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Beta-3 adrenoceptor (B3AR) agonist which mediate detrusor relaxation has been tried as a new treatment modality for men
with benign prostatic hyperplasia (BPH). However, it remains unclear whether the B3AR agonist has more clinical benefits
and fewer adverse effects in men with BPH than in women. We performed a comprehensive search using multiple databases,
trials registries, other sources of grey literature, and conference proceedings regardless of language or publication status and
included randomized controlled trials. Two review authors independently screened the literature, extracted data, and assessed
risk of bias. We performed statistical analyses using a random-effects model and interpreted them according to the Cochrane
Handbook for Systematic Reviews of Interventions. Primary outcomes were urologic symptom scores, quality of life (QoL),
and overall adverse events. We found 4 randomized controlled trials with 1,105 participants in 3 comparisons. All studies re-
ported short-term outcomes (ranged from 8 weeks to 12 weeks). Mirabegron, tamsulosin, silodosin, fesoterodine, and tadalafil
were administrated as intervention. While B3AR agonist can improve the patient-important outcomes within group (before
and after treatment), B3AR agonist combination therapy with current standard BPH treatment such as alpha blocker or anti-
cholinergic may not have additional effects on urological symptom scores and QoL compared to alpha blocker or anticholin-
ergic monotherapy. B3AR agonist therapy with phosphodiesterase 5 inhibitor (PDE5I) showed statistical improvement on
urological symptom scores or QoL compared to PDES5I monotherapy. For safety profile, B3AR agonist in all 3 comparisons
may not increase adverse event rate. While B3AR agonists may be used for the treatment of lower urinary tract symptoms in
men with BPH if storage symptoms with standard BPH treatment are insufficient, B3AR agonists appear to have trivial or
similar effects compared to current standard BPH treatment.
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INTRODUCTION

The prevalence of overactive bladder (OAB) in women increas-
es with age and is present in approximately 30% of women over
the age of 65, with an overall prevalence of 11.8% [1,2]. Tradi-
tional treatment modalities used for the management of OAB
include behavioral therapy and pharmacological management.
Anticholinergics (e.g., oxybutynin, propiverine, tolterodine,
trospium, solifenacin, and darifenacin) have been the mainstay
of pharmacologic management [3].

Since 1970, 3 subtypes of beta-adrenoreceptors (BARs) have
been identified. Among them, B3AR, which is dominant in the
lower urinary tract (including the bladder, prostate, and ure-
thra) has become popular urological practice [4]. Detrusor re-
laxation is primarily mediated by the cyclic adenosine mono-
phosphate pathway, which is activated by the binding of norepi-
nephrine to B3AR [5]. Mirabegron, a B3AR agonist, was ap-
proved by the U.S. Food and Drug Administration and has
been widely used for patients with OAB in clinical practice,
while other candidates of B3AR agonists are currently being
validated in phase II and III clinical trials [6-8]. Mirabegron,
the first of a new class of oral compounds with a different mode
of action from anticholinergics that showed clinical efficacy and
safety compared to anticholinergics or placebo, has become the
current standard of treatment for OAB in women [9].

Benign prostatic hyperplasia (BPH) is defined as an increased
number of epithelial and stromal cells in the prostate gland that
can cause lower urinary tract symptoms (LUTS). In particular,
urinary urgency usually presets with characteristic symptoms
and common comorbidities of OAB such as frequency and
nocturia and may negatively impact public health and reduce
quality of life (QoL) [10-12]. Alpha-blockers (ABs: alfuzosin,
doxazosin, naftopidil, silodosin, tamsulosin, and terazosin) and
5-alpha-reductase inhibitors (dutasteride and finasteride) are
standard treatments for men with LUTS secondary to BPH
[13]. Current guidelines recommend B3AR agonists in men
with moderate to severe LUTS who mainly struggle with blad-
der storage symptoms (e.g., urinary urgency, frequency, and
nocturia) with standard treatment [14]. However, B3AR ago-
nist which affects on beta 1 adrenoreceptor of human cardio-
vascular tissue has cardiovascular adverse events such as hyper-
tension, tachycardia, and headache [15,16].

However, it remains unclear whether the B3AR agonist has
more clinical benefits and fewer adverse effects in men with
BPH than in women. Therefore, we performed a systematic re-
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view to assess the effects of B3AR agonists in men with LUTS
secondary to BPH.

MATERIALS AND METHODS

This systematic review was based on published protocol (CRD
42021228988). We performed a comprehensive search using
multiple databases, including the Cochrane Central Register of
Controlled Trials in the Cochrane Library, MEDLINE, Embase,
Scopus, Web of Science, Latin American and Caribbean Health
Sciences Literature, and KoreaMed. We also searched for other
resources such as ClinicalTrials.gov (www.clinicaltrials.gov/),
the World Health Organization International Clinical Trials
Registry Platform search portal (apps.who.int/trialsearch/), and
Grey Literature Report (www.greylit.org/). The keywords and
medical subject headings used for searching were “Prostatic
Hyperplasia,” “Prostatism,” “Urinary Bladder Neck Obstruc-
tion,” and “Adrenergic beta-3 Receptor Agonists” The search
strategy for each database is presented in Supplementary Mate-
rial 1. The date of the last search of all the databases was August
13, 2020. Two review authors (TWK, SJK, or JHJ) indepen-
dently screened all potentially relevant records and classified
the studies according to the criteria provided in the Cochrane
Handbook for Systematic Reviews of Interventions [17]. All
disagreements were resolved through discussion and consen-
sus. We included randomized controlled trials (RCTs), regard-
less of publication status or language of publication. Adult men
>40 years of age with LUTS secondary to BPH (LUTS/BPH)
were included. The age limitation was based on the observation
that the prevalence of BPH increases in middle-aged and older
men [18].

We excluded trials of men with a history of other causes of
LUTS/BPH, such as known neurogenic bladder, bladder, and
urethral anomalies, or surgeries for BPH. We compared the
B3AR agonist with other treatment modalities for LUTS/BPH,
such as placebo, ABs, and anticholinergics. We only included
the currently available B3AR agonist, mirabegron, in clinical
practice. Concomitant interventions had to be the same in the
experimental and comparator groups to establish fair compari-
sons. We focused on patient-important outcomes as a review
outcome; therefore, urological symptom scores (e.g., Interna-
tional Prostate Symptom Scores [IPSS: total score ranges from 0
to 35 points, with higher scores indicating higher symptom se-
verity], overactive bladder symptom score [OABSS: total score
ranges from 0 to 15 points, with higher scores indicating higher
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symptom severity]), QoL (e.g., IPSS-QoL: scale of 0 to 6 [de-
lighted to terrible]), adverse events, frequency of voiding, and
acute urinary retention were considered as review outcomes.
While we planned to perform meta-analyses for review out-
comes, we were not able to perform these types of analyses pri-
marily due to lack of data due to a small number of included
studies and clinical heterogeneity. We also planned to use fun-
nel plots to assess small study effects, however, the number of
included studies was too low to generate funnel plot.

Two review authors (TWK, SJK, or JH]J) independently as-
sessed the risk of bias of each included study on a per-outcome
basis. All disagreements were resolved through discussion and
consensus. We assessed the risk of bias using the Cochrane Risk
of Bias assessment tool. We classified the risk of bias domains
into “low risk;” “high risk;” or “unclear risk” and evaluated indi-
vidual bias items as described in the Cochrane Handbook for

Systematic Reviews of Interventions [17].

RESULTS

A comprehensive literature search identified 301 studies. After
removal of duplicates, we screened the titles and abstracts of
271 records and excluded 261 studies. We screened 10 full-text
articles and excluded 6 articles that did not meet the inclusion

criteria or were not relevant to the question being investigated
[12,19-23] (see Supplementary Material 2). Four studies ulti-
mately met the inclusion criteria were included in the qualita-
tive synthesis of this review [24-27]. The flow of literature
through this assessment process is shown in the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-Anal-
yses) flowchart (Fig. 1).

Table 1 shows baseline characteristics of the included studies.
Three studies [24,26,27] were open-label studies, while one
study [25] was double-blinded. The mean age of the men
ranged from 64.9 to 75.9 years old. Mean baseline IPSS score
ranged from 12.9 to 16.8. The mean baseline prostate volume
ranged from 30.5 to 41.4 mL. The mean postvoid residual
(PVR) was less than 50 mL in all included studies. All studies
administered mirabegron as an oral agent (daily doses ranging
from 25 mg to 50 mg) and compared it to ABs (tamsulosin
[daily doses from 0.2 mg to 0.4 mg] and silodosin [daily dose of
8 mg]) [24-26], anticholinergics (fesoterodine [daily dose of 4
mg]) [26], and phosphodiesterase 5 inhibitors (PDES5I, tadalafil
[daily dose of 5 mg]) [27]. Only one study used placebo in con-
trol group [25]. All studies reported short-term outcome data
ranging from 8 weeks to 12 weeks after treatment. While all
studies have no contflicts of interest, 3 were supported by phar-
maceutical companies [24,25,27].

301 Records identified through
database searching

0 Additional records identified
through other sources

A4

\ 4

271 Records after duplicates removed

) J

Screening ‘ ‘ Identification ‘

261 Records excluded

—

271 Records screened

A4

10 Full-text articles assessed

6 Full-text articles excluded,
with reasons

for eligibility

Eligbility

!

4 Studies included in
qualitative synthesis

:
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0 Studies included in
quantitative synthesis
(mata-analysis)

Fig. 1. Flow diagram.
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Effect of the Intervention
Table 2 shows the results of included studies.

Combination therapy with B3AR agonist and AB versus AB
monotherapy

Two RCTs with 809 randomized participants (combination,
403; monotherapy, 406) were included in the comparison
[24,25]. Tamsulosin and mirabegron were administrated orally
in 2 included studies as a treatment modality.

Compared to AB monotherapy, B3AR agonist combination
therapy with AB may result in little to no difference in urologi-
cal symptom scores based on IPSS (mean difference [MD],
-0.16; 95% confidence interval [CI], -0.98 to 0.66; 2 studies; 747
participants; I’=0%) and OABSS (MD, -0.87; 95% CI, -2.14 to
0.40; 1 study; 76 participants). While combination therapy may
reduce frequency of voiding (MD, -0.39. 95% CI, -0.76 to -0.02;
1 study; 776 participants), combination therapy has similar ef-

Table 1. Baseline characteristics of included studies

fects on QoL (MD, -0.07; 95% CI, -0.68 to 0.54; 1 study; 76 par-
ticipants), adverse events (risk ratio [RR], 2.10; 95% CI, 0.17 to
26.16; 2 studies; 787 participants; I’=71%), and acute urinary
retention (RR, 4.69; 95% CI, 0.81 to 27.21; 2 studies; 787 partic-
ipants; I =0%). Contrast to Ichihara et al. [24], Kaplan et al. [25]
reported higher rates of adverse events in AB monotherapy
group compared to combination therapy group although drug
adverse events was higher in combination therapy group (RR,
2.01;95% CI, 1.22 t0 3.32).

Combination therapy with B3AR agonist and AB versus combi-
nation therapy with anticholinergic and AB

According to a study with 120 randomized participants (B3AR
agonist combination: 60, anticholinergic combination: 60)
comparing the combination therapy of mirabegron and silodo-
sin to combination therapy of fesoterodine and silodosin in pa-
tients with BPH [26], B3AR agonist combination therapy

Population
Study Study design/setting/ No:i;?g(:)(;nmt;zed Age (intervention/ P(ri(r)liteit\(fee‘rfl(gznm/e
country Inclusion criteria . . comparator) (yr),
(intervention/ comparator) (mL),
mean +SD
comparator) mean+SD
Ichihara etal. RCT: open label/ Men aged 50 or older with LUTS most 94 (47/47) 75.9+7.5/ 36.5+16.5/
[24] 2015 multicenter/Japan likely secondary to BPO 73.1+8.7 31.9+15.7
Kaplan et al. RCT: double blinded ~ Men aged 40 or older who had been 715 (356/359) 64.9+8.4/ NR
[25] 2020 phase IV/ multicenter/ receiving 0.4 mg tamsulosin daily for 2 64.9+9.6
North America and or more months for the treatment of
Europe previously diagnosed BPH associated
LUTS based on the clinical judgment of
the investigator, had symptoms of OAB
(8 or more micturitions per day and 2
or more urgency episodes per day), and
had a PSA less than 4 ng/mL or 4 to less
than 10 ng/mL with a negative biopsy
within 2 years
Matsukawa etal. RCT: open label/single Men aged 50 or older; IPSS > 8; IPSS- 120 (60/60) 71.5+8.4/ 414+164/
[26] 2019 center/Japan quality of life > 3; total OABSS > 3; one 724+82 40.1+15.1
or more urinary urgency episodes per
week; prostate volume > 25 mL;
maximum urinary flow rate <15 mL/
sec at a voided volume of =100 mL;
and residual urine < 150 mL
Yamanishietal. RCT: open label/single Men aged from 50 to 89 years with LUTS 176 (89/87) 72.4+7.4/ 32.1+13.1/
[27] 2020 center/Japan (In protocol, patients with BPH) 72.3+8.0 30.5+12.8

IPSS, International Prostate Symptom Score; SD, standard deviation; RCT, randomized controlled trial; LUTS, lower urinary tract symptoms; BPO,
benign prostatic obstruction; BPH, benign prostatic hyperplasia; OAB, Overactive Bladder; PSA, prostate specific antigen; NR, not reported.

(Contined to the next page)
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Table 1. Continued

Outcomes
Study Intervention Comparator Pri P
NG Secondary (run-in period)
outcomes outcomes
Ichiharaetal. ~ Mirabegron (50 mg/day) + Tamsulosin OABSS IPSS 8 Weeks (at least 8 weeks
[24] 2015 tamsulosin (0.4 mg/day) (0.2 mg/day) Quality oflife tamsulosin 0.2 mg/day)
Qmax
Kaplan et al. Mirabegron (25 mg/day  Placebo + No. of micturitions Mean volume voided per micturi- 12 Weeks (4 weeks
[25] 2020 for 4 weeks, and titrated ~ tamsulosin per day tion tamsulosin 0.4 mg/day)
to 50 mg/ day for 8 (0.4 mg/day) No. of urgency episodes per day
weeks) + tamsulosin (grade 3/4)
(0.4 mg/day) Total urgency and frequency Score
IPSS
No. of incontinence episodes per
day
OAB-q symptom bother score
Patient perception of bladder
condition
Matsukawa et al. Mirabegron (50 mg/day) Fesoterodine 4 mg/ OABSS Subjective symptoms (IPSS, quality 12 Weeks (12-24 weeks
[26] 2019 + silodosin (8 mg/day)  day+silodosin 8 of life) silodosin 8 mg/day)
mg/day Objective findings (bladder volume,
detrusor overactivity, Qmax, PVR,
detrusor pressure at Qmax,
bladder contractility index,
bladder outlet obstruction index)
Yamanishi etal. Mirabegron (50 mg/day) Tadalafil OABSS OABSS subscore 12 Weeks (at least 8 weeks
[27] 2020 + tadalafil (5 mg/day) (5 mg/day) IPSS tadalafil 5 mg/day)
NIH-CPSI

Micturition chart variables (number
of voids, number of nighttime
voids, number of urgency
episodes, number of urgency
incontinence episodes)

Uroflowmetry parameters (voided
volume, Qmax, Qave, PVR,
bladder voiding efficiency)

OABSS, overactive bladder symptom score; IPSS, International Prostate Symptom Score; OAB-q, overactive bladder questionnaire; Qave, average
flow rate; PVR, postvoid residual urine volume; Qmax, maximum flow rate; NIH-CPSI, National Institutes of Health Chronic Prostatitis Symptom

Index.

showed a little to no difference in urological symptom scores
based on IPSS (MD, 0.30; 95% CI, -1.27 to 1.87; 102 partici-
pants) and OABSS (MD, 1.30; 95% CI, 0.47 to 2.13; 102 partici-
pants). QoL was similar between the 2 groups (MD, 0.40; 95%
CI, -0.01 to 0.81; 102 participants). Both treatment modalities
have similar effect on adverse event (RR, 0.52; 95% CI, 0.21 to
1.31; 102 participants). In addition, there was no acute urinary
retention in either group. The study did not report the frequen-
cy of voiding outcome.
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Combination therapy with B3AR agonist and PDE5] versus
PDES5I monotherapy

We found one RCT with 176 randomized participants (B3AR
agonist combination: 89, PDE5I monotherapy: 87) to evaluate
the efficacy and safety of combination therapy with mirabegron
and tadalafil compared to tadalafil monotherapy in patients
with BPH [27]. Combination therapy with B3AR agonist with
PDES5I may improve urological symptom scores based on IPSS
(MD, -1.86; 95% CI, -3.27 to -0.45; 161 participants) and
OABSS compared to PDESI monotherapy (MD, -1.85; 95% CI,
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Other bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias): Subjective outcomes
Blinding of outcome assessment (detection bias): Objective outcomes
Incomplete outcome data (attrition bias): IPSS, PABSS, QoL, number of void
Incomplete outcome data (attrition bias): Adverse events, AUR

Selective reporting (reporting bias)

Fig. 2. Risk of bias: review authors’ judgements about each risk of bias item for each included study. Subjective outcomes: IPSS,
OABSS, QoL, number of voids. Objective outcomes: adverse events, AUR. AUR, acute urinary retention; IPSS, International Prostate
Symptom Score; OABSS, overactive bladder symptom score; QoL, quality of life.

-2.56 to -1.13; 161 participants). In addition, combination ther-
apy with B3AR agonist with PDE5I also may improve QoL
(MD, -0.48; 95% CI, -0.82 to -0.14; 161 participants). While
there was similar effect on adverse events (RR, 6.91; 95% CI,
0.87 to 54.92; 161 participants), combination therapy appears to
reduce the frequency of micturition (MD, -1.71; 95% CI, -3.14
to -0.29; 150 participants). There was no acute urinary reten-
tion in either group.

Risk of Bias
Fig. 2 shows a summary of risk of bias assessment.

Sequence generation for participation allocation was ade-
quate in 2 studies, with both rated at a low risk of bias [24,25].
In the remaining trials, the method of sequence generation was
unclear or not specified. Two trials had adequate allocation
concealment (e.g., central registration using an allocation table)
and were at low risk of bias [24,25]. In the remaining trials,
treatment allocation was unclear. All studies had an unclear or
high risk of performance bias. While all studies were judged as
having a low risk of detection bias with regard to objective out-
comes such as adverse events and acute urinary retention, 3
studies were at high risk of bias for subjective outcomes such as
urological symptom scores, QoL, and number of voids [24,
26,27]. The risk of attrition bias (incomplete outcome data)
with regard to subjective outcomes was unclear in all of the
studies; only one had an unclear risk of attrition bias for objec-
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tive outcomes [24]. The remaining patients were deemed to
have a low risk of attrition bias [25-27]. Although the protocols
of all included studies were registered a priori, we reclassified 3
studies to be at a high risk of bias due to important deficits in
outcome reporting [25-27]. All of the studies were at an unclear
risk of bias due to the inclusion of participants who did not re-
spond to standard treatment.

DISCUSSION

Despite the similar prevalence of OAB symptoms in men and
women, oral pharmacologic regimens for male OAB have been
used less frequently in men because of the difference in symp-
tom characteristics between men (e.g., mainly storage symp-
toms such as frequency, urgency, and nocturia) and women
(e.g., incontinence including stress and mixed incontinence)
[28]. Additionally, men with BPH often receive ABs as a first-
line treatment option, but storage LUTS remain bothersome in
two-thirds of such men.

However, a multicenter phase II study that featured 200 men
aged over 45 years with LUTS and bladder outlet obstruction
for 12 weeks reported that the B3AR agonist significantly re-
duced micturition frequency and urgency episodes compared
to placebo without impairment of urodynamic parameters
(such as detrusor pressure at maximal flow rate) [29]. In 2017,
post hoc analysis using 5 phase III studies with a total of 1,187

Int Neurourol J September 30, 2021
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male participants (around 20% of the total study population) to
determine the efficacy and safety of mirabegron in male pa-
tients with OAB indicated that mirabegron demonstrated supe-
riority in the reduction of micturition frequency (MD, -0.37;
95% CI, -0.74 to -0.01) compared to placebo; improvements in
urgency, frequency, and incontinence were also seen, exhibiting
similar characteristics as anticholinergics (tolterodine or solife-
nacin). With regard to treatment-related adverse events, the
overall incidence rate of mirabegron was similar to placebo and
anticholinergics. In addition, the incidence rate of hyperten-
sion, the most frequent cardiovascular adverse events, was sim-
ilar for mirabegron, anticholinergic, and placebo groups. Inter-
estingly, they reported no remarkable changes in PVR with the
use of mirabegron or placebo in patients with or without a his-
tory of LUTS associated with BPH (they only reported this out-
come according to the presence of BPH in men) [12]. As an ad-
ditional therapeutic option in men with OAB symptoms who
were being treated with ABs, a 4-week mirabegron treatment
period resulted in an improvement in IPSS and QoL [30,31].
The finding of our review, however, are not consistent with
those of previous report of OAB patients. While B3AR agonist
can improve the patient-important outcomes within group (be-
fore and after treatment), it does not appear to have additional
effects on urological symptom scores and QoL compared to
current standard BPH treatment such as AB or anticholinergic.
Although B3AR agonist therapy with PDE5I showed statistical
improvement on urological symptom scores or QoL compared
to PDESI monotherapy, it must be due to the difference of
pharmacologic profile. B3AR agonist may reduce frequency of
voiding compared to AB or PDE5I monotherapy, but the effect
estimates may be clinically trivial. For safety profile, B3AR ago-
nist does not appear to increase adverse event rate as well as
acute urinary retention rate. However, one RCT compared
B3AR agonist combination therapy with AB to AB monothera-
py reported 3 serious cardiovascular adverse events (1 acute
myocardial infarction, 1 angina pectoris, 1 cerebral infarction).
Although post hoc analysis reported the effects of mirabegron
in men with OAB (not only in men with BPH), we believe that
our review is the most recent evidence for the use of B3AR ago-
nists in men with BPH. The major limitation of current evi-
dence for B3AR agonists is the heterogeneous definition of
BPH among the included studies. For example, Yamanishi et al.
[27] included men aged 50-89 years with LUTS. Therefore, a
proportion of included participants may not have been patients
with BPH, even if their mean prostatic volume was over 30 mL.

Int Neurourol J September 30, 2021

Additionally, further studies are needed to provide assurance of
long-term effectiveness and safety of beta 3 agonists as the el-
derly are more likely to take the B3AR agonist as a combination
therapy with conventional BPH in clinical practice. As most
studies in this review only included Asian men, there are also
limitations in generalizing the results. Almost all studies were
sponsored by pharmaceutic companies, raising concerns about
conflicts of interest and publication bias that can overestimate
the effect size. Even though the authors performed a compre-
hensive search without any publication or language restrictions,
it is possible that additional studies may have been conducted
but not yet published. Particularly, some negative studies may
have been published in unindexed journals or only presented at
local conferences, which can deviate from our search and lead
to potential publication biases. Finally, only 1 study was double-
blinded, while the others were open-blinded. There is a consis-
tent need for greater methodological rigor and transparency re-
porting.

There was uncertainty in body of evidence of B3AR agonists
for the treatment of LUTS in men with BPH. In conclusion,
clinical guidelines recommended that B3AR agonists may be
used for the treatment of LUTS in men with BPH if storage
symptoms with standard BPH treatment are insufficient. How-
ever, clinicians should keep in mind that adding B3AR agonists
appear to have trivial or similar effects compared to current
standard BPH treatment.

SUPPLEMENTARY MATERIALS

Supplementary materials can be found via https://doi.org/10.
5213/inj.2142068034.
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