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Abstract Overactive bladder (OAB) is a clinical syn-
drome describing the symptom complex of urgency, with
or without urgency incontinence, and is usually associated
with frequency and nocturia. It is a common, under-diag-
nosed and therefore under-treated condition that can have a
detrimental effect on physical functioning and psycholog-
ical well-being. Initial treatment of OAB includes lifestyle
advice, behavioural modifications, bladder retraining and
pelvic floor muscle training, usually in combination with
antimuscarinic agents. The B3-adrenoceptor agonist mir-
abegron is the first of a new class of drugs that are now
competing with the more established antimuscarinics for
the treatment of OAB. Our review focuses on the mode of
action, efficacy and tolerability of mirabegron. The place of
Bs-adrenoceptor agonists in the treatment algorithm of
OAB is discussed, considering the adverse events associ-
ated with antimuscarinics. Drug therapy tailored to differ-
ent population groups appears a promising future prospect.
Development of other Bs-adrenoceptor agonists is expec-
ted, and combination therapy regimens might revolutionise
the treatment of OAB.
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Key Points

The PBs-adrenoceptor agonist mirabegron is the first
of a new class of drugs for the treatment of
overactive bladder.

Available data do not allow us to identify the most
appropriate role for the drug as either first- or
second-line therapy after antimuscarinics.

1 Introduction

The overactive bladder (OAB) syndrome is defined by the
International Continence Society (ICS) and International
Urogynecological Association (IUGA) as “urinary
urgency, usually accompanied by frequency and nocturia,
with or without urgency urinary incontinence, in the
absence of urinary tract infection or other obvious pathol-
ogy” [1]. OAB is highly prevalent and is estimated to
affect 10.7 % of the worldwide population (455 million
individuals) [2]. Prevalence increases with age in both
sexes, increasing to 41 % of men and 31 % of women over
the age of 75 years [3]. While it is not life threatening, it
can have a detrimental effect on the physical functioning,
psychological well-being and health-related quality of life
(HRQoL) of affected individuals [4]. It carries a significant
economic impact, with an estimated total cost in Canada,
Germany, Italy, Spain, Sweden and the UK of €9.7 billion
per annum [5].

Initial treatment of OAB includes lifestyle advice,
behavioural modifications, bladder retraining and pelvic
floor muscle training [6]. However, most patients with
troublesome OAB require pharmacological treatment, and
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Fig. 1 Proposed mechanisms
of action for antimuscarinic
agents and Pz-adrenoceptor
agonists. AC adenylyl cyclase,
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antimuscarinic therapy is the mainstay of current medical
treatment. The classical view of their mode of action
(Fig. 1) is that antimuscarinic agents competitively bind to
muscarinic acetylcholine receptors (MRs) in the bladder
detrusor muscle that are stimulated by acetylcholine
released from parasympathetic nerves, thereby inhibiting
involuntary voiding contractions [7]. However, the mech-
anism of action has been revisited in the past few years and
it is thought that therapeutic doses in humans have minimal
effect on the detrusor muscle [8]. It is suggested that
antimuscarinics decrease bladder afferent (sensory) activity
by blocking MRs in the urothelium and suburothelial
myofibroblasts, thereby improving OAB symptoms.
Seven different licensed antimuscarinic drugs are now
available on the market (darifenacin, fesoterodine, oxybu-
tynin, propiverine, solifenacin, tolterodine and trospium),
which vary both in structure and in their functional profile.
They are more effective than placebo and improve HRQoL
[9]. However, side effects such as dry mouth, constipation
and detrimental central nervous system effects, including
cognitive impairment and sleep disturbances, particularly
for oxybutynin, have limited their usefulness, with reported
persistence rates of only 12.0-39.4 % at 12 months [10].
Most patients discontinue treatment primarily due to unmet
treatment expectations and/or poor tolerability [11].
Despite the potential for better adherence with selective
agents and different routes of administration, such benefits
have not yet been realised in clinical practice, and many
patients end up without effective pharmacotherapy [12].

2 Bs-Adrenoceptor Agonists: Mirabegron

Novel agents such as fs-adrenoceptor (B3-AR) agonists
might offer an alternative option for women not responding
to or experiencing serious side effects to antimuscarinics.
Mirabegron (YM178) is the first B;-AR agonist approved
for use in OAB. Its chemical name is 2-(2-aminothiazol-4-

A\ Adis

yD)-N-[4-(2-{[(2R)-2-hydroxy-2-phenylethyl]amino }ethyl)

phenyl]acetamide, having an empirical formula of
C, H4N4O,S and a molecular weight of 396.51. The
recommended starting dose is 25 mg once daily (od) in the
USA and Canada (MyrbetriqTM, Astellas Pharma, Inc.,
Northbrook, IL, USA), with the possibility of increasing to
50 mg, while the recommended dose in Japan (Betanis®,
Astellas Pharma, Inc. Chuo-ku, Tokyo, Japan) and Europe
(BetmigaTM, Astellas Pharma BV, Leiden, the Nether-
lands) is 50 mg od with the 25 mg dose reserved for spe-
cial populations (i.e. patients with severe renal impairment
or moderate hepatic impairment).

2.1 Mechanism of Action

Mirabegron is a selective B3-AR agonist that exerts its
activity in a different way from the antimuscarinics. The
presence of all three B-AR subtypes (B, B> and 3) has been
demonstrated in the detrusor muscle and the urothelium
[13]. There is a predominant expression of 3-AR messenger
RNA (mRNA) in human bladder tissue, with 97 % of total
beta-AR mRNA being represented by the B3;-AR subtype
and only 1.5 and 1.4 % by the B;-AR and [,-AR subtypes,
respectively [14]. Bladder relaxation is obtained (Fig. 1) by
the activation of B3-AR and the subsequent activation of
adenylyl cyclase, which catalyses the conversion of adeno-
sine triphosphate (ATP) into cyclic adenosine monophos-
phate (cAMP) [15]. In addition to the cAMP-dependent
pathway, potassium channels are involved in the B;-AR
agonist-induced detrusor muscle relaxation [16]. Mirabe-
gron can also inhibit mechanosensitive bladder afferent
activity, especially of Ad-fibres, which may be related to
suppression of bladder microcontractions [17].

2.2 Efficacy

Six large randomised phase III trials have evaluated mir-
abegron in comparison with a placebo group and/or an
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active control group in a total of 9331 patients [18-23]. Of
these patients, 5127 were in the mirabegron groups: 2943
receiving the 50-mg dose, 433 receiving the 25-mg dose
and 1751 receiving the 100-mg dose. For the four studies
that used an active control group [18, 20, 22, 23], the active
control was tolterodine extended release (ER) 4 mg.
Patients received treatment for 12 weeks in five of the trials
and 12 months in the other [18].

Statistically significant improvements in mean number
of micturitions per 24 h, mean number of incontinence and
urgency episodes per 24 h were noted for mirabegron
compared with placebo. Groups treated with mirabegron
demonstrated statistically significantly greater increases
from baseline to final visit versus placebo in mean volume
voided per micturition, significantly greater reductions in
mean level of urgency and mean number of nocturia epi-
sodes per 24 h, as well as significantly greater improve-
ments in HRQoL. The data demonstrated similar efficacy
for the 50-mg and 100-mg doses [20], but a greater treat-
ment effect for the 50-mg than the 25-mg dose, according
to collective objective and subjective endpoints that com-
prise OAB [21]. Efficacy in patients who had used
antimuscarinics was similar compared to that of treatment-
naive patients [24]. Improvements of OAB symptoms with
mirabegron were demonstrable from the first month and
sustained throughout 12 months [18].

However, some limitations of published studies need to
be highlighted. Mirabegron is another symptomatic drug
able to improve symptoms of OAB, but not to ‘cure’ or
modify the natural history of this bothersome condition
[25]. Researchers have failed to consider urinary urgency
(the defining and most bothersome symptom of OAB) as
the primary endpoint in the published clinical trials. Fur-
thermore, improvements in primary and secondary efficacy
endpoints were not very impressive in terms of clinical
relevance, although in line with those observed with well-
established antimuscarinic treatments and statistically sig-
nificant over placebo. There is also a lack of evidence on
long-term efficacy (beyond 12 months).

The design of these phase III trials did not allow a head-
to-head comparison of mirabegron and tolterodine, which
was included simply as an active control [18, 20, 22, 23].
However, further analysis of these data by the National
Institute for Health and Care Excellence (NICE) in the UK
and the American Urological Association (AUA) demon-
strated that the clinical effectiveness of mirabegron is
similar to that of tolterodine ER 4 mg [26, 27].

2.3 Safety
The safety and tolerability of mirabegron have been also

shown over 12 weeks and 12 months in the six phase III
trials. The overall incidence of treatment-emergent adverse

events (TEAEs) was similar for placebo, mirabegron and
tolterodine ER 4 mg, with the majority being mild or
moderate. The incidence of dry mouth in the mirabegron
groups (0.5-2.8 %) was similar to that for placebo
(1.5-2.9 %), while it was more than threefold higher in
patients receiving tolterodine ER 4 mg (8.6-13.3 %).
Regarding cardiovascular events, mirabegron did not
exhibit any significant cardiac TEAEs. The overall inci-
dence of hypertension was similar with mirabegron com-
pared with placebo and tolterodine ER. More cardiac
arrhythmia events were observed in tolterodine-treated
patients than in mirabegron- and placebo-treated patients.
A dose-dependent increase in pulse rate was observed with
mirabegron 50 mg and 100 mg; these changes were small
(less than 3 bpm), not clinically meaningful, and compa-
rable with pulse rate changes with tolterodine.

3 Current Strategy and Future Concepts
3.1 First, Second, or Third Line?

While mirabegron is effective, safe and well tolerated, its
place in the treatment algorithm of OAB remains debat-
able. As the majority of the relevant studies have been
published recently, most of the national and international
guidelines have not yet evaluated mirabegron for inclusion
in the relevant treatment pathways. NICE in the UK con-
cluded in 2013 that mirabegron is recommended as an
option for treating the symptoms of OAB only for people in
whom antimuscarinic drugs are contraindicated or clini-
cally ineffective or have unacceptable side effects [26].
The NICE committee concluded that mirabegron offers an
additional pharmacological treatment before invasive
treatment options are considered. Contrary to this guid-
ance, the AUA in 2014 recommended mirabegron as an
alternative to antimuscarinics for first-line pharmacological
treatment [27]. Table 1 presents the pros and cons of
mirabegron or antimuscarinic agents for use as first choice.

Table 1 First-line pharmacological treatment for overactive bladder
syndrome. Mirabegron versus antimuscarinics: pros and cons

Mirabegron Antimuscarinics
Efficacy Similar or lower® Similar or higher®
Tolerability Higher Lower
Persistence Higher Lower
Cost” Higher® or similar Lower® or similar

? Compared with solifenacin 10 mg
® Prices vary in different countries

¢ Compared with generic antimuscarinic agents
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In OAB management algorithms where mirabegron is
not recommended as first line, the number of antimus-
carinics that should be tried before considering it remains
uncertain. In current clinical practice, a number of clini-
cians would suggest a selective or transdermal agent for
patients not responding to or not tolerating the first pre-
scribed antimuscarinic drug. Despite this commonly per-
formed antimuscarinic cycling, there are no data to confirm
its value and guide management [12]. Cost-effectiveness
models might provide useful evidence for the sequential
use of OAB drugs. The Markov model developed by Nazir
et al. [28] considered the purchase cost of medication and
secondary interventions for refractory cases but also effi-
cacy, side effect management and medication adherence. In
this model for the UK National Health Service, including a
third-line oral medication, irrespective of the specific drug
used, before considering more invasive treatments was cost
effective. Low-cost generic treatments were not necessarily
more cost effective than branded drugs, primarily because a
better efficacy and tolerability balance improves both
symptom control and persistence.

One of the limitations of the current literature about
mirabegron is the lack of direct head-to-head comparison
with other antimuscarinics except tolterodine ER. A large
multicentre head-to-head comparison of mirabegron with
solifenacin (BEYOND) has been completed but is not yet
published [29]. To compensate for the lack of direct
comparison evidence, advanced statistical methods such as
network meta-analysis (NMA) are quickly gaining popu-
larity among guideline developers, health technology
agencies and clinicians [30]. A recent Bayesian mixed-
treatment comparison NMA of medical treatments for
OAB has shown that mirabegron 50 mg has similar effi-
cacy to most of the antimuscarinics but is inferior to
solifenacin 10 mg in improving frequency of micturition
and urgency urinary incontinence episodes [31]. However,
as these statistical methods have certain limitations, these
conclusions should be interpreted with caution and, ideally,
confirmed with direct comparison trials.

Additionally, there is a need for data from everyday
clinical care to confirm the efficacy, safety profile, persis-
tence and adherence with mirabegron. In a study presenting
early experience in Canada, mirabegron was associated
with higher levels of persistence and adherence than
antimuscarinics [32]. At 6 months, persistence with mir-
abegron was 39.8 % for treatment-naive patients and
51.4 % for treatment-experienced patients, while it was
22.9 and 39.3 % for solifenacin and 12.5 and 17.7 % for
immediate release oxybutynin. In another study presenting
the use of mirabegron in a clinical rather than a trial setting,
palpitations in an unselected population had a similar
incidence (2.9 %) to that demonstrated in the phase II and
III trials [33].

A\ Adis

3.2 Patient Selection

OAB is a symptom complex representing a spectrum of
underlying pathophysiologic conditions. Very few studies
are making an attempt to profile idiopathic OAB patients
according to specific biomarkers, correlates or clinical risk
factors for the underlying etiologic cause [34]. The most
common method for phenotype profiling of patients is
urodynamics, with detrusor overactivity (DO) being used
as a screening test to detect myogenic OAB. Although DO
has been shown to be associated with a greater degree of
bladder dysfunction, no trials have demonstrated different
treatment efficacy for patients with and without DO [35].
Therefore, with the current knowledge, tailored pharma-
cological treatment cannot be based on robust evidence. In
order to choose optimal therapy based on pathophysiology,
future studies should explore and validate standardised
criteria for classification of idiopathic OAB sub-types.
Clinicians may also wish to begin classifying patients
empirically based on clinical profiles (demographics,
symptoms and bladder diary variables).

A number of patient groups, such as the elderly and
male patients with co-existing bladder outlet obstruction
(BOO), might be better candidates for prescription of
mirabegron as first-line therapy. A recent prospective
population-based cohort study of 3434 participants aged
65 years or older showed that higher cumulative anti-
cholinergic use is associated with an increased risk for
dementia [36]. This study supports previously published
evidence that the use of medications with anticholinergic
activity increases the cumulative risk of cognitive impair-
ment and mortality [37]. A sub-analysis of four phase III
trials has demonstrated the efficacy of mirabegron over
12 weeks and tolerability over 12 weeks and 1 year in
OAB patients aged >65 and >75 years, supporting its
therapeutic value in older patients [38].

Regarding male patients with storage symptoms and co-
existing BOO, mirabegron might also be a valuable option
in combination or sequential treatments with a-blockers,
considering the lack of effects on voiding urodynamics
(maximum urinary flow and detrusor pressure at maximum
urinary flow) [39]. To our knowledge, no robust data exist
for mirabegron use in neurogenic bladder dysfunction, but
a placebo-controlled multicentre trial is currently recruiting
patients with multiple sclerosis or suprasacral spinal cord
injury to determine its effectiveness in this challenging
population [40].

3.3 Combination Treatment
As mirabegron has a different mechanism of action, com-

bining it with other available drugs may improve efficacy
in OAB treatment; combinations with reduced doses may
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deliver an improved tolerability profile compared with
monotherapy without compromising efficacy. A phase II
trial has explored the potential synergistic effect of mir-
abegron with solifenacin in the treatment of OAB [41].
Combination therapy with solifenacin/mirabegron was well
tolerated and significantly improved OAB symptoms
compared with solifenacin 5 mg monotherapy. Another
recent study examined the safety and efficacy of mirabe-
gron as ‘add-on’ therapy in patients treated with solifenacin
2.5 or 5 mg in Japan [42]. ‘Add-on’ therapy with mirabe-
gron 25 mg once daily for 16 weeks, with an optional dose
increase to 50 mg at week 8, was well tolerated and sig-
nificantly improved OAB symptoms from baseline. In
those groups in which the mirabegron dose was escalated
from 25 to 50 mg, a further improvement was found after
the increase. The potential of combination treatment with
mirabegron and solifenacin is being further explored by a
phase III trial currently recruiting (SYNERGY) [43].

Mirabegron has also been evaluated as ‘add-on’ therapy
in men with benign prostatic obstruction and remaining
OAB symptoms after oy-blocker (tamsulosin) treatment
[44]. In this randomised controlled trial, the 50-mg add-on
mirabegron treatment was more effective for ameliorating
storage symptoms and improving HRQoL than tamsulosin
monotherapy. Mirabegron might also be combined with
other second-line medical treatments for OAB, such as
local oestrogens or desmopressin [45]. Therapeutic strate-
gies combining mirabegron with local oestrogens in post-
menopausal women or desmopressin in patients with co-
existing nocturia or nocturnal polyuria could be explored in
the future.

3.4 Other p3-Adrenoceptor Agonists

There are other B3-AR agonists in the pipeline, but none
has yet been licensed for the management of OAB. A
highly selective [3-AR agonist (solabegron) has been
studied in a clinical proof-of-concept multicentre ran-
domised, double blind, placebo-controlled trial. It signifi-
cantly reduced the symptoms of OAB in women with
moderate to severe OAB. Solabegron was safe, well tol-
erated, and did not demonstrate significant differences in
adverse events as compared with placebo [46]. Solabegron
is about to enter phase III clinical studies in the EU and the
USA.

Ritobegron is another agent with promising in vitro and
in vivo animal data [47]. A phase III randomised, double
blind, placebo controlled study of ritobegron in patients
with OAB has been initiated and completed [48]. This
12-week study recruited 750 patients to assess change from
baseline in the mean number of micturitions per 24 h as the

primary outcome measure. Change from baseline in the
mean number of urgency episodes per 24 h and change
from baseline in the mean number of incontinence episodes
per 24 h were secondary outcome measures. The results of
this study have not been published, but a press release by
the pharmaceutical company stated that preliminary anal-
ysis indicated that the study’s primary efficacy endpoint
was not met [49]. MK-4618 and MK-0634 (by Merck
Sharp & Dohme) are potent and selective B;-AR agonists
under development in phase I-II proof-of-concept trials
(11/LO/0679, NCT01500382, NCT01314872,
NCT00231790), while TRK-380 and AJ-9677 are currently
under preclinical evaluation [50].

4 Conclusions

OAB is a common and distressing condition that is known
to have a significant effect on quality of life. Muscarinic
receptor antagonists have been the standard first-line drug
therapy for OAB. Overall, mirabegron is an efficacious,
safe and well tolerated new treatment. It may represent a
revolution in the treatment of OAB due to its different
mechanism of action and favourable tolerability profile
compared with the antimuscarinic agents. Comparative
trials of mirabegron versus antimuscarinics that are in
current use for the treatment of OAB would be of con-
siderable interest. However, the available data do not allow
us to identify the most appropriate role for the drug as
either first- or second-line therapy after antimuscarinics,
and randomised controlled trials aiming at identifying the
best sequences of treatments in different populations are
eagerly awaited. The availability for the first time of a
second class of oral drug may open the door to the com-
bination of mirabegron and an antimuscarinic, o-blocker or
other established treatments for OAB. These strategies may
provide an attractive therapeutic approach to maximise
efficacy and minimise the side effect burden. Development
of other B3-AR agonists is expected, but currently there no
other agents with license for treatment of OAB.
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