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Abstract

Introduction: This is a report on potency results from a random-
ized trial of nightly versus on-demand sildenafil after nerve-sparing
radical prostatectomy (RP). A secondary objective was to analyze
the effects of these sildenafil administration schemes on urinary
health-related quality of life after RP.

Methods: In total, 100 potent men were equally randomized to
nightly and on-demand sildenafil 50 mg after minimally-invasive
RP for 1 year. Health-related quality of life questionnaires were
administered at various postoperative intervals. Urinary function
was assessed using appropriate expanded prostate cancer index
composite (EPIC) subscales. Analyses of covariance and linear
mixed-effects modeling were used to compare the effects of treat-
ment over time on urinary recovery, controlling for age, nerve-
sparing score, and time from surgery.

Results: The nightly (n = 50) and on-demand (n = 50) sildenafil
groups were well-matched at baseline. Nightly sildenafil patients
had worse EPIC urinary bother and urinary irritative/obstructive
subscale scores at 3 and 6 months after RP, even after controlling
for multiple variables. On mixed-model analyses, the differences
between groups for these EPIC subscales (4.9 and 2.5, respectively)
were greater than documented thresholds for clinical significance.
Increasing nerve-sparing score was associated with improvements
in EPIC urinary summary, bother, incontinence, and function
scores; time from surgery was associated with improvements in
all EPIC urinary health-related quality of life subscales.
Conclusions: In this specific population and drug dose, we found
that on-demand short-acting phosphodiesterase-5 inhibitor (PDE5i)
dosing may be more effective after RP to maximize early urinary
and erectile health-related quality of life. In preoperatively potent
men, nightly sildenafil 50 mg impaired urinary health-related qual-
ity of life more than on-demand use in the early months after
nerve-sparing RP, independent of effects on urinary continence.

Introduction

Recovery of urinary continence and potency after radical
prostatectomy (RP) are important predictors of postoperative
quality of life. Numerous publications have reported varying
rates of continence and potency after prostatectomy.'? The
wide divergence of results with respect to continence can be
attributed in part to different functional definitions of conti-
nence, demographic factors, varied surgical technique, and
the time points at which continence status is determined.
Reported potency rates after RP are also affected by similar
variables, as well by the preoperative potency status and the
quality of nerve-sparing performed during surgery.

The use of phosphodiesterase-5 inhibitors (PDE5i) after
RP for penile rehabilitation has been studied in several ran-
domized clinical trials with different reported outcomes.
While the major effect of PDE5i is on potency, one of the
pleiotropic effects of PDES5i is their ability to improve uri-
nary symptoms in men with lower urinary tract symptoms
(LUTS).3 Therefore in addition to affecting post-RP potency
rates, the use of PDE5i may affect recovery of urinary conti-
nence and/or urinary quality of life after RP.* While several
randomized controlled trials (RCT) suggest that nightly use
of PDES5i is no more beneficial than on-demand use in terms
of improving long-term erectile function after nerve-sparing
RP,>® many urologists nevertheless still prescribe chronic
PDE5i immediately after RP.” The present study is a second-
ary outcomes analysis from a published randomized clinical
trial that compared 2 different dosing regimens of postop-
erative sildenafil (50 mg nightly vs. 50 mg on-demand) for
1 year after nerve-sparing minimally invasive RP.?

In this report, we evaluated the effect of postoperative
sildenafil dosing regimens on the temporal recovery of uri-
nary continence and urinary quality of life after nerve-spar-
ing minimally-invasive RP as assessed by urinary subscales
of the EPIC questionnaire.
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Patients in the present secondary outcomes analysis par-
ticipated in a single-institution multi-surgeon 100-patient
double-blind RCT of nightly versus on-demand 50 mg silde-
nafil after nerve-sparing minimally invasive RP for prostate
cancer. The study protocol has been previously published.’
Postoperatively, patients were randomly administered the
study drug for 1 year and were divided in 2 groups: (1) The
“nightly” group (n = 50) received nightly 50 mg sildenafil
dosing, and (2) the “on-demand” group (n = 50) received
nightly placebo. Both groups were also given tablets for on-
demand use, up to 6 per month. The nightly group received
on-demand placebo tablets, while the on-demand group
received 50 mg sildenafil, such that no patient was without
exposure to PDE5i in the year after minimally invasive RP.
Drug use was tracked throughout the trial. Nerve-sparing
quality in each case was subjectively graded by the operative
surgeon on a 0 (none) to 4 (excellent) scale/neurovascular
bundle, resulting in a nerve-sparing score (NSS) of 0 to 8.
Urinary function was initially assessed by the EPIC question-
naire, and then again after RP at 1, 3, 6, 9, 12 months, and
after a T month PDE5i washout period (13 months post-
operatively). Specific EPIC urinary subscales were used for
the analyses presented in the current study: urinary domain
summary score (USS): urinary irritative/obstructive subscale,
also termed urinary irritative subscale (UIR); urinary bother
subscale (UBS); urinary incontinence subscale (UIN); and
urinary function subscale (UFS), with higher scores repre-
senting better health-related quality of life.

Trial design and analysis were as previously published.®
Secondary analyses concerning EPIC questionnaire urinary
subscales and responses to single items of the various vali-
dated instruments were compared between groups at each
time point. Analyses were done using analysis of covari-
ance, and overall time points and a linear mixed-effects
model with random slopes and intercepts and unstructured
variance-covariance matrix. Interactions were modelled as
cross-product terms to determine whether the treatment
effect differed by treatment group or other variables, includ-
ing time from surgery, age and NSS. Because some men
did not return questionnaires at all time points, we also
analyzed data using multiple imputation based on a Markov
chain Monte Carlo simulation to impute missing values. All
statistical calculations were two-sided and performed with
SAS v9.2 (SAS Institute, Cary, NC).

Results

Patient demographics and group characteristics are listed
in Table 1. USS, UIR, UBS, UIN and UFS of the EPIC were
compared by treatment group. At baseline there were no
significant differences between groups. However, after an
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initial decline at 1T month in both treatment groups, there
was statistically greater improvement in some EPIC urinary
measures in the on-demand sildenafil group compared to
the nightly sildenafil group. At 3 months and 6 months post-
operatively, the EPIC UIR (p = 0.005) and UBS (p = 0.001)
score significantly increased in the on-demand sildenafil
group. There was no difference in any of the EPIC urinary
measures between groups beyond 6 months.

The nightly sildenafil group also had significantly worse
EPIC outcomes for item 34 (“Overall, how big a problem has
your urinary function been for you over the past 4 weeks?”;
5-point scale with 1 representing “no problem” and 5 rep-
resenting “big problem”). Answers to item 34 were compa-
rable at baseline (1.1 on-demand vs. nightly 1.4, p = 0.7)
and at 1 month (3.5 on-demand vs. nightly 3.8, p = 0.2),
but patients taking nightly sildenafil reported more dissat-
isfaction compared to the on-demand patients at 3 months
(2.2 on-demand vs. 3.0 nightly, p = 0.001), 6 months (1.7
on-demand vs. 2.4 nightly, p = 0.025), and 9 months (1.6
on-demand vs. 2.2 nightly, p = 0.021) after RP. Any differ-
ence was lost after the 9-month time point. Pad use was
similar across groups, though there was higher mean pad
use in the nightly sildenafil group at postoperative month 9
(EPIC item 27, p = 0.02).

Table 1. Demographic characteristics of men randomized
to nightly vs. on-demand sildenafil 50 mg after RP

. On-
Characteristic I.\Ilghtly. demand p
sildenafil . ., value
sildenafil
Age, mean (median) 54.3 (55) 53.6 (54) 0520
Range (42-63)  (40-64) ’
Race, n (%)
White 45 (90) 44 (88) 0.749
Non-white 5(10) 6 (12)
Baseline IIEF-EF score (mean) 29.4 (30) 29.3 (30) 0.493
Range (26-30) (26-30) ’
Clinical stage, number (%)
T1c 37 (74) 40 (80) 0.614
T2a 13 (26) 10 (20)
Biopsy Gleason score (n, %)
6 41 (82%) 42 (84%) 0.790
7 9 (18%) 8 (16%)
Preoperative PSA, mean (median) 4.7 (4.4) 5.1 (5.1) 0.307
Range (0.6-14)  (0.8-9.0) ’
Type of RP surgery, n (%)
Laparoscopic 40 (80) 37 (74) 0.476
Robotic-assisted laparoscopic 10 (20) 13 (26)
NVB preserved, n (%)
1 1(2) 1(2) 1.00
2 49 (98) 49 (98)
Nerve-sparing score* mean
(median) 6.5 (6) 7.1 (8) 0.033
Range (2-8) (3-8)

RP: radical prostatectomy; IIEF-EF: PSA: prostate-specific antigen; *Nerve-sparing score
is a sum of the scores for right and left neurovascular bundle preservation quality, each
individually graded by the attending surgeon on a 04 scale.21
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Mixed model analysis assessing the effect of nightly and
on-demand sildenafil dosing across all time points also sug-
gested that the UBS (p = 0.021) and UIR (p=0.036) were
significantly lower. This indicated a worse health-related
quality of life in the nightly sildenafil group after adjusting
for age, NSS (categorical or binary) and postoperative time
point (Table 2, Fig 1, Fig. 2).

Patients taking nightly sildenafil averaged a 4.9-unit lower
UBS score and a 2.5-unit lower UIR score compared to the
on-demand group over the first year after RP. Mixed linear
regression did not show a statistically significant difference
between the nightly and on-demand sildenafil groups in the
other EPIC urinary subscales UIN, UFS, USS or in pad usage
(Table 2). Increasing NSS, a continuous measure of nerve-
sparing quantity and quality, was associated with improve-
ments in all EPIC urinary-specific health-related quality of
life outcomes, except in the UIR scores.

In this blinded, randomized, controlled study, we showed
that patients receiving nightly sildenafil have significantly
worse EPIC UBS and UIR compared to patients using on-
demand sildenafil during their post-prostatectomy convales-
cence. In general, the use of chronic nightly sildenafil had
a deleterious effect on early urinary health-related quality
of life, primarily regarding urinary irritation and bother, and
overall satisfaction with urinary function. These effects on
EPIC urinary subscale scores were not only statistically, but
clinically, significant, with mean differences of 2.5 and 4.9,
well over the 1.0 to 1.6 threshold for clinical significance
on the various subscales recently noted by the PROST-QA
(Prostate Cancer Outcomes and Satisfaction with Treatment
Quality Assessment).? This deleterious effect persisted
despite controlling for factors known to affect urinary con-

Table 2. The effect of treatment group (nightly sildenafil vs. on-demand sildenafil), postoperative time point (months 1, 3, 6,
9, 12 and 13), NSS (continuous), age (continuous) and baseline urinary outcome score (month 0) on EPIC urinary outcomes

EPIC interest variable

Variables in model Slope* p value

Urinary summary Nightly vs. on-demand sildenafil -2.8 0.156
n =467 Postoperative time point 1.5 <0.0001
Mean = 76.8 NSS 25 0.001
Median = 81.9 Age -0.3 0.054
Range = 15.2-100.0 Urinary summary score (month 0) 0.1 0.406

Urinary bother Nightly vs. on-demand sildenafil -4.9 0.021
N = 466 Postoperative time point 23 <0.0001
Mean = 79.7 NSS 1.9 0.015
Median = 85.7 Age -0.2 0.245
Range = 14.3-100.0 Urinary bother subscale (month 0) 0.1 0.306

Urinary irritative Nightly vs. on-demand sildenafil -2.5 0.036
N = 467 Postoperative time point 0.8 <0.0001
Mean = 88.5 NSS 0.5 0.292
Median = 92.8 Age -0.06 0.551
Range = 17.8-100.0 Urinary irritative subscale (Month 0) 0.2 0.003

Urinary incontinence Nightly vs. on-demand sildenafil -0.2 0.948
N = 467 Postoperative time point 2.9 <0.0001
Mean = 58.9 NSS 5.2 <0.0001
Median = 58.5 Age -0.3 0.252
Range = 0-100.0 Urinary incontinence subscale (month 0) 0.05 0.775

Urinary function Nightly vs. on-demand sildenafil -0.2 0.920
N = 470 Postoperative time point 2.0 <0.0001
Mean =72.6 NSS 37 <0.0001
Median = 73.4 Age -0.3 0.132
Range = 11.6-100.0 Urinary function subscale (month 0) 0.2 0.226

Pad usage Nightly vs.-on—c-ieman(-j sildenafil 0.04 0.734
N = 470 Postoperative time point -0.1 <0.0001
Mean = 1.0 NSS -0.2 0.005
Median = 1 Age 0.02 0.012
Range = 0-3

Pad usage (Month 0)

*Slope measures the magnitude of change (increase or decrease) in the indicated EPIC variable per 1-unit increase in the predictor variable. For example, the slope for the treatment variable
(nightly vs. on-demand sildenafil) represents the difference (increase or decrease) in the indicated EPIC outcome variable for patients randomized to nightly relative to the value for on-demand
patients. (N = total variable count within each subdomain count (multiple records per patient). EPIC: expanded prostate cancer index composite; NSS: nerve-sparing score.
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Urinary Bother Score for Nightly vs. On-demand
through 13 months post-Surgery
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Fig. 1. Mean urinary bother scores (UBS) plotted from baseline to washout
stratified by nightly vs. on demand sildenafil 50mg dosing (mixed linear analysis
with adjustment for age, nerve-sparing score and time point; UBS p = 0.021).

valescence, including age, nerve-sparing quality/quantity as
captured by nerve-sparing score (NSS), and time after sur-
gery. While the effects of better nerve-sparing on improving
early urinary outcomes after RP in previously potent men
have been suggested in the literature,'®'? it has not been
shown that early PDE5i use after RP may adversely affect
early urinary health-related quality of life.

It is known that PDE5i therapy improves erections during
the convalescence from nerve-sparing RP;"* its effects on
penile rehabilitation with daily use after RP are less clear.
A number of RCTs have reported on the effects of daily
PDES5i use on postoperative erectile function with discordant
results.>*#15 In addition, there is strong evidence demon-
strating that PDE5i affect and improve LUTS."® Moreover,
an association between LUTS and erectile dysfunction has
been clearly established, and recently reviewed by Mouli
and McVary."”

Gacci and colleagues reported a small three-armed study
that was similar to ours, using daily vardenafil, on-demand
vardenafil, and a placebo group.* Based on this trial with
only 12 to 14 patients per arm, the authors suggested that
daily vardenafil use improved postoperative continence
as determined by the UCLA-PCI (University of California-
Los Angeles Prostate Cancer Index). The authors reported
improvements in urinary function and bother in patients
taking nightly vardenafil compared to those taking it on-
demand or taking placebo during the months after RP.*
However, this improvement was entirely dependent on a
significantly greater initial decline in urinary function and

Fig. 2. Mean urinary irritative score (UIR) plotted from baseline to washout
stratified by nightly vs. on demand sildenafil 50mg dosing (mixed linear analysis
with adjustment for age, nerve-sparing score and time point; UIR p = 0.036).

bother in the nightly vardenafil group, and a subsequent
improvement from that state of decreased urinary function
over time. Indeed by 12 months, urinary outcomes were
equivalent in all groups, so another interpretation of their
data is that nightly vardenafil delays urinary recovery until
the first postoperative year.

In our larger cohort, we found that nightly sildenafil also
contributed to a significant decline in aspects of urinary
health-related quality of life after RP, specifically in the EPIC
UIS and UBS (irritation and bother subscales) compared to
the on-demand group after RP (Fig. 1, Fig. 2). Together these
studies suggest that chronic use of short-acting postoperative
PDE5i impairs early urinary health-related quality of life,
perhaps by affecting bladder neck contractility/sensitivity or
urethral tone. This difference is less pronounced over time,
as continence, bother and irritation improve naturally after
surgery. Interestingly, the greatest difference between groups
was evident during the early recovery phase in both our
sildenafil study (Fig. 1, Fig. 2) and in the vardenafil trial by
Gacci and colleagues.* It certainly is possible that there are
differences between the effects of sildenafil and vardenafil
on urinary convalescence after RP, but the similar data that
resulted from our study, the Gacci study and previous reports
using short-acting PDE5i post-RP all suggest that these drugs
act very similarly in this setting.'®

Pertinently, Bittencourt and colleagues recently demon-
strated that sildenafil relaxes human bladder tissue depend-
ing on the nitric oxide/cGMP pathway.'® It is possible that
relaxation of bladder neck tissue facilitated by sildenafil
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impairs early urinary function after RP. With time, and as
the external sphincter strengthens, this effect may become
less pronounced. We did not find a significant association
between nightly dosing and urinary incontinence subscale
scores (UIN), which raises the possibility that sildenafil could
be acting through a mechanism mediated by sensory path-
ways rather than directly via smooth muscle relaxation. This
may account for the stronger association between nightly
use and the bother/irritative EPIC domains (UBS and UIR).
Alternatively, this study may be underpowered to detect
small differences across all time points with respect to uri-
nary incontinence, although we did find some differences
along individual time points in favour of on-demand rather
than nightly use as regards early return of continence.

Our finding of increased bother associated with daily use
is also indirectly supported by accumulating evidence that
PDE5i are associated with relief of symptomatic LUTS.3"In a
multicentre randomized double-blinded study, Dmochowski
and colleagues® found that tadalafil did not affect urody-
namic parameters, but did improve both obstructive and
irritative IPSS domains. Given the relatively strong evidence
that PDE5i improves LUTS, it is not entirely surprising that
nightly sildenafil in our study negatively affected early uri-
nary functional recovery after RP.

Since sildenafil nightly use was not associated with a
significant early or late improvement in erectile function
in preoperatively potent men (the primary outcome of this
RCT),> we feel that the present urinary outcomes data sup-
port on-demand rather than nightly/chronic use of short-
acting PDE5i in such patients in the early post-prostatectomy
setting. There are limitations inherent to our study, as the
effect of only 1 drug at 1 dose was evaluated. In addition,
despite being one of the only randomized trials examining
the effect of PDE5i on urinary incontinence, randomization
and other biases are still possible in this T00-patient study.
Therefore extrapolation of our findings to other populations
and drugs must be undertaken with some degree of caution,
and confirmation of our findings in larger trials is warranted.
Finally, our results are secondary outcomes and the trial was
not powered specifically with these in mind. Nevertheless,
both statistically and clinically significant findings involv-
ing urinary health-related quality of life were demonstrated,
rendering any discussion of trial power relevant only to the
urinary subscales unaffected by PDE5i dosing regimen in
this study.

Conclusions

In a randomized controlled study, nightly use of sildenafil
was associated with decreased urinary function scores using
the EPIC questionnaire. These findings were primarily noted
early in the recovery phase after RP and mainly affected the

urinary irritative and urinary bother subscales of the EPIC
health-related quality of life instrument. Further studies are
warranted to confirm our findings. Currently, we recom-
mend an on-demand, rather than a nightly, approach to
PDE5i use to avoid deleterious effects on urinary health-
related quality of life in the early months after nerve-sparing
RP, with support for erectile function recovery.
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