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trial
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Although anti-vascular endothelial growth factor drugs have revolutionized the
treatment of neovascular age-related macular degeneration (wet AMD), prevent-
ing eyes from converting from dry to wet AMD provides better long-term prog-
nosis for sight and overall health. Mirabegron, an agonist at beta 3 adrenoceptors
(B3-ARs), is licensed for the treatment of overactive bladder (OAB), but has poten-
tial effects on angiogenic proliferation in the retina, and therefore may reduce risk
of conversion from dry to wet AMD. Both OAB and AMD are more common in
older adults and share risk factors suggesting a potential link between these two
conditions, thus highlighting the need for common therapy for the two diseases.
Mirabegron use in AMD patients is supported by its rather safe profile at the eye
level as macular and choriocapillary parameters do not seem to be affected in
OAB patients. The purpose of this study will be to investigate the effects of mira-
begron in patients concomitantly affected by OAB and dry AMD to evaluate its
impact on slowing down AMD progression from the dry to the neovascular form.
Clinical trial registration: https://clinicaltrials.gov/study/NCT07305298, identifier
NCT07305298.
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1 Introduction

Sensory impairments, including vision loss, are a part of normal
aging that is associated with additional aging-related diseases includ-
ing those characterized by reduced contractile activity, as in overactive
bladder (OAB) wherein urgency and frequent micturition are driven
by a multitude of anatomical, metabolic and psychological causes.
Among vision impairments proliferative retinopathies including neo-
vascular age-related macular degeneration (wet AMD) pose a signifi-
cant global burden on individuals, families, and healthcare systems
(1). Wet AMD is a major cause of vision loss in elderly people, with an
increase in its prevalence in the population over 75 years old. Its esti-
mated increase of about 47% from 2020 to 2040 (2) represents a sig-
nificant burden to healthcare systems, both in terms of medical
treatment and non-medical related costs, such as social services (3).
Intravitreal injection of anti-vascular endothelial growth factor (anti-
VEGF) is approved for wet AMD. Anti-VEGFs are effective in reduc-
ing exudation, but they require frequent injections that, on the other
hand, might not be decisive in providing a solution.

Wet AMD is preceded by dry AMD, which is characterized by
a gradual degeneration of macular cells and the presence of lipid
deposits beneath the retina both contributing to central vision
loss. According to the global percentage of dry AMD progression
to wet AMD, around 10-15% of patients with dry AMD progress
to the wet form (4). Although there is no cure for dry AMD, the
pipeline of new treatments to slow its progression is expanding.
Once wet AMD is established, anti-VEGF therapy is intended to
manage rather than cure wet AMD with most patients experienc-
ing sight loss over time despite regular treatment. Preventing con-
version, therefore, has better prognostic value for sight. A number
of modifiable risk factors have been found to be effective in slow-
ing AMD progression, such as smoking cessation, and dietary and
nutraceutical supplements. In this respect, nutraceutical treat-
ments might limit eye disease progression (5, 6). Among them
resveratrol has emerged as a promising agent for mitigating retinal
damage (7, 8). Some therapeutic agents have also been licensed for
eyes with dry AMD including complement factor inhibitors,
which, on the other hand, are only available for individuals with
late-stage dry AMD (9). There exists a need for drugs for earlier
stages of dry AMD that effectively reduce the risk of progression.
Targeting oxidative stress and chronic inflammation might repre-
sent an effective treatment as their complex interplay plays a key
role in retinal diseases (10).

Potential concomitance between AMD and OAB gave rise to the
possibility of investigating whether a therapy that efficiently counter-
acts OAB may also act on dry AMD progression to wet AMD. As for
wet AMD, the global prevalence of OAB is expected to increase by
10.6% from 2020 to 2030 with an increasing trend depending on obe-
sity, gender and age (8). While anticholinergics have been the corner-
stone of OAB treatment for decades, their use has consistently been
challenged by issues related to side effects and lack of bladder selectiv-
ity (11). In particular, there is indication that eye diseases including
glaucoma (12) and dry eye disease (13) might occur as side effects of
anticholinergic drug administration in OAB patients.

Mirabegron targeting the beta 3 adrenoceptor (f3-AR) is a com-
monly used drug for OAB, with similar efficacy but fewer side effects
than anticholinergic drug options (14). Compared to anticholinergic
drugs, mirabegron improves storage function without affecting void-
ing, thus increasing its therapeutic effectiveness.
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In proliferative retinopathies, preclinical data suggest that 33-ARs
are involved in retinal vasodilation and are upregulated in ischemic
conditions (15). Therefore, potentiating the effect of B3-AR through
drug options may be protective against retinal proliferative disorders
(such as wet AMD or diabetic retinopathy). Although no human evi-
dence currently exists to support the biological effect of mirabegron on
dry AMD progression, in recent studies in OAB patients with healthy
eyes, treatment with mirabegron has been demonstrated to be well tol-
erated at the eye level (16). In addition, mirabegron has been found to
increase choroidal thickness as an index of its potential efficacy on
choroidal vascularity (17). Overall, these findings encouraged us to
follow the path of repurposing mirabegron in patients with AMD
treated for OAB to possibly prevent dry AMD progression to wet AMD.

In the present study we hypothesized that the use of mirabegron
for concomitant diseases is associated with a reduced risk of progres-
sion of AMD. To this aim, we will investigate the effects of mirabegron
in patients concomitantly affected by OAB and dry AMD to evaluate
its impact on slowing down AMD progression. The potential efficacy
of mirabegron on AMD progression will be compared with that of
solifenacin, an anticholinergic medication conventionally used to treat
OAB. In this respect, the effects of anti-cholinergic drugs in healthy
eyes of OAB patients are controversial with a reduction of intraocular
pressure by solifenacin as reported by Olcucu et al. (18) although no
effects were previously determined by Sekeroglu et al. (19).

2 Materials and methods

2.1 Study design and participants: inclusion,
exclusion and drop out criteria

We planned an observational double arm non-randomized study
in two centers to compare the safety and efficacy of either mirabegron
(50 mg/day) or solifenacin (5 mg/day) in OAB patients. The protocol
provides that ophthalmologists will be blinded regarding which
patients have been treated with both drugs. We planned to enroll 312
subjects aged between 50 and 80 years with a diagnosis of early or
moderate dry AMD, according to ARDS classification, and OAB. The
patients will be enrolled at the Department of Ophthalmology of the
University of Lublin, Poland and the University of Naples Federico II,
Italy from December 2025 to October 2026. All patients will be fol-
lowed for a 12-month period. The study will be conducted in compli-
ance with the tenets of the Declaration of Helsinki, accepted by the
local Ethics Committee, protocol numbers 2025a45673 at the
University of Naples Federico II, Italy and KE-0379/97/2025 at the
University of Lublin, Poland.

All study participants will provide written informed consent prior
to enrollment and for the use of their clinical data for scientific
research in an anonymized manner. Inclusion and exclusion criteria
are summarized in Table 1.

The unit of analysis will be the eye. When both eyes meet eligibil-
ity criteria, both eyes will be included. The study will stop if severe
hypertension, tachycardia, or atrial fibrillation develops; in this case,
the opportunity to reduce the dose of mirabegron may be considered.
The patient will have the right to withdraw their consent at any point
during the study. Mirabegron displays no significant increase in major
adverse cardiovascular events with a cardiovascular profile almost
comparable to that of antimuscarinic agents. In our study, the safe
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TABLE 1 Inclusion and exclusion criteria.

Inclusion criteria

o Age 50-80-year-old

Patients with early or moderate dry AMD in one or both eyes

« Patients with wet AMD in the other eye

o OAB treated for at least 6 months with either mirabegron or solifenacin

« BCVA > 65 EDTRS letters

Exclusion criteria

« Any contraindication to B-agonists or anticholinergics

o Allergy to p-agonists or anticholinergics

Uncontrolled hypertension; tachycardia; atrial fibrillation; long QT or

concomitant treatment with drugs that cause lengthening of the QT interval

Patients exposed to experimental drugs other than mirabegron or solifenacin,
complement factor inhibitors, photobiomodulation therapy, transscleral lutein

iontophoresis therapy or recent surgery (e.g., 3 months)

o Recurrent urinary infections

« Renal or hepatic failure

« Signs of ocular inflammation

« Any other ophthalmic diseases such as dry eye, glaucoma, acute or chronic

uveitis, advanced cataract

o Pregnancy

AMD, age-related macular degeneration; OAB, overactive bladder; BCVA, best corrected
visual acuity; EDTRS, early treatment diabetic retinopathy study; QT interval, the time from
the start of the Q wave to the end of the T wave in an electrocardiogram.

profile of a 50 mg dosage will be associated with an increase of approx-
imately 1 bpm for heart rate and 0.4-0.6 mmHg for systolic/diastolic
blood pressure.

2.2 Study procedures and outcomes:
duration of the treatment and follow up

In order to compare the proportions of solifenacin and mirabegron
groups, the estimated sample size for each group has been calculated as
156 participants considering a normal distribution, an « error of 0.05 and
a power of 80 percent. To evaluate mirabegron safety, cardiac and respi-
ratory parameters (heart rate, blood pressure, oxygen saturation, respira-
tory support) will be monitored during every study visit. After obtaining
informed consent and after the screening visit, at Baseline (T0) all
patients will be evaluated with a complete ophthalmic examination.
BCVA will be assessed based on the refractive values obtained using an
autorefractometer (Huvitz autoref/keratometer HRK-1 Huvitz Co. Ltd.,
Republic of Korea), in agreement with Early Treatment Diabetic
Retinopathy Study (ETDRS) charts. Intraocular pressure measurements
will be acquired using the same device. Additionally, slit lamp examina-
tion and fundus examination by indirect ophthalmoscopy will be per-
formed in all patients. As part of the imaging protocol, all patients will
be evaluated using spectral domain optical coherence tomography (SD-
OCT) and fundus autofluorescence (FAF) (SD-OCT Spectralis,
Heidelberg Engineering, Heidelberg, Germany). Microperimetry will be
performed using MP-1 microperimetry (Nidek Instruments Inc.,
Padova, Italy). All patients will be evaluated at T0, 6- and 12-months
follow-up, with a complete ophthalmic examination, including SD-OCT,
FAF and microperimetry, and monitoring for any signs of ocular inflam-
mation and/or any adverse events.
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2.2.1 Primary outcomes

Primary outcomes include conversion to wet AMD at 12 months
(assessed by the presence of intraretinal fluid, subretinal fluid, pigment
epithelial detachment, subretinal hyperreflactiva material) and outer
retinal morphology using SD-OCT and FAF, including reticular pseu-
dodrusen (RPD) type, outer nuclear layer (ONL) thickness, choroidal
thickness (ChT), central macular thickness (CMT) and FAF changes.

2.2.2 Secondary outcomes

o Mean BCVA according to the ETDRS charts.
o Mean macular sensitivity (MS).

2.2.3 Safety parameters

Cardiac and respiratory parameters (heart frequency, blood pres-
sure, oxygen saturation, respiratory support).

2.3 Data analysis plan and statistical analysis

The sample size was estimated based on epidemiological data and
previous literature on AMD progression using planning assumptions
for 12 months conversion to wet AMD. Eligibility criteria are reported
in Table 1; in brief, contralateral wet AMD status (yes/no) will be
recorded at baseline given its strong influence on conversion risk.
Published evidence indicates that conversion risk depends substan-
tially on fellow-eye status. In high-risk fellow eyes of patients with
unilateral wet AMD, Barbazetto et al. (20) reported a 12-month con-
version rate of 20.3% in MARINA and 15.9% in ANCHOR studies. In
large trial populations with wet AMD in the contralateral eye, fellow-
eye analyses reported cumulative incidences of approximately 26.2—-
32.2% over 96 weeks (21-23). In contrast, in cohorts without wet
AMD in the contralateral eye, annual conversion rates are lower; for
example, Chakravarthy et al. (24) reported progression to choroidal
neovascularization (CNV) of approximately 3.2 per 100 person-years
in bilateral early/intermediate AMD, compared with 15.2 per 100
person-years when CNV was present in the fellow eye (25). Therefore,
the expected 12-month conversion rate of 12% has been used as a
planning value reflecting the anticipated mix of baseline risk strata in
our eye-level cohort, rather than a single incidence applicable to all
included eyes. Observed conversion will be reported as stratified by
the contralateral wet AMD status (yes/no), and the contralateral status
will be included as a key prognostic factor in adjusted analyses.

Assuming a 12% progression rate in the solifenacin group and a 3%
progression rate in the mirabegron group at 12 months (absolute dif-
ference 9%), with a = 0.05 (two-sided) and power = 80%, the required
sample size is n & 134 participants per group (net, without accounting
for dropouts), computed using the standard formula for comparison of
two proportions. The choice of the absolute difference of 9% is not
based on clinical data as no clinical trials using either solifenacin or
mirabegron to verify the rate of dry AMD progression to the wet form
have been performed. This absolute difference was selected as a clini-
cally meaningful planning effect size (Number Needed to Treat ~ 11
over 12 months). Because eligibility and outcomes are defined at the
eye level and participants may contribute with one or two eligible eyes,
this calculation should be considered a planning approximation; all
inferential analyses will account for within-participant correlation
using robust standard errors clustered by participants.
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To allow for an expected 15% dropout/non-compliance rate, the
enrollment target was increased accordingly, yielding n ~ 157 partici-
pants per group (314 total). For reporting and logistical reasons this
has been pragmatically rounded to 156 participants per group (312
total); the protocol will state that this figure includes an allowance for
approximately 15% attrition.

The sample size was computed according to the classical formula
for two independent proportions:

Z a 2p(1-p) +Zl—ﬁ\/?1(1—P1)+P2(1—P2)2
2

(Pl—Pz)z

Where p, =0.12, p, = 0.03, p = (p, + p»)/2, & = 0.05, and 1-f = 0.80.
The resulting net sample size is approximately n ~ 134 per group; after
adjusting for ~15% attrition the enrollment target is n ~ 157per group
(rounded for the protocol to 156 per group).

All statistical analyses will be done using Python in the Google
Colab cloud computing environment and/or SPSS (version 31). The
primary confirmatory timepoint will be 12 months. To control type 1
error across the pre-specified primary endpoints, p-values will be
adjusted using the Holm procedure (two-sided). Statistical significance
will be set at a two-sided o = 0.05. Analyses will be conducted using
exposure-defined (as-treated) and protocol-adherent approaches,
rather than randomized intention-to-treat terminology. Continuous
variables will be summarized as mean + standard deviation or median
with interquartile range, depending on the data distribution assessed
by the Shapiro-Wilk test. Categorical variables will be presented as
frequencies and percentages. Baseline characteristics will be described
and group balance will be assessed using standardized differences,
rather than relying on significance testing of baseline differences.

10.3389/fmed.2026.1761473

The primary outcome measures include conversion to wet AMD
at 12 months, and outer retinal morphology parameters obtained
from SD-OCT and FAF, including RPD type, ONL thickness, ChT,
CMT, and FAF changes. These will be analyzed using mixed-effects
models to account for repeated measures at TO, 6 months, and
12 months, with fixed effects including treatment group, time, and
treatmentxtime interaction. Robust standard errors clustered by par-
ticipants will be used to account for correlation between eyes from the
same participant. Adjustments will be made for baseline BCVA, age,
sex, AMD stage, contralateral wet AMD status (yes/no), and other
relevant factors. If assumptions of normality are not met, appropriate
non-parametric methods or robust modeling approaches will be used.

Secondary outcomes will consist of changes in BCVA (ETDRS let-
ters) and mean MS (microperimetry). These will be analyzed using the
same modeling method, with post-hoc pairwise comparisons adjusted
for multiple testing using the Bonferroni method. Given the non-
randomized design, primary analyses will use a pre-specified adjusted
model including key baseline prognostic factors (age, sex, baseline
BCVA, AMD stage/severity, comorbidities, baseline symptom severity,
and contralateral wet AMD status), and results will be reported as
effect estimates with 95% confidence intervals. Safety parameters
(heart rate, blood pressure, oxygen saturation, need for respiratory
support) will be reported as the number and percentage of patients
with pathological values, without correlation to other variables.
Adverse event rates will be compared using x* or Fisher’s exact tests.

Extreme values will be checked for plausibility and kept unless
classified as data entry mistakes or physiologically unlikely. Missing
data will be managed according to their missingness pattern, and sen-
sitivity analyses will be conducted to assess the reliability of the results.
Exploratory subgroup analyses will be performed according to AMD
stage (early vs. moderate). Sensitivity analyses will exclude partici-
pants who stop taking mirabegron before 6 months or require a dose
adjustment. In Figure 1, trial flow is schematically represented.

OAB and AMD

Divided into 2 groups

Control group (solifenacin)
n =156

Study group (mirabegron)
n =156

Study duration is set for 12
months

l

Primary outcomes:
«Conversion dry to wet AMD
«Outer retinal morphology

FIGURE 1
Schematic flow of the proposed trial.

1

Secondary outcomes:
* Mean BCVA
» Mean macular sensitivity
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2.4 Confidentiality

The participants’ data collected during this study will be kept
confidential. Study staff will have access to the data as well as the
participants’ medical records as they pertain to this study. Published
results will not contain any information that would identify indi-
vidual participants.

10.3389/fmed.2026.1761473

3 Strengths and limitations

To date, only oral supplementation with antioxidant agents
has been proven to slow the progression of dry AMD (26).
Recently, the FDA has approved new drugs, the complement
inhibitors Avacincaptad Pegol and Pegcetacoplan, for the late
stage of dry AMD, but they have not received the approval from

FIGURE 2

Mirabegron efficacy in the bladder and the retina. In OAB, p3-AR coupling to Gs not only leads to the relaxation of the detrusor muscle through
increased levels of cAMP but also acts presynaptically at the level of the parasympathetic nerve terminals to regulate Ach release. Ach coupling to M3-R,
through Ggq, leads to detrusor muscle contraction by activating PLC that in turn generates IP3 by which Ca** is released by the sarcoplasmic reticulum.
In AMD, potential mechanisms mediating reduced vessel proliferation limiting angiogenesis progression include f3-AR activation by NE released after
hypoxia-induced overactivation of the sympathetic system. 3-AR coupling to Gi leads to increased NO production that, in turn, prevents HIF-1
dimerization by activating prolyl hydroxilases finally leading to reduced retinal vessel proliferation. AC, adenylyl cyclase; Ach, acetylcholine; AMD, age-
related macular degeneration; cAMP, cyclic adenosine monophosphate; Gg, phospholipase C-stimulating G protein; Gs, adenylate cyclase-stimulating
G protein; HIF-1, hypoxia-inducible factor 1; IP3, inositol trisphosphate; M3-R, muscarinic acetylcholine receptor M3; NE, norepinephrine; NO, nitric
oxide; OAB, overactive bladder; PLC, phospholipase C; $3-AR, 3 adrenoceptor.
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the European Medicines Agency. Intervening in the progression
of dry AMD by repurposing OAB therapy would be faster and
more cost-effective than developing a new drug because the origi-
nal drug’s safety, dosage, and toxicity profiles are already known.
Whether the mirabegron dosage usually used to counteract uri-
nary incontinence in OAB patients might be potentially effective
in preventing retinal vessel proliferation is unknown. It is also
unknown how long mirabegron should be administered to see any
potential effect on dry AMD progression.

4 Discussion

Previous exploratory studies in OAB patients failed to dem-
onstrate noticeable effects of mirabegron on visual function. In
fact, ocular adverse effects following bladder medication with
mirabegron seem to be uncommon and rather dependent on drug
dosage, with good tolerability at lower dosages (27). On the other
hand, in OAB patients with healthy eyes, mirabegron was found
to increase choroidal thickness as an index of its potential efficacy
on choroidal vascularity (17). In addition, no significant effects of
mirabegron on macular and choriocapillary parameters were
recently demonstrated by Cicek et al. (16) in OAB patients with-
out ocular pathologies.

Despite the expanding field of investigation on P3-AR-
associated therapies, managing proliferative retinopathies with
mirabegron would revolutionize retinal therapy. In this respect, a
non-invasive treatment, that is inexpensive, well-tolerated and has
few adverse effects would prove to counteract the major burden of
eye diseases.

The candidacy of mirabegron as anti-angiogenic drug is based
on a number of studies supporting the possibility that dry AMD
may be characterized by an early phase of choriocapillaris impair-
ment leading to chronic hypoperfusion activating, in turn, a
hypoxic environment that triggers the pro-angiogenic cascade,
which culminates in pathological neovascularization thus marking
the transition from dry to wet AMD (28-30). In this regard, anti-
VEGEF treatment, by inhibiting any form of vascularization - both
physiological and pathological - may perpetuate the state of retinal
hypoperfusion that drives AMD progression. Conversely, treatment
with mirabegron might counteract progressive hypoperfusion and
therefore reduce or eliminate the need for transition toward the
wet form.

In this respect, our preliminary findings in the model of oxygen-
induced retinopathy suggest a major effect of 3-AR in inhibiting pro-
angiogenic signaling and favoring endothelial cell homeostasis by
activating nitric oxide bioavailability through f3-AR coupling to the
nitric oxide synthase pathway (15). Considering that 3-AR activation
triggers a cascade of events that, in the bladder, leads to detrusor
muscle relaxation while, in the retina, plays a péotential role in regulat-
ing neovessel proliferation in response to an ischemic insult, we
hypothesized that $3-AR stimulation with mirabegron could be useful
to prevent dry AMD from transitioning to wet AMD by impeding the
development of leaky new blood vessels in the macula (Figure 2).

This study will provide data to determine if mirabegron, used in
patients with OAB and concurrent AMD, can safely and effectively
reduce the conversion of eyes from dry to wet AMD. Any favorable
results of this research could open new perspectives and original
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scenarios to verify the role of oft-label mirabegron in preventing neo-
vascular diseases of the eye.
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