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Abstract

Introduction Optilume and Optilume BPH, a minimally invasive drug-coated balloon (DCB) combining mechanical
dilation with paclitaxel delivery, offers a novel approach for treating urethral strictures and benign prostatic
hyperplasia (BPH) respectively. This scoping review summarizes current evidence on their efficacy, safety, and
long-term outcomes to evaluate their role in reducing recurrence and improving patient-reported and functional
outcomes.

Methods Following PRISMA guidelines, a systematic search (Embase, PubMed, Cochrane, Scopus) until March 2025
identified 287 studies. Eligibility followed PICOS criteria, excluding non-English articles, reviews, and case reports.
Risk of bias was assessed using Cochrane RoB 2 and MINORS tools. Data extraction focused on anatomical success,
symptom improvement, complications, and retreatment rates. This review was registered at https://osfio/vf4dw.

Results After screening, 20 studies met inclusion criteria: 2 preclinical animal studies, 12 clinical studies on urethral
strictures, and 6 on BPH. For urethral strictures, the ROBUST trials demonstrated 71.7% freedom from reintervention

at 5 years, with sustained improvements in peak flow rate (Qmax: 5.0 to 19.9 mL/s) and IPSS (25.2 to 7.2). In BPH, the
PINNACLE trial reported a 67.5% responder rate (=30% IPSS improvement) at 2 years, with IPSS reduced from 23.4

to 11.0. Qmax improved from 8.9 to 19.0 mL/s, and sexual function (IIEF scores) remained stable. Safety profiles were
favorable, with transient hematuria (15-39.8%) and no severe complications. Cost analyses indicated potential savings
due to reduced retreatment.
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Conclusion Optilume provides significant symptom relief for BPH and urethral strictures, with low recurrence rates
and preserved sexual function. Its minimally invasive nature, combined with targeted drug delivery, positions it as
a promising alternative to traditional surgeries. Further research is needed to expand indications and validate long-

Introduction

Optilume is an innovative, minimally invasive treatment
that utilizes a drug-coated balloon (DCB) technology to
address two common urological conditions: Benign pros-
tatic hyperplasia (BPH) and urethral strictures. It offers
a unique approach by combining mechanical dilation
with targeted drug delivery to provide immediate relief.
In BPH its role as a minimally invasive surgical therapy
(MIST) and for urethral stricture its utility as a better
alternative to urethral dilation and direct vision internal
urethrotomy (DVIU) are being evaluated [1-3].

Our scoping review explores the entire landscape from
experimental to current clinical evidence for its use in
urethral stricture and BPH and delve into insights that
promise how the indications for this intervention can be
expanded and potential utility in other urological condi-
tions (Fig. 1).

Evidence acquisition

Literature search

This review followed the PRISMA extension for scop-
ing reviews [4]. Literature search was performed on 31st
March 2025 from inception using Embase, PubMed,
Cochrane Central Register of Controlled Trials, and
Scopus. The following term and Boolean operators were
used (“benign prostatic hyperplasia” OR BPH OR “ure-
thral stricture” OR “ureteral stenosis”) AND (Optilume
OR “paclitaxel-coated balloon” OR “drug-coated balloon”
OR DCB).

Selection criteria

The PICOS (Patient, Intervention, Comparison, Out-
come, Study type) framework was used to frame and
answer the clinical question: P: adults with LUTS due to
BPH or urethral stricture or animal studies; I: treatment
with Optilume; C: none or any other treatment; O: com-
plications and functional outcomes; S: retrospective, pro-
spective, and randomized.

Study screening and selection

Studies were accepted based on PICOS eligibility crite-
ria. Non English papers were excluded. Reviews, letters
to the editor, meeting abstracts, and case reports were
also excluded. Retrospective studies, prospective stud-
ies, and prospective randomized studies were accepted.
The quality assessment of the included studies was per-
formed using the Cochrane Risk of Bias tools, using RoB
2 for randomized studies [5]. Risk of bias in single-arm
studies was evaluated using the methodological index

for non-randomized studies (MINORS) instrument, a
12-item instrument built to evaluate the methodologi-
cal quality of non-randomized surgical studies, with each
score ranging from 0 to 2 (the higher the score, the better
the quality of the study) [6].

Two independent authors screened all the retrieved
studies using Covidence systematic review software
(Veritas Health Innovation, Melbourne, Australia). Dis-
crepancies were solved by consultation. The full text of
the screened papers was selected if found pertinent to the
aim of this review. This review was registered at https://o
sf.io/vfadw.

Results

Literature search gathered 287 papers. 128 duplicates
were excluded. 159 papers were left and screened against
title and abstract. 62 papers were further excluded
because they did not meet the inclusion criteria. The
remaining 97 full-text papers were screened for relevance
and 77 papers were excluded. Finally, 20 papers were
accepted and included with 2 papers dealing with animal
studies [1, 7], 12 papers reporting treatment in urethral
stricture [2, 3, 8-17] and the remaining ones dealing with
treatment of clinical BPH [18-23]. Figure 2 shows the
PRISMA flow diagram of the literature search.

Study characteristics

Table 1 shows the characteristics of included studies. An
animal study assessed the distribution of Paclitaxel in the
rabbit urethra [1] and a further the effect of Paclitaxel
on the wall of strictured rabbit’s urethra [7]. There were
two trials assessing the safety and efficacy of optilume
in clinical BPH, namely the EVEREST-I study (a pro-
spective, single-arm, non-randomized, open label, mul-
ticenter study) [20, 21, 23], and the PINNACLE study (a
double-blind, multicenter, randomized, sham-controlled
study) [18, 19, 22]. Regarding urethral stricture, there
were a single-center, multicenter, prospective, open-label
trial (ROBUST I study) [8, 10—12], a multicenter, pro-
spective, randomized trial (ROBUST III study) [14, 15],
two prospective, single center studies [2, 13], two retro-
spective multicenter studies [9, 16] and a retrospective
single-center study [17]. A further study sought to assess
the economic evaluation of the optilume compared with
endoscopic management of recurrent anterior urethral
stricture in England [3]
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Evolution of Optilume® Urethral Drug Coated Balloon Studies for Urethral stricture & BPH
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Fig. 1 Timeline showing the evolution of Optiume Urethral Drug Coated Balloon. BPH- benign prostatic hyperplasia

Risk of bias assessment
Supplementary Fig. 1 shows the details of quality assess-
ment for the randomized clinical trials that showed some
concerns regarding overall risk bias due to missing of
outcome data. Supplementary Table 1 shows the details
of quality assessment of the single-arm studies.

The highest MINORS score was 18, whilst the lowest
score was 9.

Discussion
Mechanism of action of Optilume: experimental studies
Male urethral stricture is a common condition caused by
injury to the urethra, leading to obstructive symptoms
and impacting quality of life. Progressive dilatation is
simple but often results in high re-stenosis rates due to
type 3 collagen production [24]. Paclitaxel (PTX), a cyto-
static agent known for its antiproliferative properties,
may help prevent recurrence by reducing RNA expres-
sion of key fibrogenic genes including TGF-f1, CTGE,
and PAI-1 [25]. However, effective PTX delivery requires
disrupting the urothelial lining for deeper penetration
Hence, DCBs have been developed for this purpose [26].
Barbalias et al. studied PTX distribution in rabbit ure-
thras after DCB dilation [1]. Standard balloon dilation
only caused urothelial denudation, while DCBs allowed
PTX penetration through all layers. Histological exams
showed mild inflammation initially and limited drug dif-
fusion due to PTX’s lipophilic nature. Yet, at six weeks,
DCB dilation decreased inflammation more rapidly, con-
fining fibrosis to the epithelial layer, suggesting PTX’s
potential to inhibit fibrotic processes [7], therein prevent-
ing a fibrotic recurrence.

Optilume: clinical studies

The Optilume urethral DCB is inserted into the urethra
and inflated at the site of the stricture to mechanically
dilate the narrowed passage. Simultaneously, the balloon
delivers PTX directly to the surrounding tissue. The anti-
proliferative properties of paclitaxel help to inhibit the
formation of new scar tissue, thereby reducing the risk of
stricture recurrence.

The ROBUST trials have systematically outlined the
immediate and 5 year outcomes of this intervention.
ROBUST L, II, and III clinical trials provide comprehen-
sive evidence supporting the efficacy, safety, and dura-
bility of the Optilume DCB for the treatment of anterior
urethral strictures [14, 15, 27]. In Robust I, 12 months,
anatomic success was achieved in 70% of the 53 males
with <12Fr, <2 cm anterior urethral stricture with 2-year
sustained improvements in Qmax and international
index of erectile function (IIEF) satisfaction scores. At 5
years, 71.7% of patients did not need re-treatment with
long-term improvements in International Prostate Symp-
tom Score (IPSS) and Qmax maintained. No new safety
concerns were reported during extended follow-up
(Table 2).

Clinical studies of Optilume BPH

The Optilume BPH Catheter System represents a
groundbreaking minimally invasive treatment for lower
urinary tract symptoms (LUTS) due to BPH, integrating
mechanical dilation with paclitaxel, an antiproliferative
agent known for preventing restenosis in vascular appli-
cations, inhibits scar tissue formation and prostatic tissue
growth to enhance symptom relief and durability [20].

Unlike traditional balloon dilation methods that lacked
sustained efficacy due to tissue recovery [28], Optilume
provides immediate and long-lasting benefits [20, 21].
Clinical evidence from the EVEREST-I and PINNACLE
studies underscores its efficacy, demonstrating significant
improvements in LUTS across diverse patient cohorts
[21, 22]. In the EVEREST-I study, a single-arm trial with
80 men, 81.3% of subjects achieved a>40% reduction in
IPSS at 3 months, with IPSS dropping from 22.3 to 7.9 at
1 year and stabilizing at 8.2 at 2 years [20, 21].

The PINNACLE study, a randomized controlled trial
involving 148 men, reported a 67.5% symptomatic
responder rate (>30% IPSS improvement) at 2 years, with
IPSS improving from 23.4 to 11.0. These positive results
from symptomatic responders, though not a standard-
ized metric of BPH outcome, highlighted rapid symptom
relief within weeks, sustained through 2 years.
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Fig. 2 PRISMA flow diagram of the literature search

Objective improvements in urinary function further
validate Optilume’s effectiveness. In EVEREST-I, peak
urinary flow rate (Qmax) rose from 10.9 to 18.4 mL/s at
1 year and 17.2 mL/s at 2 years [21], while PINNACLE

Studies excluded (n =77)
Not in English (n=1)
Meeting abstract (n = 69)
Editorial Comment (n = 6)
Wrong study design (n=1)

showed an increase from 8.9 to 19.0 mL/s at 2 years,
exceeding typical MIST improvements of 4-5 mL/s [21,
22]. Post-void residual (PVR) volume also decreased,
from 63.1 to 33.9 mL at 1 year in EVEREST-I and from
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Table 1 Characteristics of included studies

Pub-
lished
Year

Author Type of Study

Aim of study

Optilume — experimental studies
Barbalias 2018

(1]

Animal study

Pagonis 2024 Animal

(7]

Optilume - clinical studies

Virasoro 2020 prospective,
[12] single arm

Elliot [14] 2021 RCT

Mann 2021 prospective,
nn single arm

Virasoro 2022 prospective,
[8] single arm

Kelly [3] 2023 Markov model

for cost analysis

Mahen- 2024 Retrospective
thiran [17] cohort

Noor 2024 prospective,
[13] single arm

VanDyke 2024 RCT
[15]

Alham- 2024 prospective,
dani [2] single arm

VanDyke 2025 Retrospective
[16] comparative

Balleste- 2025 Retrospective
ros Ruiz [9] cohort

Delong 2025 prospective,
[10] single arm

Optilume BPH - clinical studies

Kaplan 2021 Prospective
[20] single arm

Pichardo 2023 Prospective
[21] single arm

Kaplan 2023 RCT

[19]

Paclitaxel was distributed to the urothelial, submucosal, and smooth muscle layers of the normal rabbit
urethra immediately after dilatation with a DCB. Paclitaxel and mild inflammation were present at the site
24 and 48 h after the dilatation.

Paclitaxel’s enrichment was detected in the smooth muscle layer of all specimens that have been har-
vested immediately and 24 h after the dilation with Advance 18 Paclitaxel PTA balloons. Paclitaxel may
play an inhibitive role in the recurrence of the stenosis.

One-year data indicates the Optilume paclitaxel-coated balloon is safe for the treatment of recurrent
bulbar urethral strictures. Early efficacy results are encouraging and support further followup of these men
through five years, as well as further investigation with a randomized trial.

The results of this randomized controlled trial support that Optilume is safe and superior to standard
direct vision internal urethrotomy/dilation for the treatment of recurrent anterior urethral strictures<3 cm
in length. The Optilume DCB may serve as an important alternative for men who have had an unsuccess-
ful direct vision internal urethrotomy/dilation but want to avoid or delay urethroplasty.

Two-year data indicates the Optilume PCB is safe for the treatment of recurrent bulbar urethral strictures.
Early efficacy results are encouraging and support further followup of these men through five years, as
well as further investigation with a randomized trial.

Symptomatic improvement after treatment with the Optilume DCB was maintained through 3 years in a
population highly susceptible to recurrent urethral stricture disease. This minimally invasive therapy is safe
with no negative impact on sexual function.

The analysis suggests that the Optilume urethral DCB treatment can be a cost-saving alternative manage-
ment option for the treatment of recurrent anterior male urethral stricture within the NHS in England.
DCB offers a safe and less invasive treatment for both treatment-naive and recurrent urethral strictures
with paclitaxel coating to prevent recurrence. Repeat intervention was not required for 90.7% of our
cohort within an average follow-up duration of 9 months postoperatively. As DCB grows in clinical use,
investigation into its long-term efficacy is justified.

It is concluded that Optilume balloon dilatation represents a promising therapeutic approach for urethral
stricture, as evidenced by significant improvements in IPSS, Qmax, and PVR within 30 days post-procedure.
The Optilume DCB shows sustained improvement in both objective and subjective voiding parameters at
2-year follow-up. Optilume appears to provide a safe and effective endoscopic treatment alternative for
short recurrent anterior urethral strictures among men who wish to avoid or delay formal urethroplasty.
76% were stricture free at 30 months follow-up with no complications.

Despite a greater number of prior surgical interventions, patients with a history of urethroplasty
achieve similarly high success rates after treatment with DCB compared to those without a history of
urethroplasty.

The treatment success rate was 73.8%, with a median follow-up of 8 months.

Optilume DCB shows sustained improvement in subjective and objective voiding parameters at 5 years.
Optilume is a safe and effective treatment option for appropriately selected men with recurrent bulbar
urethral stricture who wish to avoid urethroplasty.

Treatment with the minimally invasive Optilume BPH Catheter System is safe and showed subjective and
objective improvements in LUTS. Benefits were rapid and persisted through 1 year. The initial results war-
rant further evaluation of this therapy as a treatment option for patients with LUTS related to BPH.

The Optilume BPH Catheter System combines mechanical and pharmaceutical aspects for the treatment
of BPH, resulting in both an immediate functional improvement by way of creating an anterior commis-
surotomy and a sustained anatomic result due to the application of paclitaxel to the prostatic urethra
during the dilation. The functional and symptomatic improvements seen after treatment with Optilume
BPH are significant and have been sustained through 2 years in this early feasibility study.

Treatment with Optilume BPH provides immediate and sustained improvements in obstructive symptoms
and flow rate while preserving erectile and ejaculatory function. Treatment is well tolerated and can be
done in an office or ambulatory setting.
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Author Pub- Type of Study  Aim of study
lished
Year
Kaplan 2024 RCT In the PINNACLE study, participants treated with the Optilume BPH Catheter System demonstrated
[22] continued and durable results at 2 years, affirming tolerability, safety, and the enduring effectiveness. The
Optilume BPH Catheter System provides lasting results that are comparable to the more invasive thera-
pies, while preserving the advantages with being a minimally invasive therapy.
Kaplan 2024 Prospective Long-term followup through four years for subjects treated with the Optilume BPH Catheter System indi-
[23] single arm cates durable outcomes in symptom improvement and functional improvement in flow rate. These results
indicate the unigue mechanism of action for Optilume BPH successfully achieves an immediate mechani-
cal effect that is maintained long-term through incorporation of paclitaxel to maintain patency.
Copelan 2025 RCT Optilume BPH appears to provide clinical benefit with a high degree of patient satisfaction and minimal

[18] impact on sexual function.

DCB drug-coated balloon, BPH benign prostatic hyperplasia

Table 2 ROBUST I: key outcomes over 5 years

Outcome Baseline 1-Year 2-Year 3-Year 5-Year
Virasoro et al., 2020 Virasoro et al., 2020 Mann et al., 2021 [11] Virasoro etal., 2022  Delong et
[12] [12] [8] al., 2025 [10]

Freedom from reintervention — 83% (40/48) 82% (38/46) 77% (33/43) 71.7%

Anatomic Success (%) — 70% (37/53) 70% (32/46) 67% (29/43) 58% (25/43)

IPSS 25.2+4.46 49+563 6.9+7.66 55+69 72+66

IPSS QoL 49+0.86 0.8+1.06 09+147 0.7+1.2 0.7+£1.2

Qmax (mL/s) 50+256 19.5+9.96 17.5+10.39 151483 199

PVR (mL) 141.4+105.05 26.79+33.1 4554495 50.2+62.5 59.5

IIEF 6.5+262 7.8+262 76+248 82+22 83+18

Complication rate (%) — 5.7% (Clavien I-ll only) ~ No new complications ~ No new complications No new

complications

IPSS international prostate symptom score, QoL quality of life, PVR post void residual urine, I/EF international index of erectile function

83.7 to 65.9 mL at 2 years in PINNACLE, indicating
enhanced bladder emptying [22].

Quality of life (QoL) measures improved significantly,
with EVEREST-I showing IPSS QoL dropping from
4.6 to 1.3 at 1 year and 1.6 at 2 years, and BPH Impact
Index (BPH-II) from 6.9 to 2.0 and 2.3, respectively [20,
21]. In PINNACLE, BPH-II improved from 7.0 to 2.3 at
2 years, a 53.9% enhancement, reflecting substantial QoL
gains [22]. These subjective and objective outcomes posi-
tion Optilume as a robust alternative to conventional
therapies.

Safety profiles from both studies indicate Optilume
is well-tolerated. EVEREST-I reported common uro-
logic adverse events (AEs) like post-procedural hema-
turia (15.0%) and urinary tract infections (8.8%), mostly
mild and resolving within 3 months, with no treatment-
related AEs after 12 months. PINNACLE noted hematu-
ria (39.8%) and urinary tract infections (11.2%), with no
serious device-related AEs beyond 12 months, aided by
a hematuria management protocol [20-22]. Two issues
however need to be highlighted; first, lower improvement
in storage symptoms among non-responders suggest that
potential irritative factors such as detrusor overactivity
need to be carefully addressed, thus highlighting the role
of urodynamics in patient selection. Second, the Everest

studies included only patients with prostate volumes
under 80 mL and there was no control group; therefore,
concerns about methodology as well as applicability of
the findings to broader patient populations should be
acknowledged.

Adjustments in device sizing, such as removing larger
balloons in EVEREST-I, reduced complications like
bleeding (from 54.5 to 19.0%), enhancing safety profile.
Pharmacokinetic data showed minimal systemic pacli-
taxel exposure, with low plasma and semen concentra-
tions, supporting its localized action and safety [20].

A key advantage of Optilume is its preservation of sex-
ual function, a critical concern with surgical options like
transurethral resection of prostate (TURP) [18, 22]. In
PINNACLE, IIEF and Male Sexual Health Questionnaire-
Ejaculatory Dysfunction (MSHQ-EjD) scores remained
stable or slightly improved at 12 months compared to
sham, with IIEF rising from 15.6 to 20.4 at 2 years [22].
EVEREST-I confirmed no significant changes in sexual
function through 2 years, contrasting with TURP’s risks
of retrograde ejaculation. This preservation enhances
patient satisfaction and QoL, addressing a major draw-
back of invasive treatments [21]. In fact, Copelan et al.
[18] showed that in the 148 patients they treated, the IIEF
and MSHQ-EjD scores remained stable at 12 months,
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even in patients with pre-existing dysfunction. Moreover,
semen parameters showed no significant alterations.

Overall, excellent IPSS reduction and sexual func-
tion shows that such findings are not only comparable
but perhaps best in its category of non resection-based
MISTs, making the Optilume BPH Catheter System
strongly appropriate for sexually active patients aiming to
keep their sexual functions [29, 30]. Limitations include
restricted prostate size (<80 g) and exclusion of sig-
nificant median lobes, necessitating further research for
broader applicability [21, 22].

Real world expanded indications and potential
applications

The multi-institutional Optilume registry
(NCT05479422), funded by the European Association of
Urology (EAU) Research Foundation, is vital for collect-
ing real-world data [31]. Optilume has shown promise
as a treatment for urethral strictures, but its application
in ureteral strictures remains investigational. The pri-
mary potential benefit of Optilume in treating ureteral
strictures lies in its ability to reduce recurrence rates
compared to standard endoscopic dilation, due to its
antiproliferative properties. Future studies are required
to determine its safety and efficacy across various etiolo-
gies, such as post-surgical, inflammatory, and idiopathic
cases.

A recent study assessed the outcomes of upfront Opti-
lume DCB dilation in patients with complex recurrent
urethral stricture disease who had failed at least two prior
dilatations and presented with urinary retention. Results
indicated that 65.4% (17/26) of subjects voided satisfac-
torily and were free of recurrence and re-operation [32].
Additionally, the first Optilume urethral DCB was used
for female urethral stricture involving the sphincter,
showing that the patient remained stricture-free with full
continence and complete bladder emptying at six months
follow-up [33].

The ROBUST trial proposed treatment for anterior
urethral strictures, and a retrospective single-centre
study involving 43 patients with any type of urethral
stricture reported a nine-month intervention-free fol-
low-up in 90.7% of cases [17]. Furthermore, a real-world
Spanish multicentre study including 238 patients showed
a 73.8% success rate in 156 cases with a median follow-up
of eight months. Authors concluded that recurrence rates
were higher in strictures located in the posterior versus
anterior urethra (42.9% vs. 24.6%, p=0.126). No signifi-
cant differences were observed between patients with
and without prior urethral manipulation [9].

To assess the economic impact of BPH treatments,
it is vital to consider both initial procedure costs and
long-term follow-up. Treatments with lower initial costs
may have higher follow-up expenses due to retreatment
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or complications. Optilume’s economic cost for BPH
and urethral stricture includes device cost, procedure
expenses, potential savings from fewer reinterventions,
and comparisons to standard treatments. This can vary
by healthcare system, hospital, and patient factors. Fur-
ther analysis is needed, but Optilume could offer cost
benefits over more invasive surgeries considering long-
term outcomes and quality of life [3].

The current review holds several limitations warranting
acknowledgement, including potential selection bias in
the included studies, as well as small sample sizes and a
short follow-up period of the included studies.

Conclusion

Literature demonstrates that this drug-coated bal-
loon technology provides a valuable minimally invasive
alternative, improving patient outcomes and reducing
the need for repeat interventions. Optilume’s favour-
able safety profile and utility for both BPH and urethral
strictures from studies like PINNACLE and ROBUST
trials highlight significant symptom improvement with
minimal adverse events upon 2 years, and 5 years fol-
low-up respectively. For BPH, it offers a less invasive
option preserving sexual function. In urethral strictures
it reduces recurrence rates leading to potential long-term
cost-effectiveness.
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