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Abstract The objectives of this study are to determine
whether patients with overactive bladder (OAB) and
nocturia achieved relief of their nighttime voiding symp-
toms when treated with solifenacin and whether having
nocturnal polyuria (NP) affected that response. The patients
pooled from four phase III clinical trials were evaluated for
reductions in nocturia episodes after treatment with soli-
fenacin (5 or 10 mg) or placebo. A second analysis was
performed in patients with and without NP. The patients
treated with solifenacin experienced statistically significant
reductions in nocturia episodes; median reductions were
—35.5% for 5 mg of solifenacin and —36.4% for 10 mg of
solifenacin compared with —25.0% for placebo, and
significantly more patients treated with solifenacin vs
placebo achieved a mean nocturic frequency of <1
episode/night. Solifenacin significantly reduced nocturia
episodes only in patients without NP (mean change was
—0.61 episodes/night for both doses compared with —0.43
episodes for placebo). Solifenacin significantly improved
nocturia symptoms only in OAB patients without NP.
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Introduction

Nocturia is defined by the International Continence Society
(ICS) as the complaint that an individual has to wake at
night one or more times to void [1]. The cause of nocturia
in a given patient may be challenging to diagnose or
multifactorial in nature. Nocturia can have several etiolo-
gies, including nocturnal overproduction of urine (nocturnal
polyuria [NP]), low bladder capacity (including overactive
bladder [OAB]), and a combination of NP and low bladder
capacity. Causes of NP include renal conditions, congestive
heart failure, diabetes mellitus or insipidus, cerebrovascular
damage, third space fluid resorption, fluid shifts, medica-
tions such as diuretics, sleep disorders or apnea, and
behavioral or environmental factors.

Nocturia is greatly under-reported by both physicians
and patients and commonly is perceived as a normal part of
the aging process [2, 3]. It is a condition that often is
trivialized, and its consequences are greatly underestimated
[2]. Living with nocturia diminishes overall well-being,
vitality, and productivity and is associated with impairment
of somatic and mental health as well as increased sick leave
[4, 5]. Health-related quality-of-life surveys showed that the
quality of life decreased with increase in the number of
voids per night and reductions in the number of hours slept,
with men and women affected equally [6]. Nocturia is an
important risk factor for nighttime falls in the elderly [7]
and is associated with increased overall mortality in patients
voiding at least three times nightly [8].

OAB has been defined by the ICS as a symptom
complex that includes urinary urgency, with or without
urge incontinence, usually accompanied by urinary fre-
quency and nocturia [9]. When OAB is the underlying
cause of, or contributor to the nocturia, treatment directed at
the bladder overactivity may provide nocturia relief.
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Although anticholinergic treatments are commonly pre-
scribed by clinicians for patients with OAB that includes
nocturia, there are very few published data to support this
practice. Based on the relationship between OAB and
nocturia, we hypothesized that patients with nocturia and
OAB would respond to treatment with antimuscarinic
agents. The antimuscarinic agent, solifenacin, has been
shown to be efficacious in reducing incontinence, urgency,
and frequency and increasing volume voided per micturi-
tion in four placebo-controlled phase III clinical trials [10—
12]. A subset analysis employing pooled data was used to
assess changes in nocturia symptoms in patients treated
with solifenacin versus placebo. As the nocturia experi-
enced by patients in this pooled population had multiple
etiologies, additional ad hoc analyses were performed based
on whether or not patients had NP at baseline. We reasoned
that patients with NP would be less likely to experience an
improvement in nocturia from antimuscarinic treatment
compared with patients without NP.

Materials and methods

Analyses were performed on data from four 12-week phase
I clinical trials consisting of 3,298 randomized patients.
All four studies had similar protocols, inclusion criteria, and
demographics thus enabling the pooling of data. In these
studies, patients with symptoms of OAB (=8 daily voids
with >1 episode of incontinence and/or >1 episode of
urgency per 24 h) completed the consecutive 3-day voiding
diaries. The patients were randomized to one of the three
treatment regimens: 10 mg of solifenacin (all four trials),
5 mg of solifenacin (two trials), or placebo. A single
within-study cohort treated with tolterodine 2 mg bid
(n=266) was not included in the analysis because the study
was not powered for this arm.

The participants in the four trials consisted of men and
women at least 18 years of age with a mean of eight or
more micturitions per 24 h and a mean of one or more
incontinence or urgency episodes per 24 h based on a 3-day
micturition diary period. The patients completed a 3-day
micturition diary at baseline and at weeks 4, 8, and 12. The
patients recorded the date and time of each episode,
whether or not they voided, the presence of urgency and/
or of incontinence, the volume voided (for 2 of the 3 days),
and whether or not the episode interrupted their sleep. The
time of rising from, and retiring to, bed also were reported
for each day of the diary period.

A nocturnal void included any void that occurred after
the subject went to bed, and nocturia was defined as >1
voiding episode per night, which the study participant
indicated was responsible for an interruption of sleep. This
was determined in the voiding diary, which contained a
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check box for the patients to mark if they believed that their
sleep was disturbed by the need to void. The mean change
in nocturia episodes from baseline to week 12 were
calculated using last observation carried forward (LOCF).
Treatment group comparisons were based on an analysis of
covariance (ANCOVA) model with terms for treatment
group, center, and baseline nocturic frequency included as
covariates. Treatment group comparisons of percent change
are based on van Elteren’s test [13] using standardized mid-
ranks and stratified by pooled center.

The proportion of subjects with at least a 50% reduction
in nocturia was calculated. Treatment group comparisons
were based on Fisher’s exact test.

Responders in the nocturia cohort were defined as patients
who had >1 episode/24 h at baseline and <1 episode/24 h at
end point. Participants with <1 episode/24 h are, by
definition, experiencing at least one night in three that is not
disturbed by nocturia. Treatment group comparisons of the
percent of responders also were based on Fisher’s exact test.

The second ad hoc analysis was performed on patients
who provided diary data at their 12-week visit (LOCF was
not applied to this analysis) to evaluate the response to
solifenacin in two groups, those with NP and those without
NP. Patients were considered to have NP based on a
definition that takes into account the exact number of hours
spent asleep and the fraction of urine output expected
during that time as described by Weiss and Blaivas [14]:
nocturnal urinary volume > (number of hours of sleep/24) x
24 h urinary volume. Nocturnal diuresis rate and total daily
diuresis rate were defined as nocturnal voided volume/
nocturnal void time and total voided volume/total void
time, respectively. The nocturnal voided volume included
all nocturnal voids and first void of the next diary day. Total
voided volume included all voids after the first void upon
waking through the first void of the next diary day.
Nocturnal void time was the time in minutes between
bedtime and the first void time of the next day. Total void
time was the time in minutes between first void time and
the first void time of the next day. For patients with and
without NP at baseline, changes from baseline to week 12
in the number of nocturia episodes per 24 h were
calculated. Treatment group comparisons of the change
from baseline were based on a ranked ANCOVA model
with terms for treatment group and baseline in the model.

Results

Of the 3,032 randomized patients in the pooled population,
2,534 patients (84%) reported nocturia as a symptom at
baseline and were included in this analysis. Of these, 1,005
were treated with placebo, 494 were treated with 5 mg of
solifenacin, and 1,035 were treated with 10 mg of
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solifenacin. The patients treated with solifenacin experi-
enced statistically significant reductions in the number of
nocturia episodes per 24 h (Fig. 1; Table 1). In addition, a
significant percentage of subjects treated with solifenacin
achieved a 50% or greater reduction in nocturia.

Sixty-two percent (997/1,599) of the patients reporting
nocturia were classified as having NP. The patients without
NP at baseline who were treated with 5 or 10 mg of
solifenacin experienced a greater mean reduction of 0.61+
1.05 (range from —4.0 to 3.5) from baseline in nocturia
episodes (P=0.026 for the 5-mg dose and P=0.006 for the
10-mg dose) than patients taking placebo (mean change
—0.43+1.01, range from —3.0 to 3.0; Table 2).

A statistically and clinically significant greater percent-
age of patients with >1 nocturia episode nightly reported <1
episode of nocturia after solifenacin treatment as compared
with patients receiving placebo. For patients in the 5- and
10-mg solifenacin treatment groups, 45% (159/355; P=
0.004) and 44% (298/679; P=0.001) of patients, respec-
tively, reported <1 nocturia episode at end point versus 35%
(228/647) of patients taking placebo. When this responder
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Fig. 1 Analysis of changes in episodes of nocturia in patients with
and without NP. a Mean number of nocturia episodes at baseline in
patients with and without NP. b Mean change in the number of
nocturia episodes from baseline to week 12 in patients with and
without NP. NP Nocturnal polyuria

analysis was performed on the subcohort of patients
without NP, significance was confirmed in favor of the
solifenacin treatment. Among patients without NP, 63%
(P=0.018 vs placebo) and 61% (P=0.013 vs placebo) in the
two treatment arms (5 and 10 mg of solifenacin, respec-
tively) reported <1 episode of nocturia at study end in
comparison to 45% of patients in the placebo group.

As clinically expected, participants with NP experienced
more episodes of nocturia at baseline (mean 2.33+1.54,
2.32+1.31, and 2.27+1.40 for the subjects in the placebo,
5-mg treatment group, and 10-mg treatment group, respec-
tively, range 0.5-15.0 episodes nightly) than participants
without NP (mean 1.70+0.99, 1.66+0.88, and 1.66+0.95
for the subjects in the placebo, 5-mg treatment group, and
10-mg treatment group, respectively, range 0.5-7.0 epi-
sodes nightly). In patients with NP, there was a mean
reduction from baseline in nocturic frequency of 0.72+1.15
(range from —3.5 to 3.5) and 0.68+1.16 (range from —4.5 to
3.0) nightly episodes after 12 weeks of treatment with 5 and
10 mg of solifenacin, respectively. These reductions were
not statistically or clinically different when compared with
the placebo group with NP (mean change —0.64+1.29,
range from —5.0 to 5.5; Table 2). These findings are
consistent with the supposition that solifenacin treatment
would not provide significant reductions in nocturia
episodes for patients whose OAB is complicated by NP.

Discussion

Overall, our analysis confirmed a statistically significant
reduction in episodes of nocturia after 12 weeks of
solifenacin treatment for the full cohort reporting nocturia
at baseline, with 45% of patients achieving a clinically
significant end point, i.e., an average of <1 nocturia episode
nightly. The most important clinical finding from this
analysis may be that solifenacin provided significant
nocturia relief for patients with OAB and nocturia that
was not complicated by NP, with more than 60% achieving
an average of <l nocturic episode nightly by study end.
Patients with NP did not experience significant improve-
ment in their nocturic frequency. The finding that 62% of
the patients in the present study reporting nocturia were
further classified as having NP coincides with a recently
published study [15] in which a similar proportion of
women who complained of nocturia and OAB symptoms
were further classified as having NP (56%; 31/55). An earlier
publication suggested that 43% (83/194) of their study pop-
ulation experienced nocturnal overproduction of urine [16].
There have been prior studies describing nocturia relief
with anticholinergic treatment [17-20]. One small study
compared behavioral interventions and treatment with an
immediate-release oxybutynin, reporting reductions in
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Table 1 Treatment outcomes for all patients with nocturia symptoms

Parameter

Placebo (n=1,005)

5 mg of Solifenacin (n=494) 10 mg of Solifenacin (n=1,035)

Mean age, years 58.6
Nocturia episodes

Mean baseline 1.8

Mean actual change (P value*) -0.4
Median % change —25.0%
% patients with >50% reduction in nocturia (P value*)  36%

57.6 583
2.0 1.8
~0.6 (P=0.025) ~0.6 (P<0.001)

~35.5% (P=0.021)
43% (P<0.01)

~36.4% (P<0.001)
44% (P<0.001)

*Comparison with placebo

episodes of nocturia: The authors reported statistically
significant but clinically insignificant reductions in nocturia
both in patients receiving oxybutynin (P=0.007) and in
those receiving behavioral interventions (P<0.001), com-
pared to patients receiving placebo. Mean reductions of 0.2
episodes in nocturia were reported for patients in the drug
treatment group versus reductions of —0.1 episodes for
patients receiving placebo [17].

Another, post hoc analysis from a trial of an immediate-
release tolterodine included data on changes in episodes of
nocturia: Results were presented using responder rates,
characterized as patients reporting >2 nighttime voids at
baseline and <2 nighttime voids after treatment, and the
majority of patients responded to therapy based on this
definition [18].

Three multicenter, double-blind, placebo-controlled
studies of patients with OAB symptoms evaluated treatment
with darifenacin (7.5 or 15 mg qd) for 12 weeks. In this
pooled analysis, the number of “nocturnal awakenings” per
week was examined as a secondary efficacy variable. A
nonsignificant reduction in “nocturnal awakenings” was
observed in darifenacin-treated patients compared with
patients administered placebo [19]. The lack of significant
findings may have been due to the inclusion of patients
with nocturia with NP and without NP.

A single placebo-controlled trial of darifenacin adminis-
tered at three dosing strengths (7.5 mg, 15 mg, and 30 mg
qd) utilized the same definition of “nocturnal awakenings”
to evaluate changes from baseline with treatment. The
magnitude of the reductions in nocturia were larger, (—1.9,
—1.7, and —2.0 per week with increasing dose) and reached
statistical, but probably not clinical significance, for all
dosing groups [20].

There are limitations to this secondary analysis. Nocturia
was not a study inclusion criterion, and, on average, the
participants did not have a large number of nocturia
episodes (mean of 1.8 for the placebo and 10-mg treatment
groups and 2.0 for the 5-mg treatment group at baseline).
Therefore, demonstrating effects on nocturia was difficult,
and investigators relied upon patient-based reporting of
nocturia episodes and the reasons for sleep interruption.
Importantly, we acknowledge that there remains variability
in the accepted diagnosis of NP and the definitions of NP
and nocturia for evaluation in clinical trials.

Despite these limitations, we did find that solifenacin
treatment significantly improved nocturic frequency in
patients without NP, suggesting that screening for NP may
enhance clinical care for the patient with troublesome
nocturia. Findings from this initial analysis, coupled with
the lack of consensus regarding definitions of nocturia in

Table 2 Treatment outcomes for patients completing the week 12 diary in the nocturia population with and without NP

Parameter Placebo 5 mg of Solifenacin 10 mg of Solifenacin
Patients reporting nocturia episodes without NP n=230 n=122 n=250

Mean age, years 56.1 52.5 55.1

Mean baseline episodes 1.70 1.66 1.66

Mean actual change from baseline (P value*) -0.43 —0.61 (P=0.006) —0.61 (P=0.026)
% Responders 45% 63% 61%

Patients reporting nocturia episodes with NP n=386 n=211 n=400

Mean age, years 60.2 58.6 59.6

Mean baseline episodes 2.33 2.32 2.27

Mean actual change from baseline (P value¥*) —0.64 —0.72 (P=NS) —0.68 (P=NYS)
% Responders 38% 46% 40%

NP Nocturnal polyuria, NS not significant
*Comparison with placebo
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the clinical trial literature, underscore the need for further
research in this important area.

Future studies could record baseline disease states (such
as metabolic conditions, congestive heart failure, obstruc-
tive sleep apnea, or diabetes) to further evaluate the
relationships between specific pathological conditions
underlying nocturia and responses to antimuscarinic treat-
ment. Patients also could be divided into groups before
treatment is administered based on whether the apparent
underlying cause of nocturia is polyuria, NP, or OAB. More
precise identification of patients with nocturia who would
be likely to benefit from antimuscarinic treatment will
enable clinicians to make informed prescribing decisions.
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