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Abstract

Context: Oral pharmacotherapy consisting of antimuscarinics, b3-adrenoreceptor ago-
nists, or combinations of these agents forms the mainstay of overactive bladder (OAB)
management.
Objective: To evaluate the efficacy and safety of combination therapy in patients with
OAB.
Evidence acquisition: A literature search was conducted in June 2018 using Embase,
MEDLINE, and Cochrane databases via Ovid and relevant congress abstracts. Studies
reporting the efficacy/safety of two antimuscarinics or ab3-adrenoreceptor agonist plus
an antimuscarinic were included.
Evidence synthesis: Publications reported on clinical efficacy, safety, and health-related
quality of life (HRQoL) for mirabegron (M) plus solifenacin (S) from three 12-wk
randomised controlled trials (RCTs)—SYMPHONY, SYNERGY, and BESIDE—and a 12-
mo RCT, SYNERGY II. SYMPHONY reported statistically significant improvements in
clinical symptoms and HRQoL with combination therapy versus solifenacin 5mg [159_TD$DIFF](S5)
and placebo. In SYNERGY, there were consistent improvements in urinary incontinence
(UI) episodes/24h and micturitions/24h (coprimary endpoints), and in secondary
efficacy parameters with mirabegron 25mg (M25) + S5 and mirabegron 50mg
(M50) + S5 versus respective monotherapies. In patients with an inadequate response
to S5 monotherapy (BESIDE), greater improvements in UI (primary endpoint) were
noted for M50+S5 versus S5 (p= 0.001). Combination therapy was noninferior to
solifenacin 10mg (S10) for reduction in UI and superior to S10 for improvement in
micturition frequency (p<0.001), and resulted in greater improvements from baseline
in OAB-5 Dimension scores versus S5 and S10 (p<0.01). In SYNERGY II, clinically
meaningful and sustained improvements in clinical outcomes were observed for
M50+S5 versus M50 or S5. Combination therapy was well tolerated in all four trials.
The incidence of adverse events (AEs) was similar across groups, and there were no
notable differences in the incidence of specific AEs. Positive efficacy outcomes were
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Conclusions: Mirabegron plus solifenacin provides effective, well-tolerated treatment
for patients with OAB. Limited data for dual antimuscarinic therapy suggest a benefit in
patients with moderate-to-severe symptoms.
Patient summary: Overactive bladder (OAB) is treated with medicines called antimus-
carinics, such as solifenacin, propiverine, or trospium, or another b-adrenoreceptor
agonist medicine called mirabegron, which works in a different way. We looked at
published scientific studies of patients with OAB treated with mirabegron plus solife-
nacin together, or with two antimuscarinics. We found that mirabegron plus solifenacin
can help reduce symptoms and improve quality of life. Patients tolerate this treatment
well, with few patients experiencing side effects.

© 2019 Published by Elsevier B.V. on behalf of European Association of Urology.
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1. Introduction

Overactive bladder (OAB) is characterised by urinary
urgency, generally accompanied by increased voiding
frequency and nocturia, with or without incontinence, in
the absence of urinary tract infection (UTI) or other obvious
pathology [1,2]. Reports of OAB prevalence range from 11.8%
to 35.6% in the USA and Europe, based on four large
population-based surveys [3], with more women than men
being affected [4]. OAB symptoms are generally persistent
and can have an adverse effect on health-related quality of
life (HRQoL).

Oral pharmacotherapies for OAB/urinary incontinence
(UI) consist of antimuscarinics (eg, solifenacin, propiverine,
and trospium) and a b3-adrenoreceptor agonist (mirabe-
gron) [5]. Mirabegron and antimuscarinic agents have
similar efficacy, but mirabegron has a more favourable
tolerability profile, particularly relating to anticholinergic
effects such as dry mouth, constipation, and blurred vision
[6]. Some patients do not achieve sufficient improvement in
symptoms with antimuscarinic agents, but increasing the
dose may lead to increased adverse events (AEs). Further-
more, particularly in elderly patients who may already be
receiving other anticholinergic medications, antimuscarinic
therapy may increase the anticholinergic burden [7]. Com-
bination therapy involving mirabegron and an antimus-
carinic is therefore an attractive option.

Recent guidelines from the European Association of
Urology (EAU) [5], the American Urological Association
(AUA) [8], and the Canadian Urological Association [9]
recommend antimuscarinic or mirabegron monotherapy
as a first- or second-line option for the management of
OAB/UI, and combination therapy with mirabegron plus
antimuscarinics in patients whose symptoms are refracto-
ry to monotherapy. As the efficacy and safety of dual
antimuscarinic therapy have also been reported [10–12],
this literature review aimed to identify the evidence for the
efficacy and safety of combination therapy with either
mirabegron and an antimuscarinic agent or two anti-
muscarinics.

2. Evidence acquisition

This rapid evidence assessment [13] consisted of a
systematic literature search, conducted on June 7, 2018 in
Embase, MEDLINE, and Cochrane via Ovid, as well as the
Cochrane Central Trials Register and Database of Systematic
Reviews and other Cochrane Library assets, using terms
related to the disease, treatments of interest, and relevant
treatment outcomes including efficacy, safety, and patient-
reported outcomes (PROs) including HRQoL. There was no
date restriction, and studies not published in English were
excluded. Abstracts published from June 2016 to June
2018 for four international meetings were also searched:
EAU, AUA, International Continence Society, and Interna-
tional Urogynecological Association. In addition, bibliogra-
phies of the included studies were manually searched to
identify any further publications. Searches were performed
by one researcher and reviewed by a second researcher. All
publications reporting clinical outcomes (efficacy/effective-
ness and safety) for clinical trials beyond and including
phase II or observational studies of combination treatment
involving mirabegron and an antimuscarinic agent or two
antimuscarinic agents in patients with OAB were included.
The search was performed according to the recommenda-
tions of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement (Fig. 1).
Data from all the selected references were extracted into an
agreed extraction grid by one researcher and reviewed by a
second researcher. The quality assessment of included
publications was performed using a simplified version of
the GRADE scoring system [14]. See Supplementary Table S1
for further details on methodology.

3. Evidence synthesis

3.1. Study selection

Electronic searches from databases provided 3090 hits, and
seven articles were identified through manual searches.
Twenty-one publications (20 full publications [160_TD$DIFF][10–12,15–
31] and one conference abstract [161_TD$DIFF][32]) met the inclusion
criteria and are included in this review (Fig. 1). The GRADE
quality assessment indicated that one study was of high
quality [20], 14 were of moderate quality [162_TD$DIFF][12,15–19,21–
25,28,29,31], and six were of low quality [163_TD$DIFF][10,11,26,27,30,32]
(Supplementary Table S2). Of 16 publications reporting the
results of mirabegron and solifenacin combination/add-on
therapy, 14 were from five sponsored trials [164_TD$DIFF][15–22,26,28–32]
and two [24,25] were from independent studies; primary
data are summarised in Tables 1 and 2. A further five
publications reported the efficacy and safety of dual
antimuscarinic therapy, trospium plus solifenacin, in patients
with moderate versus severe symptoms [10–12,23,25]. See
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Fig. 1 – Flow diagram for identification and selection of literature related to the combination therapy for treatment of patients with overactive bladder
(OAB) using Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).
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the extraction in Supplementary Table S3 for further details of
these studies.

3.2. Phase II trial of mirabegron plus solifenacin

SYMPHONY [16] was a 12-wk, phase II, randomised, double-
blind, placebo- and monotherapy-controlled, dose-ranging
trial that explored the efficacy, dose-response relationship,
and safety/tolerability of solifenacin plus mirabegron (S+M)
combinations versus solifenacin monotherapy in adults
(N=1307) with OAB symptoms. The study involved 12 treat-
ment groups: six combination groups (solifenacin 2.5, 5, or
10mg [S2.5/5/10] +mirabegron 25 or 50mg [M25/50]), five
monotherapies (S2.5/5/10 or M25/50), and placebo.

Compared with S5 monotherapy, all combinations with
S5 or S10 significantly (p<0.05) improved mean volume
voided (MVV) per micturition (primary endpoint), and
three combinations (S10 +M25, S5 +M50, and S10+M50)
reduced micturition frequency from baseline to the end of
treatment (EoT). All combination regimens except for
S2.5 +M25 reduced urgency episodes significantly versus
S5. No dose-related trends in treatment-emergent adverse
event (TEAEs), blood pressure (BP), pulse rate, postvoid
residual (PVR) volume, electrocardiogram (ECG), or labora-
tory parameters were observed between combination and
monotherapy groups, although the incidence of constipa-
tion was slightly higher with combination therapy and
appeared to be dose related. The data from this study
suggested that combination treatment may provide an
attractive option to maximise efficacy and minimise AEs,
resulting in two combinations (S5 +M25 and S5+M50)
being investigated further in phase III studies.



Table 1 – Clinical trials from sponsored studies conducted to explore the efficacy, safety, and tolerability of mirabegron as add-on and/or
combination therapy with antimuscarinics in patients with overactive bladder (primary data).

SYMPHONY [16] SYNERGY [22] BESIDE [17] SYNERGY II [20] MILAI study [30]

National clinical trial
no.

NCT01340027 NCT01972841 NCT01908829 NCT02045862 NCT01745094

Phase II III IIIb III IV
Sites/countries 141 sites in

20 European countries
435 sites in
42 countries

Eastern Europe,
Western Europe, North
America, Middle East,
and Asia (number of
sites/countries not
specified)

251 sites in
32 countries

29 sites in Japan

Patients randomised
(N)

1307 3527 2174 1829 223

Treatment duration
and study design

12wk 12wk 12wk 12mo 16wk

Randomised, double-
blind treatment

Randomised, double-
blind treatment

Randomised, double-
blind treatment

Randomised, double-
blind, active controlled
treatment

Open-label study

Run-in/washout
period (wk)

2 (single-blind placebo
run in)

4 (single-blind placebo
run in)

6 (2, no treatment; 4,
single-blind solifenacin
run in)

2 (single-blind placebo
run in)

0

Treatment groups Placebo Placebo, M25, M50, S5,
S5 +M25, S5+M50

S5, S10, and S5+M25
increased to S5 +M50
after 4 wk

M50, S5, S5 +M50 S2.5 +M25 for 8 wk
increased to
S2.5 +M50 for 8 wk if
required

6 combination groups:
S2.5/5/10 +M25/50

S5+M25 for 8 wk
increased to S5 +M50
for 8 wk if required

5 monotherapy groups:
S[157_TD$DIFF]2.5/5/10, M25/50

Treatment phase
duration

12wk 12wk 12wk 12mo 16wk

Primary objectives To evaluate the efficacy
and safety of
combination therapy
(S2.5 +M50, S5+M25,
and S5 +M50) vs
monotherapy (S5) in
patients with OAB

To evaluate the efficacy
and safety of combined
therapy (S5 +M25 and
S5 +M50) vs each
monotherapy in
patients with
OAB+ incontinence

To evaluate efficacy,
safety and tolerability
of S5+M25 increasing
to S5 +M50 vs S5 or
S10 after 4 wk of S5 in
patients with
OAB+ incontinence

To evaluate the long-
term safety and
efficacy of S5+M50 vs
monotherapy in
patients with
OAB+ incontinence

To evaluate the safety
of mirabegron as
“add-on” therapy to
S2.5 or S5 in patients
with OAB

Key findings Combination therapy
provided significant
improvements in MVV
and urgency (all
groups), micturition
frequency (S5 +M50,
S10 +M25, S10 +M50),
and IE (S5 +M25) vs S5
and placebo

Combination therapy
(S5 +M25 and
S5 +M50) provided
consistent
improvements in
efficacy vs S5, M25, or
M50

Statistically significant
improvement in UI/d
(primary endpoint),
mean daily
micturitions and 3-d UI
episodes (key
secondary endpoints),
micturition frequency,
and patients becoming
dry at EoT for S5 +M50
vs S5

Combination therapy
was well tolerated over
12 mo and led to
efficacy improvements
over each monotherapy

Addition of
mirabegron to S2.5 or
S5 was well
tolerated, and
resulted in a
significant
improvement in
clinical outcomes and
PRO scores

Combination was
noninferior to S10 for
both key secondary
endpoints and superior
to S10 for reduction in
micturition frequency

EoT = end of treatment; M25=mirabegron 25mg; M50=mirabegron 50mg; MVV=mean volume voided; N =number of patients with OAB; OAB=overactive
bladder; PRO=patient-reported outcome; S10 = solifenacin 10mg; S2.5 = solifenacin 2.5mg; S5= solifenacin 5mg; UI = urinary incontinence.

E U RO P E AN URO LOGY 76 ( 2 019 ) 76 7 – 7 7 9770
3.3. Phase III trials of mirabegron plus solifenacin

Three phase III/IIIb trials, SYNERGY (12 wk; N= 3527) [22],
BESIDE (12 wk; N =2174) [17], and SYNERGY II (12 mo;
N=1829) [20] primarily investigated the efficacy and safety
of combination/add-on therapy (S +M) versusmonotherapy
in patients with OAB and incontinence (Tables 1 and 2).
Patients included in BESIDE responded inadequately to
4-wk S5 treatment and received mirabegron as add-on
therapy, whereas those included in SYNERGY or SYNERGY II
could be treatment naïve. The active treatment groups
between the three studies included the combination
regimens, S5 +M25 and/or S5 +M50, and monotherapy
(S5, S10, M25, and/or M50). Approximately 80% of patients
included in each study were female, approximately 80–95%
were white, and the mean age was between 57 and 61yr



Table 2 – Clinical trials from independent studies conducted to explore the efficacy, safety, and tolerability of mirabegron as add-on and/or
combination therapy with antimuscarinics in patients with overactive bladder (primary data).

Kosilov et al. [24] Shin et al. [27]

Country Russia Korea
Randomised patients (N) 239 30
Duration and study design Randomised placebo-controlled study of M50, S10,

and S10+M50
M50 (4 wk), M50+P10 (add-on 8 wk)

Follow-up: 3mo Follow-up: not mentioned
Treatment phase duration (wk) 6 8
Primary objectives Comparison of effectiveness and safety of S10 and

M50 monotherapy vs combination in patients with
OAB+ severe incontinence, aged >65yr

To assess the PRO and efficacy of add-on low-dose
P10 therapy in OAB patients with suboptimal
response to 4-wk treatment with M50

Key finding Statistically significant improvements from
baseline to EoT in clinical and urodynamic
parameters observed for combination therapy

Improvements in clinical outcomes and PRO scores
were observed after 8wk of add-on therapy

EoT= end of treatment; M50=mirabegron 50mg; MVV=mean volume voided; N=number of patients with OAB; OAB=overactive bladder; P10 =propiverine
HCl, 10mg; PRO=patient-reported outcome; S10 = solifenacin 10mg [158_TD$DIFF].
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across the treatment groups in each trial (Supplementary
Table S4). Groups were well balanced with respect to age,
sex, and race in the three studies.

3.3.1. Efficacy outcomes for mirabegron-based combination therapy

In SYNERGY, combination therapy (S5 +M25 and S5+M50)
provided consistent improvements from baseline to EoT in
efficacy versus respective monotherapies (S5, M25, or M50)
across most of the outcome parameters, with effect sizes
generally being consistent with an additive effect [22]. The
primary objective was not met by a small margin for one of
the coprimary endpoints (change frombaseline to EoT in the
mean number of UI episodes/24h, p =0.052), but the
nominal p value for the other coprimary endpoint (change
from baseline to EoT in the mean number of micturitions/
24h) was p< 0.05; continuous variables for coprimary
outcomes are reported in Tables 3 and 4. In secondary
analyses, all active treatment groups had greater improve-
ments in the mean number of UI episodes/24h versus
placebo. For micturitions/24h, the mean adjusted change
frombaseline to EoTwas greater in the combination therapy
groups versus the monotherapy and placebo groups. The
differenceswere evident fromweek 4 onwards, and the two
combination therapies showed the largest improvements at
all time points (Fig. 2) versus monotherapies. Similarly,
improvements in the secondary efficacy parameters (MVV/
micturition, urgency UI [UUI] episodes, urgency episodes,
and nocturia) at EoTwere greater with combination therapy
than with monotherapy (with the exception of S5 +M25 for
nocturia), and the effect size appeared to be additive.
Responder analyses showed odds ratios in favour of
combination therapy versus monotherapies for the propor-
tion of patients with zero UI episodes and those achieving
micturition frequency normalisation (Supplementary
Tables 5 and 6).

A predefined subgroup analysis found that those who
had received previous OAB treatment showed amuch larger
effect size than treatment-naïve patients in MVV/micturi-
tion and UUI episodes/24h for combination therapy versus
monotherapy; this was especially the case compared with
S5 [22]. For S5 +M50 versus S5, the effect size for MVV/
micturition was 17.13ml for previously treated patients
versus 1.48ml in treatment-naïve patients, and the
corresponding values were 7.46 and 0.59ml for S5 +M25
versus S5. Similarly, the effect size for S5 +M50 versus S5 for
UUI episodes/24hwas�0.43 for previously treated patients
and –0.06 for naïve patients; the corresponding values for
S5 +M25 were �0.53 versus 0.02 episodes/24h.

BESIDE met its objective demonstrating superiority for
S5 +M50 over S5, as evident by the adjusted change from
baseline to EoT in the primary efficacy endpoint (the mean
number of UI episodes/24h; Table 3), which was signifi-
cantly greater with combination therapy than with S5
(�1.80 vs �1.53, p =0.001) [17]. Significantly greater
improvements with S5 +M50 versus S5 were also observed
for MVV/micturition, UUI episodes/24h, urgency episodes/
24h, and patients becoming dry at EoT. S5 +M50 was
noninferior to S10 for both key secondary endpoints (the
mean number of daily micturitions/24h and the number of
incontinence episodes noted in the 3-d diary at EoT) and
superior to S10 only for reduction in micturition frequency.

A prespecified subanalysis according to age (<65 vs
�65yr and <75 vs �75yr) was performed for BESIDE
[19]. All three treatment groups, S5 +M25 (increased to
50mg at week 4), S5, and S10, showed a reduction in the
mean number of daily UI episodes at EoT, irrespective of age.
The treatment differences between S5 +M50 and S5 were
–0.24 (95% confidence interval [CI]:�0.49 to 0.01) episodes/
24h in the <65-yr age group and �0.32 (�0.69 to 0.06)
episodes/24h in the �65-yr age group. Similar treatment
differences were observed in the <75-yr (�0.26, �0.48 to
�0.04 episodes/24h) and �75-yr (�0.26, �0.94 to 0.42 epi-
sodes/24h) age groups. Treatment differences between
S5+M50 and S10 were slightly smaller versus S5, but
remained consistent across the age-stratified cohorts.
Differences for other efficacy parameters were also similar
between age groups.

Efficacy results for SYNERGY II were in agreement with
observations from SYNERGY and BESIDE, showing clinically
meaningful and sustained improvements for up to 12 mo in
clinical outcomes for S5 +M50 over each monotherapy [20]
(Fig. 2C and 2D).



Table 3 – Summary of the efficacy data reported for the phase III trials of mirabegron plus solifenacin combination therapy, SYNERGY, BESIDE, and SYNERGY II.

SYNERGY trial (N= 3527) [22] BESIDE trial (N = 2174) [17] SYNERGY II trial (N = 1829) [20]

Treatment
duration

12 wk (plus 4-wk run-in and 2-wk run-out periods) 12 wk following a 4-wk run-in period 12mo

Efficacy
parameters

UI episodes/
24h, meana

Micturitions/
24hb, mean

Volume voided/
micturition
(ml), meana

Patients with
zero UI
episodes,
n (%)

UI episodes/
24h,
meana

Volume
voided/

micturition
(ml), mean (SE)

Patients with
zero UI
episodes,
n (%)

UI episodes/
24h, mean

(SE)

Micturitions/
24hb, mean

(SE)

Volume
voided/

micturition
(ml), mean (SE)

Patients with
zero UI episodes,

n (%)

Change
from BL

Change
from BL

Change
from BL

– Change
from BL

Change
from BL

– Change
from BL

Change
from BL

Change
from BL

–

Placebo �1.34 �1.64 8.44 155 (37.6) – – – – – – –

M25 �1.70 �2.00 13.32 166 (40.6) – – – – – – –

M50 �1.76 �2.03 21.99 188 (46.3) – – – �1.6 (0.1) �2.1 (0.1) 21.8 (3.1) 144 (47.8)
S5 �1.79 �2.20 30.99 177 (42.9) �1.53 16.52 (1.97) 267 (37.9) �1.9 (0.1) �2.2 (0.1) 24.9 (3.1) 158 (53.2)
S10 – – – – �1.67 20.30 (1.97) 280 (40.2) – – – –

C1 (S5 +M25) �2.04 �2.49 34.84 417 (50.7) – – – – – – –

C2 (S5 +M50) �1.98 �2.59 39.73 426 (52.2) �1.80 28.05 (1.97) 325 (46.0) �2.0 (0.1) �2.6 (0.1) 37.7 (1.6) 696 (58.8)
C2 vs S5 p= 0.033c p = 0.006c p= 0.005c p= 0.009d p =0.001c p<0.001c p = 0.001c p= 0.002c p =0.004c p<0.001c p =0.080d

C2 vs S10 – – – – p =0.008 p= 0.005 p = 0.033 – – – –

C2 vs M50 p= 0.052 p<0.001 p<0.001 p= 0.023d – – – p<0.001 p<0.001 p<0.001 p<0.001d

BL =baseline; C1= combination 1—S5 +M25; C2 = combination 2—S5 +M50; M25=mirabegron 25mg; M50=mirabegron 50mg; N= total number of patients with OAB symptoms; OAB=overactive bladder; S10 = solifenacin
10mg; S5= solifenacin 5mg; SE = standard error; UI = urinary incontinence.
a Presented as a bar chart in original publication; values for mean specified on the chart but error bars provided only graphically.
b In BESIDE, the data for micturitions/24 h were available at baseline only: S5= 8.90, S10 =8.96, C2 = 9.12.
c p value for difference (combination vs monotherapy).
d p value from logistic regression model.

E
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A
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L
O
G
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7
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(2
0
1
9
)
7
6
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7
7
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Table 4 – Summary of HRQoL outcomes for phase III trials of mirabegron plus solifenacin combination therapy, SYNERGY, BESIDE, and SYNERGY IIa.

SYNERGY trial (N= 3527) [26] BESIDE trial (N =2174) [17,21] SYNERGY II trial (N = 1829) [20]

HRQoL
parameters

OAB-q
symptom
bother
score

OAB-q
HRQoL
total
score

PPBC
score

TS-VAS PGIC
general
health,

very much
improved (%)

OAB-q
symptom
bother
score

OAB-q
HRQoL
total
score

PPBC score Bladder
symptoms very
much/much
improvement
at EoT (%)

PGIC general
health, very
much/much
improved (%)

CGIC bladder
symptoms, very
much/much
improved (%)

OAB-q
symptom
bother
score

OAB-q
HRQoL
total
score

TS-VAS

Change
from BLb

Change
from BLb

Change
from BLb

Change
from BLb

– Change
from BLb

Change
from BLb

Change
from BLb

– – – Change
from BLb

Change
from BLb

Change
from BLb

Placebo �19.5 15.4 �0.9 1.4 8 – – – – – – – – –

M25 �23.9 18.9 �1.2 2.2 14 – – – – – – – – –

M50 �26.1 21.0 �1.3 2.2 15 – – – – – – �22.0 16.6 2.2
S5 �26.4 20.2 �1.3 2.3 14 �21.93 17.63 �1.2 63.4 51.9 64.8 �24.9 18.5 2.2
S10 – – – – – �23.59 17.40 �1.3 67.3 52.0 69.0 – – –

C1 (S5 +M25) �31.1 24.0 –1.5 2.5 20 – – – – – – –

C2 (S5 +M50) �32.2 24.3 –1.7 2.6 27 �26.89 20.78 –1.5 73.9 58.8 74.1 �29.5 21.3 2.7
C2 vs S5 p<0.001 p<0.001 p<0.001 p= 0.05 NR �4.96; p<0.001 3.15; p= 0.001 p<0.001 p<0.01 p= 0.01 p < 0.01 p<0.001 p = 0.01 p<0.001
C2 vs S10 – – – – – �3.30; p =0.001 3.38; p<0.001 p =0.004 p = 0.01 p= 0.01 p= 0.03 – – –

C1 vs M25 p<0.001 p<0.001 p<0.001 p= 0.008 NR – – – – – – –

C2 vs M50 p<0.001 p =0.002 p<0.001 p= 0.007 NR – – – – p<0.001 p<0.001 p<0.001

BL= baseline; C1 = combination 1—S5 +M25; C2 = combination 2—S5 +M50; CGIC =Clinician Global Impression of Change; EoT = end of treatment; EQ-5D-5 L = European Quality of Life-5 Dimensions; HRQoL=health-related
quality of life; M25=mirabegron 25mg; M50=mirabegron 50mg; NR=not reported; OAB-5D=Overactive Bladder-5 Dimensions; OAB-q =Overactive Bladder Questionnaire; PGIC = Patient Global Impression of Change;
PPBC=patient perception of bladder condition; S5= solifenacin 5mg; S10 = solifenacin 10mg; TS-VAS= treatment satisfaction visual analogue scale.
a Improvement in symptoms from baseline indicated by a greater reduction in OAB-q symptom bother score and PPBC score, and greater increases in OAB-q HRQoL total score, TS-VAS, EQ-5D-5 L, and OAB-5D.
b Mean adjusted change from BL to EoT.
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Fig. 2 – Adjusted change from baseline in the mean number of UI episodes/24h and micturitions/24h during follow-up (A and B) for 12wk in SYNERGY
[22] and (C and D) 12 mo in SYNERGY II [155_TD$DIFF][20]. EoT= end of treatment; LOCF= last observation carried forward; SE = standard error; UI =urinary
incontinence[156_TD$DIFF]. Reprinted from Gratzke C, van Maanen R, Chapple C, et al. Long-term safety and efficacy of mirabegron and solifenacin in combination
compared with monotherapy in patients with overactive bladder: a randomised, multicentre phase 3 study (SYNERGY II). Eur Urol 2018;74:501-9, with
permission from Elsevier.
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3.3.2. HRQoL for mirabegron-based combination therapy

HRQoL was evaluated in all three phase III studies using a
range of HRQoL tools. Results from the three studies
consistently showed a similar or greater improvement in
HRQoL for combination therapy versus mirabegron or
solifenacin monotherapy (Table 4 and Supplementary
Table S3). The minimally important difference is 10 for all
Overactive Bladder Questionnaire (OAB-q) subscales [165_TD$DIFF][33]. In
SYNERGY, both combinations (S5 +M50 and S5 +M25)
showed similar or greater improvements in all parameters
versus monotherapy (S5, M25, and M50) [26]. In BESIDE,
statistically significant (p<0.05) improvements over base-
line with S5 +M50 versus S5 or S10 were seen in all
measures assessed [17,21]. The mean adjusted differences
were �4.96 and �3.30 in symptom bother score (p�0.001)
and 3.15 and 3.38 in total HRQoL (p�0.001) for the
combination versus S5 and S10 groups, respectively. At EoT,
the OAB-5 Dimension score, Clinician Global Impression of
Change bladder symptoms score and Patient Global
Impression of Change general health score in the
S5+M50 combination group were significantly improved
compared with the S5 and S10 groups (p�0.01). Improve-
ments in the PROmeasures assessed in SYNERGY II over the
12-mo period were greater with combination therapy
(S5 +M50) versus M50 or S5 [20].
3.3.3. Safety outcomes for mirabegron-based combination therapy

Most TEAEs in all treatment groups in SYNERGY [22], BESIDE
[17], and the long-term safety study SYNERGY II [20] were
mild or moderate in severity. The incidences of dry mouth,
constipation, and UTIs were <10% in all studies across all
regimens (Table 5), and therewere no notable between-group
differences in vital signs, ECG parameters, or PVR volume. In
SYNERGY II, 47% of patients experienced one or more TEAEs
across all groups. Urinary retentionwas reported slightlymore
frequently in the combined therapy groups (0.9–1.2%) than in
the monotherapy (0.7% S5 only) and placebo (0%) groups in
SYNERGY, with a majority not requiring catheterisation.
In BESIDE, urinary retention was reported in 0.3% of patients
receiving combination therapy versus 0.1–0.7% of those
receiving monotherapy (no catheterisation required), and in
0.7% and 0.3% of patients in the combination and mono-
therapy groups, respectively, of SYNERGY II.

Cardiovascular (CV) AEs, vital signs, and ECG data were
collected prospectively for 3398 patients in SYNERGY
[29]. There were no clinically meaningful differences in
change from baseline in ECG parameters or QT [166_TD$DIFF]interval
corrected for Fridericia's correction formula (QTcF) pro-
longation between the monotherapies and placebo, and
between monotherapy and combination therapy. Increased
BP was reported in 62 (1.8%) patients, and the frequencies



Ta
b
le

5
–
Su

m
m
ar
y
o
f
k
ey

sa
fe
ty

d
at
a
fo
r
th

e
p
h
as

e
II
I
tr
ia
ls

o
f
m
ir
ab

eg
ro

n
p
lu
s
so

li
fe
n
ac

in
co

m
b
in
at
io
n
th

er
ap

y,
SY

N
E
R
G
Y,

B
E
SI
D
E
,a

n
d
SY

N
E
R
G
Y
(s
af
et
y
an

al
ys
is

se
ts
)
II
.

C
li
n
ic
al

tr
ia
l

SY
N
ER

G
Y
(N

=
33

98
)
[2
2]

B
ES

ID
E
(N

=
21

72
)
[1
7]

SY
N
ER

G
Y
II
(N

=
18

14
)
[2
0]

a

Tr
ea

tm
en

t
d
u
ra
ti
on

12
w
k
(p
lu
s
4-
w
k
ru

n
-i
n
an

d
2-
w
k
ru

n
-o
u
t
p
er
io
d
s)

12
w
k
fo
ll
ow

in
g
a
4-
w
k
ru

n
-i
n
p
er
io
d

12
m
o

TE
A
E

PV
R
vo

lu
m
e
(m

l)
TE

A
E

PV
R
vo

lu
m
e
(m

l)
TE

A
E

n
D
M
,

n
(%
)

C
on

s,
n
(%
)

U
TI
,

n
(%
)

n
M
ea

n
(S
D
)

ch
an

ge
fr
om

B
L
to

Eo
T

n
D
M
,

n
(%
)

C
on

s,
n
(%
)

U
TI
,

n
(%
)

n
M
ea

n
(S
D
)

ch
an

ge
fr
om

B
L
to

Eo
T

n
D
M
,

n
(%
)

C
on

s,
n
(%
)

U
TI
,

n
(%
)

Pl
ac
eb

o
42

9
8
(1
.9
)

6
(1
.4
)

21
(4
.9
)

41
0

�1
.0

(2
9.
4)

–
–

–
–

–
–

–
–

M
25

42
3

17
(4
.0
)

6
(1
.4
)

18
(4
.3
)

40
1

0.
7
(2
9.
1)

–
–

–
–

–
–

–
–

M
50

42
2

14
(3
.3
)

11
(2
.6
)

16
(3
.8
)

40
4

�0
.8

(3
0.
0)

–
–

–
–

30
5

12
(3
.9
)

3
(1
.0
)

11
(3
.6
)

S5
42

3
25

(5
.9
)

6
(1
.4
)

21
(5
.0
)

41
4

4.
8
(3
3.
3)

72
8

41
(5
.6
)

22
(3
.0
)

16
(2
.2
)

71
3

3.
0
(4
3.
5)

30
3

18
(5
.9
)

7
(2
.3
)

12
(4
.0
)

S1
0

–
–

–
–

–
–

71
9

68
(9
.5
)

34
(4
.7
)

20
(2
.8
)

70
7

7.
4
(5
4.
1)

–
–

–
–

C
1
(S
5
+
M
25

)
85

3
74

(8
.7
)

38
(4
.5
)

60
(7
.0
)

82
1

9.
0
(5
5.
0)

–
–

–
–

–
–

–
–

C
2
(S
5
+
M
50

)
84

8
61

(7
.2
)

31
(3
.7
)

4
4
(5
.2
)

81
5

11
.0

(5
4.
9)

72
5

43
(5
.9
)

33
(4
.6
)

17
(2
.3
)

70
6

5.
5
(5
1.
6)

12
06

74
(6
.1
)

40
(3
.3
)

41
(3
.4
)

B
L
=
ba

se
li
n
e;

C
1
=
co

m
bi
n
at
io
n

1—
S5

+
M
25

;
C
2
=
co

m
bi
n
at
io
n

2—
S5

+
M
50

;
C
on

s
=
co

n
st
ip
at
io
n
;
D
M

=
d
ry

m
ou

th
;
Eo

T
=
en

d
of

tr
ea

tm
en

t;
M
25

=
m
ir
ab

eg
ro
n

25
m
g;

M
50

=
m
ir
ab

eg
ro
n

50
m
g;

N
=
n
u
m
be

r
of

p
at
ie
n
ts

as
se
ss
ed

;
PV

R
=
p
os

tv
oi
d
re
si
du

al
;
S1

0
=
so

li
fe
n
ac
in

10
m
g;

S5
=
so

li
fe
n
ac
in

5
m
g;

SD
=
st
an

d
ar
d
d
ev

ia
ti
on

;
TE

A
E
=
tr
ea

tm
en

t-
em

er
ge

n
t
ad

ve
rs
e
ev

en
t;

U
TI

=
u
ri
n
ar
y
tr
ac
t
in
fe
ct
io
n
.

a
PV

R
vo

lu
m
e
re
p
or
te
d
in

te
xt

on
ly
:
“P
V
R
vo

lu
m
e
w
as

sl
ig
h
tl
y
h
ig
h
er

in
th
e
co

m
bi
n
at
io
n
gr
ou

p
co

m
p
ar
ed

w
it
h
bo

th
m
on

ot
h
er
ap

y
gr
ou

p
s
at

m
os

t
vi
si
ts
”.

E U RO P E AN U RO LOGY 76 ( 2 019 ) 76 7 – 7 7 9 775
were similar across combination andmirabegron treatment
groups. There were nominally more reports of increased BP
in the S5 group (2.6%). Other CV disorders were marginally
more frequent in the combination groups. Treatment-
emergent hypertension ranged from 0.7% in the M25 group
to 1.9% in the S5 group compared with 1.2% in the placebo
group. Overall, combination therapies showed similar rates
of CV AEs versus monotherapy.

A substudy of SYNERGY assessed BP and heart rate using
ambulatory BP monitoring in 715 patients [28]. Five
patients experienced clinically significant increases in
systolic BP (SBP): one each in the M25 (1.4%) and M50
(1.3%) groups, two (2.6%) in the S5 group, and one (0.7%) in
the S5+M25 group. Two patients, one each (1.3%) in the S5
and placebo groups, experienced clinically significant
increases in diastolic BP (DBP). Only one patient (1.3%) in
the M50 group experienced a potentially clinically signifi-
cant increase in heart rate.

CV safety outcomes reported from BESIDE were consistent
with those reported from SYNERGY [18]. The frequency of
hypertension, tachycardia, and ECG-QT prolongation was low
and similar across treatment groups. The adjusted mean
change from baseline to EoT in SBP, DBP, and pulse rate was
similar between treatment groups, with the exception of a
mean treatment difference of approximately 1mmHg in SBP
between the combination and S5 groups. The latter reflected
the fact that SBP was unchanged during combination
treatment and decreased during treatment with S5. The only
difference between the therapieswas in change frombaseline
in QTcF interval, which was higher with S10 (3.30ms) versus
combination (0.49ms) and S5 (0.77ms). The results indicated
that a combination of mirabegron and solifenacin does not
have any additive adverse effect on the CV system. None of
the observed changes were clinically significant.

3.4. Other studies of mirabegron plus antimuscarinic therapy

Three additional studies evaluated the clinical efficacy and
safety of combinations of mirabegron plus antimuscarinic
therapy in patients with moderate-to-severe OAB
(Tables 1 and 2) [24,27,30].

Kosilov et al. [24] reported efficacy outcomes for M50,
S10, and S10 +M50 in a randomised placebo-controlled
study in 239 treatment-experienced patients with OAB and
incontinence, aged >65yr, who received therapy for 6 wk.
In the S10 +M50 group, the urodynamic results were
significantly (p<0.05) different from the values in two
monotherapy groups. OAB-q scores improved marginally in
the S10, M50, and placebo groups, but showed much larger
improvement with combination therapy. The incidence of
AEs, including increases in BP, dry mouth, heart rate, and
dizziness, did not differ significantly for combination
therapy versus monotherapy.

A multicentre, open-label, phase IV study conducted in
Japan [30] evaluated the safety (primary endpoint) and
efficacy of mirabegron (25mg once daily for 16wk, with an
optional increase to 50mg at week 8) as an “add-on”
therapy in adults with OAB (n= 223) treated with solifena-
cin at a stable dose of 2.5 or 5mg once daily for at least 4wk.
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TEAEs, which were generally mild or moderate in severity,
were observed in 23.3% of patients, themost common being
constipation (6.3%) with no apparent dose-related changes.
An increase in the QTcF interval (>30 and �60ms) from
baseline to EoT was seen in three patients (1.4%), which was
not considered to be clinically significant. There were no
notable changes frombaseline in vital signs, ECG, laboratory
tests, and mean PVR volume in any group. At EoT, efficacy
evaluation indicated that the addition of mirabegron
resulted in a significant improvement in clinical outcomes
and PRO scores in all treatment groups (p<0.05).

Shin et al. [27] assessed the efficacy of low-dose add-on
antimuscarinic therapy (propiverine, 10mg for 8wk) in a
small group of patients with OAB (n =30; mean age, 62.3 yr)
who had a suboptimal response (patient perception of
bladder condition score �4) to 4wk of treatment with M50
monotherapy. Improvements in PRO scores (primary
endpoint) and clinical outcomes were observed after
8 wk of add-on therapy. Three patients reported mild dry
mouth, but therewere no reports of acute urinary retention.

3.5. Efficacy and safety of dual antimuscarinic therapy

(trospium plus solifenacin)

Five publications by Kosilov et al. [10–12,23,25] reported
the efficacy and safety of dual antimuscarinic therapy,
trospium plus solifenacin, in patients aged �65yr with
moderate-to-severe OAB symptoms. The first of these
publications [23] reported that trospium 60mg/d (T60) +
solifenacin 40mg/d (unlicensed dose; S40) given for 1 mo
provided effective maintenance therapy in women with
OAB who had already responded to the same regimen
administered for 6 wk as initial therapy (n= 229; mean age
66.3 yr). After 6 and 12 mo, improvements from baseline in
daily UI events, urgency episodes/d, number of micturi-
tions/d, and MVV/micturition were statistically significant
in patients receiving T60 + S40. In addition, significant
improvement in quality of life was reported in 78% of
patients due to regression of OAB symptoms by the end of
the follow-up period. A follow-up study [11] investigated
lower doses of trospium—30mg/d (T30) + S10 and trospium
15mg/d (T15) + S5—administered for 2 mo and showed
similar decreases in the frequency of UI episodes/d with
both doses in patients with moderate OAB symptoms
(n =177; mean age 69.4 yr). A third study compared [167_TD$DIFF]the
efficacy of T60+ solifenacin 20mg/d (unlicensed dose; S20)
or T30+ S10 given as three 8-wk cycles separated by an 8-
wk interval and that of T30 + S10 given continuously for 1 yr
in patients with severe OAB (n=341; mean age 69.9 yr)
[25]. While all three regimens provided effective control for
up to 12mo andwerewell tolerated, compliancewas higher
for the cyclic regimens. In a further study, a one-cycle
regimen of T60+ S20 provided prolonged symptom control
for up to 6 mo in patients with moderate symptoms,
whereas a two-cycle regimen was required to provide
sustained symptom control in patients with severe symp-
toms (n= 313; mean age 68.6 yr) [10]. The fifth study
(n =327; median age 69.1 yr) [12] reported that a 6-wk
course of T30+ S10 or T60+ S20 provided effective control in
patients with moderate or severe OAB symptoms, respec-
tively, who had previously experienced unsuccessful anti-
muscarinic treatment.

3.6. Discussion

The results of this rapid evidence assessment highlight a
substantial body of evidence supporting the efficacy of
mirabegron plus solifenacin combination/add-on therapy
for the treatment of OAB versus either agent as mono-
therapy, as demonstrated in three phase III studies
(SYNERGY [22], BESIDE [17], and SYNERGY II [20]). Both
12-wk trials (SYNERGY and BESIDE) consistently reported
numerical improvements in clinical outcomes for combi-
nation therapy versus monotherapy, most of which were
statistically significant. In addition, the greater improve-
ments in clinical outcomes for combination therapy versus
monotherapy were found to be sustained over 12 mo of
therapy in SYNERGY II. Improvements in HRQoL measures
over the 12wk of treatment in SYNERGY and BESIDE were
also similar to or greater than that for combination therapy
versus monotherapy. These improvements in symptoms
were achieved without significant safety concerns or
clinically meaningful increases in the incidence of AEs.
Results from these three studies are supported by results
from three smaller studies, two of which investigated either
mirabegron as add-on therapy to solifenacin [30] or another
antimuscarinic therapy, propiverine, as add-on therapy to
mirabegron [27]. These results indicate that combining
mirabegron with a low-dose antimuscarinic provides
improved efficacy without adding to the burden of typical
antimuscarinic-related side effects that may accompany
high-dose treatment. The evidence confirms that this
regimen can provide a valuable treatment option for
patients with OAB who do not achieve adequate response
to antimuscarinic monotherapy; it may also limit the
anticholinergic burden for elderly patients with OAB.
Recently, the MILAI II study [168_TD$DIFF][34] provided supporting
evidence that add-on therapy with an antimuscarinic drug
(solifenacin, propiverine, imidafenacin, or tolterodine) was
well tolerated and effective in patients with residual OAB
symptoms following 6 wk of treatment with mirabegron.

Approximately 50% of patients included in SYNERGYand
SYNERGY II, and 68% of patients in BESIDE had received OAB
medication prior to entering the trials. In SYNERGY,
treatment benefit for combination therapy versus mono-
therapy was numerically greater in patients who had
received prior therapy [22], suggesting that the benefits of
combination therapy are not limited to patients who are
treatment naïve. The efficacy data reported for BESIDE
where patients who remained incontinent after 4 wk of S5
treatment received mirabegron add-on therapy further
suggest that the benefits of mirabegron combination
therapy are seen in patients who had previously received
antimuscarinic therapy. In all three studies, clinical efficacy
of the combination seemed to be additive at the tested
doses.

Importantly, improvements in efficacywith combination
therapy over monotherapy appear to be similar between
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older (>65 or >75yr) and younger age groups, according to
data from BESIDE [17]. Furthermore, the incidence of AEs
was generally similar across treatment groups and age,
although the incidence of overall TEAEs was numerically
higher in the S10 group, particularly in the older age cohorts
(>65 and >75yr). These data suggest that combination
therapy iswell tolerated in elderly patients andmay offer an
advantage over higher doses of antimuscarinic monother-
apy. Although improvements in the monotherapy subgroup
may be considered low, they fall well within the 95% CI of
the main effect in the overall population. Moreover, the
study was not designed to assess treatment effect in
treatment-naïve patients, so indeed robust evidence has not
been provided.

In agreement with the findings from these studies,
treatment guidelines for the management of OAB recom-
mend combination therapy involving mirabegron and an
antimuscarinic agent as an option for patients who do not
achieve a satisfactory response to monotherapy. For
example, the AUA 2015 guidelines suggest that combination
therapy should be used when monotherapy fails or in
patients with refractory symptoms [8]. EAU 2019 guidelines
recommend that “if an antimuscarinic treatment proves
ineffective, consider dose escalation or offering an alterna-
tive antimuscarinic formulation or mirabegron or a
combination” and note that patients inadequately treated
with S5 may benefit more from the addition of mirabegron
than solifenacin dose escalation [5]. Furthermore, following
the publication of the SYNERGY and BESIDE trial results,
updated AUA guidelines (April 2019) recommend the use of
combination treatment (antimuscarinic and [169_TD$DIFF]b3-adrenor-
eceptor agonist) in patients refractory to either mono-
therapy [170_TD$DIFF][35]. This, in addition to EAU treatment guidelines
already recommending combination treatment for OAB,
provides clear guidance on combination treatment use.

Results from the publications identified in this review
suggest that M50+ S5 is an effective combination for
patients with OAB for whom monotherapy is inadequate
and may thus be an alternative to dose escalation of
antimuscarinic agents. Achieving effective control with
pharmacotherapy also obviates the need for escalation to
more invasive therapies such as neuromodulation and
botulinum toxin injections, and is beneficial to patients
across all age groups.

The review also identified five studies investigating
combination therapy consisting of two antimuscarinic
drugs [171_TD$DIFF][10–12,23,25]. Although these studies were generally
small and, in some cases, involved unlicensed doses, they
suggest that dual antimuscarinic therapymay be effective in
elderly patients with moderate-to-severe symptoms. How-
ever, as only one small study has reported the efficacy of
two antimuscarinics (including the use of an unlicensed
dose) in patients refractory to initial antimuscarinic
treatment, it is not possible to conclude whether such a
combination is effective or safe in the long term, as such
combination treatment cannot be recommended. Addition-
al studies are, therefore, warranted to further investigate
the effectiveness and long-term safety of this combination
treatment. A phase IIb placebo-controlled study recently
reported that once-daily vibegron 100mg monotherapy
was efficacious and well tolerated as monotherapy and in
combination with tolterodine ER 4mg, but with no
additional benefits for combination therapy [172_TD$DIFF][36].

Although this is a robust and rigorous methodology, the
shortened timelines for the rapid review may impact the
overall scale and scope of the search, resulting in the
possible omission of relevant studies. However, certain
steps (such as the hand-searching references in previously
published literature reviews) minimises this limitation [173_TD$DIFF]

[37]. A limitation of the findings of this review is that all the
evidence for the efficacy and safety of mirabegron plus
solifenacin comes from interventional clinical trials in
which the patients may not be fully representative of
patients in routine clinical practice, for example, with
respect to age and comorbidities. No real-world studies
were identified; such studies are likely to reflect clinical
practice realities, such as medication discontinuation, more
closely. However, all five sponsored trials were multicentre,
and the findings of the two independent studies were
consistent with those of the sponsored trials. Furthermore,
the patient populations involved different races, patients
with different degrees of symptom severity, and those
having received different prior treatments. The evidence
presented herewas identified through the performance of a
rigorous systematic literature search, and most (>70%) of
the 21 identified publications were rated as being of
moderate or high quality.

4. Conclusions

Evidence from this review indicates that the combination of
mirabegron (50mg) and solifenacin (5mg) provides an
effective and well-tolerated treatment option in adult
patients with inadequate control of OAB symptoms on
monotherapy as well as in treatment-naïve patients.
Clinically meaningful improvements in symptoms were
accompanied by gains in HRQoL, and both were found to be
sustained through treatment for up to 12 mo. Combination
therapy with an antimuscarinic plus mirabegron therefore
seems to be a dependable option for replacingmonotherapy
inpatientswith persistent OAB symptoms. Although further
studies are required concerning treatment with two
antimuscarinics, limited evidence suggests that this option
may be effective in patients with moderate-to-severe OAB
symptoms, although no long-term safety data are currently
available. Further studies may help characterise patients
who could benefit from initiating combination therapy
early in the course of their condition.
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