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Abstract

Background Cumulative exposure to one or more anticholinergic medications (‘“anticholinergic burden”) is associated with
an increased risk of adverse outcomes, particularly among older individuals. Mirabegron, an oral selective f3-adrenergic
receptor agonist, has demonstrated efficacy in managing the symptoms of overactive bladder without contributing to anticho-
linergic burden. However, it is not known whether the favorable safety profile of mirabegron relative to antimuscarinics varies
with increasing age among a patient population who may have a high anticholinergic burden.

Objective The primary objective of this study was to indirectly compare the safety and efficacy profile of mirabegron relative
to antimuscarinics in older adults with overactive bladder.

Methods A systematic literature review was conducted to identify randomized controlled trials that reported safety and
efficacy endpoints among patients aged > 65 years. Identified randomized controlled trials were subsequently synthesized
via a network meta-analysis. Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines in designing,
performing, and reporting the literature review were followed. In line with current best practices, the network meta-analysis
was conducted using a Bayesian approach and according to the overall general guidance for evidence synthesis developed
by the National Institute for Health and Care Excellence decision support unit. Estimates of relative safety were assessed via
the odds ratio and estimates of relative efficacy were assessed via means and credible intervals.

Results A total of 3078 abstracts, 300 of which underwent full-text screening, were identified using the search criteria.
Twenty articles reporting on 21 randomized controlled trials were eligible for data extraction and synthesis. Following
review, five safety and five efficacy endpoints were considered for inclusion in the network meta-analysis. Regarding find-
ings typical of anticholinergic exposure in older adults, mirabegron was not associated with an increased odds of dry mouth
(odds ratio 95% credible interval 0.76 [0.26-2.37]) or constipation (1.08 [0.39-3.02]) relative to placebo, whereas antimus-
carinics were strongly associated with these events (odds ratio range 3.78-7.85 and 2.12-4.66, respectively). In this older
population, mirabegron was associated with a similar odds of experiencing adverse event-related treatment discontinuations
relative to placebo (0.99 [0.57-1.70]), while the odds of experiencing an adverse event-related treatment discontinuation
for antimuscarinics had a range of 1.14-3.03 (in most cases, the association was mild). No increased odds of experiencing
overall treatment-emergent adverse events was observed for mirabegron or antimuscarinics (odds ratio range 1.25-1.55),
apart from fesoterodine (2.23 [1.37-3.37]). Finally, a similar treatment effect was observed across all efficacy endpoints
between mirabegron and antimuscarinics in this older population.

Conclusions This study indicates that the safety and efficacy profile of mirabegron remains favorable compared with anti-
muscarinics among older adults. This includes safety outcomes typically associated with anticholinergic burden, which were
less frequently observed in patients treated with mirabegron.
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This study assesses the comparative safety and efficacy
of antimuscarinics and mirabegron among older adults
(aged > 65 years) with overactive bladder at risk of a
high anticholinergic burden via a synthesis of available
evidence.

Results suggest that the favorable safety profile of mira-
begron is maintained among older adults with overactive
bladder compared to antimuscarinics.

Mirabegron is similarly efficacious to antimuscarinics
when used in this population and does not contribute to
adverse events typically associated with anticholinergic
burden.

1 Introduction

Anticholinergic medications are commonly prescribed
among older adults and are indicated for a range of condi-
tions, including respiratory disease (asthma, chronic obstruc-
tive pulmonary disease), neurological/psychiatric conditions
(depression, psychosis, Parkinson’s disease), gastrointestinal
disorders, allergies, and overactive bladder (OAB) [1-3]. As
many of these conditions increase in prevalence with age,
it is unsurprising that up to half of older adults have been
reported to have exposure to anticholinergic medications,
sometimes multiple agents simultaneously [4]. Additionally,
cumulative exposure to anticholinergic medications, termed
“anticholinergic burden,” is directly related to an increased
risk of adverse effects (AEs) and their associated outcomes
[5]. Among these are increased morbidity, which lead to a
greater risk of costly outcomes such as hospitalization and
institutionalization, and a greater risk of mortality [3, 6].

Anticholinergic medications have been associated with a
variety of unwanted effects, including dry mouth, constipa-
tion, falls, and fractures, as well as neurological and behav-
ioral issues such as delirium, cognitive impairment, and
confusion [1, 3, 5, 6]. Most recently, studies have found that
exposure to certain anticholinergic medications, including
some anti-depressants, bladder antimuscarinics, anti-epilep-
tic drugs, and anti-Parkinson’s disease drugs, is associated
with an increased risk of dementia, which is particularly
concerning in an older population [7, 8]. This has resulted in
increased attention to the high anticholinergic burden among
older adults and recognition of the need to reduce exposure
to these medications.

For OAB treatment, antimuscarinics, which belong to the
anticholinergic class of medications, are commonly used as
first-line pharmacotherapy [9]. However, options from other
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classes of medications are available; alternative pharmaco-
logic interventions in OAB management that do not contrib-
ute to anticholinergic burden include mirabegron, an oral
p3-adrenergic receptor agonist that has demonstrated similar
efficacy to antimuscarinics, but with a more favorable safety
profile [10].

The degree to which the favorable safety profile of
mirabegron relative to antimuscarinics is affected by high
levels of anticholinergic burden is still poorly understood,
although recent literature has highlighted the relationship
between adverse outcomes and anticholinergic burden in
OAB [11-13]. A comprehensive assessment is precluded
by the lack of literature from randomized controlled trials
(RCTs) conducted in individuals with high anticholinergic
burden; however, older adults can act as a proxy given their
commonly high exposure to these types of medications. By
examining the comparative safety and efficacy of antimus-
carinics and mirabegron among older adults with OAB, a
better understanding of treatment outcomes in a population
with widespread use of anticholinergics can be generated.
Therefore, the primary objective of this study was to esti-
mate the safety and efficacy profile of mirabegron relative
to antimuscarinics in older adults with OAB.

2 Methods

This study consisted of two parts, including a systematic
literature review (SLR) and a subsequent network meta-
analysis (NMA) of published evidence from RCTs. Safety
and efficacy parameters identified within the SLR were
synthesized using NMA methodology to assess the study
objectives.

2.1 Systematic Literature Review

The purpose of the SLR was to identify all published RCTs
conducted among older adults with OAB that reported the
safety and efficacy outcomes associated with the use of
mirabegron and/or antimuscarinics. As such, the design and
implementation of the systematic review was guided by the
PICOS (Population, Interventions/Comparators, Outcomes,
Study design) criteria to maximally enable the identifica-
tion of all applicable studies (Table 2) [14, 15]. Studies that
reported OAB treatments (solifenacin, tolterodine, darifena-
cin, fesoterodine, oxybutynin, trospium, mirabegron) and
doses that are approved in the USA were eligible for inclu-
sion in the review, regardless of the countries in which the
trials were conducted. Furthermore, to ensure that outcomes
were applicable to the population of interest, only studies
where at least 80% of participants were aged 65 years or
older, or those that reported results separately for this sub-
group of individuals, were considered. This 80% threshold
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was defined a priori to ensure that the majority of the evi-
dence applied to the target population.

Studies were excluded if participants had a known etiol-
ogy of their bladder dysfunction such as neurogenic detrusor
overactivity, stress urinary incontinence, bladder oversensi-
tivity, bladder hypersensitivity, nocturia only, or interstitial
cystitis only. Additionally, phase I studies and cross-over
studies where results were not reported before cross-over
occurred were also excluded. Studies were not restricted
by a patient’s prior anticholinergic use; however, a wash-
out period of several weeks was often implemented, and
concomitant use during the trials was either restricted or
not reported.

The SLR was conducted using MEDLINE, EMBASE,
and PubMed. The search was limited to English language
publications including recent conference abstracts from 1
January, 2000 to 21 August, 2018; the detailed search strat-
egy is presented in Appendix 1. Studies were evaluated for
inclusion via a two-phased process. First, two researchers
worked independently to review all titles and abstracts iden-
tified by the search strategy against the PICOS criteria [15].
Next, a full-text double-parallel review was conducted for
studies where a decision regarding study inclusion was not
possible based on the information contained in the title and
abstract. If any discrepancies occurred between the stud-
ies selected for inclusion by the two researchers, a third
researcher provided arbitration. At this point, studies where
overlapping populations were evident were identified and
those with the most complete data were kept.

All stages of the SLR were conducted using the track-
ing system DistillerSR®. Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guide-
lines in designing, performing, and reporting the literature
review were followed [16]. Following completion of the
SLR, data were extracted by a researcher into a custom-
ized Microsoft® Excel® workbook for all study design,
demographic, clinical, and outcomes data of interest from
the included studies. While not reported within all stud-
ies, details of anticholinergic burden were extracted when
available using the scales and measures as reported in the
original publications. A second researcher reviewed the
extraction for accuracy.

2.2 Network Meta-Analysis
2.2.1 Overview

Following the extraction of data from studies included in
the SLR, an NMA was conducted to synthesize the identi-
fied safety and efficacy parameters associated with mirabe-
gron and antimuscarinic use. Following completion of the
SLR, a feasibility assessment was carried out and inclusion

was limited to studies with endpoints reported at 12 weeks
(=1 week) in the NMA to ensure a homogeneous evidence
base. To ensure transparency and alignment with best prac-
tices, the NMA was conducted using a Bayesian approach
and in accordance with the general guidance for evidence
synthesis developed by the National Institute of Health and
Care Excellence Decision Support Unit [15, 16].

2.2.2 Endpoint Selection

Endpoints were selected for inclusion into the NMA fol-
lowing a feasibility assessment of the data obtained from
the SLR. Regarding safety endpoints, AEs known to be
related to the intervention and comparators of interest were
pre-specified for consideration. Both safety and efficacy
endpoints were included in the NMA when sufficient data
existed to formulate a connected network between mirabe-
gron and antimuscarinics, and when there was consistency
in the evidence base with respect to trial patient popula-
tions and outcome definitions. This was particularly relevant
for safety endpoints, given the potential for variability in
definitions (e.g., thresholds or markers) used across trials.
All endpoints were extracted overall and according to levels
of anticholinergic burden when possible. Finally, analyses
based on the modified intention-to-treat population (i.e.,
participants who have had at least one dose of the interven-
tion) were favored over intention to treat (i.e., all participants
randomized) or per protocol, if available [17].

All efforts were made to obtain or impute unavailable
data elements to maximize the evidence available for the
analysis. For continuous endpoints, whenever changes from
baseline were not reported, change was subsequently derived
from baseline and final estimates, if available. If a study
only reported medians, these were used to impute the means
only when the study was the sole source of evidence for an
individual comparator. For binary endpoints, whenever the
proportion was reported, but not the frequency, the latter was
estimated based on the number of patients included in each
arm and the reported proportion. These data were checked
against estimates reported in the literature for the full study
sample to ensure consistency of estimates. For studies
that reported endpoints for different age subgroups (e.g.,
65-74 years, and 75 years and older), results were pooled at
the treatment level in preparation for analysis. Last, imputa-
tion of missing standard deviations (SDs) were conducted
according to recommendations from the Cochrane Hand-
book for Systematic Reviews of Interventions [18].

2.3 Statistical Analyses

All analyses were conducted using R version 3.6.0 and
package R2ZWinBUGS version 2.121[19]. The NMA was
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conducted using both fixed-effect (FE) and random-effect
(RE) models, with goodness of fit guided by the deviance
information criterion (DIC). Vague prior distributions were
used to estimate the between-study variance. For each end-
point, the RE model was selected a priori, unless either the
FE provided a considerably better fit based on the DIC (at
least a 3-point difference) or the between-study variance
estimated by the RE model was considered non-informative
(i.e., the posterior credible interval [CrI] for the between
study variance was too wide).

In the base-case analysis, mirabegron and individual
antimuscarinics were compared to placebo (reference treat-
ment). The base-case analysis was conducted assuming, a
priori, homogeneity in the evidence base. The validity of
this assumption was evaluated via estimation of the between-
study SD within the RE model. For each endpoint, if there
was evidence of heterogeneity in the evidence base, the fol-
lowing baseline characteristics were considered for covari-
ate adjustment in the NMA via meta-regression: baseline
disease severity, study duration (or time at which endpoint
was reported), type of OAB (incontinence vs urgency vs
mixed), time since diagnosis, age at study entry, proportion
who were treatment naive, and sex. Additionally, pairwise
meta-analyses were performed for all direct comparisons
informed by two or more studies, under both FE and RE
approaches, to further explore the presence of heterogeneity
in the evidence base, beyond endpoint definition.

Continuous outcome variables were modeled using a nor-
mal likelihood function with an identity link, while binary
outcome variables were modeled using a binomial likelihood
with a logit link. Estimates of relative safety were assessed
via the odds ratio (OR) and estimates of relative efficacy
were assessed via means and Crl. Heterogeneity between
studies was addressed by comparing networks with studies
included or excluded.

Sensitivity analyses were conducted for endpoints where
the RE model did not accurately predict the between-study
SD. Antimuscarinics were pooled into a common compara-
tor for these analyses, which led to a simplification of the
network structure and a considerable reduction in the num-
ber of parameters being estimated. This was only feasible
when there was evidence of similar efficacy and/or safety
across antimuscarinics (i.e., homogeneity of the evidence
across antimuscarinics).

Given the Bayesian approach of these analyses (which
precludes use of frequentist statistical significance meas-
ures), the magnitude of the benefit was described based on
the proportion of the CrI that fell on the point estimate side
of equivalence: weak if the percentage of the Crl was <90%,
moderate if the percentage of the Crl was >90%, and strong
if the CrI was entirely on one side of equivalence.
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3 Results
3.1 Systematic Literature Review Results

A total of 3078 abstracts, 300 of which underwent full-text
screening, were identified using the search criteria. After
the exclusion of studies with overlapping populations that
provided no additional data [20-27], 20 articles reporting
on 21 RCTs were eligible for data extraction and synthesis
[23, 28—46]. Following the feasibility assessment, 14 were
included in the NMA [23, 28-32, 36, 3841, 43—45] [Fig. 1].

Key characteristics of the included studies are reported in
Table 1. All therapies eligible for inclusion based on PICOS
criteria were captured in the identified studies. Among the
21 double-blind studies identified in this systematic review,
there were ten pooled analyses [29, 31, 32, 34, 36, 39, 40,
42, 43], nine phase III studies [28, 29, 32, 39, 40, 42, 43,
46], and one phase IV study [44]; 11 others did not report
the study phase but were generally consistent with features
of phase III/IV studies, based on study design and sample
size [23, 30, 31, 33-38, 41, 45]. Total sample size of patients
aged > 65 years had a range from 72 in Frenkl et al. [33] to
1632 in Griebling et al. [34].

Abstract identified
3,078
Distiller removal of
duplicates
7 Duplicate
Abstract for abstract
screening Exclusions, abstract
3,071 review
1,552  Study type
793 Population
384 Intevention
30 Outcome
Abstract for full text 12 Other
screening 0 Duplicate
300
Exclusions, full-text
review
211 Population
30 Other
18 Study type
Included articles 9 Intervention
20 studies reporting on 6 Outcome
21RCTs 6 Duplicate

Fig.1 Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) diagram of publication flow through the system-
atic literature review. RCTs randomized controlled trials
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3.2 Study Endpoints

Following the feasibility assessment, ten endpoints were
considered for inclusion in the NMA. These included five
safety endpoints (urinary retention, dry mouth, constipa-
tion, overall treatment-emergent adverse events [TEAEs],
and AE-related treatment discontinuations), and five efficacy
endpoints (incontinence episodes per 24 h, urgency incon-
tinence episodes per 24 h, micturitions per 24 h, volume
voided per micturition, and urgency episodes per 24 h). The
overall network diagram, as well as the corresponding dia-
grams for each safety and efficacy endpoint, is presented in
Fig. 2.

3.3 Safety Results

Twelve studies contributed to the safety results [23, 29-32,
36, 38, 39, 41, 43-45], including 11 studies and 7170
patients contributing evidence on the incidence of dry mouth
and constipation [23, 29-32, 36, 38, 39, 41, 43, 45], seven
studies and 6374 patients on overall TEAEs [29-31, 41,
43-45], and eight studies and 6937 patients on AE-related
treatment discontinuations [23, 29-31, 41, 43-45]. Some

Fig.2 Network diagram: overall
and by safety and efficacy
endpoint. AE adverse event,
DAR darifenacin, FES festero-
dine, MIR mirabegron, OXY
oxybutynin, PL placebo, SOL
solifenacin, TEAEs treatment-
emergent adverse events, TOL ‘
tolterodine, 7RO trospium

chloride ‘
Urinary retention

Incontinence

episodes '
o
o O

Dry mouth

Micturitions

‘ episodes .
o O

studies only presented overall TEAEs among the entire study
population rather than only among those aged 65 years or
older [38], or rates of specific TEAEs were reported indi-
vidually and not overall [32, 36]. One study reported overall
TEAE:s for events that occurred more often in the treatment
arm vs the placebo arm [23], and one study reported only
TEAE:s considered related to study medication (i.e., treat-
ment related vs emergent), not overall [39]. Under these
circumstances, they could not be included in the analyses.
Additionally, while urinary retention was initially consid-
ered for inclusion following the feasibility assessment, a
low event count across trials and the subsequent failure of
models to reach convergence precluded evidence synthesis
via the NMA.

For each of the four remaining safety endpoints, RE mod-
els were chosen over FE models to estimate the ORs. While
DIC statistics indicated that the FE models provided a mod-
estly better fit than the RE models for constipation (RE DIC:
145.4 vs FE DIC: 143.4), TEAEs (RE DIC: 125.7 vs FE
DIC: 124.4), and AE-related treatment discontinuations (RE
DIC: 112.4 vs FE DIC: 110.5), the RE models were nonethe-
less favored because of the difference in DIC not exceeding
the prespecified threshold as well as their ability to estimate

Constipation

® o

o o ©
o® " ©

® o
AE-related

treatment discontinuations

TEAEs

Urgency incontinence
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the between-study SD (SD, 95% CrI 0.2 [0.0-0.8] for con-
stipation, 0.2 [0.0-0.7] for overall TEAEs, and 0.2 [0.0-0.7]
for AE-related treatment discontinuation). For dry mouth,
the RE model was associated with the best fit (RE DIC:
163.4 vs FE DIC: 164.6; SD, 95% CrI 0.4 [0.0-1.0]). Results
from the non-selected fixed effect model are provided in
Appendix 2.

The TEAE endpoint met the criteria for sensitivity analy-
ses, where all antimuscarinics were pooled into a common
comparator, reducing the network to a three-node network.
In this case, the RE model provided the best fit to the data
and more precisely estimated the between-study SD (0.3
[0.2-0.7]).

Results from the RE models are presented in Fig. 3. For
both dry mouth and constipation, mirabegron was not asso-
ciated with an increased odds of these events relative to pla-
cebo (OR, 95% Crl 0.76 [0.26-2.37] and 1.08 [0.39-3.02],
respectively). Conversely, antimuscarinics were strongly
associated with an increased odds of dry mouth and con-
stipation. Trospium was excluded from the final results for
constipation, given that no events were reported for the pla-
cebo group, which led to parameter instability.

Neither mirabegron nor antimuscarinics were strongly
associated with an increased odds of overall TEAEs, with
the exception of fesoterodine, in the base case. In the sen-
sitivity analysis, antimuscarinics were strongly associated
with an increased odds for TEAEs relative to placebo (1.46
[1.05-2.05]), while mirabegron was weakly associated
with a higher odds relative to placebo (OR, 95% CrI 1.32
[0.78-2.27]).

Finally, mirabegron was not associated with an increased
risk of AE-related treatment discontinuations relative to pla-
cebo. Fesoterodine was strongly associated with an increased
odds of experiencing AE-related treatment discontinuations
relative to placebo, whereas the association among all other
antimuscarinics was weak.

3.4 Efficacy Results

Thirteen studies contributed to the efficacy results [23, 28,
30-32, 36, 38—41, 43-45], including six studies and 3317
patients contributing evidence on incontinence episodes per
24 h [28, 38, 40, 42, 44, 45], eight studies and 4878 patients
on urgency incontinence episodes per 24 h [23, 28, 31, 36,
38, 39, 41, 44], 13 studies and 8313 patients on micturitions
per 24 h [23, 28, 30-32, 36, 38—42, 44, 45], seven studies
and 4610 patients on volume voided per micturition [31, 32,
36, 39, 40, 44, 45], and nine studies and 5847 patients on
urgency episodes per 24 h [23, 30-32, 36, 39-41, 44].

For both the number of incontinence and urgency incon-
tinence episodes per 24 h, RE models were chosen over FE
models to estimate the treatment effects. While DIC statistics
indicated that the FE models provided a modestly better fit
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than the RE models in both instances (incontinence RE DIC:
5.1 vs FE DIC 3.6; urgency incontinence RE DIC: 3.6 vs FE
DIC: 1.8), the RE models were nonetheless favored owing to
the difference in DIC not exceeding the prespecified thresh-
old/as well as their ability to estimate the between-study SD
(SD, 95% CrI 0.3 [0.0-1.3] for incontinence, 0.2 [0.0-1.1]
for urgency incontinence).

For micturitions per 24 h, the RE model was associated
with the best fit (RE DIC: 7.8 vs FE DIC: 18.2; SD, 95% Crl
0.4 [0.1, 0.8]) and therefore chosen over the FE model. For
both volume voided per micturition and number of urgency
episodes per 24 h, FE models were chosen over RE models.
The DIC statistic favored the RE models for both endpoints
(volume voided per micturition RE DIC: 92.1 vs FE DIC
116.1; urgency episodes per 24 h RE DIC: 11.3 vs FE DIC:
33.8). However, FE models were chosen in both instances
because of the inability of the RE models to accurately esti-
mate the between-study SD (28.8 [8.3—82.1] for volume
voided per micturition; 1.3 [0.5-3.7] for urgency episodes
per 24 h) with respect to the uninformative prior distri-
butions (volume voided per micturition: uniform 0-300;
urgency episodes per 24 h: uniform 0-100).

Results for the models are presented in Fig. 4. Among
all endpoints, the degree of treatment effect associated with
mirabegron and antimuscarinics was variable. Compared to
antimuscarinics, mirabegron had the strongest association
with the reduction in incontinence episodes per 24 h, rela-
tive to placebo (mean 95% Crl — 0.65 episodes [— 1.23 to
— 0.10]. While solifenacin was associated with a slightly
higher reduction in incontinence episodes, the inclusion of
the null value in the 95% Crl indicated the presence of a
weaker evidence base (— 0.67 episodes [— 1.39 to 0.01]).
Similarly, fesoterodine had the strongest evidence for its
association with a reduction in urgency incontinence epi-
sodes (— 0.43 episodes [— 0.81 to — 0.05]), while mira-
begron and solifenacin were each associated with a larger
reduction but weaker evidence (mirabegron: — 0.57 episodes
[— 1.31 to 0.17]; solifenacin: — 0.61 episodes [— 1.74 to
0.52]). For micturitions, volume voided per micturition, and
number of urgency episodes, strong associations among both
mirabegron and antimuscarinics (with the exception of oxy-
butynin and tolterodine) were observed.

Finally, a sensitivity analysis was conducted for a num-
ber of urgency episodes per 24 h owing to the overlapping
Crls across antimuscarinics. Subsequently, all antimus-
carinics were pooled into a common comparator, reducing
the network to a three-node network. In this case, the RE
model was selected over the FE model (between-study SD:
0.8 [0.4-1.6]). Both antimuscarinics and mirabegron were
associated with a clinical benefit; however, the evidence was
strong only for antimuscarinics (mirabegron: — 0.93 epi-
sodes [— 2.79 to 0.93]; antimuscarinics: — 1.04 episodes
[— 1.70 to — 0.38]) [Appendix 2].
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Fig.3 Relative treatment effects Intervention

OR (95% Crl)

on safety endpoints (random-
effects models). Bold indicates
the beta-3 adrenergic agonist
class. CrlI credible interval, DAR
darifenacin, FES festerodine,
MIR mirabegron, OR odds ratio,
OXY oxybutynin, PL placebo,
SA sensitivity analysis, SOL
solifenacin, TOL tolterodine,
TRO trospium chloride

Dry mouth
Mirabegron (MIR)
Placebo (PL)
Tolterodine (TOL)

Oxybutynin (OXY)
Fesoterodine (FES)
Solifenacin (SOL)
Darifenacin (DAR)

Constipation
Placebo (PL)
Mirabegron (MIR)
Tolterodine (TOL)
Darifenacin (DAR)
Fesoterodine (FES)
Solifenacin (SOL)
Oxybutynin (OXY)

TEAEs
Placebo (PL)
Tolterodine (TOL)

Mirabegron (MIR)

Solifenacin (SOL)
Darifenacin (DAR)
Fesoterodine (FES)

Trospium chloride (TRO)

0.76 (0.26, 2.37)
reference

3.78 (2.17,7.43)
4.10 (0.68, 33.08)
462 (1.25, 18.73)
7.17 (4.18, 11.86)
( )

( )

7.24 (2.57,20.95
7.85 (3.17,21.22

0.25 1.0 2.0 4.0 8.0 16.032.0
reference

1.08 (0.39, 3.02)
2.12 (1.18, 3.74)
2.83 (1.43,5.93)
3.16 (1.97, 5.24)
4.31(1.87,10.04)
4.66 (0.98, 23.76)

64.0

reference
1.25(0.89, 1.72)
1.26 (0.87, 1.86)
1.45 (0.82, 2.55)
1.55 (0.81, 2.96)
2.23(1.37, 3.37)

0.50 1.0 2.0 4.0

TEAESs: SA with pooled AMs

Placebo (PL)

Mirabegron (MIR)
Antimuscarinic (AM)

reference .
1.32 (0.78, 2.27)
1.46 (1.05, 2.05)

0.50 1.0 2.0 4.0

AE-related treatment discontinuations

Mirabegron (MIR)
Placebo (PL)
Tolterodine (TOL)
Solifenacin (SOL)
Fesoterodine (FES)
Darifenacin (DAR)

4 Discussion

This study characterized the safety and efficacy of mirabe-
gron relative to antimuscarinics in older adults with OAB via
an NMA of published data. To the authors’ knowledge, this
is the first attempt to synthesize evidence among a patient
population with a potentially high use of anticholinergics.
The synthesis of published evidence presented here sug-
gests that antimuscarinics and mirabegron are similarly

0.99 (0.57, 1.70)
reference

1.14 (0.70, 1.81)
1.22 (0.58, 2.54)
2.23 (1.44,3.48)
3.03 (0.31, 80.48)

0.25 1.0 4.0
« favours intervention

16.0 64.0
favours placebo —

efficacious among older adults. Regarding adverse events,
antimuscarinics were found to be strongly associated with
an increased odds of experiencing dry mouth and constipa-
tion relative to placebo, whereas mirabegron was not. This
is unsurprising given that these adverse events are typically
associated with anticholinergic use. Notably, although uri-
nary retention was initially considered for inclusion as an
outcome of interest as it has historically been considered a
high-risk event among patients with OAB, it was dropped
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Fig. 4 Relative treatment effects Intervention Mean (95% Crl)

on efficacy endpoints (random- ; ; ;

effects models). Bold indicates Number.of incontinence episodes per 24 hours

the beta-3 adrenergic agonist Solifenacin (SOL) -0.67 (-1.39, 0.01) —
class. Crl credible interval, Mirabegron (MIR) -0.65 (-1.23, -0.10) —_—
DAR darifenacin, FES festero- Oxybutynin (OXY) -0.29 (-3.15, 2.54)

dine, MIR mirabegron, OXY Tolterodine (TOL) -0.29 (-1.08, 0.37) —_—
oxybutynin, PL placebo, SOL Placebo (PL) reference :

solifenacin, TOL tolterodine, T T T T T T 1
TRO trospium chloride, *fixed 3 2 1 0 1 2 3
affect model

Number of urgency incontinence episodes per 24 hours

Trospium chloride (TRO) -1.23 (-2.51, 0.05)

Solifenacin (SOL) -0.61 (-1.74, 0.52)

Mirabegron (MIR) -0.57 (-1.31, 0.17) S —
Fesoterodine (FES) -0.43 (-0.81, -0.05) —
Oxybutynin (OXY) -0.37 (-2.01, 1.25)

Tolterodine (TOL) -0.20 (-0.86, 0.45)

Placebo (PL) reference

[ T T | | ! T T 1
25 -2-15-1-050 05 1 15

Total number of micturitions per 24 hours

Trospium chloride (TRO) -1.78 (-3.00, -0.56)

Solifenacin (SOL) -1.12 (-1.85, -0.39)

Darifenacin (DAR) -0.80 (-1.54, -0.06) —_—

Mirabegron (MIR) -0.72 (-1.29, -0.14) E—

Fesoterodine (FES) -0.60 (-1.06, -0.12) —_—

Oxybutynin (OXY) -0.58 (-2.31, 1.16)

Tolterodine (TOL) -0.45 (-0.98, 0.07) —

Placebo (PL) reference ] , | ! |
-3 -2 -1 0 1

Number of urgency episodes per 24 hours*

Trospium chloride (TRO) -1.92 (-3.07, -0.76)

Solifenacin (SOL) -1.60 (-2.06, -1.13)

Fesoterodine (FES) -1.04 (-1.29, -0.78) —

Mirabegron (MIR) -0.93 (-1.48, -0.39) —_—

Darifenacin (DAR) -0.90 (-1.46, -0.35)

Tolterodine (TOL) -0.48 (-0.88, -0.08) —_—

Placebo (PL) reference ?

f T T T T T 1
-3 25 -2 15 -1 -05 O
« favours intervention favours placebo —

Volume voided per micturition*

Solifenacin (SOL) 32.07 (25.96, 38.22)

Trospium chloride (TRO) 27.43 (12.91, 41.98)

Darifenacin (DAR) 18.90 (9.03, 28.85)

Mirabegron (MIR) 12.55 (3.59, 21.46)

Fesoterodine (FES) 12.18 (6.60, 17.76) S —
Tolterodine (TOL) 9.86 (4.52, 15.20) —_—
Placebo (PL) reference .

[ T T T 1

0 10 20 30 40
« favours placebo favours intervention —

because of a low event count across trials, highlighting that ~ be significantly more efficacious than placebo and similarly
this event may occur with lower frequency than is com-  efficacious to antimuscarinics, but with a statistically and
monly believed. Overall, these findings are in line with pre-  clinically favorable safety profile [47-50]. It should also be
viously published NMAs, where mirabegron was found to  noted that previous NMAs of patients with OAB from all age
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groups have generally indicated a significant improvement
on efficacy outcomes associated with solifenacin relative to
mirabegron. However, in the present study, there was no
strong evidence of this association when the study popula-
tion was narrowed to older adults.

Because the included studies were primarily RCTs focus-
ing on antimuscarinics, the safety outcomes reported focused
on those common to the antimuscarinic class of drugs. As
a result, many of the more serious side effects common to
beta-3 adrenergic agonists such as hypertension and naso-
pharyngitis could not be considered in the NMA. Five of the
included studies did look at these outcomes. Hypertension/
high blood pressure was reported in 1.1-13.6% of patients
taking mirabegron [28, 35, 43] vs 1.9-2.4% of patients tak-
ing solifenacin [28, 35]; 12% of tolterodine-treated patients
[43]; and 6.7-8.4% of patients receiving placebo [35, 43].
Nasopharyngitis was reported in 0.9—4.5% of patients taking
mirabegron [43, 44] vs 3.6% of patients taking tolterodine
and around 2.5% of patients receiving placebo [43, 44].

Although this study attempted to target a population that
is at increased risk for high anticholinergic burden, this con-
cept was not readily ascertainable by the data that comprised
the evidence base for the NMA. This was in large part owing
to a lack of robust reporting in terms of concomitant medica-
tions and highlights an important evidence gap for further
research.

5 Limitations

There are limitations inherent to this study that warrant men-
tion. Focusing on a population of older adults with OAB led
to a reduction in the evidence base compared with that of
other NMAs that have compared mirabegron to antimus-
carinics. In turn, this reduced the precision of the gener-
ated estimates for several endpoints analyzed. Conversely,
focusing on older aged individuals may have led to greater
homogeneity in the evidence. For instance, any differences
in treatment-taking behavior between age groups could
result in differences in treatment response.

Furthermore, most of the studies included in the NMA
randomized adults of all ages, whereas the results consid-
ered here were based on post-hoc analyses on sub-groups
who were aged 65 years or older. Therefore, it is unknown
whether such results were differentially reported in studies
for which positive results were observed in the subgroups,
and there is potential for bias in the estimates owing to dif-
ferences in treatment-effect modifiers that may have been
present among those of an older age, given that this sub-
group was not specifically a product of randomization. This
could not be thoroughly investigated because baseline char-
acteristics for the 65 years of age or older subgroup were not
consistently presented across all included studies. However,

no major imbalances in patient characteristics were observed
for studies that did report baseline characteristics for this
age group.

The inclusion of pooled data in the NMA is a further limi-
tation. While it would be preferable to include the individual
studies in the NMA, that was not possible as the individual
study populations were mixed age groups, and evidence on
our target population of older adults was only available in
the pooled analyses. It should also be acknowledged that
because of the relatively limited pool of evidence, immedi-
ate- and extended-release versions of tolterodine and oxy-
butynin could not be examined separately. However, the
majority of identified evidence was for the extended-release
versions, as such, the failure to differentiate the immediate-
release studies should have only a minimal impact on the
results. Additionally, an assessment of the relative safety
of mirabegron and antimuscarinics with regard to urinary
retention could not be conducted in this study, as the NMA
model was unstable because of very low event counts. It is
recognized that alternative methodologies to an evidence
synthesis could be considered in these situations, such as
the frequentist approach described by Stijnen et al. [51],
although the application of alternative methodologies was
not performed in this study. Finally, it should be noted that
while cognitive effects are among the most worrying poten-
tial side effects of pharmaceutical treatments in older adults,
unfortunately, the body of evidence provided by clinical trial
data for OAB treatments did not permit the exploration of
these effects, as this type of information has not been col-
lected to date.

6 Conclusions

This study represents an initial exploration into the potential
impact that anticholinergic burden may have on the safety
and efficacy of OAB medications, by providing aggregate
evidence of the safety and efficacy of mirabegron relative to
antimuscarinics among older adults with OAB. The evidence
provided by this study indicates that among older adults, the
efficacy of mirabegron is similar to that of antimuscarinics.
Furthermore, the safety profile of mirabegron relative to that
of antimuscarinics remained favorable in this subpopula-
tion of older adults with OAB. This study provides evidence
that the safety of antimuscarinics is less favorable relative to
mirabegron in this population.
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Appendix 1

See Table 2.

PICOS Search term
Population 1 Urinary bladder, overactive/ or overactive bladder.mp
2 Urination Disorders/
3 Exp Lower Urinary Tract Symptoms/
4 Lower Urinary Tract Symptoms.mp
5 exp Urinary Incontinence/ or urinary incontinence.mp
6 Urinary Bladder Diseases.mp
7 exp Enuresis/ or enuresis.mp
8 Nocturia.mp
9 Urinary Incontinence, Urge/ or urge incontinence.mp
10 ((overactive$ or over-activ$ or hyperactive$ or hyper-activ$ or unstable or instability or incontinen$) adj3 bladder$).tw
11 ((urge adj3 incontinence) or (detrusor adj3 dyssynergia) or urinary frequency or bladder irritation or DESD).mp
12 (OAB or OABS or IOAB or IOABS).tw
13 (urge syndrome$ or urge frequenc$).tw
14 ((overactive$ or over-activ$ or hyperactive$ or hyper-activ$ or unstable or instability) adj3 detrusor$).tw
15 (urge$ adj3 incontinen$).tw
16 (urin$ adj3 (incontinen$ or leak$ or urgen$ or frequen$)).tw
17 (urin$ adj3 (disorder$ or dysfunct$)).tw
18 (detrusor$ adj3 (hyperreflexia$ or hyper-reflexia$ or hypertoni$ or hyper-toni$)).tw
19 (micturition$ adj3 (disorder$ or dysfunct$)).tw
20 (void$ adj3 (disorder$ or dysfunct$)).tw
21 (nocturia or nycturia or enuresis).tw
22 or/1-19
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Table 2 (continued)

PICOS

Search term

Intervention/ 23
comparators 94

25
26
27
28
29
30
31
32
Study type 33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
Other 60
61
62
63
64

exp Muscarinic Antagonists/ or antimuscarinics.mp

(mirabegron or betmiga$ or myrbetrig$ or betanis$ or YM-178 or YM178 or 223673-61-8 or “223673618” or MVR-

3JL3B2V).mp
(solifenacin or Vesicare or Vesikur or Vesiker or Vesitirim).mp
(tolterodine or Detrusitol or Detrol or Detrol LA).mp
(darifenacin or Enablex or Emselex).mp
(fesoterodine or Toviaz).mp

(oxybutynin or Ditropan or Lyrinel XL).mp

(trospium or Regurin or Flotros or Sanctura or Tropez or Trosec or Spasmex).mp

Adrenergic beta-3 receptor agonists.mp
or/23-31

Randomized Controlled Trials as Topic/
randomized controlled trial/
Random Allocation/

Double Blind Method/

Single Blind Method/

clinical trial/

clinical trial, phase ii.pt
clinical trial, phase iii.pt
clinical trial, phase iv.pt
controlled clinical trial.pt
randomized controlled trial.pt
multicenter study.pt

clinical trial.pt

crossover clinical trial.mp

exp Clinical Trials as topic/
(clinical adj trial$).tw

((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).tw
PLACEBOS/

placebo$.tw

randomly allocated.tw
(allocated adj2 random$).tw
or/33-53

case report.tw

letter/

historical article/

or/55-57

54 not 57

22 and 32 and 59

limit 60 to animals

60 not 61

limit 62 to yr="2000-Current”

remove duplicates from 63

PICOS Population, Interventions/Comparators, Outcomes, Study design
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Appendix 2: Relative treatment effects on efficacy and safety endpoints (non-selected fixed
effect models)

Intervention OR (95% Crl)

Dry mouth
Mirabegron (MIR) 0.68 (0.33, 1.35) ——
Placebo (PL) reference

Tolterodine (TOL)
Oxybutynin (OXY)
Trospium chloride (TRO)
Solifenacin (SOL)
Darifenacin (DAR)
Fesoterodine (FES)

3.39 (2,54, 4.52)

4.10 (1.78,9.38)
4.10 (0.88, 28.85)
7.24 (4.53, 12.06)
7.69 (4.06, 15.93)

7.69 (5.97, 9.97) S
& & & T F T

0.250.50 1.0 2.0 4.0 8.0 16.032.0

Constipation
Placebo (PL)
Mirabegron (MIR)
Tolterodine (TOL)
Darifenacin (DAR)
Fesoterodine (FES)
Solifenacin (SOL)
Oxybutynin (OXY)

reference

1.09 (0.47, 2.49)
2.16 (1.39, 3.34)
2.80 (1.67, 4.93)
3.10 (2.16, 4.44)
4.26 (2.58, 7.42)
4.85(1.21,21.41)

050 10 20 40 80 160

TEAEs
Placebo (PL)
Mirabegron (MIR)
Tolterodine (TOL)
Solifenacin (SOL)
Darifenacin (DAR)
Fesoterodine (FES)

reference

1.23 (1.04, 1.46)
1.25 (1.04, 1.50)
1.45 (1.13, 1.86)
1.55 (1.02, 2.36)
2.29 (1.80, 2.90)

TEAESs: SA with pooled AMs
Placebo (PL)
Mirabegron (MIR)
Antimuscarinic (AM)

reference
1.27 (1.07, 1.50)
1.46 (1.28, 1.68)

AE-related treatment discontinuations
Placebo (PL) reference
Mirabegron (MIR) 1.00 (0.67, 1.49)
Tolterodine (TOL) 1.14 (0.78, 1.66)
Solifenacin (SOL) 1.21(0.73, 2.06)
Fesoterodine (FES) 2.25(1.63,3.14) ——
Darifenacin (DAR) 3.16 (0.33, 77.71)

0.25 1.0 40 160 640
« favours intervention favours placebo —

* Random effects model
Abbreviations: Crl = credible interval; DAR = darifenacin; FES = festerodine; MIR = mirabegron; OR = odds ratio; OXY = oxybutynin; PL = placebo; SA = sensitivity analysis;
SOL = solifenacin; TOL = tolterodine; TRO = trospium chloride
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