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and Patient Perception of Bladder Condition score), and 
responders achieving minimally important differences 
(MIDs) in PROs and predetermined clinically meaning-
ful improvements in efficacy (e.g. <8 micturitions/24 h). 
Changes in PROs and responders were analysed using an 
ANCOVA model and logistic regression, respectively.
Results The Full Analysis Set included 1278 patients. 
Combination therapy of solifenacin 5/10 mg + mira-
begron 25/50 mg significantly improved PROs versus 
solifenacin 5 mg and placebo, and significantly more 
responders achieved MIDs in PROs and efficacy. Micturi-
tion frequency normalization was approximately twofold 
greater with 10 + 25 mg (OR 2.06 [95 % CI 1.11, 3.84; 
p = 0.023]) and 5 + 50 mg (OR 1.91 [95 % CI 1.14, 3.21; 
p = 0.015]) versus solifenacin 5 mg.
Conclusion Combining mirabegron 25/50 mg and solif-
enacin 5/10 mg improves objective and subjective efficacy 
outcomes compared with placebo or solifenacin 5 mg.

Keywords Mirabegron · Solifenacin · Combination 
therapy · Patient-reported outcomes · Responder analyses · 
SYMPHONY

Introduction

The symptoms of overactive bladder (OAB; urinary 
urgency, often accompanied by increased daytime fre-
quency and nocturia, with or without urgency incontinence 
[1, 2]) have a detrimental effect on a patient’s daily activi-
ties and quality of life (QoL) [3, 4], which encompasses 
socio-demographic, clinical, and psychological factors. 
This underlines the importance of evaluating the patient’s 
perception of effectiveness of a treatment [5], since 
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meaningful improvements in their QoL contribute to long-
term persistence with treatment [6].

In OAB trials, the conventional approach to meas-
ure efficacy involves patient-recorded bladder diaries 
that are used to calculate mean change from baseline in 
OAB symptoms over a given period. Subjective patient-
reported outcomes (PROs), in which health-related QoL 
(HRQoL) and the patient’s perception of symptom bother 
are assessed using validated health questionnaires, comple-
ment these objective efficacy assessments. The Overactive 
Bladder Questionnaire (OAB-q) and Patient Perception of 
Bladder Condition (PPBC) are robust, validated tools that 
are routinely used in OAB trials, and are highly responsive 
to improvements in efficacy assessed using bladder diaries 
[7–10]. While it is desirable to show a statistically signifi-
cant treatment effect both objectively and subjectively, it is 
of greater importance to demonstrate that the magnitude of 
the effect is clinically meaningful to patients. This can be 
achieved using responder analyses, whereby a continuous 
efficacy variable (e.g. micturition frequency) or PRO (e.g. 
OAB-q) is categorized into a binary variable (‘responder’ 
or ‘non-responder’) according to a predefined cut-off point. 
Efficacy responders are identified according to symptom 
resolution or ‘normalization’ (e.g. <8 micturitions/24 h) 
or accepted definitions of clinically important improve-
ments e.g. a 50 % reduction in daily urinary incontinence 
episodes [11, 12]. A daily urinary frequency of ≥8 is asso-
ciated with a significant negative impact on HRQoL and 
symptom bother compared with participants experiencing a 
daily urinary frequency <8 [12]; consequently, micturition 
frequency normalization is defined as a daily frequency <8. 
For PRO responders, a 1- or 2-point improvement in PPBC, 
and a 10-point improvement in OAB-q, was identified as 
being a minimally important difference [9, 13–15] (MID; 
defined as ‘the smallest difference in score in the domain 
of interest that patients perceive as beneficial and which 
would mandate, in the absence of troublesome side effects 
and excessive costs, a change in patient management’) [16].

Combining efficacy and PRO variables, into a compos-
ite responder analysis, overcomes potential heterogeneity 
in response between these variables, and identifies patients 
simultaneously achieving clinically important improve-
ments, both symptomatically and subjectively.

Antimuscarinics (e.g. solifenacin) and the 
β3-adrenoceptor agonist, mirabegron, the two classes of 
oral pharmacotherapies used to treat OAB, exhibit simi-
lar efficacy, but unlike antimuscarinics, mirabegron is not 
associated with anticholinergic side effects [17]. Patients 
are usually initiated on an antimuscarinic, with dose escala-
tion or change of antimuscarinic if symptom improvement 
is inadequate. However, dose escalation increases anticho-
linergic burden, the risk of bothersome side effects and 

treatment discontinuation [18, 19]. Using a combination of 
mirabegron and antimuscarinic may improve efficacy with-
out compromising tolerability, thus promoting treatment 
persistence.

SYMPHONY (NCT01340027) was a Phase II, rand-
omized, double-blind, factorial design, dose-ranging, pla-
cebo- and monotherapy-controlled study that investigated 
the efficacy and safety of combinations of solifenacin 
(2.5/5/10 mg) plus mirabegron (25/50 mg). Combination 
therapy significantly improved mean volume voided, mictu-
rition frequency, and urgency versus solifenacin 5 mg mono-
therapy, without increasing bothersome adverse events [20]. 
The objective of this prespecified secondary analysis was to 
evaluate PROs (OAB-q and PPBC) utilized in the study and 
identify patients achieving clinically relevant improvements 
in objective measures of symptom severity (incontinence 
episodes and micturition frequency) and PROs. Combina-
tions (2.5/5/10 + 25/50 mg) and their respective monothera-
pies were compared with placebo and solifenacin 5 mg (the 
recommended starting dose in clinical practice) [21].

Patients and methods

Study design

Male and female patients aged ≥18 years with OAB for 
≥3 months were screened for eligibility (Supplementary 
Table 1). Following a 2-week, single-blind placebo run-
in period to washout prohibited medications and existing 
OAB medications (prior use of solifenacin or mirabegron 
was not excluded), patients with ≥8 micturitions/24 h and 
≥1 urgency episode/24 h (with or without incontinence), 
based on a 3-day electronic patient bladder diary, were 
randomized (Supplementary File 1) in a 2:1 ratio to one of 
12 treatment groups of primary and secondary interest for 
12 weeks (Supplementary Fig. 1). The patient diary was 
completed daily for 3 consecutive days prior to study visits 
at baseline, and during weeks 2, 4, 8, and 12, to record mic-
turition frequency, volume voided, urgency severity, and 
incontinence episodes.

Patient‑reported outcomes

PROs were assessed using an electronic diary to complete 
the OAB-q at baseline and weeks 4, 8, and 12, and the 
PPBC questionnaire at baseline and week 12. The OAB-q 
consists of an 8-item Symptom Bother scale (0–100; lower 
scores indicate better QoL) and 25-item HRQoL scale 
(0–100; higher scores indicate better QoL) [22]. The PPBC 
consists of a 6-point Likert scale ranging from 1 (‘no prob-
lems at all’) to 6 (‘many severe problems’) [9].
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Efficacy responder analyses

Responder analyses were conducted at weeks 2, 4, 8, and 
12. There were three predefined efficacy responses, one 
based on micturition frequency (patients with ≥8 mic-
turitions/24 h at baseline and ≤8 micturitions/24 h post-
baseline, and a reduction from baseline) and two based on 
incontinence (patients who were incontinent at baseline 
and became continent during treatment, and patients with 
a ≥50 % reduction in incontinence episodes/24 h during 
treatment).

Patient‑reported outcome responder analyses

Individual PRO responder analyses were based on MIDs 
from baseline in the PPBC (≥1-point or ≥2-point improve-
ment), and the OAB-q (≥10-point improvement in Symp-
tom Bother or total HRQoL).

Exploratory responder analyses: double/triple 
responders

Five composite responder analyses were explored post hoc 
based on the proportion of patients who achieved micturi-
tion frequency normalization plus MIDs in either one PRO 
(OAB-q [Symptom Bother or HRQoL] or PPBC): a ‘dou-
ble responder’, or two PROs (PPBC and OAB-q [Symptom 
Bother or HRQoL]): a ‘triple responder’.

Statistical analyses

This study was planned with 140 evaluable patients in 
each primary interest group (solifenacin 5 mg; solifena-
cin 2.5/5 mg + mirabegron 25/50 mg), and 70 evaluable 
patients in each secondary interest group (placebo; solif-
enacin 2.5 mg; solifenacin 10 mg; mirabegron 25 mg; mira-
begron 50 mg; solifenacin 10 mg + mirabegron 25/50 mg). 
Sample size was calculated according to the primary effi-
cacy analysis [20], based on treatment differences versus 
placebo in previous studies [23–26]. Assuming drop-out 
rates of 20 % during screening and 10 % after the 2:1 rand-
omization to primary or secondary interest groups, approxi-
mately 1658 patients had to be enrolled to have 1190 evalu-
able patients. Randomization was stratified by sex, age 
(<65 years and ≥65 years), and geographic region (Western 
Europe and Eastern Europe).

Changes from baseline in OAB-q and PPBC were ana-
lysed using an ANCOVA model that included mirabegron 
dose (0, 25, and 50 mg), solifenacin dose (0, 2.5, 5, and 
10 mg) and their corresponding dose combination interac-
tion term to reflect the factorial design. The model further 
included the main factors of sex, age group, and geographic 
region, and baseline measurement as a covariate. The 

ANCOVA model presented least squares mean estimates 
and 2-sided 95 % confidence intervals (CIs) for mean 
changes from baseline within each treatment combination 
group.

The proportion of efficacy and PRO responders in 
monotherapy and combination groups was compared with 
placebo and solifenacin 5 mg and summarized using point 
estimates and two-sided 95 % CIs, based on normal approx-
imation. Nominal p values for the odds ratios between rel-
evant combination groups were calculated based on logistic 
regression analyses adjusting for treatment combination 
group, sex, age group, geographic region, and baseline 
measurement. Patients missing an efficacy measurement 
for a responder analysis at a scheduled week or at end of 
treatment (EoT) were excluded from the analysis for that 
visit.

PROs (PPBC and OAB-q), their respective responder 
analyses, and the micturition frequency responder analysis 
were assessed in the Full Analysis Set (FAS); randomized 
patients who received ≥1 dose of study drug and had vol-
ume voided measurements in a 3-day micturition diary at 
baseline and ≥1 post-baseline diaries. Responder analyses 
based on incontinence were assessed in the Full Analysis 
Set-Incontinence (FAS-I); FAS patients with ≥1 inconti-
nence episode at baseline.

Results

Patient demographics and baseline characteristics

Overall 1306 patients were randomized and received dou-
ble-blind medication (Supplementary Fig. 2); 1278 and 281 
patients were included in the FAS and FAS-I, respectively. 
A total of 67 (5.1 %) patients, distributed equally across 
the treatment groups, discontinued the study; primary rea-
sons for discontinuation included withdrawal by patient 
(n = 27 [2.1 %]), adverse events (n = 18 [1.4 %]), and pro-
tocol violation (n = 14 [1.1 %]). Demographic and base-
line characteristics were generally consistent across groups. 
Approximately 20 % of patients were incontinent at base-
line; patients receiving placebo recorded the lowest number 
of incontinence and micturition episodes (Table 1). Base-
line PROs indicated moderate-to-severe levels of Symptom 
Bother, HRQoL, and PPBC (Table 2).

Patient‑reported outcomes

In the FAS, at EoT, the 5 + 25 mg and 5 + 50 mg combina-
tions of primary interest significantly improved PPBC versus 
placebo and solifenacin 5 mg (p < 0.05) (Table 2). Significant 
improvements in the Symptom Bother score were evident 
for three combinations of primary interest (2.5 + 50 mg, 
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Table 1  Patient demographics and baseline characteristics (FAS)

*p < 0.05

FAS population, n Placebo Mirabegron Mirabegron Solifenacin Solifenacin Solifenacin

25 mg 50 mg 2.5 mg 5 mg 10 mg

80 76 77 77 150 76

Female, n (%) 53 (66.3) 50 (65.8) 51 (66.2) 51 (66.2) 100 (66.7) 52 (68.4)

Caucasian, n (%) 80 (100) 76 (100) 77 (100) 76 (98.7) 150 (100) 75 (98.7)

Mean age, years (SD) 54.7 (13.4) 55.0 (14.5) 53.6 (14.0) 56.3 (11.8) 54.1 (15.5) 55.0 (12.8)

Mean BMI, kg/m2 (SD) 27.1 (3.6) 26.4 (4.0) 26.6 (3.6) 27.2 (4.9) 26.3 (3.9) 27.2 (3.8)

Type of OAB, n (%)*

 Urgency incontinence 14 (17.9) 27 (36.0) 18 (23.7) 17 (22.4) 38 (25.5) 19 (25.0)

 Mixed stress/urgency incontinence 9 (11.5) 8 (10.7) 10 (13.2) 10 (13.2) 25 (16.8) 11 (14.5)

 Frequency/urgency without incontinence 55 (70.5) 40 (53.3) 48 (63.2) 49 (64.5) 86 (57.7) 46 (60.5)

Duration of OAB symptoms, months (SD) 48.5 (38.6) 60.6 (68.6) 57.3 (67.0) 55.1 (60.4) 62.9 (79.5) 53.5 (57.3)

Previous OAB medication, n (%) 40 (50.0) 42 (55.3) 38 (49.4) 29 (37.7) 70 (46.7) 29 (38.2)

Number of micturitions/24 h (SD) 10.4 (2.0) 11.3 (2.6) 10.8 (2.3) 11.1 (3.1) 11.4 (3.2) 11.3 (2.9)

FAS-I population, n 17 13 18 15 35 15

Number of incontinence episodes/24 h, (SD) 1.0 (0.8) 1.9 (1.6) 1.3 (1.0) 1.8 (1.2) 1.3 (1.2) 1.4 (1.3)

FAS population, n Solifenacin 
2.5 mg + mirabe-
gron 25 mg

Solifenacin 
2.5 mg + mirabe-
gron 50 mg

Solifenacin 
5 mg + mirabe-
gron 25 mg

Solifenacin 
5 mg + mirabe-
gron 50 mg

Solifenacin 
10 mg + mirabe-
gron 25 mg

Solifenacin 
10 mg + mirabe-
gron 50 mg

146 147 141 150 78 80

Female, n (%) 100 (68.5) 98 (66.7) 92 (65.2) 100 (66.7) 51 (65.4) 53 (66.3)

Caucasian, n (%) 146 (100) 146 (99.3) 141 (100) 150 (100) 78 (100) 80 (100)

Mean age, years 
(SD)

56.0 (13.7) 53.8 (14.6) 55.2 (14.5) 54.0 (14.2) 56.6 (12.5) 55.3 (13.8)

Mean BMI, kg/m2 
(SD)

26.6 (4.1) 26.5 (4.0) 26.3 (3.8) 26.5 (3.7) 27.1 (3.3) 26.3 (3.3)

Type of OAB, n (%)*

 Urgency inconti-
nence

40 (27.6) 33 (22.6) 35 (24.8) 35 (23.3) 22 (28.2) 20 (25.3)

 Mixed stress/
urgency incon-
tinence

21 (14.5) 19 (13.0) 18 (12.8) 18 (12.0) 13 (16.7) 10 (12.7)

 Frequency/
urgency with-
out inconti-
nence

84 (57.9) 94 (64.4) 88 (62.4) 97 (64.7) 43 (55.1) 49 (62.0)

Duration of OAB 
symptoms, 
months (SD)

56.7 (68.6) 57.0 (67.3) 55.8 (85.4) 57.8 (82.2) 65.8 (102.3) 58.0 (80.5)

Previous OAB 
medication, n 
(%)

73 (50.0) 65 (44.2) 64 (45.4) 71 (47.3) 42 (53.8) 40 (50.0)

Number of mictu-
ritions/24 h (SD)

11.2 (3.6) 11.0 (2.3) 10.9 (2.3) 11.3 (3.1) 11.1 (2.2) 11.2 (2.4)

FAS-I population, n 35 33 32 24 24 20

Number of 
incontinence 
episodes/24 h, 
(SD)

1.3 (1.1) 1.1 (0.8) 1.2 (1.1) 1.2 (1.2) 1.5 (1.2) 1.3 (0.9)
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Table 2  Change from baseline to EoT in patient-reported outcomes: OAB-q and PPBC (FAS)

OAB-q Symptom Bother Placebo Mirabegron 25 mg Mirabegron 50 mg Solifenacin 2.5 mg Solifenacin 5 mg Solifenacin 10 mg

n = 79 n = 75 n = 76 n = 77 n = 150 n = 75

Baseline (SE) 52.6 (2.14) 56.3 (2.12) 55.1 (2.06) 58.7 (2.30) 55.3 (1.66) 54.2 (2.23)

EoT (SE) 29.4 (2.17) 29.1 (2.23) 28.3 (2.01) 27.3 (2.33) 29.1 (1.67) 25.5 (2.00)

Adjusted change  
from baseline (SE)  
[95 % CI]

−25.5 (1.96) −27.1 (2.01) −27.5 (2.00) −29.8 (1.99) −26.8 (1.42) −29.9 (2.01)

[−29.4, −21.7] [−31.1, −23.2] [−31.4, −23.6] [−33.7, −25.9] [−29.5, −24.0] [−33.8, −25.9]

Adjusted difference  
versus solifenacin 5 mg 
(SE) [95 % CI] p value

– – – – – −3.1 (2.47)

[−8.0, 1.7]

p = 0.21

Adjusted difference  
versus placebo (SE)  
[95 % CI] p value

– −1.6 (2.81) −2.0 (2.80) −4.3 (2.80) −1.2 (2.42) −4.4 (2.81)

[−7.1, 3.9] [−7.5, 3.5] [−9.8, 1.2] [−6.0, 3.5] [−9.9, 1.2]

p = 0.56 p = 0.48 p = 0.13 p = 0.61 p = 0.12

OAB-q Symptom Bother Solifenacin 
2.5 mg + mirabe-
gron 25 mg

Solifenacin 
2.5 mg + mirabe-
gron 50 mg

Solifenacin 5 mg + 
mirabegron 25 mg

Solifenacin 
5 mg + mirabe- 
gron 50 mg

Solifenacin 
10 mg + mirabe-
gron 25 mg

Solifenacin 
10 mg + mirabe-
gron 50 mg

n = 144 n = 145 n = 139 n = 146 n = 78 n = 78

Baseline (SE) 55.5 (1.65) 57.7 (1.58) 56.1 (1.74) 56.2 (1.47) 57.1 (1.87) 58.3 (1.90)

EoT (SE) 27.8 (1.63) 25.0 (1.49) 24.2 (1.50) 22.7 (1.48) 23.0 (2.04) 25.4 (2.00)

Adjusted change  
from baseline (SE)  
[95 % CI]

−28.0 (1.45) −31.7 (1.45) −32.0 (1.48) −33.5 (1.44) −33.6 (1.97) −31.4 (1.97)

[−30.9, −25.2] [−34.5, −28.8] [−34.9, −29.1] [−36.3, −30.7] [−37.4, −29.7] [−35.3, −27.5]

Adjusted difference  
versus solifenacin 5 mg 
(SE) [95 % CI] p value

−1.3 (2.03) −4.9 (2.03) −5.2 (2.05) −6.7 (2.03) −6.8 (2.43) −4.7 (2.44)

[−5.2, 2.7] [−8.9, −0.9] [−9.3, −1.2] [−10.7, −2.8] [−11.6, −2.0] [−9.4, 0.1]

p = 0.54 p = 0.016* p = 0.011* p < 0.001* p = 0.005* p = 0.056

Adjusted difference  
versus placebo (SE)  
[95 % CI] p value

−2.5 (2.44) −6.1 (2.44) −6.5 (2.46) −8.0 (2.44) −8.0 (2.78) −5.9 (2.79)

[−7.3, 2.3] [−10.9, −1.3] [−11.3, −1.7] [−12.8, −3.2] (−13.5, −2.6) (−11.4, −0.4)

p = 0.31 p = 0.012* p = 0.008* p = 0.001* p = 0.004* p = 0.035*

OAB-q Total HRQoL Placebo Mirabegron 25 mg Mirabegron 50 mg Solifenacin 2.5 mg Solifenacin 5 mg Solifenacin 10 mg

n = 79 n = 75 n = 76 n = 77 n = 150 n = 75

Baseline (SE) 60.2 (2.28) 56.4 (2.40) 60.0 (2.33) 56.4 (2.30) 55.5 (1.75) 53.5 (2.53)

EoT (SE) 79.5 (2.01) 76.1 (2.13) 80.6 (2.13) 80.5 (2.24) 77.1 (1.70) 78.2 (2.24)

Adjusted change  
from baseline (SE)  
[95 % CI]

22.0 (1.83) 20.2 (1.88) 23.1 (1.87) 24.6 (1.85) 21.6 (1.33) 23.5 (1.88)

[18.4, 25.6] [16.5, 23.9] [19.4, 26.8] [21.0, 28.2] [19.0, 24.2] [19.8, 27.2]

Adjusted difference  
versus solifenacin 5 mg 
(SE)  
[95 % CI] p value

– – – – – 1.9 (2.30)

[−2.6, 6.4]

p = 0.41

Adjusted difference  
versus placebo (SE)  
[95 % CI] p value

– −1.8 (2.62) 1.1 (2.61) 2.6 (2.60) −0.3 (2.26) 1.5 (2.62)

[−6.9, 3.4] [−4.0, 6.2] [−2.5, 7.7] [−4.8, 4.1] [−3.6, 6.7]

p = 0.50 p = 0.67 p = 0.31 p = 0.88 p = 0.56

OAB-q Total HRQoL Solifenacin 
2.5 mg + mira-
begron 25 mg

Solifenacin 
2.5 mg + mirabe-
gron 50 mg

Solifenacin 
5 mg + mirabe-
gron 25 mg

Solifenacin 
5 mg + mirabegron 
50 mg

Solifenacin 
10 mg + mirabe-
gron 25 mg

Solifenacin 
10 mg + mirabe-
gron 50 mg

n = 144 n = 145 n = 139 n = 146 n = 78 n = 78

Baseline (SE) 55.5 (1.78) 52.8 (1.61) 57.1 (1.79) 55.7 (1.69) 53.8 (2.34) 50.4 (2.38)

EoT (SE) 78.4 (1.65) 80.3 (1.41) 82.5 (1.49) 84.0 (1.31) 82.2 (2.19) 80.3 (1.98)

Adjusted change from  
baseline (SE) [95 % CI]

22.7 (1.35) 26.0 (1.35) 26.4 (1.38) 28.4 (1.34) 27.4 (1.84) 27.0 (1.84)

[20.1, 25.4] [23.4, 28.7] [23.7, 29.1] [25.8, 31.0] [23.8, 31.1] (23.4, 30.6)
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5 + 25 mg, and 5 + 50 mg) versus placebo and solifenacin 
5 mg (p < 0.05). Significant improvements in total HRQoL 
were observed with the 5 + 50 mg combination of primary 

interest versus placebo, and for three combinations of pri-
mary interest (2.5 + 50 mg, 5 + 25 mg, and 5 + 50 mg) ver-
sus solifenacin 5 mg (p < 0.05).

*Statistically significantly superior compared with solifenacin 5 mg or placebo, as appropriate

The Symptom Bother score ranged from 0 to 100 (i.e. 100 = worst severity). A negative change in the Symptom Bother score indicated an 
improvement. For the health-related quality of life scores, higher scores indicated a better quality of life; a positive change indicated an improve-
ment

Table 2  continued

OAB-q Total HRQoL Solifenacin 
2.5 mg + mira-
begron 25 mg

Solifenacin 
2.5 mg + mirabe-
gron 50 mg

Solifenacin 
5 mg + mirabe-
gron 25 mg

Solifenacin 
5 mg + mirabegron 
50 mg

Solifenacin 
10 mg + mirabe-
gron 25 mg

Solifenacin 
10 mg + mirabe-
gron 50 mg

n = 144 n = 145 n = 139 n = 146 n = 78 n = 78

Adjusted difference versus 
solifenacin 5 mg (SE) 
[95 % CI] p value

1.1 (1.90) 4.4 (1.89) 4.8 (1.91) 6.8 (1.89) 5.8 (2.27) 5.4 (2.27)

[−2.6, 4.8] [0.7, 8.1] [1.0, 8.5] [3.1, 10.5] [1.4, 10.3] [0.9, 9.8]

p = 0.57 p = 0.021* p = 0.013* p < 0.001* p = 0.011*` p = 0.018*

Adjusted difference  
versus placebo (SE) 
[95 % CI] p value

0.7 (2.28) 4.0 (2.28) 4.4 (2.29) 6.4 (2.27) 5.5 (2.60) 5.0 (2.60)

[−3.7, 5.2] [−0.4, 8.5] [−0.1, 8.9] (2.0, 10.9) (0.4, 10.6) (−0.1, 10.1)

p = 0.74 p = 0.078 p = 0.055 p = 0.005* p = 0.036* p = 0.053

PPBC Placebo Mirabegron 25 mg Mirabegron 50 mg Solifenacin 2.5 mg Solifenacin 5 mg Solifenacin 10 mg

n = 78 n = 73 n = 76 n = 75 n = 147 n = 73

Baseline (SE) 4.5 (0.12) 4.8 (0.11) 4.6 (0.11) 4.6 (0.12) 4.7 (0.08) 4.8 (0.12)

EoT (SE) 3.2 (0.13) 3.4 (0.13) 3.2 (0.15) 3.1 (0.14) 3.4 (0.11) 3.2 (0.15)

Adjusted change from 
baseline (SE)  
[95 % CI]

−1.4 (0.14) −1.4 (0.14) −1.5 (0.14) −1.5 (0.14) −1.3 (0.10) −1.5 (0.14)

[−1.6, −1.1] [−1.6, −1.1] [−1.7, −1.2] [−1.8, −1.3] [−1.5, −1.2] [−1.8, −1.2]

Adjusted difference  
versus solifenacin 5 mg 
(SE) [95 % CI] p value

– – – – – −0.1 (0.17)

[−0.5, 0.2]

p = 0.38

Adjusted difference versus 
placebo (SE) [95 % CI] 
p value

– 0.0 (0.20) −0.1 (0.19) −0.1 (0.19) 0.0 (0.17) −0.1 (0.20)

[−0.4, 0.4] [−0.5, 0.3] [−0.5, 0.2] [−0.3, 0.4] [−0.5, 0.3]

p = 0.99 p = 0.67 p = 0.44 p = 0.88 p = 0.53

PPBC Solifenacin 
2.5 mg + mira-
begron 25 mg

Solifenacin 
2.5 mg + mirabe-
gron 50 mg

Solifenacin 
5 mg + mirabe-
gron 25 mg

Solifenacin 
5 mg + mirabe-gron 
50 mg

Solifenacin 
10 mg + mirabe-
gron 25 mg

Solifenacin 
10 mg + mirabe-
gron 50 mg

n = 141 n = 143 n = 136 n = 144 n = 76 n = 78

Baseline (SE) 4.7 (0.08) 4.8 (0.08) 4.6 (0.09) 4.6 (0.08) 5.0 (0.11) 4.7 (0.10)

EoT (SE) 3.3 (0.11) 3.1 (0.11) 2.9 (0.10) 2.9 (0.10) 3.0 (0.16) 3.1 (0.15)

Adjusted change from 
baseline (SE)  
[95 % CI]

−1.4 (0.10) −1.7 (0.10) −1.7 (0.10) −1.8 (0.10) −1.8 (0.14) −1.6 (0.14)

[−1.6, −1.2] [−1.9, −1.5] [−1.9, −1.5] [−2.0, −1.6] [−2.1, −1.6] [−1.9, −1.3]

Adjusted difference  
versus solifenacin 5 mg 
(SE) [95 % CI] p value

−0.0 (0.14) −0.3 (0.14) −0.4 (0.14) −0.4 (0.14) −0.5 (0.17) −0.2 (0.17)

[−0.3, 0.3] [−0.6, −0.0] [−0.7, −0.1] [−0.7, −0.1] [−0.8, −0.2] (−0.6, 0.1)

p = 0.85 p = 0.024* p = 0.005* p = 0.003* p = 0.004* p = 0.26

Adjusted difference  
versus placebo (SE) 
[95 % CI] p value

−0.0 (0.17) −0.3 (0.17) −0.4 (0.17) −0.4 (0.17) −0.5 (0.19) −0.2 (0.19)

[−0.3, 0.3] [−0.6, 0.0] [−0.7, −0.0] [−0.7, −0.1] [−0.8, −0.1] [−0.6, 0.2]

p = 1.0 p = 0.084 p = 0.030* p = 0.020* p = 0.017* p = 0.26
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Fig. 1  Proportion of responders 
at end of treatment in the effi-
cacy responder analyses strati-
fied by primary and secondary 
groups of interest. a Micturition 
frequency normalization (FAS); 
b zero incontinence episodes 
(FAS-I); c ≥50 % reduction 
in incontinence episodes/24 h 
(FAS-I)
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Efficacy responder analyses

In the FAS-I, two combinations of primary interest 
(5 + 25 mg and 5 + 50 mg) were associated with statis-
tically significant improvements versus solifenacin 5 mg 
(p < 0.05) for responders achieving zero incontinence epi-
sodes and for responders achieving ≥50 % reduction in 
incontinence episodes/24 h (Fig. 1). The odds of achiev-
ing zero incontinence episodes with 5 + 25 mg (OR 6.12 
[95 % CI 1.47, 25.60; p = 0.013]) and 5 + 50 mg (OR 5.49 
[95 % CI 1.17, 25.77, p = 0.031) were over fivefold greater 
than with solifenacin 5 mg, while the odds of achieving 
≥50 % reduction in incontinence were approximately ten-
fold greater than solifenacin 5 mg. Improvements in the 
incontinence responder rates did not translate into statisti-
cally significant differences versus placebo presumably due 
to the high placebo response, low baseline frequency of 
incontinence, and the small number of ‘wet’ patients.

In the FAS, the proportion of patients achieving micturi-
tion frequency normalization at EoT was 65.4 and 61.6 % 
with the 10 + 25 mg and 5 + 50 mg combinations, respec-
tively, which was statistically significantly greater than pla-
cebo or solifenacin 5 mg (p < 0.05). The odds of achieving 
micturition frequency normalization were approximately 
twofold greater with the 10 + 25 mg (OR 2.06 [95 % CI 
1.11, 3.84; p = 0.023]) and 5 + 50 mg (OR 1.91 [95 % CI 
1.14, 3.21, p = 0.015]) groups than with solifenacin 5 mg.

Patient‑reported outcome responder analyses

In the FAS, more than 80 % of patients achieved ≥1-point 
improvement in PPBC with the 5 + 50 mg combination 
at EoT which was statistically significant versus placebo 
and solifenacin 5 mg (p < 0.05) (Fig. 2). The proportion 
achieving a major (≥2 point) improvement in PPBC was 
significantly higher with the 5 + 50 mg combination ver-
sus placebo (p = 0.038), and the 5 + 25 mg and 5 + 50 mg 
combinations versus solifenacin 5 mg (p = 0.020 and 
p = 0.012, respectively). The odds of achieving an improve-
ment in PPBC (≥1 or ≥2 points) were approximately two-
fold higher with the 5 + 25 mg and 5 + 50 mg combina-
tion groups of primary interest versus solifenacin 5 mg and 
placebo. Responder rates for the ≥10-point improvement in 
Symptom Bother were significantly higher with 5 + 25 mg 
(OR 2.14 [95 % CI 1.02, 4.48, p = 0.043]) and 5 + 50 mg 
(OR 2.61 [95 % CI 1.22, 5.58, p = 0.013]) versus placebo. 
Responder rates for the ≥10-point improvement in total 
HRQoL were significantly higher with 5 + 50 mg versus 
placebo (OR 2.45 [95 % CI 1.22, 4.94, p = 0.012) and solif-
enacin 5 mg (OR 2.21 [95 % CI 1.19, 4.09, p = 0.012]). 
These differences translated into approximately two-
fold higher odds for responders for Symptom Bother and 
HRQoL versus solifenacin 5 mg and placebo.

Exploratory composite responder analyses

For the double and triple responder analyses, the 5 + 50 mg 
and 10 + 25 mg combinations were associated with signifi-
cantly higher responder rates versus solifenacin 5 mg and 
placebo (p < 0.05) in four of the five composite responder 
analyses. The odds of achieving micturition frequency 
normalization plus one or two of the PRO criteria (PPBC/
Symptom Bother/HRQoL) were more than twofold higher 
with the 5 + 50 mg or 10 + 25 mg groups compared with 
solifenacin 5 mg and placebo in three of the five composite 
responder analyses (Supplementary Tables 2 and 3).

Discussion

In OAB trials, demonstrating statistically significant 
improvements in mean values of OAB symptoms is desir-
able but what is most pertinent is whether patients achieve 
a meaningful response with their treatment in terms of 
improving daily activities and psychological well-being, 
since these factors are more likely to influence patient 
behaviour and persistence with treatment. The International 
Continence Society recommends the evaluation of PROs 
in OAB trials [27]. Responder analyses represent an addi-
tional tool for translating changes in subjective or objective 
measures into a clinically meaningful binary outcome i.e. 
responder or non-responder.

Improvements in PROs related to HRQoL and the pro-
portion of patients achieving clinically relevant improve-
ments in efficacy and HRQoL was significantly greater 
with combinations of mirabegron (25 or 50 mg) and solif-
enacin (5 or 10 mg) versus placebo and solifenacin 5 mg. 
These results are consistent with the primary efficacy anal-
ysis which demonstrated significant improvements in mean 
volume voided per micturition in all combinations with 
solifenacin 5 or 10 mg versus solifenacin 5 mg, in micturi-
tion frequency with three combination groups (5 + 50 mg, 
10 + 25 mg, and 10 + 50 mg) versus solifenacin 5 mg and 
placebo, and in urgency episodes with all combinations 
(except 2.5 + 25 mg) versus solifenacin 5 mg [20].

Patients receiving higher dose combinations were at least 
twice as likely to achieve resolution of incontinence (‘dry’ 
rate), a significant reduction (≥50 %) in daily incontinence, 
or normalization of micturition frequency, versus solifena-
cin 5 mg and placebo. In view of the absence of between-
group differences on mean change from baseline in inconti-
nence episodes (probably as a consequence of the very small 
population with urgency incontinence and low baseline fre-
quency of incontinence [~1 episode/24 h]) as previously 
reported [20], the significant differences in responder rates 
for incontinence are surprising. The odds of achieving clini-
cally important improvements in PROs associated with the 
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PPBC, HRQoL, and Symptom Bother were approximately 
twofold or higher with combinations including solifenacin 
5 mg versus both placebo and solifenacin 5 mg, suggesting 

the responder rates on incontinence and/or micturition fre-
quency are clinically relevant. This was reflected in the 
composite responder analyses, in particular, the 5 + 50 mg 

Fig. 2  Proportion of patients 
achieving PRO responder cri-
teria by primary and secondary 
groups of interest. a ≥1-point 
improvement in PPBC; b 
≥2-point improvement in 
PPBC; c ≥10-point improve-
ment in Symptom Bother; d 
≥10-point improvement in 
HRQoL
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and 10 + 25 mg groups, where the odds of achieving mic-
turition frequency normalization plus MIDs in one (‘dou-
ble responder’) or two (‘triple responder’) PRO variables 
(PPBC/HRQoL/Symptom Bother) were approximately 
twofold higher versus solifenacin 5 mg and placebo. The 
comparator groups (solifenacin 5 mg and placebo) did not 
differentiate as expected for the efficacy and PRO responder 
analyses, partly as a result of the high placebo response, 
which would have contributed to the inconsistent treatment 
differences observed in this study. It is also worth consider-
ing the lower baseline severity of micturition frequency in 
the placebo group as another potential factor responsible for 
the high placebo response.

The apparent benefit with higher dose combinations, 
particularly 5 + 50 mg, is supported by the Phase IIIb 
BESIDE study, which investigated incontinent OAB 
patients refractory to initial solifenacin 5 mg who were 
subsequently treated with a combination of mirabegron 
50 mg + solifenacin 5 mg, or solifenacin monotherapy (5 
or 10 mg) [28]. In BESIDE, the odds of becoming ‘dry’, 
achieving a 50 % reduction in incontinence, micturition 
frequency normalization, and MIDs for Symptom Bother 
and HRQoL were, respectively, 47, 51, 29, 75 and 50 % 
higher with combination versus solifenacin 5 mg [28]. 
Responder rates and PROs from a post hoc sub-analysis of 
placebo-controlled Phase III studies of mirabegron 50 mg 
monotherapy also suggest a benefit with combination: the 
odds of achieving micturition frequency normalization, 
and MIDs in Symptom Bother and HRQoL, were respec-
tively, 57, 43, and 46 % higher with mirabegron 50 mg 
versus placebo [29]. Combination groups in SYMPHONY 
(5 + 50 mg, 10 + 25 mg) were associated with odds that 
were approximately twofold or higher versus placebo (i.e. 
>100 %) for the same responder variables.

In SYMPHONY, BESIDE, and pooled Phase III mira-
begron 50 mg studies, the magnitude of improvement 
in PROs correlated with clinically meaningful improve-
ments in efficacy variables and treatment satisfaction [28, 
29]. Moreover, a correlation analyses of pooled Phase III 
data for mirabegron 50 mg showed significant correlation 
between objective measures (micturition frequency and 
incontinence) and Symptom Bother score, total HRQoL, 
and PPBC [29]. Studies investigating antimuscarinics have 
also confirmed that subjective reporting of symptoms is 
highly predictive of treatment satisfaction [30] and objec-
tive findings based on bladder diaries [31].

Although this study was only powered to detect differ-
ences across treatment groups in mean volume voided per 
micturition, the study also demonstrated statistically sig-
nificant efficacy on micturition frequency. Strengths of the 
study included a factorial design which allowed numerous 
combinations of mirabegron and solifenacin doses to be 
explored. Furthermore, responder analyses are a clinically 
important accompaniment to primary efficacy and safety 
data as they evaluate treatment from the patient’s perspec-
tive and allow simple meaningful outcomes, such as ‘the 
odds of achieving continence are twice as likely with com-
bination’, to be communicated to the patient.

Conclusion

Combination therapy of mirabegron 25/50 mg and solif-
enacin 5/10 mg was associated with statistically significant 
improvements in PROs indicative of HRQoL versus solif-
enacin 5 mg and placebo. This was accompanied by a sig-
nificantly higher proportion of patients achieving clinically 
relevant improvements in micturition frequency and/or 

Fig. 2  continued
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incontinence episodes and PROs, individually and simulta-
neously. Given the limitations of the study, further inves-
tigations into the potential benefit of combination therapy 
with mirabegron and solifenacin are recommended.
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