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Abstract

Purpose To investigate the safety and efficacy of

mirabegron for patients with overactive bladder

(OAB) that is unresponsive to antimuscarinic agents

or is related to benign prostatic hyperplasia (BPH).

Methods Fifty-two newly diagnosed OAB patients

(M group) and 45 patients with OAB that was

unresponsive to antimuscarinics (S group) received

mirabegron 50 mg once daily and were evaluated by

OAB symptom score (OABSS), IPSS-QOL index, and

IPSS at the time of baseline, 4 and 8 weeks. Newly

diagnosed OAB patients treated with antimuscarinic

agents were compared as controls.

Results Mirabegron was effective for 85.2 % in M

group. Significant improvements were seen in each

domain of OABSS, and there was no significant

difference with antimuscarinic therapy. Mirabegron

was efficacious for 61.6 % of S group, and significant

decreases of OABSS and IPSS-QOL index were

observed. Significant improvements were also seen

in voiding symptoms in men. Post-void residual urine

volumes before and after treatment were 32.1 and

34.8 ml, and 26.2 and 31.3 ml in M and S group,

respectively, and there was no significant difference.

The incidence of adverse events was 8.4 %, although

none were serious, and the patients recovered spon-

taneously after mirabegron was discontinued.

Conclusion The present study suggests mirabegron

is as effective as antimuscarinics for OAB. It improves

OAB symptoms in patients with OAB for which

antimuscarinic agents are insufficient. This study

revealed that mirabegron improves not only OAB

symptoms related to BPH, but also voiding symptoms

in men. Low and mild incidences of side effects

support the safe utility of mirabegron.
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Background

Overactive bladder (OAB) is a symptom syndrome

presented with urinary urgency with or without urinary

frequency or urgency incontinence and causes a

deterioration in the quality of life of a patient [1].

Antimuscarinic agents are currently the first-line

pharmacotherapy for OAB; however, antimuscarinics
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are contraindicated for patients with angle-closure

glaucoma, gastrointestinal obstruction, paralytic ileus,

myasthenia gravis, severe heart disease, etc. Adverse

events resulting from muscarine receptor blockade,

that is, dry mouth, constipation or visual disorder, are

inevitable in some patients. It was reported that

64–89 % of patients discontinued one or more OAB

medication because the therapy did not produce the

treatment benefit expected [2, 3]. Moreover, suppress-

ing detrusor activity with antimuscarinic effects might

cause urinary retention [4], especially in men with a

benign prostatic hyperplasia (BPH). Therefore, a new

drug without the adverse events above has been

desired.

Since it was revealed that b3-adrenoceptor acts as a

subtype of relaxation of detrusor, b3-adrenoceptor is

considered to be one of the targets of OAB pharma-

cotherapy [5–7]. Another action of b3-adrenoceptor

agonist is to enhance the storage function of the

bladder with less effect on detrusor pressure during

micturition and post-void residual urine volume [8, 9].

As a result, mirabegron improves urinary urgency,

frequency, and urgency incontinence. The usefulness

of b3-adrenoceptor agonist was verified both in vitro

and in vivo [10, 11]. Mirabegron appeared on the

Japanese market in September 2011, and it provides a

new treatment option for OAB.

Women have been the main objects of most OAB

studies so far. Although it is clear that mirabegron is

effective for OAB symptoms according to the results

of the phase 3 trial, the main objects of the study were

females. No data are available on the efficacy of

mirabegron for OAB males, especially with BPH.

Here, we report the safety of mirabegron and its

efficacy for treating OAB compared to antimuscarinic

agents. We investigated the effectiveness of mirabeg-

ron for patients with OAB that cannot be managed

with antimuscarinics and for men with OAB related to

BPH.

Methods

Inclusion criteria were patients aged 50 years or older

having OAB symptoms, who had a sudden desire to

urinate, which was difficult to defer, once a week or

more and scored two points or more for urinary

urgency according to the Overactive bladder symptom

score (OABSS) [12]. This prospective study enrolled

newly diagnosed OAB patients in the mirabegron

group (M group), with those having no contraindica-

tions for antimuscarinics as the control group, and

OAB patients already treated with antimuscarinic

agents having poor therapeutic effects, who converted

to mirabegron, as the switching group (S group).

Because mirabegron is a new drug, medication more

than once every 14 days was not permitted until the

end of September 2012 based on Notification No. 107

of the Ministry of Health, Labour and Welfare in

Japan. Mirabegron 50 mg once daily was prescribed

for those who agreed to the above and came to hospital

every 2 weeks. Antimuscarinics (tolterodine, solifen-

acin, propiverin, or imidafenacin) were prescribed

every 4 weeks for the control group (n = 27). Men

who had OAB symptoms with BPH being treated with

an alpha 1-adrenergic receptor antagonist (a1-blocker)

were included in this study, but the a1-blocker did not

change during this period. Exclusion criteria were

patients who had stress urinary incontinence, prostate

cancer, bladder cancer, vesical stone, urinary tract

infection, interstitial cystitis, polyuria (more than 3 l

of urine a day), or post-void residual urine over

100 ml.

The period of this study was 8 weeks. Evaluation

was performed at the time of baseline, 4 and 8 weeks

of medication. Adverse events were recorded through-

out the period. In the control group, only patients who

were evaluated at 8 weeks not to have side effects

were registered and data were used for comparing

effectiveness with the M group.

The OABSS is a 4-item questionnaire that collec-

tively expresses OAB symptoms with a single score

[12]. The main subjective symptoms evaluated in this

study were OABSS, IPSS-QOL index, and IPSS in

men. Post-void residual (PVR) urine volume was

measured using transabdominal ultrasound before and

4 weeks after starting medication. Prostate volume

was measured by transrectal ultrasound in men. Those

who switched from mirabegron to another medicine or

discontinued follow-up before 8 weeks were only

included in the safety evaluation. The ethics commit-

tees of both Nagakubo Hospital and Mishima Hin-

yokika Clinic approved this clinical study.

Statistic analysis was performed using Wilcoxon

signed-rank test or Student’s t-test with p \ 0.05

considered statistically significant.

54 Int Urol Nephrol (2013) 45:53–60

123



Results

Patients

One hundred and forty-three patients were enrolled for

mirabegron treatment (M and S group). Sixty-four

cases were enrolled in the M group, but 6 and 3

patients stopped treatment due to the lack of treatment

benefits and adverse events, respectively, and 3 cases

were lost for follow-up; therefore, 52 patients were

evaluated in the M group. Seventy-nine cases having a

history of OAB treatment with antimuscarinics were

enrolled in the S group, but 20 and 8 cases ceased

treatment due to the lack of treatment benefits and

adverse events, and 6 were lost for follow-up;

therefore, 45 cases were registered and evaluated in

the S group. Eleven patients stopped mirabegron

treatment due to side effects. Twenty-seven patients

with newly diagnosed OAB were enrolled in the

control group. The characteristics of patients are listed

in Table 1.

Mirabegron is as effective as antimuscarinics

for newly diagnosed OAB (Fig. 1)

Mirabegron for newly diagnosed OAB showed sig-

nificant decreases in the scores for total OABSS,

OABSS daytime and nighttime frequency, urinary

urgency, urgency incontinence score, and IPSS-QOL

index at 4 and 8 weeks (p \ 0.05). We compared the

efficacy of mirabegron for patients with newly diag-

nosed OAB with antimuscarinic agents (control). No

significant differences were seen at 4 and 8 weeks in

OABSS total score and each domain between M group

and control.

PVR before and after medication in M group was

32.1 and 34.8 ml, respectively, and the difference was

not significant (p = 0.51). No significant difference in

efficacy between men and women was seen at each

point.

Mirabegron is effective for OAB that is resistant

to antimuscarinics (Fig. 2)

Forty-five patients with OAB that did not respond

sufficiently to antimuscarinic agents were switched

into mirabegron and evaluated. Scores of total

OABSS, OABSS daytime and nighttime frequency,

urinary urgency, urgency incontinence score, and

IPSS-QOL index significantly decreased at each point.

PVR increased slightly from 26.2 to 31.3 ml after

medication, but this was not a significant difference

(p = 0.14). No significant difference for the reduced

scores of OABSS between men and women was seen

at 8 weeks (p = 0.47).

Mirabegron is effective for males with BPH

(Fig. 3)

Scores of total OABSS, OABSS 4 items, and IPSS-

QOL index decreased significantly in 72 male patients.

A comparison between the M group (n = 36) and the

S group (n = 36) showed that nighttime frequency

scores were significantly higher in the S group than in

the M group. Other evaluations indicated no signifi-

cant difference at any point.

Investigations on those with prostate size of 30 ml

or more and of less than 30 ml denoted no significant

differences in OABSS 4 items and IPSS-QOL index.

We compared efficacy with (n = 35) and without

(n = 37) treatment using a1-blocker for BPH. The

score for urgency incontinence was lower in patients

using a1-blocker, but was not significant (p = 0.12).

Table 1 Characteristics of the groups and the patients

M group S group Control

N 52 45 27

Female 16 9 9

Male 36 36 18

Age (years) 70.9 74.1 70.0

OABSS at baseline 8.22 8.56 8.14

OABSS at 8 weeks 5.11 6.76 4.18

Mean prostate volume (ml) 28.1 24.0 30.2

Use of a-blocker 20 15 7

Tamsulosin 9 5 3

Naftopidil 7 7 3

Silodosin 4 3 1

Use of antimuscarinics

Solifenacin 21a 15b

Imidafenacin 12a 6b

Tolterodine 10a 4b

Propiverine 2a 2b

Oxybutynin 0 0

OABSS overactive bladder symptom score
a Used before the study
b Used during the study
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IPSS-QOL index showed a significant decrease in

patients not treated with a1-blocker at 8 weeks. No

significant difference was observed in other items.

IPSS voiding symptom score is the sum of inter-

mittency, weak stream, and straining score, and it

declined significantly and gradually at 4 and 8 weeks.

It showed no significant difference with or without

previous OAB treatment, prostate size, or use of a1-

blocker.

Adverse drug events with mirabegron

We experienced 12 cases of side effects deemed to be

related to mirabegron during the study: 2 cases of dry

mouth and 1 case of palpitation, vertigo, headache,

insomnia, dysuria, increased PVR, cystitis, constipa-

tion, paresis of the left leg, and erectile dysfunction

(ED), and the incidence was 8.4 %. The extent of side

effects with the exception of ED was grade 1

according to Common Terminology Criteria for

Adverse Events (CTCAE) ver. 4.0. Because the

patient with ED preferred to continue mirabegron in

spite of our recommendation to suspend, PDE-5

inhibitor was used, thus ED was grade 2. The other

11 patients recovered spontaneously after mirabegron

was discontinued.

Discussion

We showed similar efficacy with b3-adrenoceptor

agonist mirabegron for OAB treatment as antimuscar-

inic agents. We indicated that mirabegron is effective

for those whose OAB is not controlled with antimu-

scarinics in this study. Overall, mirabegron was

efficacious for 72.4 % (97/134 cases) of OAB patients.

Furthermore, we verified the efficacy for male OAB

with or without BPH and improvement of voiding

symptoms. The incidence of adverse events was

relatively low (8.4 %) and none were serious; there-

fore, it can be used safely and has good tolerability.

Mirabegron was effective for all of urinary urgency,

urgency incontinence, daytime frequency, and night-

time frequency in newly diagnosed OAB patients (M

group). In particular, urgency score decreased signif-

icantly from 3.2 to 1.5, which means the frequency of

urge of once a day dropped to less than once a week. In

the present study, the efficacy of mirabegron was not

significantly different from that of antimuscarinics;

however, each score of OAB symptoms was slightly

higher in M group. If a study was conducted on a larger

scale, there might be a significant difference between

the efficacy of mirabegron and antimuscarinics. Mir-

abegron did not increase PVR, suggesting that it has

almost no negative effect on detrusor contraction or

micturition. Mirabegron was effective for 85.2 %

(52/61) of patients in our study for newly diagnosed

OAB, and this seems to be higher than when treated

with antimuscarinic agents.

Mirabegron also improved the symptoms of

patients with OAB that were not sufficiently improved

with antimuscarinic therapy (S group). However, the

reduction of OABSS total score at 8 weeks in the S

group was 1.8 and less than 3.3 in the M group, and the

effectiveness of mirabegron was less in patients with

OAB which is unresponsive to antimuscarinic drugs.

Mirabegron might be insufficient for severe overac-

tivity of the bladder; however, mirabegron was 61.6 %

effective for patients with OAB who were not being

managed with antimuscarinics in our study. The fact

that it can be used for patients with contraindications

to antimuscarinics provides immeasurable benefits for

those patients with OAB and a great impact on the

treatment options for OAB. On the other hand, our

study revealed that 38.4 % of OAB patients do not

respond to mirabegron as well as to antimuscarinics.

This subject requires further elucidation.

Mirabegron ameliorates OAB symptoms in men.

There is no significant difference in effectiveness for

OAB that was unresponsive to antimuscarinic medica-

tion with the exception of efficacy for nocturia. Severe

nighttime frequency might not be managed with

mirabegron as well as with antimuscarinics. We spec-

ulate that another cause of mirabegron insufficiency

might be an expression change or degeneration of

mechanical sensor, chemical receptor, or nerve fibers

resulting from a previous antimuscarinic blockade.

Fig. 1 Comparison of OABSS between mirabegron group and

control group. Decrease of OABSS total score (a) was

significant between baseline and evaluations at 4 and 8 weeks

in both groups. Comparisons of daytime frequency score (b),

nighttime frequency score (c), urinary urgency score (d), and

urgency incontinence score (e) at each point between mirabeg-

ron and control group showed no significant difference

according to Student’s t-test. IPSS-QOL index in the M group

(f) decreased significantly at each point in the mirabegron group.

Post-void residual urine volumes were 32.1 and 34.8 ml before

and after treatment in the M group (g), and it was not significant

difference

b
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Those treated with a1-blocker for BPH had better

urgency incontinence than those not treated with a1-

blocker. Combining mirabegron with a1-blocker

might be effective for male wet OAB. Similar benefit

of combination therapy of doxazosin with tolterodine

in men with BPH and OAB was reported [13]. Adding

mirabegron to a1-blocker for treating lower urinary

tract symptoms might contribute to a deterioration of

Fig. 2 Change of OABSS and IPSS-QOL index in the

switching (S) group. Decrease of OABSS total score (a),

daytime and nighttime frequency score (b) and urinary urgency

and urgency incontinence score (c) was significant between

baseline and evaluations at 4 and 8 weeks in the S group. IPSS-

QOL index in the S group (d) decreased significantly at each

point. Post-void residual urine volumes were 26.2 and 31.3 ml

before and after treatment in the S group (e). It did not increase

significantly with mirabegron
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therapeutic satisfaction in patients treated for BPH. It

is of great interest that therapeutic effects differed not

with respect to the simple size of the prostate, but in

BPH requiring treatment.

Mirabegron meliorated voiding symptoms in men

and did not increase PVR. It seems to have almost no

negative effects on detrusor contraction and micturi-

tion. Antimuscarinic therapy for men with OAB

related to BPH is perceived as a potential risk for

urinary retention. However, mirabegron is not only

safe for male OAB with BPH, but is also effective for

ameliorating voiding symptoms.

Side effects occurred in 12 patients (8.4 %): 2

cases of dry mouth and 1 case of palpitation,

vertigo, insomnia, headache, dysuria, PVR increase,

cystitis, constipation, paresis of the left leg, and ED,

but none was serious. According to drug information

on mirabegron from Astellas Inc. [14], the incidence

of dry mouth or constipation is between 1 and 5 %,

and the incidence of palpitation, vertigo, headache,

or cystitis is less than 1 %. One case with PVR

increase showed 470 ml of post-void residual urine

and mirabegron was aborted. He had a history of

surgery for rectal cancer and might have had latent

bladder insufficiency. We should be careful with

patients who have a history of pelvic surgery or

functional impairment of the bladder. At least one

PVR check after medication is mandatory. However,

insomnia, leg paresis, and ED are not listed. It is

unclear whether these symptoms are specific to

mirabegron. However, we found no serious compli-

cations in this series, suggesting that mirabegron has

higher tolerability and safety than antimuscarinic

drugs.

Fig. 3 Key graphs of changes of OABSS and IPSS in men.

OABSS nighttime frequency score between M and S group (a).

The score in S group was significantly higher than that of M

group in the evaluations at 4 and 8 weeks. Change of urgency

incontinence score with or without BPH treatment by

a1-blocker (b). The score was higher in patients not receiving

a1-blocker than men treated for BPH with a1-blocker. Change

of IPSS-QOL index with or without BPH treatment by

a1-blocker (c). QOL index was lower in patients not treated

with a1-blocker at 8 weeks. Sum of IPSS voiding symptom

scores with or without BPH treatment by a1-blocker (d).

Voiding symptom scores are the sum of the scores for

intermittency, weak stream, and straining, and decreased

significantly with mirabegron treatment. No significant differ-

ence was seen with and without BPH treatment with a1-blocker

in voiding symptoms
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In our study, OAB symptom score decreased

sequentially, and this might imply that a longer period

of medication leads to a greater improvement of

urinary symptoms. We performed additional evalua-

tions at 12 weeks on more than half of the participants,

and some improvements were observed in OAB

symptoms (data not shown). The long-term efficacy

of mirabegron requires further study.

Patient selection in this study needs further clari-

fication. The current study was neither placebo-

controlled nor a randomized study. If necessary, we

explained the mechanism, adverse events, and pre-

scription interval of the drug to patients, and allowed

some participants to select OAB medication, thus

subjects were assigned to either the M group or control

group. We did not specify one specific antimuscarinic

agent for the control group because we wanted to

compare the efficacy of mirabegron with general

antimuscarinics; therefore, the choice of medication

for the control group was left to each physician. We

recognize potential selection bias in this study;

however, our study was based on the results of 170

OAB patients, and we think it is sufficiently reliable.

A limitation of the current study was the small

number of participants. Because mirabegron is a new

medicine, medication more than once every 14 days

was not permitted until the end of September 2012 in

Japan. Ambulatory care every 2 weeks was necessary to

continue mirabegron during our study and was a burden

on patients. Some patients rejected mirabegron due to

frequent ambulatory care, and others preferred to end

mirabegron at week 8. If it were not for this restriction,

more patients would have participated in the study.

In conclusion, b3-adrenoceptor agonist mirabegron

significantly improved urinary frequency, urinary

urgency, and urgency incontinence and had similar

efficacy to antimuscarinic agents in our study. Mira-

begron was also effective for 61.6 % of patients with

OAB resistant to antimuscarinic therapy, and this

provides wider range of choice for OAB treatment.

Furthermore, the present study revealed the efficacy

for OAB that is related to BPH in men, which resulted

not only in the amelioration of male wet OAB under

combination therapy with a1-blocker, but also in

improvement of voiding symptoms. The incidence of

adverse drug events was low (8.4 %), and the extent

was slight; therefore, tolerance and safety are better

than with antimuscarinics. Mirabegron is a very

important option for OAB pharmacotherapy.
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