
although the risk of developing these varies according to
the receptor selectivity of the individual drug [2, 6].

Several classes of drugs with differing modes of action
are under investigation in overactive bladder syndrome,
based on an improved understanding of the complexity of
bladder filling and emptying [2, 6, 7]. These include Bs-
adrenergic receptor agonists (e.g. mirabegron, amibegron,
solabegron) aimed at relaxing the detrusor muscle;
inhibitors of tachykinin-mediated bladder-spinal reflex
signaling (e.g. neurokinin-1 receptor antagonists, such as
aprepitant); and drugs that desensitize vanilloid-sensitive
receptors on afferent C fibres in the bladder (e.g. resinif-
eratoxin) [2, 6, 7].

Mirabegron (YM178, MyrbetriqTM, Betanis®, Betmi-
ga®) (Fig. 1) is the first Bs-adrenergic receptor agonist to
receive approval for use in overactive bladder syndrome. It
is approved in the USA [8] and Japan [9], and more
recently in the EU [10] and Canada [11], for the symp-
tomatic treatment of urgency, increased micturition fre-
quency and/or urgency incontinence occurring in adults
with overactive bladder syndrome [10]. This article pro-
vides a narrative review of the literature on mirabegron,
providing first an overview of its pharmacology followed
by a detailed discussion of its efficacy and tolerability in
patients with overactive bladder syndrome. Phase I-III
clinical studies of mirabegron in patients with overactive
bladder syndrome have included mirabegron dosages in the
range of 25-300 mg/day. The discussion in this article
focuses chiefly on the 25 and 50 mg once-daily dosages,
although where relevant, data for other mirabegron dosages
are also presented.
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Sources: Medical literature (including published and
unpublished data) on mirabegron in patients with
overactive bladder syndrome was identified by search-
ing databases including MEDLINE (from 1946) and
EMBASE (from 1996) [searches last updated 31 May
2013], bibliographies from published literature, clinical
trial registries/databases and websites (including those
of regional regulatory agencies and the manufacturer).
Additional information (including contributory unpub-
lished data) was also requested from the company
developing the drug.

Search terms: mirabegron, overactive bladder, urinary
bladder, overactive.

Study selection: Studies in patients with overactive
bladder syndrome who received mirabegron. Inclusion
of studies was based mainly on the methods section of
the trials. When available, large, well designed, com-
parative trials with appropriate statistical methodology
were preferred. Relevant pharmacodynamic and phar-
macokinetic data are also included.

Keywords: Mirabegron, ;-adrenergic receptor agonist,
overactive bladder syndrome.

2 Pharmacodynamic Properties

Data in this section are from a review of [;-adrenergic
receptors in human detrusor muscle [12], clinical studies
[13—15] and a placebo- and active treatment-controlled
thorough QT study in healthy adults [16], with supple-
mental information from the EU Summary of Product
Characteristics (SPC) [10].

2.1 Mechanism of Action

Mirabegron is a potent and selective s-adrenergic receptor
agonist [10], providing a contrasting mechanism of action
in overactive bladder syndrome to antimuscarinics, which
act on parasympathetic nerves [2]. Smooth muscle relax-
ation during bladder filling is dependent on sympathetic
nerve activity and the release of noradrenaline [10]. ;- and
B,-adrenergic receptors provide sympathetic supply to the
detrusor muscle in most species, whereas Pz-adrenergic
receptors are the predominant B-adrenergic receptor type
present in the human bladder [12]. In animal studies and in
isolated human bladder tissue, mirabegron induced relax-
ation of smooth muscle [10]. Thus, it appears that the
positive treatment effects observed with mirabegron result
from enhanced detrusor muscle relaxation allowing for a
greater bladder capacity and reduced frequency of mictu-
rition. Importantly, as demonstrated in rats with partial

urethral obstruction and in humans with bladder obstruc-
tion (Sect. 2.2), mirabegron does not inhibit bladder emp-
tying, which is predominantly under parasympathetic
control [10].

2.2 Urodynamics

The urodynamic effects of oral mirabegron were evaluated
in men aged >45 years with lower urinary tract symptoms
and bladder outlet obstruction (n = 200) [data are available
from an abstract [13]]. Patients were randomized to mira-
begron 50 or 100 mg/day or placebo for 12 weeks; copri-
mary endpoints were the change from baseline to 12 weeks
in the maximum urinary flow rate (Q,.x) and in detrusor
muscle pressure at Qpax (PdetQuax) [13].

Mirabegron met prespecified criteria for noninferiority
to placebo for both Q.. (lower limit of 95 % CI for the
treatment difference of <3 mL/s) and PdetQ,,., (lower
limit of 95 % CI for the treatment difference of <15 cms
H,0), indicating that there were no negative effects on
voiding. The adjusted mean changes in Q,,x (95 % CI for
the difference from placebo) were 0.07 (—0.63 to 1.42),
0.30 (—0.43 to 1.68) and —0.33 mL/s in the mirabegron
50 mg/day, mirabegron 100 mg/day and placebo groups,
respectively; corresponding PdetQ,,.x values were —3.03
(—13.98 to 2.09), 1.53 (—=9.73 to 6.96) and 2.92 cms
H,O [13].

There was also no negative effect on bladder contrac-
tility, as there were no between-group differences in
adjusted mean changes from baseline in the Bladder Con-
tractility Index [13]. In the mirabegron 100 mg/day group,
there was a significant (p < 0.05) difference in the change
from baseline to 12 weeks in the adjusted mean post-void
urine volume [13]; adjusted mean changes were 17.9, 30.8
and 0.6 mL in mirabegron 50 and 100 mg/day and placebo
groups, respectively [10].

2.3 Urinary Symptoms in Patients with Overactive
Bladder Syndrome

The effects of different dosages of oral mirabegron on
urinary symptoms in male and female patients aged
>18 years with overactive bladder syndrome were evalu-
ated in randomized, double-blind studies, including a
proof-of-concept study (n = 255) [14] and a dose-ranging
study (n = 919) [15]. In both studies, >81 % of included
patients were women [14, 15].

In the primary analysis in the proof-of-concept study,
mirabegron 100 or 150 mg twice daily for 4 weeks was
associated with significantly (p < 0.05) greater reductions
in the mean micturition frequency per 24 h than placebo;
there was no difference between the mirabegron dosage
groups on this endpoint [14]. Mirabegron 100 mg was also
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associated with significantly greater improvements than
placebo on most secondary efficacy endpoints [14].

In the dose-ranging study, after 12 weeks of randomized
treatment, the changes from baseline in the mean number
of micturitions per 24 h (primary endpoint) were —1.9,
—2.1, —2.1 and —2.2 in the mirabegron 25, 50, 100 and
200 mg once-daily dosage groups, respectively, and was
—1.4 in the placebo group (p < 0.05 vs. placebo for mir-
abegron 50, 100 and 200 mg once-daily dosages) [15].
Mirabegron was generally significantly more efficacious
than placebo based on changes from baseline in secondary
urinary endpoints. For instance, mirabegron 50 mg once
daily resulted in significantly greater reductions in incon-
tinence, urgency incontinence and nocturia episodes per 24
h (p <0.05 or p<0.01) and a significant (p < 0.001)
increase in the mean volume of urine voided per micturi-
tion, but not in urgency episodes per 24 h or level of
urgency per micturition over 24 h [15]. Dosages of mira-
begron 25, 50 and 100 mg once daily were evaluated fur-
ther in phase III trials (Sect. 4).

2.4 Effects on the QT Interval

In a thorough QT study, healthy adults (n = 317) were
administered once-daily oral mirabegron 50, 100 or
200 mg or placebo for 10 days, or moxifloxacin 400 mg as
a single dose on day 10, in a two-way crossover design
[16]. QT interval changes were assessed using an individ-
ual subject-specific correction formula (QTcl) with adap-
tation for heart rate hysteresis [16].

Higher dosages of mirabegron were associated with
greater changes in the time-matched, baseline-adjusted
mean QTcl, with a greater effect in females than males
[16]. However, at the recommended maximum dosage of
50 mg once daily, or at 100 mg once daily, there was no
evidence of QTc interval prolongation with mirabegron
[16]. In both men and women at mirabegron dosages of 50
or 100 mg once daily, the upper bound of the one-sided
95 % CI for the change in QTcl was <10 ms at all time
points, meeting the International Conference on Harmoni-
zation E14 criterion for a negative study. In women, mir-
abegron 200 mg once daily was associated with QTcl
changes that exceeded this criterion, with the upper bound
of the 95 % CI generally >10 ms from 0.5 to 6 h post dose
and at 10 h post dose. In men, even at these supra-thera-
peutic dosages, the change in QTcl remained within the
E14 criterion [16].

However, caution is needed when administering mira-
begron to patients with a history of QT interval prolonga-
tion or who are receiving medications that cause QT
interval prolongation, as there are no mirabegron studies in
such patients [10]. The effects of mirabegron on the QT
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interval in patients with overactive bladder syndrome are
discussed in Sect. 5.2.

3 Pharmacokinetic Properties

The data reported in this section are from the EU SPC [10]
and pharmacokinetic studies in healthy adults [17-19],
patients with renal or hepatic impairment [20], poor or
extensive hepatic cytochrome P450 (CYP) 2D6 metabo-
lizers (available as an abstract [21]) and from drug inter-
action studies (available as abstracts [22-25]). For
illustrative purposes, Table 1 shows values for pharmaco-
kinetic parameters from a randomized, open-label, two-
way crossover study in healthy adults aged 18—45 years
and >55 years, in which subjects received two of three oral
mirabegron dosage regimens (25, 50 or 100 mg twice daily
on day 1 and then once daily on days 2-7) during two
treatment periods [17]. Data shown are for mirabegron
50 mg once daily [17].

3.1 Absorption and Distribution

After oral administration, mirabegron was readily absorbed
with a mean time to reach maximum concentration (C,,,x)
of approximately 3—4 h [10]. The absorption of mirabegron
was more than dose proportional. For example, compared
with a dose of mirabegron 50 mg, the mean mirabegron
Cax and area under the concentration-time curve (AUC)
values during a dosing interval (AUC,) were 2.9- and 2.6-
fold higher after a 100 mg dose and 8.4- and 6.5-fold
higher after a 200 mg dose. After continued once-daily
administration, steady state was reached within 7 days,
with mirabegron plasma exposure approximately twofold
higher than after a single dose [10].

Administration of mirabegron 50 mg with a low-fat
meal was associated with a 75 % reduction in the mira-
begron C,.x and a 51 % reduction in the AUC, whereas
administration with a high-fat meal reduced the C,.x by
45 % and the AUC by 17 % [10]. Mirabegron can be taken
with or without food, as was the case in the clinical trials
that evaluated its efficacy (Sect. 4).

At steady state, the volume of distribution of mirabegron
was 1,670 L, indicating that it is widely distributed in the
body [10, 19]. Mirabegron is approximately 71 % bound to
human plasma proteins and has moderate affinity for
albumin and al-acid glycoprotein [10].

3.2 Metabolism and Elimination

Mirabegron metabolism involves
including amide hydrolysis,

multiple pathways,
glucuronidation, and
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Table 1 Multiple-dose pharmacokinetics of oral mirabegron 50 mg once daily in a randomized, cross-over study in healthy adults [17]. Values

shown are means

Age (years) Sex (no. of subjects) Crnax AUC, tmax ty, Ae, CL
(ng/mL) (ng-h/mL) (h) (h) (%) (L/h)
18-45 Male (12) 54.4 413 39 58.3 10.2 12.7
Female (12) 58.1 471 4.6 58.0 10.7 11.2
>55 Male (11) 43.5 341 39 59.7 7.9 11.8
Female (11) 66.3 512 4.5 66.4 8.8 9.0

>65 Male (4) 42.7 377 2.9 61.9 8.0 9.5
Female (5) 56.3 498 4.2 63.7 7.0 7.8

Ae, amount of drug as a percentage of the dose excreted in the urine during a dosing interval, AUC, area under the plasma concentration-time
curve during a dosing interval, CL renal clearance, C,,,, maximum concentration, f,,,, time to C.x, 11, terminal elimination half-life

N-dealkylation or oxidation of secondary amines [10, 18].
Mirabegron metabolites are inactive and mirabegron is the
main circulating component, based on evaluation following
a single radiolabelled dose of mirabegron [10].

CYP2D6 and CYP3A4 enzymes play a limited role in
oxidative metabolism [10]. Based on a pharmacokinetic
study in healthy men who were CYP2D6 poor (n = 8) or
extensive (n = 8) metabolizers, CYP2D6 polymorphisms
are unlikely to be associated with clinically important
differences in mirabegron exposure, as there were only
slight differences in pharmacokinetic parameters between
poor and extensive metabolizers [21]. No dose adjustment
is required in CYP2D6 poor metabolizers [10].

The renal and total body clearances of mirabegron from
plasma were &~ 13 and 57 L/h and the terminal elimination
half-life (t,,) was ~50 h [10]. Renal clearance, primarily
via active tubular secretion, accounts for nearly 25 % of
total clearance and is dose-dependent [10]. After admin-
istration of radiolabelled mirabegron, ~55 % of the
radioactivity was recovered in the urine and 34 % in the
faeces [18]. Overall, 45 % of the radioactivity detected in
the urine was as unchanged drug, with one or more of the
mirabegron metabolites making up the remainder of the
radioactivity in the urine [18].

3.3 Special Populations

The absorption pharmacokinetics of mirabegron were
similar in young and older patients and were unaffected by
race, but the mirabegron C,,,x and AUC were approxi-
mately 40-50 % higher in women than men [10]. However,
no mirabegron dosage adjustment on the basis of age or sex
or racial background is recommended [10].

In patients with mild renal impairment (estimated glo-
merular filtration rate based on the abbreviated modifica-
tion of diet in renal disease formula [eGFR-MDRD]
60-89 mL/min/1.73 m?), there were 6 and 31 % increases
in mirabegron C.x and AUC in comparison with adults
with normal renal function [20]. The mirabegron C,,,, and

AUC were increased by 23 and 66 % in patients with
moderate renal impairment (eGFR-MDRD of 30-59 mL/
min/1.73 m?) and by 92 and 118 % in patients with severe
renal impairment (eGFR-MDRD of 15-29 mL/min/
1.73 mz) [20]. There are no studies of mirabegron in end-
stage renal disease or in patients requiring dialysis [10].
See Sect. 6 for dose restrictions in patients with renal
impairment.

Compared with adults with normal hepatic functioning,
after a single dose of mirabegron, the mirabegron C,,,x and
AUC were increased by 9 and 19 % in patients with mild
hepatic impairment (Child-Pugh classification 5-6) and by
175 and 65 % in patients with moderate hepatic impair-
ment (Child-Pugh classification 7-9) [20]. There are no
studies of mirabegron in patients with severe hepatic
impairment [10]. See Sect. 6 for dose restrictions in
patients with hepatic impairment.

3.4 Drug Interactions

In vitro, mirabegron was not associated with clinically
relevant inhibition of CYP1A2, CYP2B6, CYP2CS,
CYP2C9, CYP2C19 or CYP2El enzymes and did not
induce CYP1A2 or CYP3A enzymes [10]. However, mir-
abegron is a moderate, time-dependent CYP2D6 inhibitor
and a weak CYP3A inhibitor [10]. A single dose of mira-
begron 100 mg administered to healthy men and women
(n = 24) after multiple doses of ketoconazole (a strong
CYP3A4 and P-glycoprotein [P-gp] inhibitor) was associ-
ated with a 1.4-fold increase in the mirabegron C,,, and a
1.8-fold increase in the AUC from time O to infinity,
indicating only weak inhibitory effects of ketoconazole on
mirabegron clearance [23].

Compared with mirabegron alone, multiple doses of
rifampicin (rifampin) [a strong CYP3A4 inducer] followed
by a single dose of mirabegron 100 mg in healthy men and
women (n = 24) led to 35 and 44 % reductions in the
geometric mean ratios of mirabegron C..x and AUC,
indicating a moderate reduction in mirabegron systemic
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exposure [24]. No dosage reduction is required when
mirabegron is coadministered with CYP3A inducers [10].

Coadministration of desipramine (a CYP2D6 substrate)
with mirabegron in healthy male and female extensive
CYP2D6 metabolizers (n = 28) resulted in 1.8- and 3.4-
fold increases in the desipramine C,,,x and AUC and pro-
longed the desipramine t,, [22]. Coadministration of mir-
abegron with a single dose of metoprolol (also a CYP2D6
substrate) increased the metoprolol C,,x and AUC by 90
and 229 % [10]. These findings are consistent with mira-
begron being a moderate inhibitor of CYP2D6. Therefore,
caution is needed if mirabegron is to be used concomitantly
with CYP2D6 substrates that are individually dose-titrated
and with drugs that have a narrow therapeutic window and
that are extensively metabolized by CYP2D6 enzymes,
including tricyclic antidepressants (e.g. imipramine, desi-
pramine), thioridazine, and type 1C antiarrhythmics (e.g.
flecainide acetate, propafenone) [10]. However, no dose
adjustment is required when mirabegron is coadministered
with other CYP2D6 inhibitors [10].

In preclinical studies, mirabegron was associated with
reductions in plasma glucose levels [25]. In healthy men
(n = 16) who were administered mirabegron concomi-
tantly with the oral hypoglycaemic metformin, there were
no clinically relevant changes in metformin pharmacoki-
netic parameters or in fasting plasma glucose levels [25].

Caution is required if mirabegron is used concomitantly
with drugs such as digoxin and dabigatran that are sub-
strates of P-gp, as mirabegron is a weak inhibitor of P-gp
[10]. If digoxin is to be administered concomitantly with
mirabegron, it should be initiated at the lowest possible
dose and serum digoxin concentrations monitored closely
as the digoxin dose is titrated upwards to achieve the
desired clinical effect [10].

No clinically important interactions were observed when
mirabegron was co-administered with warfarin, solifenacin
or tamsulosin at therapeutic dosages, or with the combined
oral contraceptive ethinyl estradiol/levonorgestrel [10].

4 Therapeutic Efficacy

The efficacy of oral mirabegron was evaluated in
12-week, randomized, double-blind, placebo-controlled
trials, conducted in Europe and Australia (Study 046)
[26], the USA and Canada (Study 047) [27] and Europe,
the USA and Canada (Study 074) [28] (Sect. 4.1). A
further randomized, double-blind, active treatment-con-
trolled, multinational trial evaluated the safety and effi-
cacy of mirabegron over 12 months, with the evaluation
of efficacy being a secondary objective (Study 049) [29]
(Sect. 4.2). Further analyses of the placebo-controlled
trials include a prespecified pooled analysis of the

A\ Adis

12-week trials that included evaluation of the efficacy of
mirabegron in patients with or without prior exposure to
antimuscarinics [30], a post hoc analysis of Study 046
that included patients who had previously discontinued
antimuscarinics because of insufficient benefit (data are
from the EU SPC) [10], and a post hoc pooled analysis of
the 12-week trials restricted to patients aged >65 years
(data are from an abstract) [31].

Included patients were men or women aged >18 years
with symptoms of overactive bladder syndrome for at least
3 months; patients were required to have on average
>8 micturition episodes per 24 h and >3 urgency episodes
over a 3-day period [26-29]. Key exclusion criteria were
clinically relevant stress incontinence, or mixed stress/
urgency incontinence if stress was the predominant factor,
mean daily urinary volume >3,000 mL, other specified
bladder or pelvic conditions, risk of bladder outflow
obstruction, severe hypertension and other relevant medical
conditions or laboratory test disturbances. Patients under-
went a 2-week, single-blind, placebo run-in [26-29].

Patients meeting inclusion/exclusion criteria after the
run-in period were randomized to 12 weeks of treatment
with once-daily mirabegron 50 or 100 mg, placebo or
tolterodine extended-release (ER) 4 mg (Study 046) [26],
mirabegron 50 or 100 mg or placebo (Study 047) [27] and
mirabegron 25 or 50 mg or placebo (Study 074) [28]. In
Study 049, patients were randomized to once-daily mira-
begron 50 or 100 mg or tolterodine ER 4 mg, continued for
12 months [29].

In the 12-week trials, the coprimary endpoints were the
changes from baseline in the adjusted mean number of
incontinence episodes per 24 h (in patients with inconti-
nence at baseline) and micturition episodes per 24 h, based
on a patient-completed, 3-day micturition diary completed
at baseline and prior to clinic visits at weeks 4, 8 and 12
[26-28]. Secondary endpoints which are unlikely to be
conflated with the coprimary endpoints are also discussed.
Analyses were conducted in the full analysis set (all ran-
domized patients who took at least one dose of study drug
and who completed the micturition diary at baseline and on
at least one occasion post baseline) using last-observation-
carried-forward imputation. Analyses included pairwise
comparisons with placebo and stratified rank analysis of
covariance (ANCOVA) for each pairwise comparison;
adjustments for multiple tests were applied for analyses of
the coprimary and key secondary endpoints [26-28]. Study
046 was powered to test for differences between the mir-
abegron and placebo groups; there was no statistical testing
of mirabegron versus tolterodine ER [26]. In Study 049,
efficacy endpoints were assessed at months 1, 3, 6, 9 and
12; all efficacy data in this study are descriptive, consisting
of adjusted mean changes in endpoints from baseline to the
final visit, as derived from ANCOVA models [29].
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Across trials, 68—76 % of included patients were female
and 87-99 % were Caucasian; the majority (60-64 %)
were aged <65 years, with a mean age ranging from 58 to
60 years across treatment groups [26—29]. Baseline values
for key clinical endpoints are shown in Tables 2 and 4.

4.1 Placebo-Controlled Trials
4.1.1 Urinary Symptoms

In patients with overactive bladder syndrome, oral mira-
begron was efficacious in reducing both incontinence and
micturition episodes over the 12-week treatment period
(coprimary endpoints) [26-28]. Across all three trials, in
patients with incontinence episodes at baseline, mirabegron
25 or 50 mg once daily was significantly more efficacious
than placebo in reducing the adjusted mean number of
incontinence episodes per 24 h from baseline (Table 2).
For mirabegron 50 mg once daily, incontinence episodes
were reduced by —1.4 to —1.6 per 24 h (vs. —1.0 to —1.1
with placebo). Mirabegron 25 or 50 mg once daily recip-
ients also had significantly greater reductions in the
adjusted mean number of micturition episodes than placebo
recipients (Table 2). For mirabegron 50 mg once daily
recipients, the adjusted mean number of micturition epi-
sodes was reduced by —1.6 to —1.9 episodes per 24 h (vs.
—1.1 to —1.4 with placebo) [26-28]. In Study 046, there
were no significant differences between the tolterodine ER

and placebo groups in reductions in incontinence or mic-
turition episodes [26].

Across trials, mirabegron 50 mg once daily recipients,
but not 25 mg once daily recipients, had significantly
greater increases in the adjusted mean urine volume voided
per micturition than placebo recipients (Table 2) [26-28].
Mirabegron 50 mg once daily recipients also had consis-
tently significantly greater reductions than placebo recipi-
ents in the adjusted mean number of micturition episodes
associated with a grade 3—4 level of urgency per 24 h
(Table 2) [26-28]. In Study 046, tolterodine ER 4 mg once
daily recipients had significantly greater improvements
than placebo recipients in these urine volume and urgency
endpoints (Table 2) [26].

Approximately 50 % of patients included in the trials
had received previous medications for overactive bladder
[30]. Based on pre-specified pooled analyses, mirabegron
was generally efficacious regardless of whether or not
patients had been treated previously with antimuscarinics,
although the magnitude of the mirabegron-placebo differ-
ence was less in antimuscarinic-naive patients because of a
higher placebo response in this group [30]. In patients
previously treated with antimuscarinics, the adjusted mean
differences from baseline (95 % CI) in the number of
incontinence and micturition episodes per 24 h were —1.49
(—1.66 to —1.32) and —1.67 (—1.86 to —1.48) in the
mirabegron 50 once daily group and —0.92 (—1.09 to
—0.75) and —0.93 (—1.12 to —0.74) in the placebo group;

Table 2 Efficacy of mirabegron in 12-week, randomized, double-blind, placebo-controlled trials in patients with overactive bladder syndrome

[10, 26-28]

Trial Regimen

Adjusted mean change from baseline [baseline]

(mg/day)

[no. of patients®] Incontinence

Micturition Gd 34 urgency Urine volume voided/

episodes/24 h* episodes/24 h* episodes/24h micturition (mL)
Khullar et al. [26] MIR 50 [293-473] —1.6 [2.8]** —1.9 [11.7]%* —2.3 [5.7]%* 24.2 [161.1]#*°
(Study 046) MIR 100 [281-478] —1.5 [2.9]%= —1.8 [11.5]** —2.0 [NR] 25.6 [NR]##
PL [291-480] —1.1 [2.7] —14[11.7] —1.7 [5.8] 12.3 [156.7]
TOL ER 4 [300-475] —1.2 [2.6] —1.6 [11.6] —2.1 [5.8]* 25.0 [158.6]717 ¢
Nitti et al. [27] MIR 50 [312-425] —1.5 [2.8]* —1.7 [11.8]* —1.6[59]" 18.2 [156.0]*
(Study 047) MIR 100 [296-412] —1.6 2.7D)* —1.8 [11.7]* —1.8[6.0] 18.0 [157.6]*
PL [325-433] —1.1 [3.0] —1.1 [11.5] —0.8 [5.6] 7.0 [157.5]
Herschorn et al. [28] MIR 25 [254-410] —14 27" —1.7 [11.7]** —1.7 [5.6] 12.8 [165.2]
(Study 074) MIR 50 [257-426] —1.4 2.5 —1.6 [11.7]* —1.9 [5.8]" 20.7 [159.3]%%
PL [262-415] —1.0 [2.4]° —1.2 [11.5]° —1.4 [54]° 8.3 [164.01°

Gd grade, MIR mirabegron, NR not reported, PL placebo, TOL ER tolterodine extended release

*p < 0.05, **p < 0.01, ***p < 0.001 vs. PL in analysis of covariance (ANCOVA) models with adjustment for multiple tests; "Lp < 0.05,
p < 0.01, Tp < 0.001 vs. PL in ANCOVA models with no adjustment for multiple tests

# Patients in the full analysis set (patients who took >1 dose of study medication with a baseline and at least one post-baseline assessment);
incontinence data include patients reporting at least one episode of incontinence at baseline

° Coprimary endpoint

¢ Data from the EU summary of product characteristics [10] are included in these cells
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the corresponding values in the antimuscarinic-naive group
were —1.50 (—1.71 to —1.29) and —1.84 (—2.04 to —1.64)
in the mirabegron 50 mg once daily group and —1.35
(—1.55 to —1.14) and —1.51 (—1.71 to —1.31) in the
placebo group [30].

In the post hoc analysis that included patients from
Study 046 who had previously discontinued antimuscari-
nics because of insufficient benefit, mirabegron was an
efficacious treatment [32]. For the mirabegron 50 mg once
daily group (n = 105-160), the adjusted mean mirabegron-
placebo differences (95 % CI) in incontinence and mictu-
rition episodes were —0.76 (—1.32 to —0.19) and —0.59
(—1.15 to —0.04) [32]. For the tolterodine ER 4 mg/day
group (n = 102-155), the adjusted mean tolterodine ER-
placebo differences (95 % CI) in incontinence and mictu-
rition episodes were —0.06 (—0.63 to 0.50) and —0.08
(—0.64 to 0.47) [10].

Mirabegron was also efficacious in older patients, based
on the post hoc pooled analysis in patients aged >65 years;
older patients made up ~38 % of the pooled sample [31].
For the mirabegron 50 mg once daily group (n = 355-499),
the adjusted mean differences (95 % CI) versus the placebo
group (n = 345-504) were —0.66 (—0.95 to —0.37) for
incontinence episodes per 24 h, and —0.62 (—0.94 to
—0.30) for micturition episodes per 24 h [31].

4.1.2 Health-Related Quality of Life and Treatment
Satisfaction

In general, the mirabegron groups had significantly greater
improvements in health-related quality of life (HR-QOL)
than the placebo groups [26-28]. Mirabegron 50 mg once
daily recipients had significantly greater changes from
baseline in adjusted mean Overactive Bladder Question-
naire (OAB-q) symptom bother scores (all studies [26-28]),
and in the adjusted mean Patient Perception of Bladder
Condition (PPBC) scores (in studies 046 [26] and 047 [27],
but not Study 074 [28]) [Table 3]. In addition, in studies
046 and 047, mirabegron 50 mg once daily recipients had
significantly (p < 0.05) greater changes than placebo in
adjusted mean total OAB-q scores, representing a positive
difference in overall HR-QOL (data are from an abstract
[33]). In Study 074, there were no significant differences
between the mirabegron 25 mg once daily and placebo
groups in symptom bother or PPBC scores (Table 3) [28].

Across trials, mirabegron 25 or 50 mg once daily
recipients had significantly greater improvements in treat-
ment satisfaction, based on ratings on a visual analogue
scale (Table 3) [26-28].

In Study 046, compared with placebo, tolterodine ER
4 mg once daily recipients also had significantly greater

Table 3 Efficacy of mirabegron in improving health-related quality of life and treatment satisfaction in randomised, double-blind, placebo-
controlled trials in patients with overactive bladder syndrome [26-28, 34]

Trial Regimen (mg/day)
[no. of patients®]

Adjusted mean change from baseline

Symptom bother score” PPBC score® TS score®
Khullar et al. [26] MIR 50 [414-465] —19.6"17 —1.0" X
(Study 046) MIR 100 [427-473] —19.9717 —1.177f 2.7t
PL [428-475] —14.9 —0.8 19
TOL ER 4 [425-469] —18.47T —1.0 2471
Nitti et al. [27] MIR 50 [425] —17.0 —07" 1.6
(Study 047) MIR 100 [412] —20.2" —0.8" 217
PL [433] —10.8 -0.5 0.7
Herschorn et al. [28] MIR 25 [410] -17.9 —0.8 1.5"
(Study 074) MIR 50 [426] —18.8" —0.7 1.9%
PL [415] —16.0° —0.7¢ 1.1°

MIR mirabegron, PL placebo, PPBC Patient Perception of Bladder Condition questionnaire, TOL ER tolterodine extended-release, 7S treatment

satisfaction

* p < 0.05, ** p < 0.001 vs. PL in analysis of covariance (ANCOVA) models with adjustment for multiple tests; 'p < 0.05, Tp < 0.01,
p < 0.001 vs. PL in ANCOVA models with no adjustment for multiple tests

 Patients included in these analyses were from the full analysis set (patients who took >1 dose of study medication and who had a baseline and

at least one post-baseline assessment)

" Subscale of the Overactive Bladder questionnaire (possible scores range from 0 to 100); a negative change represents improvement

¢ From a 6-point Likert scale; a negative change represents improvement

9 From a 10-point visual analogue scale; a positive change represents improvement. The baseline values in the MIR 50 and PL groups were 4.0
and 4.1 (Study 046), 5.4 and 5.5 (Study 047) and 5.1 and 5.1 (Study 074) [10]

¢ Data from an abstract [34] are included in these cells
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Table 4 Efficacy of mirabegron in a 12-month, randomized, double-blind, active treatment-controlled trial in overactive bladder syndrome [29].

No between-group significance testing was performed

Regimen (mg/day)

Adjusted mean changes from baseline [baseline]

[no. of patients®] Incontinence Micturition Urine volume voided/ Symptom bother PPBC score® TS score®
episodes/24 h episodes/24 h micturition (mL) score”

MIR 50 [789] —1.0 [2.7] —1.3 [11.1] 17.5 [160.1] —13.1 [44.6] —0.8 [3.9] 2.1 [4.9]

MIR 100 [802] —1.2 [2.5] —1.4[11.2] 21.5 [164.9] —14.8 [44.3] —0.9 [3.9] 2.1 [4.9]

TOL ER 4 [791] —1.3 [2.4] —1.4 [10.9] 18.1 [160.1] —14.3 [44.2] —0.8 [3.8] 2.3 [5.0]

MIR mirabegron, PPBC Patient Perception of Bladder Condition questionnaire, TOL ER tolterodine extended-release, 7 treatment satisfaction

4 Patients in the full analysis set
b
c

d

improvements in OAB-q symptom bother scores, PPBC
scores and treatment satisfaction (Table 3) [26].

4.2 Longer-Term Treatment Over 12 Months

In descriptive analyses of a 12-month trial, oral mirabegron
50 mg once daily and the active treatment control, tolte-
rodine ER 4 mg once daily, were both associated with
improvements from baseline in the symptoms of overactive
bladder syndrome and in HR-QOL and treatment satis-
faction [29]. Across all treatment groups, there were
reductions in the adjusted mean numbers of incontinence
and micturition episodes and increases in the adjusted
mean urine volume voided per micturition (all measured
over 24-h time periods) [Table 4]. All groups also had
reductions (i.e. improvements) in OAB-q symptom bother
and PPBC scores and increases in treatment satisfaction
scores (Table 4). Improvements in key symptoms of
overactive bladder syndrome were evident from the first
assessment at 4 weeks and maintained throughout the
12-month treatment period. As there was no placebo group
in this study, it is not possible to rule out that the changes
observed were unrelated to treatment [29].

5 Tolerability

The tolerability of oral mirabegron was evaluated in the
randomized, controlled trials discussed in Sect. 4. The
results reported here are descriptive data from Study 046
[26], which are representative of the findings of the
12-week placebo-controlled trials, and from Study 049
[29], which provides a 12-month comparison with tolte-
rodine ER. Supplemental data are from EU SPC [10] and a
pooled analysis of the placebo-controlled trials, which
includes data for all mirabegron dosage groups (25, 50 and

From the overactive bladder questionnaire (possible scores range from O to 100); a negative change represents improvement
From a 6-point Likert scale; a negative change represents improvement

From a 10-point visual analogue scale; a positive change represents improvement

100 mg once daily) [30]. Across studies, statistical analy-
ses to assess the significance of between-group differences
were not performed.

5.1 General
5.1.1 During 12 Weeks of Treatment

Mirabegron was well tolerated by most patients in the
12-week, placebo-controlled trials. In Study 046, treat-
ment-emergent adverse events (TEAEs) were reported in
43, 40, 43 and 47 % of patients in the once-daily mira-
begron 50 and 100 mg, placebo and tolterodine ER 4 mg
groups, respectively; most TEAEs were of mild or mod-
erate severity [26]. In the corresponding groups, 5, 3, 3 and
4 % of patients discontinued treatment because of TEAEs
[26]. In the pooled analysis, 46, 19 and 4 % of mirabegron
recipients (all dosages) had a TEAE, drug-related TEAEs
and TEAEs leading to discontinuation, respectively; cor-
responding adverse event rates were 48, 17 and 3 % in the
placebo group [30]. In the mirabegron, placebo and tolte-
rodine ER groups, serious adverse events were observed in
2 % of patients in all groups [30].

Specific TEAEs occurring in >2 % of patients in any
group in Study 046 are shown in Fig. 2a, including TEAEs
of special interest which were generally defined based on
results of ancillary investigations such as ECG monitoring
[26]. The most common TEAESs, which occurred across the
active treatment and placebo groups, were hypertension,
headache, nasopharyngitis, dry mouth, influenza and
arrhythmia [26]. Apart from dry mouth, which occurred in
10.1 % of tolterodine ER recipients and <2.8 % of patients
in the mirabegron and placebo groups [26]; there were no
striking between-group differences in TEAE rates, based
on these numerical data. In the once-daily mirabegron 50
and 100 mg, and tolterodine ER 4 mg groups, 0.2, 0.4 and
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Fig. 2 Tolerability of a
mirabegron in randomized,
double-blind, placebo-and
active treatment-controlled
trials in patients with overactive
bladder syndrome [26, 29]. The
descriptive data shown are
treatment-emergent adverse
events (TEAEs) occurring in
>2 % of patients in at least one
treatment group over 12 weeks
in Study 046 (a) and over 12
months in Study 049 (b). MIR
mirabegron, OSI TEAE of
special interest, PL placebo,
TOL ER tolterodine extended-

O MIR 50 mg/d (n = 493)
14 + O MIR 100 mg/d (n = 496)
O TOLER 4 mg/d (n = 495)
[0 PL (n=494)
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0.2 % of patients, respectively, had post-void residual
volumes of >300 mL (placebo group rates not reported)
[26].

5.1.2 During Longer-Term Treatment

In Study 049, the tolerability findings for mirabegron fol-
lowed a similar pattern to those in Study 046 [29]. Over
12 months of treatment, 60, 61 and 63 % of patients
reported TEAEs in the once-daily mirabegron 50 and
100 mg and tolterodine ER 4 mg groups, respectively.
Across groups, TEAEs were mostly of mild or moderate
severity, with <6 % of patients in any group having serious
adverse events and <6 % of patients discontinuing treat-
ment because of TEAEs [29]. There were five deaths
during the course of the study (three patients in the mira-
begron 50 mg once daily group and two in the tolterodine
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ER group), but none were considered to be treatment-
related [29].

Specific TEAEs occurring in >2 % of patients in any
group in Study 049 are shown Fig. 2b. TEAEs that
occurred in >4 % of mirabegron recipients were hyper-
tension, urinary tract infection, hypersensitivity (which
encompassed a wide range of allergies), nasopharyngitis,
arrhythmia, headache and back pain; these TEAEs occur-
red at similar rates across all treatment groups [29]. Dry
mouth occurred at a numerically higher rate in the tolte-
rodine ER group (8.6 vs. <2.8 % in the mirabegron groups)
[29].

Urinary retention as an adverse event was reported in
0.1 % of mirabegron 50 and 100 mg once daily recipients
and 0.4 % of tolterodine ER 4 mg once daily recipients.
Across groups, there were no reports of urinary retention as
a serious adverse event; no mirabegron 50 mg once daily
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recipients had acute urinary retention, but one patient each
in the once daily mirabegron 100 mg and tolterodine ER
4 mg groups required bladder catheterization for acute
urinary retention [29].

5.2 Cardiovascular

Patients in the clinical trials were closely monitored for
treatment-emergent cardiovascular events, changes in vital
signs and ECG abnormalities [26, 27, 29, 34]. Table 5
shows cardiovascular adverse events of interest in patients
enrolled in studies 046 [26] and 049 [29]. Despite the older
age of patients in these study populations (mean age 60
years), cardiovascular adverse event rates were generally
low across groups, with no indication of an increased rate
in mirabegron recipients relative to placebo or tolterodine
ER [26, 29].

In the 12-month trial, hypertension event rates were
11.0, 10.1 and 10.6 % in the once-daily mirabegron 50 or
100 mg and tolterodine ER 4 mg groups, respectively [29];
in the absence of a placebo group, the clinical significance,
if any, of these data is uncertain.

In the 12-week, placebo-controlled trials, 1.2 % of
mirabegron 50 mg once daily recipients had tachycardia
and 0.1 % discontinued treatment because of tachycardia
[10]. Compared with placebo, in mirabegron recipients,
small reversible changes in pulse rate (=1 beat per min
difference) and BP (&~ 1 mmHg or less difference) were
noted [10].

After 12 months extended treatment in Study 049,
compared with baseline, mirabegron 50 and 100 mg once
daily were associated with small changes in the adjusted
mean pulse rate of <2 beats per minute and in adjusted
mean systolic and diastolic BP of <0.4 mmHg [29]. Nev-
ertheless, mirabegron is not recommended for use in

patients with severe uncontrolled hypertension, as mira-
begron has not been studied in this population [10].

6 Dosage and Administration

In the EU, the recommended mirabegron dosage in patients
with overactive bladder syndrome is 50 mg once daily
[10]. In the USA, the recommended initial dosage is mir-
abegron 25 mg administered orally once daily, which can
be increased to 50 mg once daily based on efficacy and
tolerability [8]. Mirabegron tablets should be swallowed
whole with liquids, with or without food [8, 10]. As there
are no efficacy or safety data in patients below the age of
18 years, mirabegron is not recommended for use in chil-
dren [8, 10].

In the EU, in patients with mild or moderate renal
impairment who are receiving strong CYP3A inhibitors,
the mirabegron dosage should be reduced to 25 mg once
daily; in patients with severe renal impairment, mirabegron
is not recommended for those who are taking strong
CYP3A inhibitors and the dosage is not to exceed 25 mg
once daily in those who are not taking strong CYP3A
inhibitors [10]. In the US, no dosage adjustment is rec-
ommended for patients with mild or moderate renal
impairment, whereas in patients with severe renal impair-
ment, the dosage is not to exceed 25 mg once daily [8].

In both the EU and US, mirabegron is not recommended
for use in patients with severe hepatic impairment, as it has
not been studied in this population [8, 10]. In the EU,
mirabegron is not recommended for use in patients with
moderate hepatic impairment who are receiving strong
CYP3A inhibitors [10]. In patients with mild hepatic
impairment receiving strong CYP3A inhibitors, or with
moderate hepatic impairment who are not receiving strong

Table 5 Percentage of patients with treatment-emergent cardiovascular adverse events of interest occurring during 12 weeks (Study 046) [26]
and 12 months (Study 049) [29] of treatment in randomized, double-blind trials of mirabegron in overactive bladder syndrome

Trial Regimen (mg/day) [no. of patients] Hypertension® Arrhythmia QT. increased
Khullar et al. [26] MIR 50 [493] 5.9 22 0
(Study 046) MIR 100 [496] 54 1.8 0
PL [494] 7.7 1.0 0
TOL ER 4 [495] 8.1 32 0.4
Chapple et al. [29] MIR 50 [812] 11.0 3.9 0.4
(Study 049) MIR 100 [820] 10.1 4.1 0.2
TOL ER 4 [812] 10.6 6.0 0.4

MIR mirabegron, PL placebo, QT. corrected QT interval, TOL ER tolterodine extended-release

? As assessed by an independent cardiovascular adjudication committee [26], or, in normotensive patients, an average systolic blood pressure
(SBP) of >140 mmHg and/or diastolic blood pressure (DBP) of >90 mmHg at two consecutive post-baseline visits; in hypertensive patients, an
increase in SBP of >20 mmHg or DBP of >10 mmHg at two consecutive post-baseline visits, initiation of antihypertensives, or increased

hypertensive dosage because of increased BP [29]
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CYP3A inhibitors, the dosage should be reduced to 25 mg
once daily [10]. In the US, no dosage adjustment is rec-
ommended for patients with mild hepatic impairment,
whereas in patients with moderate hepatic impairment, the
dosage should not exceed 25 mg once daily [8].

Mirabegron is not recommended for use in women who
are pregnant or of child-bearing age but not using contra-
ception, as high doses of mirabegron (14- to 22-fold higher
than the maximum recommended human dose) have been
associated with teratogenic effects in animals [10]. Mira-
begron is expressed in the milk of rodents and is likely to
be present in human milk; it should not be used by
breastfeeding women [10].

Local prescribing information should be consulted for
detailed information regarding special warnings and pre-
cautions, use in special populations and possible drug
interactions. Specific recommendations regarding the use
of mirabegron in overactive bladder syndrome may vary
outside the EU, the USA and Japan.

7 Current Status of Mirabegron in Overactive Bladder
Syndrome

Mirabegron is approved in the USA [8] and Japan [9], and
more recently in the EU [10] and Canada [11], for the
symptomatic treatment of urgency, increased micturition
frequency and/or urgency incontinence occurring in adults
with overactive bladder syndrome [10].

In 12-week, randomized, double-blind, multinational
trials, mirabegron 25 or 50 mg once daily was significantly
more efficacious than placebo in reducing incontinence
episodes and micturition frequency (coprimary endpoints).
Mirabegron 50 mg once daily was also efficacious in
reducing urgency episodes, increasing the volume of urine
voided per micturition and improving HR-QOL and treat-
ment satisfaction. In a 12-month randomized trial with
tolterodine ER as the active comparator, both once-daily
mirabegron 50 mg and tolterodine ER 4 mg were effica-
cious in reducing urinary symptoms and improving HR-
QOL, based on descriptive analyses of changes from
baseline.

In descriptive analyses of the 12-week clinical trials,
the adverse event rate with mirabegron 50 mg once daily
was similar to that with placebo. In a 12-week trial that
included a tolterodine ER arm, there were no striking
differences in tolerability between once-daily mirabegron
50 mg and tolterodine ER 4 mg, except that mirabegron
recipients were less likely to have dry mouth (2.8 vs.
10.1 %). In the trial of 12 months duration, <2.8 % of
mirabegron recipients reported dry mouth in comparison
with 8.6 % of tolterodine ER recipients. Data from clin-
ical trials and a thorough QT study in healthy adults
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suggest that mirabegron 50 mg once daily carries a low
risk of cardiovascular adverse events and QT interval
prolongation.

Overall, mirabegron is an efficacious new treatment for
overactive bladder syndrome with a favourable tolerability
profile. Comparative trials of mirabegron versus antimu-
scarinics that are in current use for the treatment of over-
active bladder syndrome would be of considerable interest.

Recently initiated trials that will further explore the
efficacy and tolerability of mirabegron, include a phase III,
12-week, randomized comparison of mirabegron with the
antimuscarinic solifenacin in patients with overactive
bladder syndrome who have previously been treated with
antimuscarinics but who are not satisfied with treatment
because of lack of efficacy [35] and a phase IV, 16-week,
safety study of mirabegron as add-on therapy to solifenacin
in patients with overactive bladder syndrome who are
currently receiving solifenacin [36].

Disclosure The preparation of this review was not supported by any
external funding. During the peer review process, the manufacturer of
the agent under review was offered an opportunity to comment on this
article. Changes resulting from comments received were made by the
author on the basis of scientific and editorial merit.
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