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Abstract
Introduction: Mechanical balloon dilation and direct visualization
internal urethrotomy (DVIU) are the most widely used treatments
for urethral stricture disease in the U.S., but recurrence rates are
high, especially after re-treatment. This study investigates the safety
and efficacy of the Optilume™ paclitaxel-coated balloon for the
treatment of recurrent strictures.
Methods: Men with recurrent bulbar strictures ≤2 cm with 1–4 prior
endoscopic treatments were treated with the Optilume™ drugcoated balloon. Patients were evaluated within 14 days, three, six,
12, and 24 months post-treatment. The primary safety endpoint
was serious urinary adverse events. The primary efficacy endpoint
was ≥50% improvement in International Prostate Symptom Score
(IPSS) at 24 months. Secondary outcomes included quality of life,
erectile function, flow rate, and post-void residual urine volume.
Results: A total of 53 subjects were enrolled and treated; 46 completed the 24-month followup. Forty-three percent of men had
undergone >1 previous dilations, with a mean of 1.7 prior dilations.
There were no serious adverse events related to treatment at two
years. Success was achieved in 32/46 (70%), and baseline IPSS
improved from a mean of 25.2 to 6.9 at 24 months (p<0.0001).
Quality of life, flow rate, and post-void residual urine volumes
improved significantly from baseline. There was no impact on
erectile function.
Conclusions: Two-year data indicates the Optilume™ paclitaxelcoated 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.

Introduction
Urethral stricture disease affects approximately 0.6% of
males in their lifetime.1 Direct visualization internal urethrotomy (DVIU) and mechanical dilation remain the most
widely used treatments, however, recurrence rates are high
when compared to open urethroplasty.2-4 Moreover, rates of
stricture recurrence increase after each endoscopic procedure, making repeat attempts less likely to succeed.5 Previous
studies have investigated the use of anti-proliferative drugs
in combination with endoscopic stricture management in
an effort to decrease recurrence rates, however, results have
been mixed.6-9 There have also been safety concerns with
intralesional injection of mitomycin C (MMC), with reports
of serious adverse events.10
The Optilume™ drug-coated balloon (DCB; Urotronic,
Plymouth, MN) combines urethral dilation with circumferential topical delivery of paclitaxel. Paclitaxel is a microtubule
inhibitor with anti-fibrotic and anti-proliferative properties;
it is currently used as a coating on vascular stents to prevent restenosis with excellent success.11-13 Additionally, preliminary animal studies have begun to investigate paclitaxel
coating for ureteral stents to prevent stricture after anastomosis.14 ROBUST I is a single-arm, prospective, multicenter
study evaluating outcomes after Optilume™ DCB treatment,
with one-year results showing 70% anatomic success with
no serious adverse events after 12 months.15 Herein, we
present two-year safety and efficacy outcomes, with efficacy
defined as functional success (i.e., symptom score).

Methods
Study design and participants
This was a single-arm, prospective, open-label study conducted under a common protocol at four Latin American
centers. Eligible patients were men ≥18 years, with a single
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bulbar urethral stricture <12 Fr, and ≤2.0 cm long on urethrogram. All patients were required to have an International
Prostate Symptom Score (IPSS) ≥13, a maximum flow rate
<10 ml/sec, and to have undergone 1–4 prior endoscopic stricture treatments (none within three months prior to
enrollment). Patients who underwent urethroplasty, radical
prostatectomy, penile prosthesis or artificial urinary sphincter, or pelvic radiation were excluded, along with patients
who underwent intradetrusor onabotulinum toxin A injection within 12 months of study entry. Patients were ineligible
if they had urinary stone passage in the previous six months,
a diagnosis of lichen sclerosus, chronic kidney disease or
serum creatinine >2 mg/dL, neurogenic bladder, bladder
or prostate cancer in the previous five years, or active nongenitourinary cancer.

Procedure
All patients underwent baseline retrograde urethrography
prior to study initiation. Prior to DCB treatment, strictures
were pre-treated with uncoated balloon dilation and/or
DVIU until the urethral lumen diameter increased by 50%.
Although the DCB is intended to be used without pre-treatment, pre-treatment was performed in this first-in-man study:
1) to ensure the drug coating was not disrupted when the
DCB crossed the stricture; and 2) to prevent double-dosing
in patients who had a urethral lumen <20 Fr after the first
DCB treatment. The DCB was 3 cm in length; the first several
cases used a 24 F balloon until a 30 F became available,
after which most cases converted over to that. After pretreatment, the DCB was inflated to the rated burst pressure
and held in place for at least five minutes. Stricture dilation
was confirmed fluoroscopically and visually.

Followup
Patients were seen at five and 14 days, then at three, six, 12,
and 24 months with annual followup planned for five years.
IPSS, Urethral Stricture Surgery Patient-Reported Outcome
Measure (USS-PROM), 16 International Index of Erectile
Function (IIEF),17 maximum flow rate (Qmax), and post-void
residual urine volumes (PVR) were obtained at baseline and
at each followup visit. Urethral lumen test (ULT), defined as
the ability to pass a flexible cystoscope (≥15 Fr) into the bladder or the ability to pass a 14 Fr catheter atraumatically, was
performed at six and 12 months post-procedure but not at 24
months; anatomic results by ULT were previously reported.
Herein, we focus on 24-month functional outcomes.

fistula formation, de novo urinary retention >14 days posttreatment, de novo stress incontinence (>1 pad/day), or urethral rupture.

Efficacy endpoint
The primary efficacy endpoint was defined as a 50% improvement in IPSS compared to baseline in the absence of retreatment. Because symptom scores can fluctuate over time, we
report the IPSS score at multiple time points but define success vs. failure on the date of last followup. Patients were
considered to have failed treatment if IPSS improvement was
not ≥50% at the time of last followup or if the subject required
retreatment. If a patient exited the study without ≥50% IPSS
improvement but ULT at the time of study exit demonstrated
a patent urethra, the patient was not considered a failure, but
instead censored, as symptoms were attributable to a different
cause, such as prostatic enlargement.

Secondary endpoints
Secondary endpoints included: 1) improvement in lower
urinary tract symptoms(LUTS) based on the USS-PROM,
a validated instrument developed to assess urinary symptoms following stricture surgery; 2) sexual function, using
the “overall satisfaction” question of the IIEF; and 3) Qmax
and PVR.

Data analysis
Baseline characteristics and the primary and secondary endpoints were tabulated using descriptive analysis. The number
and percentage of subjects experiencing at least one devicerelated SAE were presented, and the number and percentage
of IPSS failures, ULT failures, patient requiring retreatment,
as well as the change in IPSS from baseline were reported.
Additional analysis was performed, comparing one- and
two-year success rates based on stricture length, balloon
diameter, and number of prior endoscopic treatments. A Chisquared test was used, with p<0.05 indicating a statistically
significant difference. For secondary endpoints, the mean
and standard deviation were presented at various timepoints
and compared to baseline values. Patients were censored
from the secondary analysis if they underwent retreatment
after six months.

Results

Primary safety endpoint

Patients

The primary safety endpoint was the rate of treatment-related
urinary severe adverse events (SAEs), defined as urethral

Between November 29, 2016 and September 9, 2017, 53
patients were enrolled and treated with the DCB. The aver-
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age age was 50.7 years (range 22–81), the majority (83%)
were Hispanic/Latino, and the mean number of endoscopic
treatments prior to enrollment was 1.7. Some patients performed self-dilation independently, however, only physicianadministered procedures were recorded. All strictures were
located in the bulbar urethra, with an average length of
0.9 cm and diameter of 2.3 mm. Prior to DCB treatment,
pre-dilation was accomplished with an uncoated balloon
in 59%, DVIU in 15%, or a combination of the two in 26%
(Table 1).

Primary safety and efficacy endpoints
There were no treatment-related urinary SAEs at two years
post-procedure. There were six non-urinary SAEs but none
were directly attributable to the device or procedure. In
total, there were 71 adverse events, most commonly urinary
tract infection (17%), fever (8%), dysuria (7%), acute urinary
retention (6%), and headache (6%). The majority were classified as mild (61%) or moderate (31%) according to the
Common Terminology Criteria for Adverse Events, and 23%
were categorized as “possibly,” “probably,” or “definitely”
related to the procedure or device (Fig. 1).
Functional treatment success (defined as IPSS improveTable 1. Patient demographics and urologic medical history
Variables
N=53
Patient demographics
Age (years)
Mean ± SD
50.7±15.47
Range
22.0–81.0
Median
50.0
Male gender, n (%)
53 (100.0%)
Race of subjects, n (%)
Black or African origin
8 (15.1%)
Hispanic or Latino
44 (83.0%)
Other
1 (1.9%)
Suprapubic catheter at baseline
7 (13.2%)
Stricture etiology, n (%)
Iatrogenic
24 (45.3%)
Idiopathic
2 (3.8%)
Traumatic
27 (50.9%)
Stricture measurements, mean ± SD (n)
Stricture length (mm)
9.00±5.20 (53)
Urethral diameter at stricture (mm)
2.47±1.97 (53)
Urethral diameter at area healthy tissue (mm)
10.20±3.62 (53)
Pre-treatment
Uncoated balloon
31/53 (59%)
DVIU
8/53 (15%)
Uncoated balloon + DVIU
14/53 (26%)
Number of previous endoscopic treatments, n (%)
1
30 (57%)
2
13 (25%)
3
9 (17%)
4
1 (2%)

ment ≥50% without retreatment) was achieved in 32/46
(70%) of men at 24 months (Fig. 2). The 14 failures included
seven men with IPSS that did not improve ≥50% at last followup and seven men who underwent retreatment (Fig. 3).
Five of 53 men were censored due to being lost to followup
before two years but with IPSS improvement ≥50% without
retreatment and with an open urethra on ULT at the time
of exit. One man did not have 50% improvement in IPSS
but did have a successful ULT at his six-month visit; he
was censored at six months due to a clinical determination
that symptoms were due to prostatic enlargement, in the
absence of stricture recurrence. One man exited the study
within one month of treatment without any data. Balloon
size was a statistically significant predictor of treatment success and notably, 11 of the 14 failures at two years occurred
with the 24 F balloon (p=0.010) (Table 2). Stricture length
and number of prior endoscopic treatments did not predict
one- or two-year success (Table 2). The mean IPSS among
all patients improved from a baseline mean of 25.2 (range
15.0–34.0) to 6.9 (range 0.0–34.0) at 24 months (p<0.0001).
Additionally, mean IPSS quality of life score also significantly
improved from a baseline of 4.9 (range 2.0–6.0) to 0.9 (range
0.0–6.0) (Table 3).

Secondary endpoints
There were seven patients with anatomic failure based on
ULT (six at six months, and one at 12 months). Of the seven
patients with anatomic recurrence, three were functional
failures and three were functional successes at 24 months;
one was censored at six months with IPSS=3. The tthree
functional failures included two who underwent retreatment
and one who exited the study without 50% IPSS improvement. Three men had anatomic recurrence but ≥50% IPSS
improvement at 24 months (so considered as functional successes). There were 38 patients with a successful ULT; 34 of
these completed the 24-month followup. There were eight
patients who did not complete the ULT at six or 12 months.
Among the ULT successes, mean IPSS improved 19 points
compared to baseline (25.8±4.2 at baseline to 6.8±8.0 at 24
months). There were five IPSS failures at 24 months among
patients who had passed the ULT at 12 months.
Mean USS-PROM scores improved from 15.9 (±4.69) at
baseline to 3.6 (±5.79) at 24 months (p<0.05; Table 3). Mean
IIEF satisfaction scores did not significantly change: 6.5 (±2.6)
at baseline and 7.6 (±2.48) at 24 months (p>0.05) (Table
3). Mean Qmax improved from 5.0 ml/sec (baseline) to 22.2,
20.1, and 17.5 ml/sec at three, 12, and 24 months’ followup,
respectively (p<0.05) (Table 3). Additionally, the mean PVR
decreased from 141.0 ml (baseline) to 36.5, 24.6, and 45.5
ml after three, 12, and 24 months (p<0.05) (Table 3).

DVIU: direct visualization internal urethrotomy; SD: standard deviation.
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All adverse events

Related to treatment?

Not related, n=49
Mild, 30/49 (61%)
Moderate, 13/49 (27%)
Severe, 6/49 (12%)

Unlikely, n=6
Mild, 4/6 (67%)
Moderate, 2/6 (33%)
Severe, 0/6 (0%)

Probably, n=8
Mild, 5/8 (63%)
Moderate, 3/8 (38%)
Severe, 0/8 (0%)

Possibly, n=5
Mild, 2/5 (40%)
Moderate, 3/5 (60%)
Severe, 0/5 (0%)

Definitely, n=3
Mild, 2/3 (67%)
Moderate, 1/3 (33%)
Severe, 0/3 (0%)

Fig. 1. Adverse events, relation to treatment, and severity. Severity was determined using the Common Terminology Criteria or Adverse Events (CTCAW, v4.0)
Severity Scale.

Discussion
The ROBUST I trial is a multicenter, single-arm clinical trial
investigating the safety and efficacy of the Optilume™ DCB
among male patients with a single, recurrent, bulbar urethral
stricture. At two years, there were no treatment-related SAEs
and the 24-month success rate was 70%, defined as IPSS
improvement ≥50% in the absence of retreatment.
Treatment safety is of paramount concern, especially in
light of reports of SAEs following intraurethral MMC injection, including urethral fistula formation, osteitis pubis, and
tissue necrosis.10 In our study, the majority of adverse events
were mild to moderate in severity, and the most common
treatment-related adverse event was urinary tract infection.
The Optilume™ DCB may have a lower risk of SAE compared to intralesional injections because the drug is applied
topically; the mechanical balloon dilation ruptures the urethral mucosa allowing direct drug delivery to the exposed
submucosa through fissures in the stricture. This controlled
drug delivery system limits dose variability between users.

Additionally, Good Laboratory Practice Animal study data
acquired prior to study initiation revealed that urethral tissue
concentration of paclitaxel dropped 73% after seven days.18
Serum drug levels in the 53 men in this study were also very
low at all times points.
At two years, stricture recurrence rate based on IPSS
or retreatment remained low (30%). Mean IPSS improved
significantly from 25.2 prior to DCB treatment to 6.9 at
24 months. Patients who underwent dilation with the 30
F balloon were significantly more likely to have continued
treatment success at two years. Based on these results, we
are currently recommending only the 30 F balloon for bul-
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Fig. 2. IPSS over time among treatment successes, defined as IPSS
improvement ≥50% after 24 months in the absence of re-treatment. Three
patients failed the ULT at 6 or 12 months but still met criteria for functional
success at 24 months. ---: failed ULT. IPSS: International Prostate Symptom
Score; ULT: urethral lumen test.

Baseline

1 Mo

3 Mo

6 Mo
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= Failed ULT
= Lost to followup before first visit, censored at 1 month
= Early study exit with ≥ 50% IPSS improvement (censor)
= Re-treatment
= Early study exit without ≥ 50% IPSS improvement ** failure
= Censored at 6 months after successful ULT
Fig. 3. IPSS over time among censored patients and treatment failures, defined
as failure to improve IPSS improvement ≥50% at the time of study exit or
re-treatment. There were four patients who failed the ULT in this cohort; one
patient underwent re-treatment, one patient was censored at six months
with an IPSS of 1, and two patients exited the study without ≥50% IPSS
improvement. All patients were considered failures at 24 months based on
failure to improve IPSS ≥50%. IPSS: International Prostate Symptom Score;
ULT: urethral lumen test.
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Table 2. Device and patient characteristics related to
functional success
2-year success,
n/N (%)
Drug-coated balloon size
8 mm (n=25)
10 mm (n=28)
Stricture length
≤0.5 cm (n=16)
0.6–1.0 cm (n=22)
1.1–1.5 cm (n=9)
1.6–2.0 cm (n=6)
Number of prior endoscopic treatments
1 (n=29)
2 (n=14)
≥3 (n=10)

p
0.010*

12/23 (52%)
20/23 (87%)
0.386
6/11 (55%)
14/21 (67%)
7/8 (88%)
5/6 (83%)
0.090
20/25 (80%)
6/13 (46%)
6/8 (75%)

p was obtained using a Chi-squared analysis. *Denotes statistical significance (p≤0.05).

bar strictures in the ROBUST III randomized trial; we reserve
the 24 F balloon for the penile urethra. Secondary outcome
measures demonstrated a durable improvement in USS-PROM
scores and PVR from baseline. Qmax improved from baseline
(5 mL/sec) at all time points but generally decreased from the
first post-procedure measure at three months (22 mL/sec) to
the last measure at 24 months (18 mL/sec), despite IPSS scores
remaining low at all postoperative time points. We will follow this trend in Qmax through five years. Erectile function
appeared to be unaffected by treatment (Table 3).
Our study is designed to conduct annual followup for
five years, and we now present two-year preliminary data.
One-year efficacy endpoint from the ROBUST I study was
defined as anatomic success based on the ULT, regardless of
symptoms or flow rate.15 Patient symptoms are an important
measure of treatment success, as anatomic recurrence does
not always correlate with worsening LUTS; because of this
and in order to avoid invasive procedures, our protocol does
not call for performing a ULT after one year and defines
long-term success based on objective (retreatment) and subjective (symptomatic) components, similar to much of the
urethroplasty literature. In a large, multi-institutional study
evaluating outcomes after bulbar urethroplasty, up to 35%
of patients with anatomic recurrence on cystoscopy were
asymptomatic.19 Additionally, recent data from the TURNS

study group showed that although cystoscopic stricture
recurrence after urethroplasty was associated with secondary
interventions, it was a poor predictor of patient symptoms.20
In our study, four of the seven patients with ULT failure were
functional successes at the time of study exit. Recent literature suggests an important role for patient-reported outcome
measures; globally, there has been a paradigm shift to place
more emphasis on patient symptoms and satisfaction when
defining treatment success.21
In this early-phase study, one of the notable limitations
was the lack of a control arm. We also excluded patients
with a history of radiation therapy, penile urethral strictures, bladder neck contractures, or patients with a history
of lichen sclerosus; it is unclear how the DCB would have
performed in these populations. Urethral lumen test was
not performed at the two-year mark, and in some patients,
worsening of symptoms may have been due to other causes
(i.e., benign prostatic hyperplasia) rather than stricture recurrence. This study is intended to continue for five years, and
the 24-month followup does not capture delayed stricture
recurrence — although data suggest that most recurrences
occur within one year of treatment.22 Additionally, patients
in our cohort performed self-dilation independently prior to
study entry and it is uncertain how this may have affected
recurrence rates. Lastly, the DCB is intended to be used
without pre-dilation, and future studies will be necessary
to determine if the efficacy of the DCB is affected when
used alone.

Conclusions
The Optilume™ DCB is safe and symptomatic evidence of
stricture recurrence is low at two years post-procedure. Data
from the ROBUST I study will be reported through five years
and a randomized clinical trial comparing the DCB to DVIU
or plain balloon dilation is ongoing.
Competing interests: Dr. Virasoro, Dr. DeLong, and Dr. Elliott serve as consultants for Urotronic.
The remaining authors report no competing personal or financial interests related to this work.

Table 3. Primary and secondary outcome measures over time
Category
IPSS, mean ± SD (n)
IPSS QOL, mean ± SD (n)
USS-PROM score, mean ±SD (n)
IIEF: Overall satisfaction
Mean ±SD (n)
Qmax (mL/sec), mean ± SD (n)
PVR (mL), mean ± SD (n)

Baseline
25.2±4.46 (53)
4.9±0.86 (53)
15.9±4.69 (53)

3 months
6.1±7.63 (51)
0.8±1.32 (51)
3.2±5.53 (51)

6 months
4.6±5.18 (45)
0.7±0.93 (45)
1.9±2.91 (45)

12 months
4.5±3.90 (40)
0.7±0.93 (40)
1.4±1.78 (40)

24 months
6.9±7.66* (38)
0.9±1.47* (38)
3.6±5.79* (38)

6.5 ± 2.62 (53)
5.0±2.56 (46)
141.4±105.05 (43)

7.9 ± 2.53 (51)
22.2±12.54 (51)
36.5±37.66 (51)

7.6 ±2.80 (45)
19.8±10.78 (45)
30.0±42.84 (45)

8.1±2.51 (40)
20.1±10.0 (39)
24.6±32.08 (39)

7.6±2.48 (38)
17.5±10.39* (38)
45.5± 49.50* (38)

Patients who underwent retreatment after 6 months were censored from the analysis. *Statistically significant change from baseline value (p≤0.05). IIEF: International Index of Erectile Function;
IPSS: International Prostate Symptom Score; PVR: post-void residual; Qmax: maximum flow rate; SD: standard deviation; ULT: urethral lumen test; USS-PROM: Urethral Stricture Surgery
Patient-Reported Outcome Measure.
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