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Objectives: To evaluate the effects of mirabegron in the treatment of overactive
bladder syndrome (OAB) after radical prostatectomy (RP).

Patients and methods: A total of 108 post-operative RP patients were randomly
assigned to either the mirabegron (study) or the placebo (control) group. The
Overactive Bladder Syndrome Self-Assessment Scale (OABSS) was selected as
the primary endpoint, and the International Prostate Symptom Score (IPSS) and
Quality of Life (QOL) score were selected as secondary endpoints. Statistical
analysis was performed using IBM SPSS Statistics 26, and the treatment effects
were compared between the two groups using independent samples t-test.

Results: In total, 55 patients were included in the study group and 53 patients in
the control group. The mean age was(70.08 + 7.54)years. There was no statistical
difference in the baseline data between the two groups. OABSS scores decreased
significantly in the study group compared to the control group during drug
treatment (6.67 + 1.06 vs. 9.14 + 1.83, p < 0.01) and were better than the control
group during the follow-up at week 8 and week 12. In addition, the decrease in
IPSS scores (11.29 + 3.89 and 15.34 + 3.54, p<0.01) and the increase in QOL
scores (2.40 + 0.81 vs. 3.20 + 1.00) were statistically significant in the study
group. And the patients in the study group had better improvement in voiding
symptoms and quality of life than the control group during the follow-up period.

Conclusion: Daily administration of 50 mg mirabegron after RP surgery
significantly improved the symptoms of OAB after surgery with fewer side
effects. Additional randomized controlled trials should be conducted in the
future to further evaluate the efficacy and safety of mirabegron.
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1 Introduction

Prostate cancer affects millions of men annually, making it the
second most prevalent cancer in men, following lung cancer. It
accounts for 7.11% of new cancer diagnoses in men worldwide (1).
Its treatment methods include nonsurgical and surgical treatment.
The former consists mainly of androgen deprivation therapy
(ADT), radiation therapy (RT), chemotherapy and emerging
immunotherapy. However, laparoscopic radical prostatectomy
(LRP) remains the most effective and commonly accepted
procedure for localized prostate cancer (2). Despite significant
improvements in surgical methods and techniques, patients who
undergo LRP commonly experience overactive bladder syndrome
(OAB), with studies indicating that the prevalence of OAB
following radical prostatectomy (RP) can reach as high as 37.8%
(3). As a result of surgical injury to anatomical areas such as the
external urethral sphincter and urethral smooth muscle, patients
may develop symptoms of overactive bladder (OAB) including
urinary frequency, urgency, and urge incontinence. Moreover,
damage to the nerves innervating the bladder during surgery can
result in postoperative overactivity of the patient’s detrusor muscle
(DO), which is a significant contributing factor to OAB (4, 5). To
assess these symptoms comprehensively and reliably, the Overactive
Bladder Syndrome Self-Evaluation Scale (OABSS) is a valuable
questionnaire consisting of four questions: daytime urination
frequency, nocturia, urgency, and incontinence. These questions
provide an objective and effective evaluation of the patient’s
postoperative bladder condition and recovery (6).

Anticholinergics (such as solifenacin and tolterodine) have
traditionally been the preferred treatment for patients suffering
from overactive bladder (OAB); however, these drugs are associated
with various adverse effects, including constipation, dry mouth, and
blurred vision, and may even cause urinary retention or increased
postvoiding residue (PVR) (7). Consequently, patient compliance
with these medications is often poor. In contrast, mirabegron, the
first B3-adrenoceptor agonist approved for the treatment of OAB
(8), has been shown to be more effective than anticholinergics as it
promotes detrusor relaxation, increases bladder capacity, and
reduces urination frequency (9). Despite its potential benefits,
there is limited research and data available on the effectiveness
of mirabegron in treating OAB following LRP. Therefore, the
primary objective of this article is to evaluate the safety and
efficacy of mirabegron in managing lower urinary tract symptoms
after LRP.

2 Materials and methods
2.1 Study participants

In this study, 116 consecutive patients who underwent PR
between July 2020 and July 2022 in the Department of Urology of
the Sixth People’s Hospital of Shanghai Jiao Tong University and
had postoperative urinary abnormalities of varying degrees were
recruited. Inclusion criteria included: (i) preoperative patients all
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had prostate cancer confirmed by ultrasound-guided trans-perineal
prostate puncture and postoperative pathology showed limited
prostate cancer ((clinical stage from Tlc to T3a, NO and MO0));
(i) symptoms such as urinary frequency, urgency, and urinary
incontinence occurred after the urinary catheter was removed; and
(iii)patients were not taking drugs affecting bladder function before
surgery (8). Exclusion criteria included: (i) patients who had
received neoadjuvant chemotherapy or radiotherapy for prostate
cancer, had neurogenic bladder, urinary tract infection, arrhythmia
symptoms, or any history of surgery on urethra, bladder neck, or
prostate in the past 3 months; (ii) patients with previous impaired
liver function (Child-Pugh classification C or worse) or severe renal
dysfunction (creatinine clearance < 30 mL/min) and (iii) patients
with moderate and severe OAB before surgery (OABSS total
score > 5).

2.2 Research design

This is a prospective randomized, controlled study that was
approved by the Ethics Committee of the Sixth People’s Hospital of
Shanghai Jiao Tong University with approval number 2020-K-108
(K) prior to the start of this study. All patients provided written
informed consent and completed the IPSS and OABSS evaluations
before surgery. After completion of relevant preoperative
investigations, the patients all underwent transperitoneal
laparoscopic radical prostatectomy for prostate cancer. During the
operation, a pneumoperitoneum was established with the
retropubic space. The main points of the operation included: (i)
clearing the pelvic lymph nodes to observe whether the patient had
tumor metastasis; (ii) suturing to cut the deep dorsal venous
complex; (iii) to maximize the removal of prostate tissue, we used
extrafascial resection for all patients, while also sacrificing the
neurovascular bundle; (IV) separating the seminal vesicles and
the dorsal aspect of the prostate; (V) dissecting the lateral
prostatic ligament and the bladder neck, (VI) dissecting and
reconstructing the urethra. Postoperatively, a drainage tube is
placed behind the pubic bone and an F22 catheter is left in
the bladder.

Patients were randomly assigned to the study or control group
through a computer-generated randomization procedure. All
patients began Kegel exercise to train pelvic floor muscle function
the day after surgery as directed by the treatment team. On this
basis, patients in the study group were administered oral
mirabegron sustained-release tablets daily (50 mg; Astellas
Pharmaceutical Technologies Inc., Sinopharm J20180019; once a
day); patients in the control group were given oral placebo (vitamin
C, 50 mg) daily. Both study and control drugs were white round
tablets in appearance and were treated for 1 month. Patients were
discharged after drainage tube was removed; criteria for drainage
tube removal were the absence of infection and anastomotic
leakage, with drainage tube fluid < 20 ml for 2 consecutive days.
Approximately 10-14 days after surgery, the patient was followed
up in the urology clinic to have the urinary catheter removed,
and the PSA value and the maximum urine flow rate Qmax
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re-evaluated. Weekly telephone follow-up was performed during
the medication period and continued for 2 months after the
treatment period, comparing the OABSS, IPSS, QOL scores, and
the number and duration of bladder spasms during spontaneous
voiding in both groups and using a visual analog scale (VAS) to
measure the severity of bladder spasm.

2.3 Statistical analysis

All data were processed by SPSS v.26.0 software for Windows
(IBM, Amonck, New York, USA), and continuous variables with
normal distributions were represented as the mean + standard
deviation (SD). Independent sample t tests were used to determine
differences in patient demographics, follow-up time, and outcomes
during treatment between the two groups. The chi-square test was
used to compare other clinical features between the two groups. P <
0.05 was considered statistically significant.

3 Results
3.1 Demographic and baseline characteristics

The study originally enrolled a total of 116 patients with
abnormal urination after prostate cancer surgery; during follow-
up, 6 patients did not complete the questionnaire, and 110 patients
eventually completed the trial questionnaire. A total of 110 patients
were randomly assigned to the study group (n=55) and the control
group (n=55). During the follow-up, 2 individuals in the control
group were excluded by interrupting the follow-up (Figure 1). The
mean age was (70.08 * 7.54) years. The general data of the two
groups are shown in Table 1. There were no statistically significant
differences in age, body mass index, PSA, prostate volume, operative
time, intraoperative bleeding, postoperative HB reduction values,
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FIGURE 1
Flowchart for patients selection
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number of days in hospital,preoperative OAB scores, IPSS scores,
and QOL scores between the two groups.

3.2 Effect comparison

The postoperative rechecked PSA was within the normal range
in all patients. As can be seen from Figure 2, the change in OAB
scores was more significant in the study and control groups after
surgery, changing from the first postoperative week (10.72 + 2.35)
and (11.43 + 2.83) to the fourth postoperative week (6.67 + 1.06)
and (9.14 £ 1.83), and it can be seen that the change in OAB scores
was more significant in the study group during drug treatment. The
OAB score was significantly lower in the study group compared to
the control group at 2, 3, and 4 weeks postoperatively (Figure 2A).
At week 8 of follow-up, the study group had a significantly lower
OABSS score than the control group (5.76 + 1.39 vs. 7.78 + 1.53,
p<0.01). At the last follow-up, the decrease in OABSS scores was
further statistically significant in the study group compared to the
control group (4.49 + 1.35 vs. 5.92 + 1.45,p<0.01), especially in
terms of urinary frequency and incontinence symptoms (0.24 + 0.43
vs. 1.10 £ 0.61,p<0.01 and 1.58 + 0.92vs. 1.94 + 0.81 p<0.05).
However, at 12 weeks postoperatively, nocturia and urgency
symptoms were not significantly different between the two groups
(Table 2). This result indicates that the administration of
mirabegron in the study group did accelerate the improvement of
urinary urgency, nocturia, and urinary incontinence symptoms
in patients.

There was no significant difference in IPSS scores as well as
QOL scores between the study and control groups before surgery,
and during the postoperative 1-month drug treatment period, the
voiding symptoms and quality of life scores improved in both
groups, decreasing from (19.32 + 3.71 and 20.18 + 2.93) to (11.29 +
3.89 and 15.34 + 3.54, p < 0.01) (Figure 2B), indicating that the
treatment effect of the study group was better than that of the
control group. At week 12 of follow-up, the IPSS continued to
decrease in both groups as (7.43 + 3.12 vs. 8.65 £ 2.94, p < 0.01), as
shown in Table 2. In addition, Table 2 shows that postoperative
QOL scores decreased in both groups and that patients” quality of
life gradually improved as time progressed.

In addition, our analysis found that both the study group and
the control group showed a trend of initial increase and subsequent
decrease in OABSS scores. The OABSS scores of patients in the
experimental group were higher than the preoperative baseline data
from the first to the fourth week after surgery and at the eighth week
after surgery, and were statistically different (P < 0.01); however, at
12 weeks after surgery, there was no significant statistical difference
in OABSS scores between the experimental group patients and their
baseline data before surgery (P > 0.05). In contrast, the OABSS
scores of the control group patients within 3 months after surgery
were higher than before surgery and showed a statistically
significant difference (P < 0.01). Similarly, we analyzed the IPSS
and QOL scores of both groups of patients at 4, 8, and 12 weeks
after surgery and found that they were higher than their respective
baseline data before surgery, and the differences were statistically
significant (P < 0.01). These findings indicate that both groups of
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TABLE 1 Population demographics and clinical characteristics of the two groups of patients; preoperative patient OABSS, IPSS, QOL scores and
postoperative prostate tumor pathological staging.

Variables, mean + SD Study group (n = 55) Control group (n = 53)

Age, year 70.84 + 8.08 69.25 + 6.90 0.28
BMI, kg/m2 2536 + 3.22 2491 +2.83 0.32
Prostate-specific antigen, ng/ml 21.66 + 23.74 17.46 + 12.88 0.25
Prostate volume, ml 52.18 + 25.78 47.32 + 2422 0.23
Operation time, min 170.18 + 54.16 163.0 + 64.9 0.85
Intraoperative bleeding, ml 214.69 + 194.94 214.8 £ 202.4 1.00
Hemoglobin decrease value, g/L 14.87 +7.25 17.37 £ 9.93 0.14
Number of days in hospital 9.80 + 3.21 9.16 + 2.98 0.29

Preoperative index

OABSS score 422 +1.18 429 +1.27 0.75
IPSS score 20.27 + 4.36 19.37 +3.24 0.23
QOL score 3.27 £ 1.10 3.25 £ 1.16 0.94

Postoperative pathological stage

<2b 7(0.13) 3(0.06)
2 33(0.60) 34(0.64)
3a 8(0.15) 8(0.15)
3b 7(0.13) 8(0.15)

patients had higher IPSS and QOL scores and lower OABSS scores  urinary frequency and urgency symptoms, but also caused
before surgery, which may be due to urinary symptoms caused  symptoms such as urinary incontinence due to damage to the
mainly by benign prostatic hyperplasia. However, the prostate  bladder sphincter, which was the main reason for the higher
tissue was removed during surgery, which improved the patients’  postoperative OABSS scores.

A B
OABSS scores IPSS scores
B study group
] 11.43 251 W control group
124 1072 1056 . 1932 20.18
204
15.34
154
11.29
104
5
0+ T 1
1 week 2 weeks 3 weeks 4 weeks pre-operation postoperation
c Frequency of bladder spasm D VAS scores
10 g study group 109 g study group
=== control group === control group
"1 ° I %L}
|
0 0

FIGURE 2

Comparison of data between the research group and the control group after surgery. OABSS scores at 1-4 weeks postoperatively in both groups

(A). Comparison of IPSS scores between the research group and the control group from 1 month pre-surgery and 1 month post-surgery (B). The two
groups of patients with bladder spasm and visual simulation scores (VAS) 2-14 days after surgery (C, D) ** represents a statistically significant difference.
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The number of bladder spasms and the VAS test were recorded
every other day after surgery in both groups. There was no
significant difference between groups at postoperative days 1-2.
At postoperative days 4, 6, 8 and 10, the number of bladder spasms
and the degree of pain were significantly higher in the control group
than in the experimental group (P < 0.01), and after postoperative
day 12, the symptoms gradually improved similarly in both groups
(Figures 2C, D). Table 3 shows the indicators of the two groups of
patients reviewed at the end of drug therapy. The mean number of
days with indwelling drain and catheter was significantly lower in
the study group compared with the control group (P < 0.01); in
addition, there was no statistical difference in the maximum urinary
flow rate at the time of review between the two groups.

3.3 Complications

As shown in Table 3, no serious adverse events were observed in
either group. In the study group, 2 (3.6%) of 55 patients had
tachycardia and 3 (5.4%) had constipation; in the control group,
7 (7.5%) of 53 patients had constipation and 2 (3.8%) had
bitter mouth.

4 Discussion

Currently, RP remains the treatment of choice for localized
prostate cancer. It can significantly improve symptoms of abnormal
urination because the surgery removes anatomical bladder resistance
(4). Despite the continuous development of surgical methods and
techniques, it is inevitable that the anatomical areas around the
prostate, such as the triangle, the external urethral sphincter, the
bladder neck, and the posterior urethra, are disrupted during surgery,
resulting in urinary incontinence and demobilization of the detrusor
muscles (10). It has been reported that the incidence of postoperative
incontinence after RP ranges from 2.5% to 90% (11-13). Of these, up
to one-third of patients are incontinent due to urinary urgency (4,
14). At present, the pathophysiological link between OAB and RP has
not been fully elucidated, but most of the literature suggests that the
primary contributing factors are detrusor overactivity (DO), urogenic
mechanisms, and bladder outlet obstruction (BOO) (4, 11). A study
on bladder and urethral function after RP showed that nearly 70.3%
of patients were affected by DO after RP, half of whom had varying
degrees of OAB symptoms (10). Similarly, a study from New York on
the etiology and symptoms of postoperative urinary incontinence
after RP suggests that postoperative urinary incontinence is primarily
due to sphincter injury and bladder dysfunction (detrusor instability
or poor compliance). Urinary incontinence caused by sphincter
injury is often associated with increased intra-abdominal pressure,
resulting in stress urinary incontinence. Bladder dysfunction is
mainly due to intraoperative nerve injury or associated with
urinary tract obstruction due to preoperative prostatic lesions and
therefore often leads to urinary frequency and urgency as well as urge
incontinence after RP (11, 14-16).

The current treatment principles for OAB after RP are the same
as those for OAB in general, which mainly include behavioral
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therapy, pharmacotherapy and surgery (4). Behavioral therapy is
primarily used to improve OAB symptoms through bladder training
and pelvic floor muscle training. However, there are few data to
support this claim; the results of a randomized controlled trial only
showed that postoperative incontinence symptoms after RP were
significantly improved by preoperative biofeedback combined with
postoperative pelvic floor muscle training (17). The main indications
for surgical treatment are patients whose urinary control is still not
restored 1 year after RP, and surgical procedures include artificial
urethral sphincter implantation, ball cavernous suspension, and
transurethral injection of fillers (18-20). However, since post-
operative RP patients may suffer from erectile dysfunction and
retrograde ejaculation symptoms after surgery, which can affect the
quality of life and psychological health of patients. Therefore, patients
need to be given psychological guidance and comfort during
treatment. However, at present, the main method of OAB
treatment after RP surgery is pharmacological treatment (21, 22).
The efficacy of oral anticholinergics to ameliorate OAB symptoms
after RP has been demonstrated in the past few years (13, 23), but the
drug is plagued with poor patient compliance due to a large number
of side effects. Among them, dry mouth is the most important side
effect, followed by possible side effects such as constipation, blurred
vision, and cognitive dysfunction (24).

Studies have confirmed the presence of B-AR subtypes (B1, 32
and B3) on bladder forceps and uroepithelial cells, and the key role of
[-adrenoceptors in the bladder is to allow smooth muscle relaxation
and increased bladder compliance during the filling phase of the
voiding cycle. Sympathetic release of metanephrine acting on B3-
adrenergic receptors leads to increased levels of intracellular cyclic
adenosine monophosphate (cAMP), which induces relaxation of the
bladder forcing muscles (25-28). In a study from Emma Mitidieri
et al. they experimentally verified that 3-adrenoceptors also act on
cystathionine-B-synthase (CSE) in human urinary epithelial cells,
resulting in the derivation of more hydrogen sulfide, which in turn
leads to an increase in cAMP, thus reinforcing the role of P3-
adrenoceptors in regulating the bladder (29). In addition, animal
model studies have shown that 33-adrenoceptor agonists can increase
bladder volume without altering voiding pressure or residual urine
volume. Mirabegron, as the first B3-adrenoceptor agonist approved
for the treatment of OAB, can significantly reduce urinary frequency
and incontinence in patients with OAB (8, 30, 31). In a large
multicenter randomized double-blind study, patients aged 18 years
or older with OAB symptoms for >3 months were given 50 mg of
mirabegron once daily, and the results showed a significant reduction
in the frequency of voiding and incontinence and a significant
increase in the volume of urine voided per voiding in the
experimental group compared to the control group (32). However,
there are no corresponding studies evaluating its safety and efficacy
on postoperative OAB after RP. In the present study, the
experimental group showed significant improvement in the IPSS as
well as OABSS scores after RP compared with the control group; in
addition, the number of bladder spasms and the degree of pain
recorded in the experimental group were significantly lower than
those in the control group at 4, 6, 8, and 10 days after surgery. We
speculate that the mechanism of action is similar to anticholinergic
drugs. The inflammation around the anastomosis after RP and the
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TABLE 2 The comparison of OABSS scores, IPSS scores, and QOL scores during drug treatment and follow-up.

4 weeks postoperative (end of treat-

8 weeks postoperative (follow-up)

12 weeks postoperative (follow-up)

ment)
Study group Control P Study group Control P Study group Control P
(n = 55) group (n = value (n =55) group (n =  value (n =55) group (n = value
53) 53) 53)

OABSS total 6.67 £ 1.06 9.16 + 1.61 <0.05 576 + 1.39 7.78 + 1.53 <0.01 449 + 135 592 + 1.45 <0.01
Score
urinary 1.35 + 0.55 1.59 + 0.50 <0.01 0.93 +0.74 131 +0.62 <0.01 024 + 0.43 1.10 + 0.61 <0.01
frequency
nocturia 1.75 + 0.55 2224078 <0.01 1.67 + 0.58 1.84 + 0.70 0.18 1.49 + 0.74 1.57 % 0.61 0.56
urgency 1.56 + 0.50 2.16 + 0.88 <0.01 1.24 + 043 1.98 +0.73 <0.01 1.18 + 0.39 1.31 + 0.68 023
incontinence 2.14 + 0.67 3.18 + 1.01 <0.01 1.93 + 1.00 265 + 0.91 <0.01 1.58 + 0.92 1.94 + 0.81 <0.05
1PSS 1129 321 1531 + 4.02 <0.01 832 +3.96 11.43 + 326 <0.01 743 +3.12 8.65 + 2.94 <0.05
QOL 240 + 0.81 3.20 + 1.00 <0.01 2.05 = 0.68 1.76 + 0.76 <0.05 1.55 % 0.66 1.59 + 0.75 0.76

irritation from the catheter cause bladder irritation symptoms. By
inhibiting excessive contraction of the bladder forcing muscle,
mirabegron can reduce bladder irritation symptoms and promote
healing of the anastomosis, thus reducing the severity of pain
reported by the patient. Therefore, it can be demonstrated that
mirabegron has a significant effect in relieving the overactivity of
the bladder forcing muscles after RP surgery (33-35).

Although this study is a randomized controlled experiment, it
has some limitations. The time for follow-up was short, which may
have affected the outcome. In addition, we did not test multiple
dosage of mirabegron, so we could not know the optimal dose of the
drug. However, the treatment results were also significant in our
study. In this study, the adverse effects reported by the experimental
group receiving 50 mg mirabegron daily were not significantly
different from those in the placebo group, and only 2 patients
showed symptoms of tachycardia, but it was not serious. In
addition, no other serious complications occurred, suggesting that
mirabegron has a better safety profile and tolerability than
anticholinergic drugs. Most studies have shown that mirabegron
has a generally low incidence of cardiovascular adverse events in an
older range of subjects (over 60 years of age) and has almost no
significant effect on patient heart rate under initial dose conditions
(36-38).

In summary, mirabegron can significantly improve symptoms
such as urinary frequency, urgency and urge incontinence after RP.
Therefore, in the future, it has important therapeutic value in the
treatment of postoperative OAB or new-onset OAB for RP.

4.1 Figures

Frontiers requires figures to be submitted individually, in the
same order as they are referred to in the manuscript. Figures will
then be automatically embedded at the bottom of the submitted
manuscript. Kindly ensure that each table and figure is mentioned
in the text and in numerical order. Figures must be of sufficient
resolution for publication. Figures which are not according to the
guidelines will cause substantial delay during the production
process. Figure legends should be placed at the end of the
manuscript. Please see here for full Figure guidelines

4.2 Tables

Tables should be inserted at the end of the manuscript. Tables
must be provided in an editable format e.g., Word, Excel. Tables

TABLE 3 One-month postoperative review of indicators and adverse drug reactions.

Study group (n = 55) Control group (n = 53) P value
Days of catheter placement 8.44 +2.04 10.53 + 2.17 <0.01
Days in drainage tube placement 4.49 +0.92 437 + 1.05 0.55
Qmax, ml/s 19.7 £ 8.0 176 +7.3 0.46
‘ Adverse drug reactions
Tachycardia 2(3.6%) 0 -
Constipation 3(5.4%) 4(7.5%) -
Dry mouth 0 2(3.8%) -
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provided as jpeg/tift files will not be accepted. Please note that very
large tables (covering several pages) cannot be included in the final
PDF for reasons of space. These tables will be published as
Supplementary Material on the online article page at the time of
acceptance. The author will be notified during the typesetting of the
final article if this is the case.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee Review Approval of Shanghai Sixth
People’s Hospital. The patients/participants provided their written
informed consent to participate in this study.

Author contributions

RY and HX conceived the study. WL drafted the manuscript.
WL and YL collected the clinical data and conducted statistical

References

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209-49. doi: 10.3322/
caac.21660

2. Trama A, Botta L, Nicolai N, Rossi PG, Contiero P, Fusco M, et al. Prostate cancer
changes in clinical presentation and treatments in two decades: an Italian population-
based study. Eur J Cancer (2016) 67:91-8. doi: 10.1016/.¢jca.2016.07.021

3. Matsukawa Y, Yoshino Y, Ishida S, Fujita T, Majima T, Funahashi Y, et al. De
novo Overactive bladder after robot-assisted laparoscopic radical prostatectomy.
Neurourol Urodyn (2018) 37(6):2008-14. doi: 10.1002/nau.23556

4. Peyronnet B, Brucker BM. Management of overactive bladder symptoms
after radical prostatectomy. Curr Urol Rep (2018) 19(12):95. doi: 10.1007/s11934-
018-0847-3

5. Kim M, Park M, Shim M, Choi SK, Lee SM, Lee ES, et al. Effect of preoperative
urodynamic detrusor overactivity on post-prostatectomy incontinence: a systematic
review and meta-analysis. Int Urol Nephrol (2016) 48(1):53-63. doi: 10.1007/s11255-
015-1141-7

6. Ashok K, Wang A. Detrusor overactivity: an overview. Arch Gynecol Obstet
(2010) 282(1):33-41. doi: 10.1007/500404-010-1407-3

7. Wada N, Iuchi H, Kita M, Hashizume K, Matsumoto S, Kakizaki H. Urodynamic
efficacy and safety of mirabegron add-on treatment with tamsulosin for Japanese Male
patients with overactive bladder. Low Urin Tract Symptoms (2016) 8(3):171-6. doi:
10.1111/luts.12091

8. Sanford M. Mirabegron: a review of its use in patients with overactive bladder
syndrome. Drugs (2013) 73(11):1213-25. doi: 10.1007/s40265-013-0086-3

9. Gleicher S, Sebesta EM, Reynolds WS, Dmochowski R. Vibegron for the
treatment of overactive bladder: a comprehensive update. Expert Opin Pharmacother
(2022) 23(13):1479-84. doi: 10.1080/14656566.2022.2126311

10. Giannantoni A, Mearini E, Zucchi A, Costantini E, Mearini L, Bini V, et al.
Bladder and urethral sphincter function after radical retropubic prostatectomy: a
prospective long-term study. Eur Urol (2008) 54(3):657-64. doi: 10.1016/
j.eururo.2007.10.054

Frontiers in Oncology

10.3389/fonc.2023.1188619

analysis on the data. RY and HX revised the manuscript rigorously.
All authors contributed to the article and approved the
submitted version.

Funding

This work was supported by the Hospital-level Scientific
Research Fund of the Sixth People’s Hospital of Shanghai
Jiaotong University School of Medicine.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

11. Lee R, Te AE, Kaplan SA, Sandhu JS. Temporal trends in adoption of and
indications for the artificial urinary sphincter. J Urol (2009) 181(6):2622-7. doi:
10.1016/j.jur0.2009.01.113

12. Sandhu JS, Breyer B, Comiter C, Eastham JA, Gomez C, Kirages DJ, et al.
Incontinence after prostate treatment: AUA/SUFU guideline. ] Urol (2019) 202(2):369-
78. doi: 10.1097/JU.0000000000000314

13. Gormley EA, Lightner DJ, Burgio KL, Chai TC, Clemens JQ, Culkin DJ, et al.
Diagnosis and treatment of overactive bladder (non-neurogenic) in adults: AUA/SUFU
guideline. J Urol (2012) 188(6 Suppl):2455-63. doi: 10.1016/j.juro.2012.09.079

14. Hanna-Mitchell AT, Kashyap M, Chan WV, Andersson KE, Tannenbaum C.
Pathophysiology of idiopathic overactive bladder and the success of treatment: a
systematic review from ICI-RS 2013. Neurourol Urodyn (2014) 33(5):611-7. doi:
10.1002/nau.22582

15. Neves Neto JF, Palomino Z, Mizuno Watanabe IK, Aguiar WF, Medina-Pestana
JO, Soler R. Pretransplant defunctionalized bladder-overrated condition? Neurourol
Urodyn (2018) 37(5):1559-66. doi: 10.1002/nau.23495

16. Lai HH, Hsu EI, Boone TB. Urodynamic testing in evaluation of postradical
prostatectomy incontinence before artificial urinary sphincter implantation. Urology
(2009) 73(6):1264-9. doi: 10.1016/j.urology.2008.10.037

17. Tienforti D, Sacco E, Marangi F, D'Addessi A, Racioppi M, Gulino G, et al. Efficacy
of an assisted low-intensity programme of perioperative pelvic floor muscle training in
improving the recovery of continence after radical prostatectomy: a randomized
controlled trial. BJU Int (2012) 110(7):1004-10. doi: 10.1111/j.1464-410X.2012.10948 x

18. Cox A, Herschorn S. Management of the incontinent patient with a sphincteric
stricture following radical prostatectomy. Curr Opin Urol (2014) 24(6):578-85. doi:
10.1097/MOU.0000000000000116

19. Hampson LA, Elliott SP, Erickson BA, Vanni AJ, Myers JB, McClung C, et al.
Multicenter analysis of urinary urgency and urge incontinence in patients with anterior
urethral stricture disease before and after urethroplasty. J Urol (2016) 196(6):1700-5.
doi: 10.1016/j.juro.2016.08.015

20. Osterberg EC, Schulster M, Blaivas JG, Maganty A, Lee DJ, Purohit RS.
Urethroplasty improves overactive bladder symptoms in men with anterior urethral
strictures. Urology (2016) 93:208-12. doi: 10.1016/j.urology.2016.04.003

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.ejca.2016.07.021
https://doi.org/10.1002/nau.23556
https://doi.org/10.1007/s11934-018-0847-3
https://doi.org/10.1007/s11934-018-0847-3
https://doi.org/10.1007/s11255-015-1141-7
https://doi.org/10.1007/s11255-015-1141-7
https://doi.org/10.1007/s00404-010-1407-3
https://doi.org/10.1111/luts.12091
https://doi.org/10.1007/s40265-013-0086-3
https://doi.org/10.1080/14656566.2022.2126311
https://doi.org/10.1016/j.eururo.2007.10.054
https://doi.org/10.1016/j.eururo.2007.10.054
https://doi.org/10.1016/j.juro.2009.01.113
https://doi.org/10.1097/JU.0000000000000314
https://doi.org/10.1016/j.juro.2012.09.079
https://doi.org/10.1002/nau.22582
https://doi.org/10.1002/nau.23495
https://doi.org/10.1016/j.urology.2008.10.037
https://doi.org/10.1111/j.1464-410X.2012.10948.x
https://doi.org/10.1097/MOU.0000000000000116
https://doi.org/10.1016/j.juro.2016.08.015
https://doi.org/10.1016/j.urology.2016.04.003
https://doi.org/10.3389/fonc.2023.1188619
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

21. Lane JA, Donovan JL, Young GJ, Davis M, Walsh EI, Avery KNL, et al.
Functional and quality of life outcomes of localised prostate cancer treatments
(Prostate testing for cancer and treatment [ProtecT] study). BJU Int (2022) 130
(3):370-80. doi: 10.1111/bju.15739

22. Lardas M, Liew M, van den Bergh RC, De Santis M, Bellmunt J, Van den Broeck T,
et al. Quality of life outcomes after primary treatment for clinically localised prostate cancer: a
systematic review. Eur Urol (2017) 72(6):869-85. doi: 10.1016/j.eururo.2017.06.035

23. Nambiar AK, Bosch R, Cruz F, Lemack GE, Thiruchelvam N, Tubaro A, et al.
EAU guidelines on assessment and nonsurgical management of urinary incontinence.
Eur Urol (2018) 73(4):596-609. doi: 10.1016/j.eururo.2017.12.031

24. Welk B, Richardson K, Panicker JN. The cognitive effect of anticholinergics for
patients with overactive bladder. Nat Rev Urol (2021) 18(11):686-700. doi: 10.1038/
541585-021-00504-x

25. Michel MC, Vrydag W. Alphal-, alpha2- and beta-adrenoceptors in the urinary
bladder, urethra and prostate. Br ] Pharmacol (2006) 147 Suppl 2(Suppl 2):588-119.
doi: 10.1038/5j.bjp.0706619

26. Fry CH, Meng E, Young JS. The physiological function of lower urinary tract
smooth muscle. Auton Neurosci (2010) 154(1-2):3-13. doi: 10.1016/
j.autneu.2009.10.006

27. Nitti VW, Chapple CR, Walters C, Blauwet MB, Herschorn S, Milsom 1, et al.
Safety and tolerability of the beta3 -adrenoceptor agonist mirabegron, for the treatment
of overactive bladder: results of a prospective pooled analysis of three 12-week
randomised phase III trials and of a 1-year randomised phase III trial. Int J Clin
Pract (2014) 68(8):972-85. doi: 10.1111/ijcp.12433

28. Abelson B, Sun D, Que L, Nebel RA, Baker D, Popiel P, et al. Sex differences in
lower urinary tract biology and physiology. Biol Sex Differ (2018) 9(1):45. doi: 10.1186/
513293-018-0204-8

29. Mitidieri E, Pecoraro A, Esposito E, Brancaleone V, Turnaturi C, Napolitano L,
et al. beta(3) relaxant effect in human bladder involves cystathionine gamma-Lyase-
Derived urothelial hydrogen sulfide. Antioxidants (Basel) (2022) 11(8):1480. doi:
10.3390/antiox11081480

30. Gillespie JI, Palea S, Guilloteau V, Guerard M, Lluel P, Korstanje C. Modulation
of non-voiding activity by the muscarinergic antagonist tolterodine and the beta(3)-

Frontiers in Oncology

08

10.3389/fonc.2023.1188619

adrenoceptor agonist mirabegron in conscious rats with partial outflow obstruction.
BJU Int (2012) 110(2 Pt 2):E132-142. doi: 10.1111/j.1464-410X.2012.11240.x

31. Svalo J, Nordling J, Bouchelouche K, Andersson KE, Korstanje C, Bouchelouche
P. The novel beta3-adrenoceptor agonist mirabegron reduces carbachol-induced
contractile activity in detrusor tissue from patients with bladder outflow obstruction
with or without detrusor overactivity. Eur J Pharmacol (2013) 699(1-3):101-5. doi:
10.1016/j.ejphar.2012.11.060

32. Novara G, Cornu JN. Mirabegron as a new class of oral drug for overactive
bladder syndrome: many positive perspectives, some concerns. Eur Urol (2013) 63
(2):306-8. doi: 10.1016/j.eururo.2012.11.024

33. Yang R, Liu L, Li G, Yu J. Efficacy of solifenacin in the prevention of short-term
complications after laparoscopic radical prostatectomy. J Int Med Res (2017) 45
(6):2119-27. doi: 10.1177/0300060517713405

34. Liao CH, Kuo HC. Mirabegron escalation to 50 mg further improves daily
urgency and urgency urinary incontinence in Asian patients with overactive bladder. J
Formos Med Assoc (2019) 118(3):700-6. doi: 10.1016/j.jfma.2018.08.014

35. Krauwinkel W, van Dijk J, Schaddelee M, Eltink C, Meijer J, Strabach G, et al.
Pharmacokinetic properties of mirabegron, a beta3-adrenoceptor agonist: results from
two phase I, randomized, multiple-dose studies in healthy young and elderly men and
women. Clin Ther (2012) 34(10):2144-60. doi: 10.1016/j.clinthera.2012.09.010

36. Otsuki H, Kosaka T, Nakamura K, Mishima J, Kuwahara Y, Tsukamoto T.
beta3-adrenoceptor agonist mirabegron is effective for overactive bladder that is
unresponsive to antimuscarinic treatment or is related to benign prostatic
hyperplasia in men. Int Urol Nephrol (2013) 45(1):53-60. doi: 10.1007/s11255-012-
0343-5

37. Nitti VW, Khullar V, van Kerrebroeck P, Herschorn S, Cambronero J, Angulo
JC, et al. Mirabegron for the treatment of overactive bladder: a prespecified pooled
efficacy analysis and pooled safety analysis of three randomised, double-blind, placebo-
controlled, phase III studies. Int J Clin Pract (2013) 67(7):619-32. doi: 10.1111/
ijcp.12194

38. Malik M, van Gelderen EM, Lee JH, Kowalski DL, Yen M, Goldwater R, et al.
Proarrhythmic safety of repeat doses of mirabegron in healthy subjects: a randomized,
double-blind, placebo-, and active-controlled thorough QT study. Clin Pharmacol Ther
(2012) 92(6):696-706. doi: 10.1038/clpt.2012.181

frontiersin.org


https://doi.org/10.1111/bju.15739
https://doi.org/10.1016/j.eururo.2017.06.035
https://doi.org/10.1016/j.eururo.2017.12.031
https://doi.org/10.1038/s41585-021-00504-x
https://doi.org/10.1038/s41585-021-00504-x
https://doi.org/10.1038/sj.bjp.0706619
https://doi.org/10.1016/j.autneu.2009.10.006
https://doi.org/10.1016/j.autneu.2009.10.006
https://doi.org/10.1111/ijcp.12433
https://doi.org/10.1186/s13293-018-0204-8
https://doi.org/10.1186/s13293-018-0204-8
https://doi.org/10.3390/antiox11081480
https://doi.org/10.1111/j.1464-410X.2012.11240.x
https://doi.org/10.1016/j.ejphar.2012.11.060
https://doi.org/10.1016/j.eururo.2012.11.024
https://doi.org/10.1177/0300060517713405
https://doi.org/10.1016/j.jfma.2018.08.014
https://doi.org/10.1016/j.clinthera.2012.09.010
https://doi.org/10.1007/s11255-012-0343-5
https://doi.org/10.1007/s11255-012-0343-5
https://doi.org/10.1111/ijcp.12194
https://doi.org/10.1111/ijcp.12194
https://doi.org/10.1038/clpt.2012.181
https://doi.org/10.3389/fonc.2023.1188619
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Efficacy and safety of mirabegron in the treatment of overactive bladder syndrome after radical prostatectomy: a prospective randomized controlled study
	1 Introduction
	2 Materials and methods
	2.1 Study participants
	2.2 Research design
	2.3 Statistical analysis

	3 Results
	3.1 Demographic and baseline characteristics
	3.2 Effect comparison
	3.3 Complications

	4 Discussion
	4.1 Figures
	4.2 Tables

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


