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ABSTRACT

Overactive bladder syndrome (OAB) has a negative impact on quality of life and social functioning. Although

antimuscarinic drugs are the first line of treatment for OAB, adverse effects and the limitations of efficacy hinder

their use. p-adrenoceptors are found in the bladder body and mediate relaxation to noradrenalin. Stimulation

of p3-adrenoceptor subtypes has been shown to relax bladder smooth muscle in humans. Mirabegron, a novel

selective p3-adorenoceptor agonist, is in development for the treatment of OAB. Phase Il placebo-controlled clinical

trials showed that mirabegron significantly improved the majority of variables when administered to patients with

OAB. Mirabegron is well tolerated with significant efficacy in reducing the number of incontinence episodes and

the mean micturition frequency. Commonly reported adverse effects were gastrointestinal adverse events and

headache. The lower propensity of dry mouth and constipation while taking mirabegron may make it an attractive

drug candidate for the treatment of OAB symptoms.

OVERACTIVE BLADDER SYNDROME AND LOWER
URINARY TRACT SYMPTOMS

Overactive bladder (OAB) syndrome, characterized by urgency
with or without incontinence, frequency, and nocturia, is a
common disorder [1]. OAB affects 16.6% of the European
population over 40 years [2] old, and has a prevalence of 17% in
the United States [3] and 12% in Japan [4]. Both men and women

are equally affected by OAB, and the incidence rate increases
with age [1-4]. It is assumed that OAB syndrome has been caused
by detrusor overactivity (DO), which is a urodynamic diagnosis
based on the occurrence of involuntary detrusor contraction
during cystometry [5]. However, OAB is often but not always
associated with DO. The multifactorial pathophysiology of OAB
syndrome makes it difficult to conceive that one drug or drug
principle would be effective in all patients with OAB syndrome.
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Acronyms and Abbreviations

ACh, acetylcholine

M1-4, muscarinic subtypes, 1-4 respectively

PLC, Phospholipase-C

IP3/DAG, Inositol 1,4,5 Trisphosphate/1,2-Diacylglycerol
NA, noradrenalin

AC, adenylyl cyclase

CATP, cyclic adenosine triphosphate
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REGULATION OF AUTONOMIC CONTROL OF URINARY
BLADDER CONTRACTILITY

Branches of the autonomic nervous system innervate the lower
urinary tract, and the response to the stimulation of these nerves
is mediated through adrenergic and cholinergic receptors (Figure
1). The efferent parasympathetic pathway provides the major
excitatory innervation of the bladder detrusor (Figures 1 and
2) [6, 7]. Preganglionic axons emerge, as does the pelvic nerve,
from the sacral parasympathetic nucleus in the intermediolateral
column of sacral spinal segments S2-S4 and synapse in the pelvic
ganglia, as well as in small ganglia on the bladder wall, releasing
acetylcholine (ACh). ACh excitation of postsynaptic neurons is
mediated by nicotinic receptors. Postganglionic axons continue for
a short distance in the pelvic nerve and terminate in the detrusor
layer where they transmit ACh to the smooth muscle fibers with
consequent contractions of the bladder. This stimulatory effect
of ACh at the postganglionic axon terminal is mediated by
muscarinic receptors in detrusor cells. Two muscarinic subtypes,
M2 and M3, are present in the bladder. Although M2 is most
abundant in detrusor cells (70 to 80%), the M3 subtype is the
major receptor, mediating stimulation of detrusor contractions
[6, 8].

Sympathetic nerves stimulate smooth muscle contraction in the
urethra and bladder neck and cause relaxation of the detrusor
(Figure 1). Preganglionic sympathetic neurons are located in
the intermediolateral column of thoracolumbar cord segments
T11-L1 (Figure 2) [9-10]. Most of the preganglionic fibers
synapse with postganglionic neurons in the inferior mesenteric
ganglia. The preganglionic neurotransmitter is ACh, which acts
via the nicotinic receptors in the postganglionic neurons. The
postganglionic axons travel in the hypogastric nerve and transmit
noradrenalin (NA) at their terminals. The major terminals are in
the urethra and bladder neck, as well as in the bladder body and
postganglionic parasympathetic neurons in the pelvic ganglia.
The NA stimulates contraction of the urethral and bladder neck
smooth muscle via al-adrenoceptors, and causes relaxation of the
detrusor via p3-adrenoceptors (Figure 2) [11].

EXPRESSIONS OF 3-ADRENOCEPTORS AND THEIR
FUNCTIONS IN THE URINARY BLADDER

The p-adrenoceptors are members of the GTP-binding protein-
(G-protein) coupled receptor (GPCR) family. They present 7
transmembrane regions and, currently, they are classified into
B1-, B2-, and B3- subtypes [12-15]. All 3 types of $-adrenoceptor
are expressed in smooth muscles, which exhibit relaxation in
response to stimulation of the p-adrenoceptors. Each subtype

Figure 1. Typical regulation of muscarinic receptors and
beta-adrenoceptors in the bladder smooth muscle.
http://dx.doi.org/10.3834/uij.1944-5784.2011.12.03f1
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shows tissue-specific expression patterns, which vary according to
species. As mentioned above, the p1-, 2-, and p3-adrenoceptor
subtypes are all coupled to the G -protein (G ) and cAMP, elevated
as a consequence of activation of adenylyl cyclase and is a key
player triggering p-adrenoceptor-mediated smooth muscle
relaxation (Figure 1) [15].

The presence of f-adrenoceptors in rat and human bladders at
the mRNA level has been studied using Northern blots, PCR, and
in situ hybridization. Studies in the human bladder have detected
mRNA for all three p-adrenoceptor subtypes [11, 16-19]. Based on
quantitative PCR experiments, it appears that the p3-adrenoceptor

©2011 Digital Science Press, Inc.

UlJ 1 Vol 4/ Iss 6 | December [ http://dx.doi.org/10.3834/uij.1944-5784.2011.12.03

http:/lwww.urotodayinternationaljournal.com
ISSN 1944-5792 (print), ISSN 1944-5784 (online)



UroToday International Journal

review

A B3 Agonist, Mirabegron for the Treatment of Overactive Bladder

Figure 2. The efferent sympathetic and parasympathetic
innervations in the lower urinary tract.
http://dx.doi.org/10.3834/uij.1944-5784.2011.12.03f2

accounts for more than 95% of all p-adrenoceptor mRNA in the
human bladder [11]. The presence of $3-adrenoceptors mRNA in
thehumandetrusor hasalso been confirmedin insitu hybridization
studies [19]. The identification of p-adrenoceptors at the protein
level is typically based on binding studies with radioligands, such
as ['®lliodocyanopindolol, ['*Iliodopindolol, [*H]CGP-12177, or
[*H]dihydroalprenolol. Radioligand-binding studies on bladder
B-adrenoceptors have been reported for humans [18, 20-22].
Saturation-binding studies, with various radioligands, have
reported 22 to 60 fmol mg™' protein in humans [18, 20-22].
However, many B-adrenoceptor ligands are not so selective for p3

subtype and, at least in humans, have even slightly lower affinity
for B3- than for f1- and p2-adrenoceptors [23]. In addition, the
radioligands used in all of the above studies are unlikely to label
a major fraction of possibly present p3-adrenoceptors due to
their low affinity for this subtype, at least in humans. Thus, the
currently available radioligand-binding techniques are probably
inadequate to detect the presence of p3-adrenoceptors [24].
Early reports on human bladder relaxation already proposed
that this does not occur via a f1- or p2-adrenoceptor [25]. This
early hypothesis has been further supported by several recent
studies confirming that human bladder relaxation indeed occurs
via a p3-adrenoceptor and not via p1- or p2-adrenoceptors [11,
17, 19, 22, 26]. In agreement with the predominant expression
of p3-adrenoceptor mRNA in the human bladder, these reports
demonstrate that p3-adrenoceptor subtypes play a key role in
bladder relaxation in vitro. In addition, it has been shown that
p3-adrenoceptor agonists can improve bladder overactivity in
experimental rat models [27-28].

Oral administration of the p3-adrenoceptor agonist, FK-175
(ethyl  [(S)-8-[(R)-2—(3—-chlorophenyl)-2-hydroxyethylamino]-6,
7, 8, 9-tetrahydro-5H-benzocyclohepton-2-yloxy] acetate mono-
hydrochloride monohydrate) at a dose of 10 mg/kg, significantly
increased bladder capacity by 158 pl during conscious cystometry
in rats with increased urinary frequency induced by ibotenic acid
injection [29]. The increase in bladder capacity produced by FK-
175 was not associated with any change in micturition pressure
or threshold pressure during cystometry in the rat model [29]. The
efficacy of p3-adrenoceptor agonists against bladder instability
was evaluated in a BOO rat model by cystometry under urethane
anesthesia [28]. Oral and IV administration of p3-adrenoceptor
agonist CL-316243, at a dose of 10 mg/kg, significantly increased
thevoidinginterval, bladder compliance, and capacity without any
change in the residual bladder volume [28]. Recently, roles of 3-
adrenoceptors in urothelium have been investigated. Murakami
and his associates [30] (2007) reported that the relaxation
responses of the bladder to isoprenaline do not appear to involve
the urothelium or NO release in vitro [30]. However, contractile
responses to carbachol were inhibited in the presence of an intact
urothelium, and this might reflect the release of an inhibitory
factor other than NO [30]. Otsuka and his colleague [31] (2008)
reported the presence of p1-, p2-, and p3-adrenoceptors in human
urinary bladder urothelium [31]. Furthermore, they suggest that
urothelial B-adrenoceptors induce the release of a urothelium-
derived factor, which inhibits the p-adrenoceptor agonist-induced
relaxation of the human detrusor smooth muscle. This inhibitory
mechanism might not involve NO [31]. These data indicate that
urothelial f-adrenoceptors may have direct and/or indirect effects
on relaxation responses in the detrusor smooth muscle.

©2011 Digital Science Press, Inc.

UlJ 1 Vol 4/ Iss 6 | December [ http://dx.doi.org/10.3834/uij.1944-5784.2011.12.03

http:/lwww.urotodayinternationaljournal.com
ISSN 1944-5792 (print), ISSN 1944-5784 (online)



UroToday International Journal

review

A B3 Agonist, Mirabegron for the Treatment of Overactive Bladder

CURRENT PHARMACOTHERAPY AGAINST OAB

OAB can be managed with bladder and behavioral training,
biofeedback, electric stimulation, pharmacological treatments, or
with a combination of these therapies. However, antimuscarinic
agents (muscarinic antagonists), such as oxybutynin, propiverine,
tolterodine, trospium, darifenacin, solifenacin, imidafenacin, and
fesoterodine are currently the first-line pharmacotherapy for
OAB [32, 33]. Antimuscarinic agents were developed to target
the main pathway controlling detrusor contraction in which
acetylcholine released from parasympathetic nerves activated
muscarinic receptors. As aforementioned, of the 5 subtypes of
muscarinic receptors, M2 and M3 subtypes are the main subtypes
found in the bladder. An M3 receptor directly mediates detrusor
contraction [34, 35], whereas an M2 receptor is thought to have
a minor role in normal contraction. Recently, there is increasing
evidence that stimulation of muscarinic receptors on urothelium
causes the release of a urothelium-derived inhibitory factor
that can regulate detrusor contraction [36, 37]. In addition,
there is evidence indicating that antimuscarinic agents might
inhibit detrusor contraction through the modulation of sensory
pathways [33]. In fact, the muscarinic receptors in the urothelium/
suburothelium have been confirmed, but their role in the
sensory afferent pathways remains unclear. Recently, however,
muscarinic receptors on the urothelium and suburothelium
have been an important component of sensory function [8], and
there is evidence that stimulation of these receptors can alter
the release of other transmitters and regulate bladder-voiding
reflexes [36, 38-39]. Thus, muscarinic receptor pathways could be
directly involved in afferent function of the bladder.

In a recent meta-analysis of 83 studies, Chapple and his associates
[32] (2008) investigated the efficacy, tolerability, and safety of
antimuscarinic agents, and demonstrated that antimuscarinics
are more effective than a placebo [32]. Although tolerability
was good, the patients treated with antimuscarinics were found
to have significantly higher withdrawal rates compared to the
patients treated with a placebo. In addition, no serious adverse
events for any product were statistically significant in comparison
to a placebo. The most commonly reported adverse event was
dry mouth (mild, moderate, severe) (29.6% on treatment vs.
7.9% on a placebo), followed by pruritus (15.4% on treatment
vs. 5.2% on a placebo). Moreover, the following adverse events
were reported at statistically and significantly higher levels in
active treatments than in a placebo: blurred vision, constipation,
erythema, fatigue, pruritus, increased sweating, and urinary
retention. Health-related quality of life has been improved after
treatment with antimuscarinic drugs. However, they noticed
that the study presented some limitations, including restrictions
on the types of patients typically included in overactive bladder

trials and topics that have not been adequately addressed in the
current antimuscarinic literature [32].

EFFECT OF MIRABEGRON (YM178) ON BLADDER
FUNCTION IN HUMANS AND IN ANIMAL
EXPERIMENTAL MODELS

The chemical structure of mirabegron (YM178) is shown in
Figure 3. Takasu and co-workers [40] (2007) first reported
the pharmacological properties of mirabegron in human
p-adrenoceptor expressed in Chinese hamster ovary (CHO) cells
and in rat and human bladder strips [40]. Mirabegron increased
cyclic AMP accumulation in CHO cells expressing human 3-
adrenoceptor, and its EC50 value was 22.4 nM, out of which
mirabegron for human p1- and p2-adrenoceptors were 500
times or more. The ratio of intrinsic activities of mirabegron
versus maximal response induced by isoproterenol was 0.1, 0.1,
and 0.8 for human p1-, p2-, and p3-adrenoceptors, respectively.
The relaxant effects of mirabegron were evaluated in rats
and human bladder strips precontracted with carbachol and
were compared with those of isoproterenol. EC50 values of
mirabegron and isoproterenol in rat bladder strips were 5.1
and 1.4 uM, respectively, whereas those in human bladder
strips were 0.78 and 0.28 uM, respectively. In in vivo study,
mirabegron, at a dose of 3 mg/kg 1V, decreased the frequency
of rhythmic bladder contraction induced by intravesical filling
of saline without suppressing its amplitude in anesthetized rats.
This data suggests that mirabegron has good selectivity and
agonist potency for human p3-adrenoceptors. There are some
reports indicating that mirabegron dose-dependently decrease
the frequency of non-micturition bladder contraction without
the increase in residual urine in a rat bladder outlet obstruction
model [41, 42]. These data indicated that mirabegron has
different effects on bladder activity during filling due to
antimuscarinics [44, 45]. Someya and his colleagues [43] (2010)
reported that while using a conscious, water-loaded cynomolgus
monkey model, mirabegron significantly increased the mean
voided volume per micturition and decreased micturition
frequency [43]. Furthermore, in a recent report, mirabegron
enhanced urine storage function at low-pressure bladder filling
via activation of (3-adrenoceptors in the bladder without
affecting the voiding contraction in the anesthetized rat
bladder [41]. This data suggests that mirabegron significantly
increases bladder capacity and does not directly inhibit voiding
bladder contractions.
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Figure 3. Chemical structure of mirabegron (YM178).
http://dx.doi.org/10.3834/uij.1944-5784.2011.12.03f3

PHARMACOKINETIC AND PHARMACODYNAMIC
DATA OF MIRABEGRON

Mirabegron is an orally active p3-adrenoceptor (AR) agonist,
developed by Astellas Pharmaceuticals, Inc. The new drug
application of mirabegron is currently being reviewed by
the FDA for the indication of symptomatic treatment of OAB
and is currently undergoing Phase Il clinical trials in several
countries. The highly lipophilic nature of mirabegron makes
the hepatic route the most preferred route of metabolism
for mirabegron. In the Phase | pharmacokinetic study on
mirabegron, 16 healthy volunteers enrolled, phenotyped prior
to going into the study as either poor (n = 8) or extensive (n =
8) metabolizers of cytochrome P450 2D6 (CYP2D6), a member
of the cytochrome P450 mixed-function oxidase system,
based on the rate of dexamethasone metabolism [44]. The
volunteers in the study received a 160 mg single oral dose of
mirabegron after overnight fasting. Volunteers previously
phenotyped as poor metabolizers excreted a slightly higher
urinary fraction of mirabegron (15.4 = 4.2%) than extensive
metabolizers (11.7 = 3.0%). This variability in the urinary
excretion of mirabegron has prompted its disposition study
in patients with mild, moderate, or severe renal impairment.
Mirabegron took nearly the same time to reach Tmax in both
extensive and poor metabolizers, and its respective half-life of
23 and 25 hours was demonstrably longer. There was a greater
variation in the values of Cmax and AUC_ between groups. The
pharmacokinetic parameters of mirabegron do not show the
conventional dose-independent behavior seen with most drugs
[44]. Like other orally absorbed drugs, its oral bioavailability is
prone to influence from the timing of food intake. The effect of
food on the pharmacokinetics of mirabegron is currently being
investigated. Mirabegron is also liable to undue influence on its
pharmacokinetics due to the different oral formulations with
different release rates. This potential drawback is the subject
of a current study comparing the pharmacokinetics of different

oral mirabegron formulations against mirabegron administered
intravenously. The results of these studies are currently awaited
[45-471].

CLINICAL APPLICATION AND
MIRABEGRON

EFFICACY OF

The efficacy, safety, and tolerability of oral mirabegron in
treating OAB was first evaluated in a multi-center, randomized,
double-blind, Phase Il dose-finding study on 262 patients in
2006 at 31 clinical sites in 6 European countries [51]. The study
named “BLOSSOM" (p3-adrenoceptor agonist in Lowering
OAB Symptoms Study compared to Oral anti-Muscarinic)
was conducted as a randomized, double blind, parallel-
group, proof-of-concept study, which tested the efficacy of
mirabegron (100 or 150 mg/twice daily [b.i.d.]) against placebo
or tolterodine extended release (4 mg once daily). The main
inclusion criteria were, at study entry, both genders aged
over 16 years; symptoms of OAB for more than 3 months; the
capability to complete micturition diary, and a randomized
average micturition frequency of more than 8 times per 24-
hour period during the 3-day micturition diary period; and
more than 3 episodes of urgency with or without incontinence
during the 3-day micturition diary period. The protocol of this
study is shown in Figure 4. The enrolled patients were first
recruited into a single-blind, 2-week placebo run-in period
after which they were blindly randomized to any of 4 treatment
arms for 4 weeks, including mirabegron 100 mg b.i.d. (n = 65
patients), mirabegron 150 mg b.i.d. (n = 65), placebo (n = 66),
or tolterodine extended release, 4 mg once daily (n = 64).
Treatment with mirabegron was statistically and significantly
superior to a placebo with respect to the secondary efficacy
variables of the mean volume per micturition and the mean
number of incontinence episodes, nocturia episodes, and urge
incontinence episodes per 24 hours in 1 or both doses (Figure
5). The results of a second Phase Il multi-center, dose-ranging
study named “DRAGON" (a dose-ranging study [Phase lIb] using
mirabegron [a novel, selective p3-adrenoceptor agonist]) was
recently presented in conference in which a single daily dose
regimen of mirabegron (25, 50, 100, 200 mg oral [p.0.]) was
evaluated over 12 weeks in OAB patients (n = 1110) [48]. This
study was designed as a 12-week, multicenter, double blind,
randomized parallel-group, placebo- and active-controlled
(tolterodine [4 mg/day]). Enrolled patients were aged over 18
years, symptoms of OAB were more than 3 months, patients
experienced more than 8 micturitions per 24 hours, and more
than 3 urgency episodes occurred with or without incontinence
during a 3-day micturition diary period. Data from 919 patients
was analyzed at the end of the study with a nearly equal
number of patients at each dose level of mirabegron and in the
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Figure 4. The protocol of BLOSSOM (p3-adrenoceptor agonist in Lowering OAB Symptoms Study compared to Oral
anti-Muscarinic) study. YM178, mirabegron.
http://dx.doi.org/10.3834/uij.1944-5784.2011.12.03f4
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placebo group. Regarding the primary end-point of the study, placebo group. The study also noted that mirabegron caused a

the analysis of the results, 12 weeks post-treatment, showed
statistically significant dose-dependent reductions in the mean
number of micturitions in range of 1.9 to 2.2 in a 24-hour
period with mirabegron compared to a reduction of 1.4 for the

dose-dependent increase in the mean urine volume voided in
each micturition in range of 15.3 to 33.3 ml compared to 7.3 ml
for a placebo. It decreased the number of incontinence episodes
by 1.1 to 1.4 compared to only 0.5 for a placebo, decreased
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Figure 5. Efficacy of mirabegron in the BLOSSOM study. * Significantly different from the placebo group.

http://dx.doi.org/10.3834/uij.1944-5784.2011.12.03f5
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Table 1. Summary data of DRAGON study.
http://dx.doi.org/10.3834/uij.1944-5784.2011.12.03t1

Variables (per 24-hour period) Placebo Mirabegron (once daily)
icurtion Grimaryendpoim) 149 210 2 22
‘ Incontinence episodes ‘ -0.5 ‘ -1.4* ‘ -1.2* ‘ -1.1 ‘ -1.1 ‘
‘ Urgency episodes (grade >3) ‘ -1.1 ‘ -1.8* ‘ -1.7 ‘ -2.3*% ‘ -2.5% ‘

* significantly different from placebo, p <0.05

Table 2. Percentage of patients reporting adverse events with antimuscarinic drugs and mirabegron from BLOSSOM
and DRAGON studies.
http://dx.doi.org/10.3834/uij.1944-5784.2011.12.03t2

Adverse Events Mirabegron Antimuscarinic drugs Placebo
Any Adverse Events | 40.08-45.2 | 53.4 | 39.9 |
Constipation 1.8-2.4 7.7 3.9

‘ Urinary retention ‘ Not reported ‘ 1.1 ‘ 0.2 ‘

Data were modified from Tyagi et al.*** and from Chapple et al.34 44

urgency incontinence episodes by 1.1 to 1.3 compared to only majority of variables compared with a placebo when treating
0.4 for a placebo, and decreased urgency episodes by 1.7 to  patients with OAB.
2.5 compared to only 1.1 for a placebo in a 24-hour period at

the end of the treatment period (Table 1). Thus, these studies SAFETY EVALUATION OF MIRABEGRON
demonstrated that mirabegron significantly improved the
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Table 3. Percentage of patients reporting adverse events more than 2% in the Phase Il study in Japan.
http://dx.doi.org/10.3834/uij.1944-5784.2011.12.03t3

Constipation

‘ Increase in Serum ALP

2.6%

| 2.6% |

Data were modified from Betanis® Interview Form (in Japanese).”'

The Phase | and Il studies for clinical safety for mirabegron are
available in the public domain. Four-times daily administration
of mirabegron (100 mg) to 28 healthy volunteers for over
2 weeks was only associated with a single occurrence of
headache and dysmenorrheal and orthostatic hypotension
[49]. The summarized adverse events with mirabegron and
antimuscarinics are shown in Table 2 [46]. The rate of the
treatment side effects emerging in the BLOSSOM clinical trial
for the mirabegron-treated group of patients was 39.2%, which
was slightly higher in comparison with the 36.4% observed in
the placebo group and lower compared to the 48.4% observed
with the active comparator, tolterodine [50]. The most common
adverse events associated with mirabegron included headache
(6.9%) and gastrointestinal side effects (13.8%). In comparison,
the patients treated with tolterodine for the same time period
reported headache at a higher rate of 9.4% and gastrointestinal
adverse events at 23.4% [50]. In addition, the intensity of adverse
events with mirabegron was mostly mild to moderate, except
in 2 patients who took the dose of 150 mg mirabegron and
reported severe headaches and increased hepatic enzymes [50].
However, there were no reports of acute urinary retention atany
dose of mirabegron [50]. On the other hand, treatment-related
dizziness and palpitations were noted more frequently with
mirabegron treatment compared to placebo and tolterodine
treatment. However, mirabegron was associated with a lower
incidence of dry mouth compared to reports from clinical
experience with antimuscarinics. No specific adverse events led
to a discontinuation of more than 1 patient in any treatment
group during the double-blind treatment period. However, 3
patients receiving mirabegron (pooled analysis) discontinued
prematurely due to a mild or moderate skin reaction (i.e.,

urticaria, rash, and allergic exanthema). In the DRAGON clinical
trial, the incidence of gastrointestinal adverse events (12.1%),
infections, and infestations (14.1%) were commonly associated
with mirabegron, and most adverse events were of mild or
moderate intensity [48]. The adverse events were responsible
for the discontinuation in 3% of patients in the placebo group
compared to 2.4 to 5.3% in the mirabegron group (50). In the
DRAGON clinical trial, dizziness is reported to be 0.6% (1/169),
0% (0/169), 3.6% (6/169), 1.2% (2/168), and 0% (0/167), and
cardiac disorder is reported to be 0.6% (1/169), 2.4% (4/169),
1.2% (2/169), 1.2% (2/168), and 3.0% (5/167) in the placebo,
with mirabegron treated as a single daily dose of 25, 50, 100,
and 200 mg p.o., respectively [48]. In addition, the changes in
heart rate after 12 weeks of mirabegron treated with a single
daily dose of 50 mg and a placebo were plus 2.74 and plus
0.77 bpm, respectively, in the Phase Ill studies in Japan [51].
Table 3 shows the incidence of adverse events more than 2% in
the Phase Il studies in Japan [51]. From these studies, adverse
events in mirabegron are quite small. The safety evaluation of
mirabegron is well noted and analyzed in the report by Tyagi
and associates [46].

CONCLUSION

Mirabegron will be the first p3-adrenoceptor agonist to be
released for patients with OAB. Mirabegron has been well
tolerated and has a dose-dependent reduction of micturition
frequency, episodes of urgency, and nocturia in OAB patients.
The increase in these parameters after mirabegron in clinical
trials is probably indicative of increased and stabilized
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bladder capacity through p3-adrenoceptor activation. The
lower propensity of dry mouth and constipation while taking
mirabegron may make it an attractive drug candidate for the
treatment of OAB symptoms in elderly patients. The long-term
safety data, including the risk of drug-related cardiac and
vascular events caused by mirabegron in more wide studies, is
still awaited.
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