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Abstract: In the last few years, much new information has been generated on the
pathophysiology, possible therapeutic targets, and pharmacologic treatment of overactive
bladder (OAB). Antimuscarinic drugs are still first-line pharmacologic treatment for OAB and
often have good initial response rates, but adverse effects and decreasing efficacy cause long-
term compliance problems, prompting a search for new therapeutic alternatives. Mirabegron
and onabotulinumtoxinA, two drugs with different mechanisms of action, and with adverse
effect profiles different from those of antimuscarinics, were recently approved for treatment of
OAB. However, their place in the treatment of this disorder has not yet been established. In this
short review, the mechanisms of action, clinical efficacy, and safety profiles of these drugs are
discussed and compared with those of the current gold standard, antimuscarinic agents.
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Introduction

The overactive bladder (OAB), defined either symptomatically as the OAB syndrome or
urodynamically as detrusor overactivity, is a multifactorial bladder disorder.! OAB syn-
drome and detrusor overactivity are not synonymous, but share therapeutic options and
underlying pathophysiologic mechanisms. At least two afferent signaling pathways in
the bladder have been defined,? ie, the “myogenic” and the “urothelial” pathways, and
even if many mechanisms contribute to the pathogenesis of OAB,** these pathways
seem to be ultimately involved.> However, only a few drugs (representing different
principles) have been demonstrated to have efficacy and safety profiles acceptable for
regulatory approval and clinical use. Antimuscarinic drugs are still first-line pharmaco-
logic treatment of OAB/detrusor overactivity, and even if the sites and mechanisms of
action of these drugs have not been definitely established,® it is now widely accepted
that effects on afferent signaling are important for their clinical efficacy. This may also
be the case for the two novel drugs that have recently been approved for treatment of
OABY/detrusor overactivity, ie, mirabegron and onabotulinumtoxinA.’ These drugs have
different pharmacologic mechanisms, ie, B,-adrenoceptor agonism and inhibition of
nerve release of efferent and afferent transmitters, respectively, and their clinical effi-
cacy and safety profiles in the treatment of OAB/detrusor overactivity have been well
documented in clinical trials. However, their position in the management of patients
has not yet been established. In the present review, the pharmacologic basis for the
use of these drugs will be discussed. In addition, their efficacy and safety profiles are
compared with those of the current gold standard, antimuscarinic drugs.
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Antimuscarinic agents

Current guidelines recommend the use of oral antimuscarin-
ics (anticholinergics) as first-line pharmacologic therapy for
the management of OAB/detrusor overactivity.”® Generally,
these drugs are recognized as safe and effective in the treat-
ment of these conditions.”!!

Mechanism of action

Antimuscarinics competitively inhibit the effects of acetyl-
choline at post-junctional muscarinic receptors on detrusor
muscle cells, as well as on other structures in the bladder
wall, such as the urothelium, interstitial cells, and affer-
ent nerves.'? In addition, they block muscarinic receptors
outside the bladder. How antimuscarinic drugs exert their
beneficial effects in the treatment of OAB has been exten-
sively discussed. OAB is a filling disorder, and recent focus
has been on afferent mechanisms as a main target for these
agents. There is experimental evidence from animal as well
as human bladder/tissue studies suggesting that during filling
there is a release of acetylcholine from non-neuronal as well
as neuronal sources.® Afferent activity induced by bladder
distension is the normal initiator of the voiding reflex.!?
However, urothelially derived acetylcholine, probably via
release of adenosine triphosphate, may also generate affer-
ent activity (“afferent noise”) from the bladder, contribut-
ing to OAB. Afferent noise may also be generated by local
acetylcholine release within the detrusor muscle. Both types
of afferent activity can be inhibited by antimuscarinics at
the low concentrations obtained with doses recommended
for clinical use in OAB. Within this therapeutic window,
antimuscarinics may decrease OAB syndrome and detrusor
overactivity without affecting voiding contraction. Changes
in afferent activity and in muscarinic receptor function have
been demonstrated with aging and in various comorbidities
associated with OAB."?

Efficacy
Even if the efficacy of antimuscarinic drugs relative to
placebo has been questioned,' large meta-analyses of stud-
ies performed with the currently most widely used drugs
show clearly that antimuscarinics are of significant clinical
benefit.'*!

If antimuscarinics are acceptably effective and tolerated in
randomized, controlled clinical trials, a relevant question is:
why is the persistence with prescribed antimuscarinic therapy
so conspicuously low?'*'® Gomes et al compared persistence
with oxybutynin or tolterodine therapy among patients newly
prescribed one of these drugs in a retrospective cohort study

of Ontarians aged 66 years and older."” Persistence with
treatment was defined on the basis of refills for the drug
within a grace period equivalent to 50% of the prescription
duration. The authors identified 31,996 patients newly treated
with oxybutynin and 24,855 patients newly treated with
tolterodine. After 2 years of follow-up, persistence with oxy-
butynin (9.4%) was significantly lower than with tolterodine
(13.6%, P < 0.0001). The median time to discontinuation of
oxybutynin and tolterodine was 68 and 128 days, respectively.
Wagg et al analyzed prescription data for patients receiv-
ing these drugs for treatment of the OAB syndrome over a
12-month period.'* At 12 months, they found that the propor-
tions of patients still on their original treatment were: solifena-
cin 35%, tolterodine extended-release 28%, propiverine 27%,
oxybutynin extended-release 26%, trospium 26%, tolterodine
immediate-release 24%, oxybutynin immediate-release 22%,
darifenacin 17%, and flavoxate 14%. The longest persistence
was reported for solifenacin (a mean of 187 days versus
77-157 days for the other treatments).

The most common causes of low persistence seem to
be lack of efficacy and emergence of intolerable adverse
effects. The failure of the drugs to fulfill expectations may
also be a contributing factor. However, whether there is a
fading of efficacy with time has never been established,
and the durability of the effects is not known. Furthermore,
the symptom relapse rate after discontinuation of treatment
has not been systematically studied. In a prospective, ran-
domized, open-label trial, Lee et al studied what happened
3 months after their patients had been successfully treated
for one, 3, or 6 months.?® The relapse rate was 62%, and the
request for further treatment was 65%, indirectly suggesting
efficacy of treatment.

Tolerability and adverse effects
The common adverse events of antimuscarinic drugs are
expected and well known, and result from blockade of
muscarinic receptors in, eg, the salivary gland, colon, and
ciliary smooth muscle, inducing dry mouth, constipation,
and blurred vision, respectively.!®

Madhuvrata et al analyzed 86 trials including 31,249
adults with OAB symptoms in order to compare prefer-
ences for various antimuscarinics.?! In their analysis, an
important effect determining drug preference was occur-
rence of dry mouth. Thus, when the prescribing choice is
between oral immediate-release oxybutynin and tolterodine,
tolterodine might be preferred for reducing the risk of dry
mouth. For the same reason, an extended-release prepara-
tion of oxybutynin or tolterodine might be preferred to
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an immediate-release preparation. When solifenacin and
immediate-release tolterodine were compared, solifenacin
seemed to be preferred because of its superior efficacy and
lower risk of dry mouth. Likewise, fesoterodine might be
preferred over extended-release tolterodine for superior
efficacy, but may have a higher risk of withdrawal because
of adverse events, mainly dry mouth.

Kessler et al analyzed 69 trials enrolling 26,229 patients
with OAB with the aim of comparing the adverse events of
antimuscarinics using a network meta-analytic approach
that overcomes the shortcomings of conventional analyses.?
They found similar overall adverse event profiles for
darifenacin, fesoterodine, transdermal oxybutynin, propiv-
erine, solifenacin, tolterodine, and trospium chloride, but
not for oral oxybutynin, when currently used starting doses
were compared. They concluded that most currently used
antimuscarinics seem to be equivalent first-choice drugs
to start the treatment of OAB, except for oral oxybutynin
dosages = 10 mg/day, which may have a more unfavorable
adverse event profile.

Despite antimuscarinics being associated with many
adverse effects, they are generally considered to be “safe”
drugs. However, concerns have been raised with regard
to adverse cardiac effects, particularly QT prolongation,
induction of polymorphic ventricular tachycardia (torsade
de pointes), and increases in heart rate.?>?* QT prolongation
and its consequences are not related to blockade of musca-
rinic receptors, but rather linked to inhibition of the hERG
potassium channel in the heart. The potential of the different
antimuscarinic agents to increase heart rate and/or prolong the
QT interval has not been extensively explored for all agents in
clinical use. Differences between drugs cannot be excluded,
but risk assessments based on available evidence are not
possible. However, based on experiences both from clinical
trials and extensive clinical use, the cardiovascular safety of
antimuscarinics is generally considered acceptable.

Mirabegron: a §.-adrenoceptor
agonist

Mirabegron is the only [,-adrenoceptor selective agonist
approved for treatment of OAB. It has been approved in
Japan (Betanis®, Astellas Pharma Inc, Tokyo, Japan) US
(Myrbetriq®, Astellas), and Europe (Betmiga®, Astellas).
However, several pharmaceutical companies are developing
selective [3,-adrenoceptor agonists for treatment of OAB.>?¢
Except for the proof-of-concept studies of solabegron®” and
ritobegron, clinical experiences with these agents are limited.
Therefore, the focus in this paper is on mirabegron.

Pharmacokinetics

Mirabegron is rapidly absorbed after oral administration, the
time to maximum plasma concentration (T __ ) being about
2 hours.?®% The drug circulates in plasma as the unchanged
active form and as inactive metabolites. Most of an adminis-
tered dose is excreted in the urine, mainly as the unchanged
form, and one third is recovered in feces, almost entirely
as the unchanged form.*® Mirabegron is highly lipophilic,
and is metabolized in the liver via multiple pathways, but
mainly by cytochrome P450, ie, CYP3A4 and CYP2D6.3!:*
The terminal elimination half-life was approximately
23-25 hours.?#*

Mechanism of action

As mentioned previously, OAB is a filling disorder, which
makes afferent activity in the bladder during filling an
interesting treatment target. Distension of the bladder
initiates activity in “in series”-coupled, low-threshold
mechanoreceptive (Ad) afferents.’* If compliance of the
bladder is increased, the response to distension is decreased,
and greater filling volumes are needed to recruit sufficient
afferent activity to initiate micturition, so bladder capac-
ity increases. One determinant of bladder compliance is
spontaneous (autonomous) bladder activity during filling.

3335 and animal

Experimental studies both in the human
(mainly rat***") bladder have documented the inhibitory
effects of f3,-adrenoceptor agonists on autonomous activ-
ity in vitro, and on “nonvoiding contractions” in vivo.
Gillespie et al found that mirabegron inhibited only nonvoid-
ing activity in the rat, while tolterodine (an antimuscarinic
agent) inhibited nonvoiding activity as well as the amplitude
of voiding contractions.*

Effects on bladder compliance may be the basis for
the finding in numerous preclinical studies, and also in
clinical trials, that B,-adrenoceptor agonists increase blad-
der capacity without a change in micturition pressure or
residual volume. Evidence that such effects can be linked
to reduced bladder afferent activity during filling has been
presented by Aizawa et al,*® who showed in rats that the
B,-adrenoceptor agonist, CL316,243, could inhibit filling-
induced activity not only in mechanosensitive Ad fibers,
but also in C fiber primary bladder afferents, provided that
these fibers were stimulated by prostaglandin E2. Similar
findings were reported for mirabegron.*’ Voiding contraction
is caused by a massive release of contractant transmitters
(acetylcholine and adenosine triphosphate), which may
be the reason why bladder emptying does not seem to be
impaired by 3,-adrenoceptor agonists.
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Efficacy

Several randomized, controlled, Phase II clinical trials have
shown that mirabegron consistently improves mean num-
bers of micturitions and continence episodes in 24 hours in
patients with OAB.*'** Mirabegron was further evaluated
in three pivotal, randomized, controlled, 12-week Phase III
clinical trials in patients with OAB symptoms of urgency
urinary incontinence, urgency, and urinary frequency**
(Tables 1-3). These trials had a basically similar design.
The inclusion criteria required that patients had symptoms
of OAB for at least 3 months, at least eight micturitions per
day, and at least three episodes of urgency with or without
incontinence over a 3-day period. The majority of patients
were Caucasian (94%) and female (72%), with a mean age
of 59 (range 18-95) years.

In a study by Nitti et al, 1329 patients were randomized
to receive placebo, mirabegron 50 mg, or 100 mg once
daily for 12 weeks.** Coprimary endpoints were the change
from baseline to final visit (study end) in mean numbers of
incontinence episodes and micturitions per 24 hours. At the
final visit, mirabegron 50 mg and 100 mg showed statisti-
cally significant improvements in the coprimary efficacy
endpoints and mean volume voided/micturition compared
with placebo.

Khullar et al performed a similarly designed study, enroll-
ing 1978 patients.* The study included a fourth arm in which
tolterodine sustained-release 4 mg was used as a comparator.
As in the study reported by Nitti et al,** mirabegron caused
a statistically significant improvement from baseline com-
pared with placebo in the numbers of urgency incontinence
episodes and micturitions per 24 hours. For these two key
symptoms of OAB, mirabegron 50 mg and 100 mg were
statistically superior to placebo, whereas tolterodine was

not, but the study was not powered for head-to-head
evaluation.

In a third Phase III study, in which Van Kerrebroeck et al
evaluated the effects of mirabegron 25 mg and 50 mg, both
doses were associated with significant improvements in
efficacy measures of incontinence episodes and micturition
frequency.®

Nitti et al*® reported the effects of mirabegron on maxi-
mum urinary flow rate and detrusor pressure at maximum
flow rate in a urodynamic safety study in male patients with
bladder outlet obstruction and lower urinary tract symptoms.
Two hundred men with OAB symptoms and a bladder
outlet obstruction index > 20 were randomized to receive
placebo, mirabegron 50 mg, or mirabegron 100 once daily
for 12 weeks. Mirabegron did not adversely affect flow rate,
detrusor pressure at maximum flow rate, or bladder contrac-
tile index, and was well tolerated.

Chapple etal*’ compared the safety and efficacy of long-term
administration of mirabegron 50 mg and 100 mg and tolterodine
ina 12-month, three-arm, parallel-group study (with no placebo
arm). A total of 812 (50 mg) and 820 (100 mg) patients were
randomized to receive mirabegron, and 812 patients received
tolterodine extended-release 4 mg. The primary variable was
incidence and severity of treatment-emergent adverse events,
and secondary variables were change in key OAB symptoms
from baseline at months 1, 3, 6, 9, and 12. Both mirabegron
and tolterodine improved key OAB symptoms from the first
measured time point of 4 weeks, and efficacy was maintained
throughout the 12-month treatment period.

Tolerability and adverse effects
In a proof-of-concept study of mirabegron 100 mg and
150 mg twice daily,*' adverse events were experienced by

Table | Effects of mirabegron on number of incontinence episodes per 24 hours

Parameter Nitti et al*? Khullar et al* Van Kerrebroeck et al*

Placebo Mirabegron Placebo Mirabegron Placebo Mirabegron Mirabegron

50 mg 50 mg 25 mg 50 mg

Incontinence episodes per 24 hours (n)*
n 291 293 325 312 262 254 257
Baseline (mean) 2.67 2.83 3.03 2.77 2.43 2.65 251
Change from baseline —-1.17 —-1.57 —1.13 —1.47 —-0.96 —-1.36 —-1.38
(adjusted mean)t
Difference from placebo - -0.41 - —-0.34 - —0.40 —0.42
(adjusted mean)t
95% confidence interval - (-0.72, —0.09) - (—0.66, —0.03) - (—0.74, —0.06) (-0.76, —0.08)
P value 0.003* 0.026* 0.005% 0.001%

Notes: *Week |2 is last observation on treatment; fleast squares mean adjusted for baseline, gender, and geographical region; “for incontinence episodes per 24 hours, the
analysis population is restricted to patients with at least one episode of incontinence at baseline; “statistically significantly superior compared to placebo at the 0.05 level with

multiplicity adjustment. Data from Mirabegron prescribing information.*
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Table 2 Effects of mirabegron on number of micturitions per 24 hours

Parameter Nitti et al*® Khullar et al** Van Kerrebroeck et al*

Placebo Mirabegron Placebo Mirabegron Placebo Mirabegron Mirabegron

50 mg 50 mg 25 mg 50 mg

Micturitions per 24 hours (n)
n 480 473 433 425 415 410 426
Baseline (mean) 11.71 I1.65 .51 11.80 11.48 11.68 I1.66
Change from baseline —1.34 —-1.93 —1.05 —1.66 —-1.18 —-1.65 —1.60
(adjusted mean)t
Difference from placebo - -0.60 - -0.61 - —0.47 -0.42
(adjusted mean)t
95% confidence interval - (-0.90, -0.29) - (-0.98, —0.24) - (-0.82, -0.13) (-0.76, —0.08)
P value <0.001% 0.001# 0.007# 0.015%

Notes: *Week 12 is last observation on treatment; fleast squares mean adjusted for baseline, gender, and geographical region; *or incontinence episodes per 24 hours, the
analysis population is restricted to patients with at least one episode of incontinence at baseline; *statistically significantly superior compared with placebo at the 0.05 level

with multiplicity adjustment. Data from Mirabegron prescribing information.*

45.2% of patients, and the incidence was similar among
those treated with placebo (43.2%) and mirabegron
(43.8%—47.9%). The most commonly reported adverse events
were treatment-related gastrointestinal disorders, including
constipation, dry mouth, dyspepsia, and nausea. There was
no patient-reported acute retention. No significant differ-
ence in electrocardiographic parameters was demonstrated
between the groups. However, a small but significant increase
in mean pulse rate was observed after mirabegron 100 mg
and 150 mg (1.6 and 4.1 beats per minute, respectively), but
was not associated with an increase in cardiovascular adverse
events in this study. The overall discontinuation rate owing to
adverse events was 3.2% (placebo 3.0% versus mirabegron
2.4%-5.3%).

In a study reported by Khullar et al,* the incidence of
adverse effects was similar across the placebo, mirabegron
50 mg and 100 mg groups (50.1%, 51.6%, and 46.9%,
respectively). The most common (=3%) adverse events in
any treatment group were hypertension (6.6%, 6.1%, and

Table 3 Effects of mirabegron on voided volume per micturition

4.9%, respectively), urinary tract infection (1.8%, 2.7%, and
3.7%), headache (2.0%, 3.2%, and 3.0%), and nasopharyngi-
tis (2.9%, 3.4%, and 2.5%). The incidence of dry mouth was
similar in the placebo and mirabegron groups (2.6% versus
2.8%), and lower than that observed in patients receiving
tolterodine sustained-release (10.1%). The incidence of con-
stipation was similar in all treatment groups (placebo 1.4%,
mirabegron 1.6%), including tolterodine (2.0%).

In the 12-month safety and efficacy study of mirabegron
referred to earlier,*” the incidence and severity of treatment-
emergent serious adverse effects (primary outcome
parameters) were similar across the mirabegron 50 mg
(59.7%), mirabegron 100 mg (61.3%), and tolterodine
sustained-release 4 mg (62.6%) groups. The most frequent
treatment-emergent adverse effects were hypertension,
dry mouth, constipation, and headache, which occurred at
a similar incidence across all treatment groups, while the
incidence of dry mouth was more than three-fold lower than
in the tolterodine sustained-release 4 mg group.*’

Parameter Nitti et al* Khullar et al** Van Kerrebroeck et al*

Placebo Mirabegron Placebo Mirabegron Placebo Mirabegron Mirabegron

50 mg 50 mg 25 mg 50 mg

Volume voided (mL) per micturition
n 480 472 433 424 415 410 426
Baseline (mean) 156.7 161.1 157.5 156.3 164.0 165.2 159.3
Change from baseline 12.3 24.2 7.0 18.2 83 12.8 20.7
(adjusted mean)t
Difference from placebo - 1.9 - 1.1 - 4.6 12.4
(adjusted mean)t
95% confidence interval - (6.3, 17.4) - (4.4, 17.9) - (-1.6, 10.8) (6.3, 18.6)
P-value <0.001% 0.001%# 0.15 <0.001*

Notes: fleast squares mean adjusted for baseline, gender, and geographical region; *statistically significantly superior compared to placebo at the 0.05 level with multiplicity

adjustment. Data from Mirabegron prescribing information.*
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One concern with the use of ,-adrenoceptor agonists
has been the possibility of negative cardiovascular effects.
In healthy subjects, mirabegron 50-300 mg/day for 10 days
increased blood pressure in a dose-dependent manner.*
However, in the studies of patients with OAB, the mean
increases in systolic/diastolic blood pressure after therapeu-
tic doses of mirabegron once daily compared with placebo
was approximately 0.5-1 mmHg, and was reversible upon
discontinuation of treatment.

In a study of healthy volunteers, mirabegron increased
heart rate in a dose-dependent manner. Maximum mean
increases in heart rate from baseline for the 50 mg, 100 mg,
and 200 mg dose groups compared with placebo were 6.7, 11,
and 17 beats per minute, respectively, in healthy volunteers.*
However, in the clinical efficacy and safety studies, the
change from baseline in mean pulse rate for mirabegron
50 mg was approximately one beat per minute and reversible
upon discontinuation of treatment.

The cardiac safety of mirabegron was evaluated in a
thorough QT/QTc (heart rate-corrected QT interval) study,
including supratherapeutic dose. This was a randomized,
placebo-controlled, and active-controlled (moxifloxacin
400 mg) parallel crossover study with four treatment arms,*
and the design followed the recommendations made by the
International Conference on Harmonisation. Equal numbers
of male and females were enrolled in each treatment group,
and the pharmacokinetic and pharmacodynamic analyses
comprised 333 and 317 subjects, respectively. The effect of
multiple doses of mirabegron 50 mg, 100 mg, and 200 mg
once daily on QTc interval was studied, and according to
International Conference on Harmonisation E14 criteria,
mirabegron did not cause prolongation of the QTc¢ interval
at the 50 mg therapeutic or 100 mg supratherapeutic doses
in men or women. Mirabegron prolonged the QTc interval
at the 200 mg supratherapeutic dose (upper one-sided 95%
confidence interval > 10 msec) in women, but not in men.

Even if the cardiovascular effects of mirabegron observed
in clinical studies have been minimal and not clinically
relevant, effects on heart rate and blood pressure need to be
monitored when the drug is generally prescribed and patients
with cardiovascular morbidities are treated.

Botulinum toxin

Botulinum toxin, the neurotoxin produced by Clostridium
botulinum, has been used clinically for the treatment of
neurogenic detrusor overactivity since 1999, and onabotuli-
numtoxinA was approved by the US Food and Drug Admin-
istration for this indication in 2011. In December 2012 it was

approved in Europe and in January 2013 in the US also for
the treatment of OAB.

Botulinum toxin comprises seven subtypes, of which
subtype A (botulinum toxin A), which has the longest dura-
tion of action, is clinically the most important. Botulinum
toxin A is available in three different commercial forms,
ie, onabotulinumtoxinA, abobotulinumtoxinA, and inco-
botulinumtoxinA. Although there are differences in potency
between the forms, there is no reason to believe that their
basic mechanisms of action are different. The potency of
each one is usually expressed in units; however, the doses are
not interchangeable. Unfortunately, clinical dose conversion
studies are not available for the lower urinary tract. Most of
the information available preclinically and clinically derives
from the use of onabotulinumtoxinA.

Mechanism of action
Details of the mechanism of action of botulinum toxin in the
nerve terminal are well outlined elswhere.’*' Briefly, this
entails cleavage of the attachment proteins involved in the
mechanism of fusion of synaptic vesicles to the cytoplas-
mic membrane, which is necessary for neurotransmitter
release. Attachment proteins (the SNARE complex) include
synaptosome-associated protein 25 kD (SNAP 25), synapto-
brevin (vesicle-associated membrane protein), and syntaxin.
Botulinum toxin A cleaves SNAP 25, rendering the SNARE
complex inactive. In striated muscle, paralysis is produced by
inhibition of release of acetylcholine from cholinergic motor
nerve endings.” In the human bladder, SNAP-25 expression
has been demonstrated in parasympathetic, sympathetic, and
sensory fibers.*? It has been well documented that botulinum
toxin A can inhibit release of transmitters from sensory nerves
both in the central nervous system and peripherally.®>-¢
Botulinum toxin A was found to reduce afferent firing from
bladder afferents and antidromic release of neuropeptides.’’
Although SNAP-25 immunoreactivity has not been
detected in urothelial cells,’® urothelial function also seems
to be influenced after administration of botulinum toxin A,
given that botulinum toxin A has been shown to inhibit release
of adenosine triphosphate from the urothelium in animal
models of spinal cord injury.’®* Takahashi et al studied the
direct effects of botulinum toxin A on rat detrusor muscle,
and demonstrated inhibitory effects on L-type voltage-gated
Ca?* channels.® The inhibitory potency was similar to that
on efferent nerves and higher than that on afferent nerves.
Botulinum toxin A, injected into the bladder wall, also seems
to influence effects mediated via, eg, P2X3 and TRVP1¢ and
muscarinic receptors.®? The available evidence suggests that
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botulinum toxin A has multiple sites of action in the bladder,
including inhibition of transmitter release from both effer-
ent and afferent nerves, and direct inhibitory effects on the
urothelium and detrusor muscle.

Efficacy

Several randomized controlled clinical trials have docu-
mented the clinical effects of onabotulinumtoxinA in neu-
rogenic and idiopathic detrusor overactivity, where the drug
decreases incontinence episodes, frequency, and urgency,
and improves quality of life.®**® The drug was also shown
to be effective in patients with OAB syndrome.®’ Successful
treatment of OAB syndrome with botulinum toxin A does not
appear to be related to the existence of detrusor overactivity.
No differences in outcomes were found between those with
and those without baseline detrusor overactivity.®¢

Nitti et al®” reported the results of the first large placebo-
controlled Phase III trial (n = 557) of onabotulinumtoxinA
in patients with OAB. To be included, patients had to have at
least three urge urinary incontinence episodes in three days
and at least eight micturitions per day. They were random-
ized 1:1 to receive an intradetrusor injection of onabotuli-
numtoxinA 100 U or placebo (saline). Coprimary endpoints
were change from baseline in urge urinary incontinence
episodes per day and proportion of patients with a positive
response on the Treatment Benefit Scale at week 12 post-
treatment. Secondary endpoints included other OAB symp-
toms and health-related quality of life. OnabotulinumtoxinA
significantly reduced the daily frequency of urge urinary
incontinence episodes versus placebo (-2.65 versus —0.87,
P <0.001), and 22.9% versus 6.5% of patients, respectively,
became completely continent. A larger proportion of onabot-
ulinumtoxin A-treated patients than those on placebo reported
a positive response on the Treatment Benefit Scale (60.8%
versus 29.2%, P < 0.001). All other symptoms of OAB
improved versus placebo (P = 0.05). OnabotulinumtoxinA
improved health-related quality of life in patients across
multiple measures (P < 0.001).

The finding that onabotulinumtoxinA 100 U was consis-
tently effective, with a 2—4-fold improvement over placebo
in all symptoms of OAB is important, in that an effect of
this magnitude versus placebo does not seem to have been
reported previously with antimuscarinics or 3,-adrenoceptor
agonists.

Adverse effects
In the study reported by Nitti et al,’” the majority of
adverse effects occurred in the first 12 weeks (15.5% with

onabotulinumtoxinA versus 5.9% with placebo). The most
frequently reported adverse event was uncomplicated urinary
tract infection with no upper urinary tract involvement. Other
adverse effects were dysuria (12.2%) bacteriuria (5.0%),
and urinary retention (5.4%). Post void residual urine
volume significantly increased with onabotulinumtoxinA
versus placebo, with the highest volume recorded at week
2 post-treatment, and 8.7% of patients had an increase from
baseline of =200 mL in post void residual urine volume at
any time following the initial toxin treatment (versus none
with placebo). The proportion of patients who initiated clean
intermittent catheterization at any time during treatment cycle
1 was 6.1% versus none in the placebo group; the duration of
clean intermittent catheterization was =6 weeks in over half
the patients who initiated this (10/17). This value is lower
than that reported in previous studies of idiopathic detrusor
overactivity.>64+%.70 In the study by Nitti et al,*’ discontinua-
tion rates due to adverse effects were low in both the onabotu-
linumtoxinA (1.8%) and placebo (1.4%) groups.

Combined treatment
A combination of an antimuscarinic agent and mirabegron
(or another B,-adrenoceptor agonist) seems rational and
theoretically attractive, but clinical studies supporting use of
this combination are still lacking. Assuming that both drugs
have reduction in afferent activity as the main mechanism of
action, the question is whether there is a ceiling for this effect,
and if this ceiling can be reached by any of the drugs given
as monotherapy. If this is the case, only modest increases
in efficacy can be expected by a combination. However, it
is possible that the differences in safety profiles can confer
advantages to a combination and increase the efficacy/
adverse effect ratio, leading to a better persistence rate by,
eg, reducing antimuscarinic-induced dry mouth.
Combination of onaboulinumtoxinA with either an anti-
muscarinic or a 3,-adrenoceptor agonist may not be expected
to increase efficacy. However, combinations can possibly
prolong the interval between onabotulinumtoxinA injections
by contributing to efficacy when the effects of the treatment
are fading. Combinations do not seem to have any advantages
with respect to adverse effects, because the potential negative
effects of onabotulinumtoxin A are not eliminated.

Conclusion

OAB is a filling disorder in which abnormal sensations lead
to urinary urgency, frequency, and incontinence. The afferent
signaling pathways that regulate micturition play a central
role in the pathogenesis of OAB, and thus represent important
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targets for therapy. The three types of drugs discussed, ie,
antimuscarinics, [3,-adrenoceptor agonists (mirabegron), and
onaboulinumtoxinA, all have well documented efficacy in the
treatment of OAB and acceptable safety profiles, although
the long-term cardiovascular effects of mirabegron are not
as yet known. Antimuscarinic drugs remain the first-line
pharmacologic treatment for OAB. According to prescrip-
tion recommendations, onabotulinumtoxinA may be given
after failure of antimuscarinic drugs, so it remains a second-
line pharmacologic alternative. If it seems logical to use a
B,-adrenoceptor agonist (currently mirabegron) as an alterna-
tive to antimuscarinics, particularly when these drugs have
failed, a 3,-adrenoceptor agonist may be tried as a first-line
treatment. The question is whether it is necessary to try both
antimuscarinics and a ,-adrenoceptor agonist or a combina-
tion of these drugs before administering onaboulinumtoxinA.
More clinical experience is needed before optimal pharma-
cologic management of OAB can be defined.
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