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Licensing and Market Availability Plans
Currently in phase III/II clinical trials.

Summary
Mirabegron is currently in clinical development for treatment of neurogenic detrusor overactivity
(NDO) in children and adolescents aged 3 to 17 years old on clean intermittent catheterisation
(CIC). NDO is a bladder dysfunction and can cause urinary symptoms such as frequency, urgency
and urinary incontinence. Other symptoms of NDO include: pelvic pain, painful urination,
incontinence, increased spasticity, autonomic dysreflexia, malaise, fever/chills, nausea, headache.
Current treatment options for NDO in children and adolescent populations are very limited and
are not well-tolerated.

Mirabegron is a beta-3-adrenergic-receptor agonist. It works by attaching to and activating beta3 receptors that are found in the muscle cells of the bladder. In the phase III trial, mirabegron was
administered orally. Mirabegron is an alternative treatment option to antimuscarinics (which block
the activity of muscarinic receptors that play an important role in mediating the functions of the
parasympathetic nervous system), with proven efficacy and safety in adults with NDO. Emerging
evidence shows that mirabegron is a promising treatment in children populations as well. If
licensed, mirabegron will offer an additional treatment option for children and adolescent patients
with NDO who currently have few well-tolerated therapies available.

This briefing reflects the evidence available at the time of writing and a limited literature search. It is not intended to be a definitive
statement on the safety, efficacy or effectiveness of the health technology covered and should not be used for commercial purposes
or commissioning without additional information. A version of the briefing was sent to the company for a factual accuracy check.
The company was available to comment.
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Proposed Indication
Treatment of NDO in children and adolescents aged 3 to 17 years old, who are on CIC.1

Technology
Description
Mirabegron (Betmiga) is a beta-3-adrenergic-receptor agonist. It works by attaching to and activating beta3 receptors that are found in the muscle cells of the bladder.2 Animal studies have shown that beta-3
receptor agonists exhibit a dose-dependent detrusor relaxation (mediated via up-regulation of cyclicadenosine) during the storage phase of micturition. In this way, mirabegron can aid in the symptomatic
relief of overactive bladder (OAB).3
Mirabegron is currently in clinical development for treatment of NDO in children and adolescents aged 3
to 17 years old, who are on CIC. In the phase III clinical trial (Crocodile; NCT02751931), mirabegron oral
tablets were administered orally at initial dose of 25mg on day 1. At weeks 2, 4 or 8, participants were uptitrated to the paediatric equivalent dose of 50 mg in adults, orally once daily based on the given dose
titration criteria. Following week 24, participants stayed on their individual dose level until week 52 endof-study or end-of-treatment.1 Those with body weight ≤35kg or who could not or did not want to take
tablets received mirabegron as an oral suspension.4
Key Innovation
Currently there are few antimuscarinics that are approved for the treatment of NDO. Antimuscarinic drugs
are associated with a number of anticholinergic adverse events (AEs), such as dry mouth, constipation, and
urinary retention, which may limit adherence. Of particular concern in paediatric patients is the potential
for impairment of cognitive development and learning, especially as anticholinergic central nervous system
AEs are reportedly more common in paediatric patients compared with adults. Furthermore, adherence
and persistence with antimuscarinic drugs are known to be suboptimal. While adherence may be of a lesser
concern in younger patients, the fact that the vast majority of patients in this study (NCT02751931) found
the tablets and oral solution to be good in terms of taste, smell and swallow acceptability is reassuring.4
Mirabegron, a β3-adrenoreceptor agonist, is an alternative treatment option to antimuscarinics, with
proven efficacy and safety in adults with OAB. As mirabegron has a distinct mechanism of action, and is
generally devoid of antimuscarinic AEs, it generally has a favourable safety profile. Mirabegron has also
shown positive effects on urodynamic parameters in adult patients with NDO.4 Furthermore, emerging
evidence shows that mirabegron is a promising treatment in paediatric populations.4-6 Therefore, if
licensed, mirabegron will offer an additional treatment option for children and adolescent patients with
NDO who currently have few well-tolerated therapies available.
Regulatory & Development Status
Mirabegron prolonged-release oral tablets has a Marketing Authorisation in the UK for symptomatic
treatment of urgency, increased micturition frequency and/or urgency incontinence as may occur in adult
patients with overactive bladder (OAB) syndrome.7
Mirabegron does not currently have a Marketing Authorisation in the EU/UK for any indication in children
and adolescents.
Mirabegron is in phase II/III clinical development for:8
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•
•
•
•
•

Overactive bladder
Intracerebral hemorrhage
Heart failure
PreDiabetes
Stent related symptoms

Patient Group
Disease Area and Clinical Need
NDO is a urodynamically measured bladder dysfunction caused by a lesion in the brain or spinal cord
associated with a congenital condition (e.g., myelomeningocele), an acquired, stable condition (e.g., stroke,
spinal cord injury), or an acquired, progressive condition (e.g., multiple sclerosis, Parkinson's disease,
dementia). NDO is a neurogenic lower urinary tract dysfunction and can cause urinary symptoms such as
frequency, urgency and urinary incontinence.9 Other symptoms of NDO include: pelvic pain, dysuria,
incontinence, increased spasticity, Autonomic Dysreflexia (AD), malaise, fever/chills, nausea, headache.10

Neurogenic bladder affects over 90% of patients with spinal cord injury, 50–80% of patients with multiple
sclerosis and over 95% of patients with spina bifida.11 Epidemiological data regarding NDO is strongly
limited.12 In England 2020-21, there were 1,919 finished consultant episodes (FCEs), of which 673 were
for people aged 1-17 years, for neuromuscular dysfunction of bladder, unspecified (ICD-10 code: N31.9).13
Recommended Treatment Options
Oral oxybutynin and solifenacin succinate are the only licensed medicinal products for children over 5
years old with overactive bladder. Trospium standard release is licensed in children over 12 years old.
There are also other treatments recommended for treatment of OAB in children over 5 years old, such as
tolterodine and oxybutynin patch however, they are not licensed for use in children.14,15

Clinical Trial Information

Trial

Crocodile; NCT02751931, EudraCT2015-002876-25; An Open-label, Baselinecontrolled, Multicenter, Phase 3 Dose-titration Study Followed by a Fixed-dose
Observation Period to Evaluate Efficacy, Safety and Pharmacokinetics of
Mirabegron in Children and Adolescents From 3 to Less Than 18 Years of Age
With Neurogenic Detrusor Overactivity (NDO) on Clean Intermittent
Catheterization (CIC)
Phase III – Completed
Location(s): 8 EU countries and other countries
Study Completion Date: May 2019

Trial Design

Non-randomised, single group assignment, open label, baseline controlled

Population

N=91 (actual); patients 3 to 17 years old who suffer from NDO confirmed by
urodynamic investigation at baseline; been using CIC for at least 4 weeks

Intervention(s)

•

Prolonged-release oral tablets or granules for oral suspension
mirabegron (children 3 to < 12 years)
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•

Comparator(s)

Prolonged-release oral tablets or granules for oral suspension
mirabegron (adolescents 12 to < 18 years)

No comparator
Primary outcome measure:

Outcome(s)

Change from baseline in maximum cystometric capacity (MCC) at week 24
[Time frame: baseline and week 24]
See trial record for full list of other outcomes

Results (efficacy)

See trial record

Results (safety)

See trial record

Estimated Cost
Mirabegron prolonged-release oral tablets are already licensed for symptomatic treatment of urgency,
increased micturition frequency and/or urgency incontinence as may occur in adult patients with
overactive bladder (OAB) syndrome. NHS indicative price for 30 tablets of mirabegron of 25mg and 50mg
is £29.00.16

Relevant Guidance
NICE Guidance
•
•
•

NICE Technology appraisal guidance awaiting development. Oxybutynin hydrochloride for
managing neurogenic detrusor overactivity in people 6 years and over with spinal cord injury or
spina bifida [ID5089] (GID-TA10998). Expected date of issue to be confirmed.
NICE technology appraisal. Mirabegron for treating symptoms of overactive bladder (TA290). June
2013.
NICE clinical guideline. Urinary incontinence in neurological disease: assessment and management
(CG148). August 2012.
NHS England (Policy/Commissioning) Guidance

No relevant guidance identified.
Other Guidance
•
•

European Association of Urology. EAU Guidelines on Neuro-Urology. 2019.17
European Association of Urology. EAU Guidelines on Neurogenic Lower Urinary Tract
Dysfunction. 2009.18

Additional Information
Astellas Pharma Ltd. did not enter information about this technology onto the UK PharmaScan database;
the primary source of information for UK horizon scanning organisations on new medicines in
development. As a result, the NIHR Innovation Observatory has had to obtain data from other sources.
UK PharmaScan is an essential tool to support effective NHS forward planning; allowing more effective
decision making and faster uptake of innovative new medicines for patients who could benefit. We urge
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pharmaceutical companies to use UK PharmaScan so that we can be assured of up-to-date, accurate and
comprehensive information on new medicines.

References
1

2
3
4

5

6

7

8

9

10

11

12

13

ClinicalTrials.gov. Open-label Phase 3 Study With Mirabegron in Children From 3 to Less Than
18 Years of Age With Neurogenic Detrusor Overactivity (Crocodile). 2016. Available from:
https://clinicaltrials.gov/ct2/show/study/NCT02751931 [Accessed 31 May 2022].
European Medicines Agency (EMA). Betmiga. 2021. Available from:
https://www.ema.europa.eu/en/medicines/human/EPAR/betmiga [Accessed 31 May 2022].
Dawood O, El-Zawahry A. Mirabegron. StatPearls [Internet]. 2020. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK538513/.
Baka-Ostrowska M, Bolong DT, Persu C, Tøndel C, Steup A, Lademacher C, et al. Efficacy and
safety of mirabegron in children and adolescents with neurogenic detrusor overactivity: An
open-label, phase 3, dose-titration study. Neurourology and urodynamics. 2021;40(6):14909. Available from: https://doi.org/10.1002/nau.24657.
Fryer S, Nicoara C, Dobson E, Griffiths M, McAndrew HF, Kenny SE, et al. Effectiveness and
tolerability of mirabegron in children with overactive bladder: A retrospective pilot study.
Journal of Pediatric Surgery. 2020;55(2):316-8. Available from:
https://doi.org/10.1016/j.jpedsurg.2019.10.044.
Nasution R, Husein A, Adhyatma KP. Efficacy and safety of mirabegron in pediatric
population: A systematic review. International Journal of Surgery Open. 2021;37:100412.
Available from: https://doi.org/10.1016/j.ijso.2021.100412.
Electronic Medicines Compendium (EMC). Betmiga 25 mg prolonged-release tablets.
Available from:
https://www.medicines.org.uk/emc/product/2977/smpc#PHARMACOLOGICAL_PROPS
[Accessed 31 May 2022].
ClinicalTrials.gov. mirabegron | Recruiting, Not yet recruiting, Active, not recruiting, Enrolling
by invitation Studies | Phase 2, 3. Available from:
https://clinicaltrials.gov/ct2/results?cond=&term=mirabegron&type=&rslt=&recrs=b&recrs=
a&recrs=f&recrs=d&age_v=&gndr=&intr=&titles=&outc=&spons=&lead=&id=&cntry=&state
=&city=&dist=&locn=&phase=1&phase=2&rsub=&strd_s=&strd_e=&prcd_s=&prcd_e=&sfpd
_s=&sfpd_e=&rfpd_s=&rfpd_e=&lupd_s=&lupd_e=&sort= [Accessed 31 May 2022].
Haab F. Chapter 1: The conditions of neurogenic detrusor overactivity and overactive
bladder. Neurourology and urodynamics. 2014;33(S3):S2-S5. Available from:
https://doi.org/10.1002/nau.22636.
National Health Service (NHS). Neurogenic Bladder. Available from:
https://www.rnoh.nhs.uk/services/spinal-cord-injury-centre/medical-managementadvice/neurogenic-bladder [Accessed 31 May 2022].
Cameron AP. Medical management of neurogenic bladder with oral therapy. Translational
Andrology and Urology. 2016;5(1):51-62. Available from:
https://tau.amegroups.com/article/view/8940.
Corcos J, Przydacz M. Incontinence Due to Neurogenic Detrusor Overactivity. Consultation in
Neurourology: A Practical Evidence-Based Guide. 2018:77-113. Available from:
https://doi.org/10.1007/978-3-319-63910-9_7.
NHS Digital. Hospital Admitted Patient Care Activity 2020-21. 2021. Available from:
https://digital.nhs.uk/data-and-information/publications/statistical/hospital-admittedpatient-care-activity/2020-21#chapter-index [Accessed 8 June 2022].

Copyright © National Institute for Health and Care Research Innovation Observatory, The University of Newcastle upon Tyne.

Page 5 of 6

14

15
16

17

18

National Health Service (NHS). Overactive bladder in children over 5 years old, prescribing
algorithm. Available from: https://www.panmerseyapc.nhs.uk/media/2197/oab_paed.pdf
[Accessed 31 May 2022].
National Institute for Health and Care Excellence (NICE). Solifenacin succinate. Available
from: https://bnfc.nice.org.uk/drugs/solifenacin-succinate/ [Accessed 15 July 2022].
National Institute for Health and Care Excellence (NICE). Mirabegron: Medicinal forms.
Available from: https://bnf.nice.org.uk/drugs/mirabegron/medicinal-forms/ [Accessed 31
May 2022].
European Association of Urology (EAU). EAU Guidelines on Neuro-Urology. 2019. Available
from: https://uroweb.org/guidelines/neuro-urology/chapter/introduction [Accessed 31 May
2022].
Stöhrer M, Blok B, Castro-Diaz D, Chartier-Kastler E, Del Popolo G, Kramer G, et al. EAU
Guidelines on Neurogenic Lower Urinary Tract Dysfunction. European Urology.
2009;56(1):81-8. Available from: https://doi.org/10.1016/j.eururo.2009.04.028.

NB: This briefing presents independent research funded by the National Institute for Health Research
(NIHR). The views expressed are those of the author and not necessarily those of the NHS, the NIHR or the
Department of Health.
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