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Therapeutic Effects of Prolonged Release Melatonin (Circadin®)
in Patients with Overactive Bladder and Chronic Insomnia in
More Than 55 Years Old

Min Jung Park!, Seon Young Seo', Hyun Jun Park?, Jih Hoon Park?, Mi Young Lim?, Nam Cheol Park'?

The Korea Institute for Public Sperm Bank, Busan, Korea
’Department of Urology, Pusan National University School of Medicine, Busan, Korea

Objectives: Bladder storage symptoms including nocturia is the most common cause of sleep disturbance in all age groups.
Sleep disturbance is also a main cause of nocturia so that sleep recovery can clinically improve nocturia. Melatonin has
main action to induce sleep and additional effects of smooth muscle relaxation, free radical scavenging, anti-inflammation,
et cetera. This study was evaluated the improvement of sleep quality after administrating prolonged-release melatonin in
elderly patients with overactive bladder and chronic insomnia.

Methods: This clinical trial was performed with a randomized single open study. Thirty-seven patients with overactive
bladder and chronic insomnia were initially enrolled in this study. After 4 or 12 weeks treating with 2 mg of prolonged-
release melatonin, clinical outcomes were evaluated with OABSS, IPSS, PSQI and WHO 5 well-being index.

Results: Of the 37 patients, 34 (91.9%) were included in the ITT group and 26 (76.5%) in the PP group. In the primary
outcome of PP group, significant improvements were observed in total OABSS and nocturia frequencies at 12 weeks, re-
spectively. Secondary outcome measurement including in voiding, storage symptoms, and total IPSS scores showed the
improvement at 4 and 12 weeks and in total and sleep quality PSQI scores at 12 weeks, and in quality of life scores of the
WHO 5 well-being index at 12 weeks. Only one (3.8%) adverse event was observed.

Conclusions: These results suggest clearly that prolonged-release melatonin in elderly patients with overactive bladder
and chronic insomnia has the potential to control concomitant voiding and sleep difficulty.
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The prevalence of various urological condi-
tions in men more than 55 years old are increas-
ing similar to the incidence of sleep disorder,
which included nocturia, low urinary tract
symptoms (LUTS), overactive bladder (OAB),
benign prostatic hyperplasia (BPH), bladder &

prostate cancer, cystitis, prostatitis, neurogenic

bladder, urethral stricture, nocturnal polyuria,
and testosterone deficiency syndrome (TDS).!-
Of them, nocturia is thought to be primarily af-
fected by these pathological conditions and to
influence significantly quality of life as a most
common cause of sleep disturbance in all age

groups.*?
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Normal sleep requirement is essential for body
homeostasis which normal duration of sleep is
16-18 hours in neonate, 10 hours in infant &
early child, 8 hours in adolescence and 7-8 hours
in adult. Prevalence of insomnia is sleep disorder
in 40 to 70% as well as primary insomnia in 10
to 24% of elderly.!

Melatonin is as a major regulatory hormone in
circadian rhythm for normal night sleep which is
present during normal sleep hours. Melatonin se-
cretion and prevalence of insomnia, BPH/LUTS
and TDS are showed with significant correlation
according to age. Prolonged-release melatonin
(Circadin®, Kuhnil Pharm, Seoul, Korea) is once
a daily oral agent on bedtime that is particularly
effective for patient with primary insomnia.® Ob-
jective of this study is to evaluate the clinical ef-
ficacy of prolonged release melatonin in patients
with overactive bladder and chronic insomnia in

elderly male.

MATERIALS AND METHODS

Study design

This clinical trial was performed with a pilot
randomized non-placebo controlled single center
registry-based prospective clinical trial as inves-
tigator intended post-marketing testing in accor-
dance with the Good Clinical Practices standards
and in conformity with the ethical principles set
out in the Declaration of Helsinki. Demographic
characteristic, medical history, presenting symp-
toms, and variety of treatment outcome data were

collected by trained nurses using a standardized
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case report form at each site.

Subject screening and clinical outcomes during
12 weeks treating with Circadin® were evaluated
with overactive bladder symptom score
(OABSS), international prostate symptom score
(IPSS), Pittsburgh sleep index (PSQI) and WHO
5 well-being index. For the assessment of sleep
quality, a specialist in sleep disorders was rec-
ommended the PSQI which was a self-report
questionnaire.”!" Screening for subject suitability
was performed with OABSS, IPSS and PSQI
with pretrial wash-out at least 4 weeks before ad-
ministration of the investigational product on
visit 1. At visit 2, 3 and 4, OABSS, IPSS and
PSQI were reviewed with the subject's diary to
be conducted at baseline and after 4 and 12
weeks of treatment. At visit 2 and 4, WHO 5
well-being index were also evaluated with
checking physical examination, vital signs, lab-
oratory test and echocardiography. At visit 4 after
medication, adverse event was evaluated (Fig. 1).
Randomization numbers were given to patients
who were judged to be suitable for the clinical

trial.

Subjects

The subject criteria to be enrolled in the screen-
ing test were OABSS scale 2 > 2, OABSS scale
3> 2, and PSQI > 5. Inclusion criteria in this
study are adult male more than 55 years, history
of OAB recent 3 months or more, total score 3
<and Q2 2 < on overactive bladder symptom
score, patient with chronic insomnia and com-
pleted patient informed consent prior to clinical

trial. The exclusion criteria are as follows; clin-
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Treatment with PR Melatonin 2mg qd hs

Screening Clinical trial start

-4~12 wks. (Visit 1) 0 (Visit 2)

| |

+4 wks. (Visit 3)
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Pretrial wash-out Physical exam,Vial sign, Lab test, EKG

OABSS OABSS
IPSS IPSS
PSQI

WHO 5 well-being Index

Physical exam,Vial sign, Lab test, EKG

OABSS OABSS
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PSQI PSQI

WHO 5 well-being Index

Adverse events

Fig. 1. Study design and flow of Circadin® clinical trial study

ically significant bladder outlet obstruction, pa-
tient with overactive bladder due to neuropathic
causes, patient with bladder stone, interstitial
cystitis, active urinary tract infection, patient
with previous or current pelvic organ cancer,
patient with secondary insomnia due to obstruc-
tive sleep apnea, chronic pain or restless legs
syndrome, case with irregular sleep pattern,
shift-worker, case to have contraindicated med-
ication during clinical trial, patient with clini-
cally serious liver or kidney disease by
investigator decision making, participant of
other clinical trial, and case not to visit accord-
ing to time line of clinical trial. Concomitant
medications to be prohibited are alpha blocker,
5-alpha reductase inhibitor, anticholinergic
agents, antimuscarinic agents, herbal medica-
tions for voiding difficulty or overactive bladder,
cimetidine, adrenalin agonist and antagonist,
opioid agonist and antagonist, antidepressant,

prostaglandin inhibitor, benzodiazepine and non-

benzodiazepine hypnotics, imipramine, thiori-
dazine, methoxsalen, fluvoxamine, CYP3A4 in-
hibitors
ketoconazole, itraconazole, erythromycin, Clar-

including ritonavir, saquinavir,
ithromycin, grapeftuit juice, voriconazole, indi-
navir and nelfinavir, CYP1A2 inhibitor including
quinolone, CYP1A2 inducing agents including

rifampicin and carbamazepine.

Ethics statement

The study protocol was approved by the Insti-
tutional Review Board at Pusan National Hospi-
tal (PNUH IRB No. D-1704-002-064 (Apr. 27,
2017) as well as Korea Food and Drug Adminis-
tration (KFDA) Approval No. 31223 (March 08,
2017). Informed consent was obtained by all sub-

jects when they were enrolled.

Investigational drug
Circadin® (Kuhnil Pharm, Seoul, Korea), orig-
inally developed by H. Lundbeck A/S (Copen-
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hagen, Denmark) , is a prolonged-release medi-
cine of 8-10 hours to be possible full night mela-
tonin coverage.® Dosage and administration are
2 mg of prolonged-release melatonin on 1-2
hours before everyday bedtime.

Efficacy assessments

Primary end point for efficacy outcome assess-
ments were changes of OABSS with total score
and Q2 (nocturia frequency) score from baseline
to 4 and 12 weeks. Secondary end points in-
cluded changes of PSS with total score, voiding
symptom score and storage symptom score,
PSQI total score, PSQI Q9 score from baseline
to 4 and 12 weeks, changes of WHO 5 well-
being Index (1998 version) for evaluating quality
of life, total score, on baseline and after 12 weeks

of treatment.

Safety evaluation

Safety evaluation at weeks 4 and 12 included
physical examination, vital signs, laboratory test,
echocardiography and findings. Adverse events
were assessed for patients who took at least 1
dose of Circadin®. Adverse events reported in re-
sponse to general and non-specific inquiry sur-
vey by the researcher or self-reported by the
patient were described with severity at each visit
according to the World Health Organization
(WHO) Adverse
(WHOART) system organ classes. Adverse drug

Reactions Terminology

reactions related to the investigational product

were compared using the same method.

Statistical analysis
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The intention-to-treat (ITT) analysis was con-
ducted for all randomized subjects to analysis of
all subjects initially enrolled in a clinical trial.
The per-protocol (PP) population was defined as
those subjects in the ITT population who had
completed the visit and for whom there were no
serious protocol deviations. In this study of PP
group, the treatment efficacy was determined by
comparing primary and secondary outcome
measures at the end of each treatment.

According to the standards of a per-protocol
analysis, sample size was calculated with 37 par-
ticipants by G Power 3.1, at least 34 participants
to be recruited plus 10% unfaithful responders.
Statistical analysis of data from inquiry survey
was performed by paired #-test. Changes from
baseline in continuous safety variables including
vital signs, laboratory analysis, echocardio-
graphic finding and were evaluated by ANOVA.
Efficacy measured in ITT and PP groups in-
cluded the mean £ SD changes at 4 and 12 weeks
from baseline. Statistical significance was ac-
cepted for P values of < 0.05.

RESULTS

Demographics and Baseline Characteristics

The patients in this study were recruited con-
secutively and evaluated prospectively for 1 year
between July 2017 and August 2018. Initially, el-
igible patients had minimal 4 weeks and maxi-
mally up to 12 weeks treatment-free run-in
period and then were checked for adequacy for

inclusion. Thirty seven patients were screened in
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this study. A total of 34 patients were enrolled in to analyze efficacy parameters. Mean patient age
the ITT group. Overall, 26 patients (76.5%) of  in the ITT and PP groups were 69.5 + 7.7 and
these were completed the study in the PP group. 69.8 + 7.7 years, respectively. At baseline, no
The demographics and baseline characteristics of ~ clinically or statistically meaningful difference
the volunteers in the ITT and PP groups are was found between the two groups with respect

shown Table 1. Data from two groups were used to demographic or clinical variables.

Table 1. Clinical profile of patients

ITT group (%) PP group (%)
Age (decades)
‘50 7(20.6) 5(19.2)
60 6(17.6) 5(19.2)
‘70 19 (55.9) 14 (53,8)
‘80 2(5.9) 2(7.7)
Total 34(100.0) 26(100.0)
Mean + 25D [years) 695+ 7.7 69.8+7.5
Body Weight (kg)
40-49 1(2.9) 1(3.8)
50-59 3(8.8) 3(11.5)
60-69 14 (41.2) 9 (34.6)
70-79 16 (47.1) 13 (50.0)
Total 34(100.0) 26(100.0)
Mean + 2SD 67.8+6.6 67.2+7.0
Height (cm)
160-170 21 (61.8) 16 (61.5%)
>170 13(38.2) 10 (38.5%)
Total 34(100.0) 26(100.0)
Mean + 25D 168.3+ 4.2 168.2+3.9
Duration of chronic insomnia
< 6 months 1(2.9) 1(3.8)
6 months - 3 years 26 (76.5) 19 (73.1)
3 -Syears 6(17.6) 5(19.2)
S years < 1(2.9) 1(3.8)
Total 34(100.0) 26(100.0)
Mean £ 2SD (months) 23.0+13.0 23.0+14.1
Overactive Bladder symptom score
Mild 11(32. 7(26.9)
Moderate 20 (58.8) 17 (65.4)
Sever 3(8.8) 2(7.7)
Total 34(100.0) 26(100.0)
Mean + 25D (months) 7.56 +3.174 7.85 +3.081
International Prostate Symptom Score
Mild - -
Moderate 13(38.2) 10(38.5)
Sever 3(8.8) 16 (61.5)
Total 34(100.0) 26(100.0)
Mean + 25D (months) 22.94 + 7.447 22.96 +7.922

Values are presented as mean =+ standard deviation.
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Efficacy outcomes

Data on the effectiveness of this clinical trial
were conducted by the ITT group which enrolled
efficacy assessment after receiving at least one
clinical treatment. The PP group followed visi-
tors for 12 weeks without major violations
among the ITT group, the targeted 26 patients
with a compliance rate of 76.5% was included in
the PP group. Analysis of primary and secondary
efficacy endpoints was only measured on the PP

group.

Primary efficacy outcome

From baseline to follow-up, mean total OABSS
scores reduced in the PP group from 7.85 + 3.08
(baseline) to 5.69 + 3.08 (12 weeks, P < 0.001)
(Fig. 2A). The PP group also showed the reduc-
tion of nocturia frequency from 2.88 £ 0.33
(baseline) to 2.12 £ 0.27 (12 weeks, P < 0.001)
(Fig. 2B).
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Secondary efficacy outcome variables

Secondary endpoints were evaluated the change
of total IPSS, voiding, and storage symptom in
the PP group. From baseline to follow-up, mean
total IPSS scores were reduced from 22.96 +
7.92 (baseline) to 18.73 + 5.23 (4 weeks, P <
0.01), 16.27 + 5.39 (12 weeks, P < 0.001) (Fig.
3A). Overall voiding symptom scores was de-
creased from 12.58 +4.67 (baseline) to 10.69 = 4.22
(4 weeks, P<0.001),and 9.96 =4.12 (12 weeks,
P<0.001) (Fig. 3B). Storage symptom were also
reduced from 9.5 + 3.09 (baseline) to 8.2 +2.63
(4 weeks, P<0.001), 6.31 £2.56 (12 weeks, P<
0.001) (Fig. 3C).

Study participants were evaluated by using total
PSQI and sleep quality to evaluate of the mela-
tonin administration in the PP group. From base-
line to follow-up, mean total PSQI scores were
reduced from 8.42 +4.70 (baseline) to 7.0 £ 4.03
(12 weeks, P<0.001) (Fig. 3D). Poor sleep qual-
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Fig. 2. Changes of total score of overactive bladder symptom score (0ABSS) and nocturia frequency
(A) Total OABSS, (B) The nocturia frequency, Values are presented as mean # standard deviation. *P> 0.05
vs baseline, ** P < 0.01 vs baseline, *** P < 0.001 vs baseline
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Fig. 3. Change in mean total IPSS, voiding and storage symptom, total PSQI, and sleep quality
(A) Total IPSS Score, (B) Voiding Symptoms, (C) Storage Symptoms, (D) Total PSQI Score, (E) Quality of
Sleep * P> 0.05 vs baseline, ** P<0.01 vs baseline, *** P<0.001 vs baseline. Values are presented as

mean t standard deviation.

ity were also reduced from 2.23 +0.59 (baseline)
to 1.81 £0.57 (12 weeks, P<0.001) (Fig. 3E).
PP analysis including only patients with treat-
ment compliance also showed improvement of
WHO 5 quality of life scores from 10.15 + 6.44
(baseline) to 13.54 +5.24 (12 weeks, P<0.001)

(Fig. 4).

Safety and tolerability

In total, 34 subjects who took at least one dose
were included in the safety analysis of Circadin®.
Patients with medication were generally well tol-

erated with no adverse event (AE) during the

study or follow-up period. Adverse event was ob-
served only one case (3.8%) with mild degree
eyelid edema. This event was recovered sponta-
neously within 1 week. No clinically significant
changes in laboratory tests, electrocardiogram,

or blood pressure were observed in treatment

group.

DISCUSSION

In elderly, age-related changes in sleep depth

and continuity affect normal circadian rhythm,
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and the normal circadian pattern of micturition
as well. It is well known that the prevalence of
nocturia increases with age which is associated
with poor quality of life as well as self-reported
insomnia.'? Nocturia is the most common blad-
der storage symptom in the general population.'®
Three-quarters of participants in a survey of §937
non-institutionalized individuals aged 18 years
or over living in Texas, New York and California
states residents of US cited the need to go to the
bathroom as the most frequent reason for noctur-
nal awakenings. Indeed, going to the toilet was
the primary reason for night-time awakening
across all age groups, and the proportion affected
increased with age: 39.9% in those aged 1844
years to 77.1% in those aged 65 or above.’
Therefore, primary sleep hygiene tip is to im-
prove sleep and nocturnal urinary frequency to-
gether in patients with LUTS/OAB.

Nocturnal voids are regulated by circadian bio-
logical rhythms that include decreased nocturnal
urine production through urine concentration via
water reabsorption or through sodium retention,
plasma renin angiotensin-aldosterone system, va-
sopressin with a peak diurnal rhythm during the
night time hours, and atrial natriuretic peptide
with important role in sodium excretion at
night.!13

Currently, noctuira is treated successfully with
various options including alpha blocker for
prostate diseases, anticholinergics for bladder
storage function and desmopressin for replacing
antidiuretic hormone.'!'® Nevertheless, hyp-
notics and desmopressin increase the potential

risk of dependency and hyponatremia, especially
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in the elderly. Therefore the new option to con-
trol nocturnal frequency and insomnia together
is still required in the clinical field.

Melatonin is a pineal gland hormone to exhibit
a circadian rhythm, which shows low level dur-
ing on daytime due to inhibition of its production
by light and high level during night after onset
darkness. Generally, it is considered melatonin is
able to stabilize circadian rhythms, to reinforce
them, and to maintain their phase-relationships,
and thus, melatonin acts as an endogenous syn-
chronizer of circadian rhythms and sleep is nor-
mally initiated when blood melatonin levels
increase.'*?

Melatonin has been found to have several phys-
iologic effects on bladders in animal models,
which include pelvic smooth muscle and bladder
detrusor muscle tone adjustments (due to de-
creasing sympathetic tone), vascular tone adjust-
ment, anti-oxidative effects (due to free radical
scavenging), and anti-inflammatory effects, and
to improve sleep quality.?!*® Matsuta et al. re-
ported that exogenous melatonin increases blad-
der capacity vias y-aminobutyric acidA receptor
in the GABAergic system.”” These observations
suggest melatonin could be beneficial for treat-
ing nocturia due to its effects on the central nerv-
ous system. Obayashi et al reported melatonin
secretion was significantly and inversely asso-
ciated with nocturia in a cohort study of an eld-
erly population.®® This study was the first
clinical study to evaluate the improvement of
urination functions such as nocturia based on the
anticholinergic action of melatonin on the blad-

der that was confirmed in animal experiments.
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These physiologic actions of melatonin are ex-
pected to enable normal voiding volumes and

urinary frequencies by increasing functional
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bladder capacity, inter-contraction intervals, and
threshold pressure and decreasing basal pressure
on bladder (Fig. 5).
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Fig. 4. Changes of quality of life by WHO 5 well-being index
Values are presented as mean * standard deviation.* P< 0.001 vs baseline
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Fig. 5. Physiologic actions of melatonin on bladder
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We hypothesized that a reduction in symptoms
of overactive bladder symptoms and improved
sleep quality might be directly or indirectly
achieved by administering melatonin, melatonin
plus an alpha blocker, an anticholinergic agent,
or an antidiuretic hormone. Circadin® (Kuhnil
Pharm, Seoul, Korea) releases melatonin over 8-
10 hours, and thus, should provide full night cov-
erage, whereas nutritional supplements release it
over 2-3 hours.® The present clinical trial is
meaningful because no previously study has in-
vestigated the role of melatonin on human blad-
der function from a clinical perspective. Our
results show that 2 mg of prolonged release
melatonin daily significantly improved almost all
measures and was well tolerated with no adverse
events leading to discontinuation. The reasons
for drop-out of some study subjects (23.5%)
were withdrawal of consent, non-compliance,
and inclusion and exclusion violations during
screening or the first 4 weeks of the clinical trial.
This pilot study was performed as a global first
clinical trial to investigate the effects of mela-
tonin on bladder function. Although the findings
of this study suggest that prolonged release mela-
tonin has acceptable efficacy and safety, some
limitations should be noted. First, the study de-
sign was established as non-placebo controlled,
open label, single center study. Second, the pres-
ent study was designed to have a relatively short
period of treatment of 12 weeks. Long-term data
are therefore needed as in other clinical trial stud-
ies. Third, the efficacy was not assessed accord-
ing to the severity of chronic insomnia and

overactive bladder. And comparison data was not
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shown with other treatment options. Future stud-
ies of prolonged release melatonin should in-
clude patients not to response to treatment such
as failed those with current therapeutic modali-
ties.

These results was shown clearly that the clini-
cal use of prolonged-release melatonin (Cir-
cadin®) in elderly patients with overactive
bladder and chronic insomnia has the potential
to control simultaneously voiding symptom and
poor sleep quality even though it was not a
placebo controlled long-term study. Based on
these results, we suggest that prolonged release
melatonin is sleep health enhancer with anti-
cholinergic effect which can be used as primary
prescription in patients with LUTS/OAB and
sleep disorder together. Additionally sleep pat-
tern should be evaluated on primary care of pa-
tients with urological disorders with BPH,
LUTS or OAB.
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