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Abstract
Introduction Overactive bladder (OAB) is a common condition, increasing with age and affecting quality of life. While numer-
ous OAB drugs are available, persistence is low. We evaluated evidence published since 2012 to determine if newer drugs
provided better efficacy and harm profiles.
Methods We searched MEDLINE and the Cochrane Library from 2012 to September 2018 using terms for included drugs and
requested information from manufacturers of included drugs. We performed dual review of all systematic review processes,
evaluated study quality, and conducted meta-analyses using random effects models.
Results In addition to 31 older studies, we included 20 trials published since 2012 (N = 16,478; 4 good, 11 fair, and 5 poor
quality). Where statistical differences were found, they were clinically small (reductions of < 0.5 episodes/day). Solifenacin plus
mirabegron improved efficacy outcomes over monotherapy with either drug, but significantly increased constipation compared
with solifenacin and dry mouth compared with mirabegron. Solifenacin reduced incontinence over mirabegron and tolterodine
and urgency episodes over tolterodine. Mirabegron did not differ from tolterodine in efficacy but had significantly lower
incidence of dry mouth than solifenacin or tolterodine. Fesoterodine showed significant improvements but also anticholinergic
effects vs. tolterodine. Oxybutynin, solifenacin, and tolterodine had similar efficacy, but dry mouth led to greater discontinuation
with oxybutynin. Blurred vision, cardiac arrhythmia, and dizziness were uncommon.
Conclusion New evidence confirms small, but clinically uncertain, differences among monotherapies and also between combi-
nation and monotherapy, regardless of statistical significance. While drugs mainly differed in incidence of dry mouth or consti-
pation, none provided improved efficacy without increased harms.
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Meta-analysis

Introduction

Overactive bladder (OAB) is defined by the International
Continence Society as a syndrome of urinary urgency, often

with urinary frequency and nocturia, in the absence of local
pathological factors [1]. OAB differs from urinary inconti-
nence, though the two are not mutually exclusive. A subset
of patients with OAB complains of urgency urinary inconti-
nence (i.e., involuntary leakage accompanied by or immedi-
ately preceded by urgency; UUI) and/or stress incontinence
(i.e., inability to retain urine when sneezing or coughing),
especially women [2, 3]. Men with OAB symptoms often
have comorbid bladder outlet obstruction secondary to benign
prostatic hyperplasia [4].

Overactive bladder is a common syndrome, and prevalence
increases with age. In adults, prevalence ranges from 7 to 27%
in men and 9–43% in women [5]. Risk factors for OAB in-
clude smoking, obesity, arthritis, depression, heart disease,
and irritable bowel syndrome [6]. Additional risk factors
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specific for men include race (higher in non-White men), in-
creasing age, and a history of prostate disease; additional risk
factors for women include neurological conditions (e.g., mul-
tiple sclerosis), diabetes, pregnancy, urinary tract infection,
uterine prolapse, hysterectomy, and menopause [6].
Symptoms associated with OAB have a significant negative
impact on affected individuals’ lives. Numerous studies (e.g.,
EPIC, NOBLE, EpiLUTS) found that individuals with OAB
have significantly reduced quality of life compared with indi-
viduals without OAB, regardless of incontinence status
[7–10]. Using validated patient-reported outcome assess-
ments, patients with OAB reported significantly higher levels
of anxiety and depression, reduced general health status, and
poorer sleep quality compared with controls. Moreover, OAB
symptoms interfered with individual’s ability to perform self-
care and work activities [9, 11].

The American Urological Association and the Society of
Urodynamics, Female Pelvic Medicine & Urogenital
Reconstruction updated a clinical practice guideline on treat-
ment of non-neurogenic overactive bladder in 2015 [5]. The
guideline recommended behavioral therapies, such as bladder
training and control strategies, pelvic floor muscle training,
and fluid management, as first-line therapy. Second-line treat-
ments included antimuscarinic drugs andβ3-adrenoceptor ag-
onists, reserving onabotulinumtoxinA injections, peripheral
tibial nerve stimulation, and sacral neuromodulation as third-
line treatments. Detrusor muscle contractility is primarily con-
trolled by the parasympathetic nervous system via acetylcho-
line acting onmuscarinic receptors [12]. Antimuscarinic drugs
block acetylcholine from binding to muscarinic receptors.
Antimuscarinic drugs are associated with systematic anticho-
linergic adverse effects, including dry mouth and constipation,
with varying incidences. These and other adverse effects con-
tributed to low medication persistence [13]. Muscarinic recep-
tor subtypes M2 and M3, targeted by solifenacin, are the pre-
dominant subtypes in the detrusor muscle but also present in
other tissues such as the gut [12]. The M2 subtype works in
conjunction with β3 receptors to encourage smooth muscle
relaxation [14]. The M3 subtype is selectively targeted by
darifenacin [15]. In contrast, mirabegron mimics sympathetic
activity by stimulating the β3-adrenoceptors on the detrusor
muscle, promoting bladder relaxation during the filling stage
[16]. Increased blood pressure, nasopharyngitis, urinary tract
infection, and headache are common adverse effects with
mirabegron, and dizziness and urinary retention have also
been reported [17].

Although numerous drugs (primarily antimuscarinic drugs)
have been approved by the Food and Drug Administration
(FDA) to treat OAB, persistence with pharmacotherapy is
generally poor. In a 1-year study based on the UK General
Practice longitudinal prescription database, < 25% of patients
remained on the initially prescribed drug [18]. Patients
remained on mirabegron for a median of 101 days and about

55 days for fesoterodine, solifenacin, tolterodine extended re-
lease (ER), and trospium [18]. The reasons for poor persis-
tence are complex, including inadequate efficacy, adverse ef-
fects, age, cost or insurance coverage, interactions with drugs
and comorbidities, and combinations of these [19]. Selecting
drug treatment with the best net benefit may improve persis-
tence with treatment and ultimately quality of life for a given
patient.

A Cochrane Review published in 2012 compared anticho-
linergic drugs for OAB [20]. However, it did not include the
β3-adrenoceptor stimulator, mirabegron. With the FDA ap-
proval of mirabegron and a combination product with
solifenacin for OAB, we sought to update this evidence. We
conducted a systematic review and meta-analyses comparing
the effectiveness of drugs approved by the FDA to treat OAB
symptoms.

Materials and methods

This work was originally conducted for the Drug
Effectiveness Review Project (DERP), a collaboration of state
Medicaid agencies that commission systematic reviews of
drug therapies for use in policymaking. The scope of the orig-
inal review was determined in consultation with DERP par-
ticipants, and a protocol was developed a priori. The work
presented here is an update of that work with addition of the
combination product. The systematic review was conducted
according to the methods developed specifically for DERP
[21] and are in accordance with methods established by the
US Agency for Healthcare Research and Quality (AHRQ) for
the Evidence-based Practice Center (EPC) program [22].

Eligibility criteria

Studies of adults with symptoms of OAB, including UUI and
mixed incontinence, were included. Studies of patients with
only stress incontinence or neurogenic detrusor overactivity
were excluded. We included the 2012 Cochrane Review of
anticholinergic drugs as the baseline evidence [20] and ran-
domized controlled trials (RCTs) published since the review
that compared any formulation of darifenacin, fesoterodine,
mirabegron, oxybutynin, solifenacin, tolterodine, trospium,
and a combination of mirabegron with solifenacin, with each
other. We only included study arms with doses approved by
the FDA.

Search strategy and study selection

To identify relevant citations, we searched MEDLINE,
MEDLINE In-Process, the Cochrane Central Register of
Controlled Trials, and the Cochrane Database of Systematic
Reviews in September 2018 using terms for included drugs
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(see Table S1 for complete search strategy). We limited the
electronic searches to publications in English and excluded
studies tagged as “animal.” We also searched FDA’s Center
for Drug Evaluation and Research for medical reviews, www.
ClinicalTrials.gov, and requested information on published
and unpublished studies (or study data) from manufacturers
of included drugs. Titles and abstracts of citations identified
through literature searches were assessed for inclusion by one
reviewer, and a second reviewer checked all citations
excluded by the first reviewer. Full-text articles of potentially
relevant citations were retrieved and assessed for inclusion
independently by two reviewers. Disagreements were re-
solved by consensus.

Data extraction and study assessment

We abstracted information on baseline population characteris-
tics, interventions, subject enrollment and discontinuation,
and results for effectiveness and harms outcomes. Efficacy
outcomes examined included change from baseline number
of incontinence and urgency (grade 3 or 4) episodes, micturi-
tion frequency, proportion of patients reporting no inconti-
nence over 3 days at end of study, and patient-reported symp-
tom assessment using the Patient Perception of Bladder
Condition (PPBC), Overactive Bladder Questionnaire
(OAB-q) Symptom Bother score, or the Overactive Bladder
Symptom Score (OABSS). The PPBC contains six items
assessing change scores from −2 to 2 with negative scores
indicating improvement. Clinically meaningful difference
has not yet been established for the PPBC [23]. The OAB-q
Symptom Bother score contains eight items on a 100-point
scale with a suggested minimal clinically important difference
(MCID) of ten points [24]. The OABSS contains four ques-
tions, one each assessing daytime frequency, nighttime fre-
quency, urgency, and UUI with a maximum score of 2, 3, 5,
and 5, respectively (higher score indicates worse symptom),
yielding a total possible score of 15 [25]. AnMCID of 3 points
has been suggested [25]. Harm outcomes examined included
withdrawals due to adverse events, serious adverse events
(SAEs) as defined by individual studies, blurred vision, con-
stipation, dizziness, dry mouth, QT prolongation, arrhythmia,
and other cardiac outcomes. Data abstraction was performed
by one reviewer and checked by a second reviewer. We
assessed the internal validity (quality) of trials based on the
predefined DERP criteria [21], including method used for ran-
domization, allocation concealment, similarity of compared
groups at baseline, loss to follow-up, and the use of intent-
to-treat analysis. Studies with a high risk of bias were rated
poor quality, trials that met all criteria were rated good quality,
and the remainder were rated as fair. Two reviewers indepen-
dently assessed the quality of each study and differences were
resolved by consensus.

Data synthesis

We evaluated the results by examining the clinical and meth-
odological characteristics of the included studies, exploring
relationships in the data, and describing patterns across studies
in the direction and magnitude of effects. Poor-quality studies
were not synthesized with the rest of the evidence.
Applicability of the evidence was described using the
PICOTS (population, intervention, comparator, outcomes,
timing, setting) framework.When outcomes were not reported
as relative risk (RR) or odds ratio but provided sufficient data,
we calculated these ratios. Meta-analysis was conducted when
a sufficient number of studies investigated the same drug dose
and were homogeneous enough to justify combining their
results. We evaluated outcomes in terms of change from base-
line rather than a comparison of end point scores as was done
in the prior review [20]. We imputed variance data where
necessary. Random effects models were used to estimate
pooled effects using pairwise meta-analyses [26]. The I2 sta-
tistic (the proportion of variation in study estimates due to
heterogeneity) was calculated to assess heterogeneity across
studies [27, 28]. Potential sources of heterogeneity were ex-
amined with subgroup analysis by factors such as study de-
sign, study quality, variations in interventions, and patient
population characteristics. Meta-analyses were conducted
using STATA 10.1 (StataCorp, College Station, TX). Where
eight or more studies of a given intervention comparison and
outcome were available, publication bias was assessed using
funnel plots.

Results

In this systematic review update, we identified 20 new RCTs
(in 38 records and 3 new publications for trials identified in the
previous systematic review) [29–69] published since the 31
RCTs included in the 2012 review [20]. See Fig. 1 for the
PRISMA flow diagram (see Table S2 for list of included stud-
ies). We also included the full publication and data from an
RCT [33] comparing darifenacin vs. solifenacin that was only
published as an abstract at the time of the 2012 review. This
study and five others (in six records) were rated poor quality
because of unclear allocation concealment, blinding, and is-
sues related to missing data and were not discussed in this
report [31, 36, 45, 49, 50, 64]. Five RCTs were rated good
quality and 10 were fair quality. Since mirabegron was ap-
proved after the 2012 review, all evidence involving
mirabegron is new (14 RCTs total). Two new comparisons
added were fesoterodine vs. solifenacin [39] and darifenacin
vs. trospium [52]. Excluded studies with reasons for exclusion
are listed in Table S3. Detailed study characteristics and qual-
ity assessments of included studies are in Tables S4 and S5.
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Table 1 shows characteristics of new included studies.
Considering fair- and good-quality RCTs identified in this
update, trial sample size of included populations ranged from
60 to 3080. Trial durations ranged from 4 to 52weeks (median
12 weeks). Of 12 trials that reported funding source, all but
one were funded by industry. Mean age of patients was 57.4
(SD 13.4) years with a mean BMI of 28.4. Similar to RCTs
included in the 2012 review, patients were predominantly fe-
male (77.7%) andWhite (89.7%). UUI was the most common
form of OAB (58.6%), followed by mixed incontinence
(22.2%) then OAB without incontinence (19.4%). Patients
experienced mean 67.4 months of OAB symptoms and
59.2% had previous pharmacotherapy for OAB. At baseline,
patients reported means of 3 incontinence episodes, 6.1 urgen-
cy episodes, and 2.5 UUI episodes per day. As with previously
included RCTs, there was a wide range of baseline inconti-
nence episodes per day (range 1.9 to 8.9 episodes per day,
median 2.78). Baseline numbers of urgency and UUI episodes
were more consistent, with a range of 4.2 to 8.2 urgency ep-
isodes and 1.7 to 3.9 UUI episodes per day.

Mirabegron plus solifenacin vs. solifenacin

Four trials (N = 6430 for included drug doses) compared the
combination of mirabegron (25 to 50mg) plus solifenacin 5mg
vs. solifenacin 5 mg, with three lasting 12 weeks [29, 37, 41]
and one lasting 52 weeks [40]. Two trials were rated good
quality and two were fair quality. Table 2 shows change from
baseline, pooled mean differences (MD), and risk ratio for ef-
ficacy outcomes for each drug comparison. The combination of

mirabegron 50 mg with solifenacin 5 mg showed significant
improvement on all efficacy outcomes compared with
solifenacin 5mg. However, patients still experiencedmore than
one incontinence and about three urgency episodes per day.
Moreover, the absolute difference between combination thera-
py andmonotherapywas less than one episode of incontinence,
urgency and micturitions per day (−0.18, −0.58, and − 0.41,
respectively). There was moderate heterogeneity (I2 = 59%)
in the pooled estimate of reduction of urgency episodes, but
all trials consistently favored combination therapy. Of patients
with incontinence at baseline, significantly more patients on
combination therapy reported no incontinence over 3 days at
end of treatment (45% vs. 36%). All four trials reported mea-
sures of patient-assessed change in symptoms using both the
PPBC and the OAB-q Symptom Bother score, and pooled
results favored combination therapy on both assessments
(Table 3). On the OAB-q Symptom Bother score, both treat-
ment groups achieved the MCID from baseline.

Table 4 shows pooled relative risks for adverse events.
Combination therapy resulted in significantly higher incidence
of constipation (3.8% vs. 2.4%) Combination therapy also
showed higher rates of blurred vision (0.7–1.3% vs. 0–0.5%,
Table S6) and tachycardia (1.3–10% vs. 0.3–0.7%) thanmono-
therapy. Incidence of SAEs and other adverse events of interest
were low and not significantly different between drugs.

Mirabegron plus solifenacin vs. mirabegron

Three trials (N = 3677) compared mirabegron plus solifenacin
vs. mirabegron [29, 40, 41, 58, 61, 62, 65, 68]. Two trials

Articles included in review (n = 72):

� From previous systematic review: 31 trials in 31 

publications

� New studies identified: 20 trials in 38 publications

� 3 new publications from trials identified in the 

previous systematic review

Full-text articles assessed for eligibility 

(n = 132)

Full-text articles excluded (n = 60)

� Non-English language (n = 1)

� Outcome not included (n = 3)

� Intervention not included (n = 9)

� Population not included (n = 8)

� Letters, editorials, etc. (n = 12)

� Study design not included (n = 19)

� Outdated or ineligible systematic 

review (n = 8)

Records excluded (n = 955)Records screened (n = 1,087)

Records identified through database 

searching (n = 1,056)

Relevant studies from Madhuvrata et al. 

2012 review (n = 31)

Fig. 1 PRISMA (Preferred
Reporting Items for Systematic
Reviews and Meta-Analyses)
flow diagram
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lasting 12 weeks were fair quality, and one trial lasting
52 weeks was rated good quality. With the exception of pro-
portion of patients reporting no incontinence over 3 days,
mirabegron 50 mg plus solifenacin 5 mg per day significantly
improved all other efficacy outcomes more than mirabegron
50 mg per day at 12 weeks (Tables 2 and 3). The greatest
difference was observed in number of urgency episodes,
which decreased by a mean 3.47 episodes per day with com-
bination therapy compared with a mean 2.73 episodes per day
with mirabegron. All three trials reported patient-assessed
symptoms using the OAB-q Symptom Bother score and the
PPBC, both of which favored combination therapy (Table 3).

Incidence of dry mouth was significantly higher with com-
bination therapy than with mirabegron alone (8% vs. 4%), but
this did not lead to significantly greater participant withdrawal
(3% vs. 3%, Table 4). There were no differences between
combination therapy and mirabegron monotherapy in SAE
and constipation (Table 4). Incidence of blurred vision was
rare and similar between treatment groups (0.8% in combina-
tion therapy vs. 0.02% in mirabegron).

Mirabegron vs. solifenacin

Five RCTs in 11 records (N = 4279) compared mirabegron
50 mg with solifenacin 5 mg [29, 32, 40, 41, 58, 59, 61, 62,
65, 67, 68]. Two of the four larger RCTs were rated good
quality, and a small, fair-quality study recruited only women.
The pooled estimate based on the four larger RCTs (N = 3603)
showed that solifenacin significantly reduced incontinence
episodes more than mirabegron (Fig. 2), but there was no
difference in the number of patients reporting no incontinence
(51% vs. 50%, Table 2) [29, 32, 40, 41]. A significant differ-
ence was not found in reduction of urgency episodes from
baseline. However, there was moderate heterogeneity (I2 =
52%) with three trials favoring solifenacin and one favoring
mirabegron. The mean change in micturitions per day was not
significantly different in individual studies, but the pooled
mean difference showed solifenacin reduced micturition fre-
quency significantly more than mirabegron (Table 2). In three
RCTs, differences between the drugs in UUI (separate from
overall incontinence) did not reach statistical significance.

Four trials reported patient-assessed symptoms using both
the PPBC and OAB-q SymptomBother score [29, 32, 40, 41].
There was moderate heterogeneity among trials (I2 = 50%) on
the PPBC, though most trials and the pooled mean difference
showed similar changes between treatments (Table 3). Both
treatment groups achieved theMCID on the OAB-q Symptom
Bother score, but solifenacin showed significantly greater im-
provement than mirabegron (Table 3).

Based onmeta-analyses, differences in adverse events were
not apparent except a small but statistically significant higher
risk of dry mouth with solifenacin than with mirabegron
(6.3% vs. 3.4%, Table 4). Constipation occurred at similarTa
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rates between mirabegron and solifenacin (2.2% vs. 2.1%).
Pooled assessment of 12-week trials showed no difference in
withdrawals due to adverse events [29, 32, 41, 67] or SAEs
(Table 4) [29, 32, 41].

Mirabegron vs. tolterodine ER

Six RCTs in 11 publications (N = 4904) of mirabegron and
tolterodine met the inclusion criteria for this review [30, 34,
35, 47, 48, 51, 54–57, 63, 66, 69]. All but one trial were fair
quality. Meta-analyses showed no difference in any efficacy
outcome between drugs. Pooling data from five trials reporting
incontinence at 8 to 12 weeks found no difference between
mirabegron 50 mg and tolterodine ER 4 mg (Table 2) [35, 48,
51, 66, 69]. Forty-seven percent of patients in both treatment
groups reported no incontinence over 3 days at the end of treat-
ment. In the 52-week trial, interim results at 3 months showed
no significant difference between the drugs on incontinence
(MD –0.01, 95% CI –0.24 to 0.22), but tolterodine ER showed
greater reduction from baseline than mirabegron at study end
point (MD 0.25, 95% CI 0.01 to 0.49) [35]. Change from base-
line number of urgency episodes was not statistically signifi-
cantly different between mirabegron and tolterodine at 8 to
12 weeks [35, 48, 51, 66, 69] and at 52 weeks [35]. Pooling
six RCTs with data at 8 to 12 weeks found no significant dif-
ference between mirabegron 50 mg and tolterodine ER 4 mg in
number of micturitions per day (Table 2, Fig. 3) [34, 35, 48, 51,
66, 69]. Sensitivity analysis, removing two outlier studies, did
not resolve the heterogeneity. However, the difference between
the drugs was very small; at 52 weeks, one study found a small,
non-significant change in micturitions between mirabegron
50 mg and tolterodine ER 4 mg (MD 0.12, 95% CI –0.11 to
0.35) [35]. Three trials reported patient-assessed symptoms
using the OAB-q Symptom Bother score and two also reported
the PPBC, neither of which found significant differences be-
tween mirabegron 50 mg and tolterodine ER 4 mg at 8 to
12weeks (Table 3) [35, 48, 66] or at 52 weeks [35]. All relevant
treatment arms achieved the MCID on the OAB-q Symptom
Bother score [35, 48, 66]. One trial also found no difference in
the King’s Health Questionnaire mean change in bladder prob-
lem score [51].

Pooling results from four short-duration RCTs showed a
statistically significantly higher rate of dry mouth with
tolterodine 4 mg than with mirabegron 50 mg (11.7% vs.
4.6%, Table 4) [48, 51, 66, 69]. Higher incidence of dry mouth
with tolterodine was also observed in the 52-week trial (8.6%
vs. 2.8%) [35]. The incidence of cardiac arrhythmia was sim-
ilar at 12 weeks in two trials (2.6% vs. 2.8%) [48, 51], but
higher with tolterodine ER 4 mg at 12 months in a single trial
(3.9% vs. 6.0%; P = 0.0547) [35]. However, there was no
difference in the proportion of patients who withdrew because
of adverse events (Table 4). Incidences of constipation, SAEs,Ta
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and dizziness were similar between the drugs at both 8 to
12 weeks (Tables 4 and S6) and 52 weeks.

Fesoterodine vs. solifenacin

One fair-quality trial (N = 119) compared fesoterodine 4 mg
per day with solifenacin 5 mg per day [39]. The study reported
only the OABSS for assessment of benefits. While
fesoterodine and solifenacin each significantly improved
scores from baseline at 12 weeks (−9.4 vs. −8.2) and achieved
an MCID of 3 points, the difference between drugs was small
and not statistically significant. Significantly more patients re-
ceiving fesoterodine compared with solifenacin withdrew be-
cause of adverse events (10.2% vs. 0.0%). Fesoterodine also
resulted in higher incidence of constipation (5.1% vs. 1.7%)
and dry mouth (13.6% vs. 5.0%), though differences did not
reach statistical significance (P = 0.256 and P = 0.186, respec-
tively). Other adverse events of interest were not reported.

Fesoterodine vs. tolterodine

We did not identify any new trials that compared fesoterodine
with tolterodine. The 2012 review included three 12-week

trials comparing fesoterodine 8 mg per day vs. tolterodine
ER 4 mg per day (N = 4148) [20]. Although fesoterodine led
to statistically fewer incontinence and urgency episodes per
day, the absolute differences were small at less than one-half
episode per day for each efficacy outcome. Patients reporting
no incontinence at end of treatment also favored fesoterodine
(64% vs. 58%, Table 2). Fesoterodine 8 mg resulted in signif-
icantly more withdrawals due to adverse events than
tolterodine ER 4 mg (4.9% vs. 3.3%, Table 4). Incidence of
constipation and dry mouth was also significantly higher with
fesoterodine 8 mg than with tolterodine ER 4 mg (Table 4),
while there was no difference in dizziness (Table S6).

Darifenacin vs. trospium

A small, fair-quality trial (N = 60) compared darifenacin
7.5 mg with trospium ER 60 mg over 4 weeks [52]. Both
darifenacin and trospium ER significantly improved the
OABSS composite score and achieved an MCID of 3 points,
but the difference between the groups was not significant (P =
0.654). Similarly, both drugs significantly improved the
OABSS subscales of urinary frequency (−0.80 vs. −0.47),
urgency (−1.87 vs. −2.40), nocturia (−0.87 vs. −0.93), and

Overall (I-squared = 60.0%, p = 0.028)

Staskin et al., 2018

Chapple et al., 2013

Chapple et al., 2013b

Study

Khullar et al., 2013

Kuo et al., 2015

Yamaguchi et al., 2014

-0.18 (-0.43, 0.06)

-0.11 (-0.65, 0.43)

0.09 (-0.65, 0.83)

0.14 (-0.08, 0.36)

Effect Size (95% Confidence Interval)

-0.34 (-0.65, -0.03)

-0.58 (-1.03, -0.13)

-0.27 (-0.59, 0.05)

5,024

644

254

1,627

n

992

749

758

0-1.03 0 1.03

Favors Mirabegron Favors Tolterodine

Fig. 3 Forest plot of change from
baseline number of micturitions
per 24 h at 8 to 12 weeks:
mirabegron 50 mg vs. tolterodine
extended release (ER) 4 mg
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Fig. 2 Forest plot of change from
baseline number of incontinence
episodes per 24 h at 12 weeks:
mirabegron 50 mg vs. solifenacin
5 mg
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UUI (−2.27 vs. −1.47). These differences did not reach statis-
tical significance between drugs on these OABSS subscales.
There were no SAEs or withdrawals due to adverse events.
Using the McMillan & Williams Constipation Assessment
Scale (0 to 16), both darifenacin and trospium significantly
increased constipation compared with baseline, but there
was no difference between drugs (0.93 vs. 0.60; P = 0.944).

Solifenacin vs. tolterodine

Five RCTs (N = 2555) that compared solifenacin and
tolterodine were included in the 2012 review, ranging in dura-
tion from 4 to 12 weeks, with no new studies found for this
review [20]. Meta-analysis of four studies indicated that
solifenacin 5 mg significantly improved incontinence and ur-
gency episodes per day (Table 2). The difference in micturi-
tions did not reach statistical significance (Table 2). There was
no difference in withdrawals due to adverse events (3.5% for
solifenacin 5 mg vs. 2.5% for tolterodine 4 mg, Table 4). There
was also no difference in incidence of dry mouth, but there was
high heterogeneity (I2 = 74%) with three trials favoring
solifenacin and two favoring tolterodine. Both solifenacin
5 mg and tolterodine 4 mg resulted in blurred vision (6.2%
vs. 3.8%) though the difference did not reach statistical signif-
icance. We identified one additional study [64] that compared
solifenacin with tolterodine, which was not included in the
2012 systematic review, but it was rated poor quality [20].

Solifenacin vs. oxybutynin

The 2012 review included one trial (N = 132) comparing
solifenacin 5 mg with oxybutynin immediate release (IR)
15 mg that mainly focused on adverse effects [20], and no
new evidence was found in this review. Additional data from
ClinicalTrials.gov found no difference in urgency episodes
per day or number of micturitions (Table 2) [53]. Fewer pa-
tients treated with solifenacin 5 mg withdrew because of ad-
verse events than patients treated with oxybutynin IR 15 mg
(Table 4). There was no difference in incidence of constipation
but significantly fewer patients reported dry mouth with
solifenacin than with oxybutynin (Table 4).

Tolterodine vs. oxybutynin

The 2012 review included 14 trials (N = 3627) comparing
tolterodine with oxybutynin [20]. We identified two subse-
quently published RCTs (in three publications), of which
one was fair quality (N = 301) [46] and the other one poor
quality [31, 45]. Single trials evaluated tolterodine IR 4 mg
vs. oxybutynin 10 mg IR and ER, oxybutynin 9 mg IR, and
transdermal oxybutynin 3.9 mg. The other trials compared IR
formulations with each other: tolterodine 4 mg vs. oxybutynin
10 mg (4 RCTs), tolterodine 4 mg vs. oxybutynin 15 mg (4

RCTs), and tolterodine 1 mg vs. oxybutynin 5 mg (1 RCT).
The new trial compared tolterodine IR 4 mg with oxybutynin
IR 15 mg [46]. Meta-analyses for this drug comparison con-
sidered any reported daily dose.

Pooled estimates did not find statistically significant differ-
ences between drugs related to incontinence episodes per day
or change in micturition frequency (Table 2), although one
trial found that significantly more patients reported no incon-
tinence with oxybutynin ER 10 mg than with tolterodine ER
4 mg (23% vs. 17%, Table 2) [70]. Only the newly identified
RCT reported change in urgency episodes with no difference
between tolterodine 4 mg and oxybutynin 15 mg (Table 2)
[46]. Tolterodine resulted in fewer withdrawals due to adverse
events compared with oxybutynin (9 RCTs, N = 2987) and
significantly lower incidence of dry mouth (10 RCTs, N =
3140). Few RCTs reported on other typical anticholinergic
adverse effects, with two reporting that constipation was sim-
ilar between tolterodine ER/IR 4 mg and oxybutynin 10 mg
(Table 4) and a single study reporting no differences between
drugs related to blurred vision and dizziness (P = 0.393 and
P = 0.736, respectively, Table S6).

Discussion

Cumulatively, this systematic review update evaluated 51
head-to-head RCTs, including 20 newly identified trials.
There were some statistically significant differences in effica-
cy between drugs but the absolute differences were small at
less than half of an episode per day in key OAB outcomes
(incontinence, urgency, and micturitions). The only exception
was the combination of mirabegron 50 mg plus solifenacin
5 mg vs. either monotherapy on urgency episodes, where a
significant difference was not found between drugs given as
monotherapy, suggesting a synergistic effect. Overall, combi-
nation therapy significantly improved all efficacy outcomes
assessed compared with either drug given alone. However,
combination therapy also showed higher incidences of ad-
verse events vs. monotherapy. The small potential benefit in
key OAB outcomes with combination therapy should be
weighed against increased risk of adverse events.

Solifenacin 5 mg showed greater improvement in inconti-
nence and micturition frequency over mirabegron 50 mg and
greater improvement in incontinence and urgency episodes
over tolterodine 4 mg. There was no significant difference
between mirabegron 50 mg and tolterodine 4 mg for any effi-
cacy outcome. Patients’ assessments of symptoms as mea-
sured by the OAB-q Symptom Bother score and/or the
PPBC were in accordance with these numeric measures.
Pooledmean differences in the OAB-q SymptomBother score
did not reach a minimal clinically important difference, further
suggesting that differences between drugs are not likely to be
of clinical significance.
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Although mirabegron is not an anticholinergic drug, it ex-
hibits some adverse effects similar to anticholinergics. Pooled
analyses found no difference between mirabegron 50 mg and
solifenacin 5 mg or tolterodine ER 4 mg related to blurred
vision, cardiac arrhythmia, constipation, or dizziness. While
incidence of dry mouth was significantly lower in patients
who received mirabegron, this was not reflected in the rate of
withdrawal due to adverse events. At 52 weeks, the difference
in incidence of dry mouth between mirabegron and solifenacin
was no longer significant, though a significant difference
remained between mirabegron and tolterodine. When choosing
between mirabegron and solifenacin, clinicians should consider
their comparable safety profile but solifenacin’s greater effec-
tiveness on incontinence and micturition frequency.

Fesoterodine 8 mg, which is chemically related to tolterodine,
showed greater improvement in incontinence, urgency episodes,
and micturition frequency than tolterodine 4 mg. However,
fesoterodine appeared to have a worse safety profile with signif-
icantly higher incidences of withdrawals due to adverse events,
SAE, constipation, and dry mouth than tolterodine.

Based on one small trial using the OABSS, no difference was
found between fesoterodine 4 mg and solifenacin 5 mg. Patients
who received fesoterodine reported higher incidence of adverse
events of interest, but none reached statistical significance, likely
to because of the small sample size. Solifenacin 5 mg reduced
one-half incontinence and urgency episodes per day more than
tolterodine 4 mg, a significant difference. Overall adverse event
profiles are similar between solifenacin and tolterodine, except
that solifenacin led to a significantly higher incidence of consti-
pation than tolterodine. Both fesoterodine and solifenacin are
more effective than tolterodine, but clinicians should consider
solifenacin for its better safety profile than fesoterodine.

From the 2012 review, oxybutynin showed comparable im-
provement of incontinence and micturition frequency to
solifenacin 5 mg and tolterodine. The 2012 review did not eval-
uate patients’ assessment of symptoms, though the review found
no difference between oxybutynin and tolterodine in terms of
condition-specific quality of life. Significantly more patients ran-
domized to oxybutynin withdrew because of adverse events than
with solifenacin or tolterodine, likely attributed to the significant-
ly higher incidence of dry mouth with oxybutynin.

It should be noted that the median trial duration of 3 months
is longer thanmedian time to discontinuation observed in real-
world settings, which ranged from 1.0 to 3.6 months for
antimuscarinics based on a systematic review by Yeowell
and colleagues [71]. One-year persistence ranged from 8 to
25% for antimuscarinics and 32–38% for mirabegron [71],
much lower than the 77–89% of patients who completed a
52-week trial [35, 40]. Studies included in this review showed
that more patients withdrew because of adverse events than
lack of efficacy. Hence, when selecting drug treatment for
OAB, consideration of adverse events is as important, if not
more important, than efficacy [72, 73].

Although we identified four systematic reviews/meta-
analyses that have been published in recent years [74–77], our
review differs in several ways. Other systematic reviews set one
of the pharmacotherapies as standard therapy, comparing all
other treatments to the standard, while we addressed all relevant
comparisons using only direct evidence, not relying on
placebo-controlled trial evidence. There have been instances
where direct and indirect evidence are not consistent with each
other [78]. When both direct and indirect evidence are avail-
able, the former is preferred over the latter [79, 80].
Additionally, we evaluated outcomes not included in prior re-
views. We examined change in number of urgency episodes—
the main complaint of patients with OAB, which distinguishes
it from urinary incontinence and is a key attribute in determin-
ing patient satisfaction and persistence with treatment [73]. We
also examined patient-reported assessment of symptoms to sup-
plement quantification of symptoms. Finally, our work was not
funded by the manufacturer of any of the included drugs.

Limitations of our systematic review potentially include the
lack of a network meta-analysis and quality of life measures
reported in some studies. These were not undertaken because
of the scope, timeline, and resource limitations defined by the
DERP patients who funded the initial work. Also, adverse
events reporting was inconsistent among trials. Some trials
reported “common anticholinergic effects,” some only report-
ed adverse effects that affected > 2% of patients, and others
reported the most common complaints reported by patients.
As a result, not all harm outcomes of interest were reported by
all trials, particularly blurred vision, cardiac arrhythmias, diz-
ziness, and fall/syncope. In addition, the value and contribu-
tion of quality of life assessment in overactive bladder are
unclear as Shah and Nitti pointed out [81]. Even when chang-
es in quality of life assessments reach clinically meaningful
response thresholds, persistence and patient satisfaction re-
main low [81]. This suggests a need to better understand what
affects patient satisfaction and persistence in order to improve
evaluation of available treatments.

Cumulative evidence showed small differences across all
comparisons of pharmacotherapies used to treat OAB, includ-
ing combination therapy (solifenacin/mirabegron) vs. mono-
therapy (< 0.8 episode per day). While some of these differ-
ences were statistically significant, the clinical importance is
unclear, and all treatment groups reported more than one in-
continence episode and 2.5 urgency episodes per day at study
end. For patients with UUI at baseline, < 65% reported no
incontinence over 3 days at end of treatment. Anticholinergic
adverse effects remain a concern even with mirabegron.
Considering that persistence with antimuscarinic drugs is al-
ready known to be low, it is unclear whether the added benefit
of combining mirabegron with solifenacin outweighs the in-
creased harm. A patient’s preference for increased efficacy vs.
reduced harms, and tolerance of specific adverse events,
should be considered when selecting treatment for OAB.
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