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a b s t r a c t

Objective: We aimed to ascertain the efficacy and safety of transdermal rotigotine (2 and 3 mg/24 h) in
Japanese patients with restless legs syndrome (RLS).
Methods: In our double-blind placebo-controlled study, 284 Japanese patients with idiopathic RLS were
randomly assigned to receive rotigotine 2 mg/24 h or 3 mg/24 h, or placebo, for 13 weeks. The primary
endpoint was the change in International Restless Legs Syndrome Study Group rating scale (IRLS) total
score.
Results: The placebo-subtracted decreases in IRLS total score for rotigotine 2 mg/24 h and 3 mg/24 h were
�2.8 ± 1.3 and �3.1 ± 1.3, respectively, which were significant (P < 0.05). The interaction between base-
line Pittsburgh Sleep Quality Index (PSQI) and treatment group for the change in IRLS total score was sig-
nificant, indicating greater improvements in IRLS total score in patients with severe insomnia. Overall,
80.0%, 86.2%, and 51.6% of patients in the rotigotine 2 mg/24 h, 3 mg/24 h, and placebo groups, respec-
tively, experienced adverse events (AEs) including application site reactions in 42.1%, 50.0%, and 7.4%
of patients, respectively. None of the AEs were severe.
Conclusions: Our results showed that rotigotine was effective without major safety concerns at doses of
up to 3 mg/24 h in Japanese patients with RLS.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Restless legs syndrome (RLS) is a sensorimotor disorder associ-
ated with abnormal sensations, particularly in the legs [1,2]. Pa-
tients often have a strong desire to move the affected extremities
and these sensations are either completely or partially relieved
by voluntary movements such as walking. These symptoms are
aggravated at rest during the night and often lead to insomnia
[3]. Serious RLS can result in daytime sleepiness or malaise associ-
ated with nocturnal sleep deprivation, resulting in deteriorated
quality of life, depression, and anxiety disorders [4–6]. RLS is also

known to be a risk factor for the development of cardiovascular
disease [7,8]. Several epidemiologic surveys have been conducted
using the International Restless Legs Syndrome Study Group
(IRLSSG) and the National Institutes of Health (NIH) criteria [9]
and revealed that the morbidity of RLS ranges from 5% to 10% in
Western countries [4,10,11] and from 2% to 4% in Japan [12,13].

The four essential criteria for RLS established by the IRLSSG/NIH
[9] are as follows: (1) an urge to move the legs, usually accompa-
nied or caused by uncomfortable and unpleasant sensations in
the legs; (2) an urge to move or unpleasant sensations begin or
worsen during periods of rest or inactivity such as lying or sitting;
(3) an urge to move or unpleasant sensations are partially or totally
relieved by movements, such as walking or stretching, at least
as long as the activity continues; and (4) an urge to move or
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unpleasant sensations that become clearly worse in the evening or
at night than during the day or only occur during these periods.

For pharmacotherapy, dopamine receptor agonists are regarded
as the first-line treatment of moderate to severe RLS [14–17]. Rot-
igotine is a non-ergot-derived dopamine agonist for all dopamine
receptors (D1–D5), with highest affinity for the D3 dopamine
receptor [18,19]. When formulated as a patch, stable plasma con-
centrations of the drug can be maintained over a 24-h period by
continuous delivery [20], allowing control of RLS symptoms during
both the daytime and the nighttime [21,22]. To date several clinical
trials have been conducted in the United States and Europe to con-
firm the superiority of the treatment response with rotigotine to
that with placebo [21,22]. However, such studies have not yet been
conducted in Asian patients. Moreover, the effects of rotigotine on
subjective insomnia associated with RLS have not been confirmed.
For these reasons, we investigated the efficacy of rotigotine (2 mg/
24 h and 3 mg/24 h) on RLS symptoms, the RLS-associated subjec-
tive sleep disturbances using an authorized sleep disturbance
questionnaire, and the safety of rotigotine (2 mg/24h and 3 mg/
24 h) in Japanese patients with idiopathic RLS.

2. Methods

2.1. Patients

Our phase 3, multicenter (44 institutions in Japan), random-
ized, double-blind, placebo-controlled, parallel-group study of
Japanese patients with idiopathic RLS was conducted between
February 2010 and December 2010. Patients who fulfilled the
following inclusion criteria were enrolled: (1) ages 20 to
<80 years at the time of providing informed consent, (2) diagnosis
of RLS fulfilling all four items of the IRLSSG/NIH criteria, (3)
responsive to prior dopaminergic therapy or no prior treatment
for RLS, (4) baseline International Restless Legs Syndrome Study
Group rating scale (IRLS) total score P15, and (5) RLS symptoms
on P2 days per week for two consecutive weeks before entering
the study.

Patients with any of the following criteria were excluded: (1)
coexisting sleep disorders other than RLS; (2) somatic conditions
that can cause secondary RLS, such as end-stage renal disease
or iron deficiency (based on reference values; serum ferritin
<18.6 ng/mL [reference range, 18.6–261 ng/mL] in males or
<4.0 ng/mL [reference range, 4.0–64.2 ng/mL] in females); (3)
concurrent neurologic disease (e.g., polyneuropathy, Parkinson
disease, dementia); (4) psychiatric symptoms (e.g., hallucinations,
delusions); and (5) symptoms of orthostatic hypertension. The
concomitant use of drugs that could possibly affect RLS symptoms,
including antiparkinsonian agents, psychoneurotropic agents, hyp-
notic sedatives, anxiolytic agents, antiepileptic drugs, opioid drugs,
gastrointestinal agents with antagonistic effects on dopamine
receptors, iron preparations, antihistamines, other central nervous
system agents, drugs with opioid-like effects, clonidine, triptans
for the treatment of migraine, and magnesium preparations, was
prohibited [21,22]. Drugs that could cause QT prolongation (e.g.,
quinidine, procainamide, amiodarone, sotalol) were also prohib-
ited. Patients were withdrawn from the study if they used any
prohibited drugs for any length of time from 14 days before the
start of study drug administration to the end of the treatment
period. The use of less sedating antihistamines (fexofenadine and
loratadine), vitamin B12, and folic acid was permitted during the
study, but their dosing regimen was required to remain unchanged
from 14 days before starting treatment to the end of the study
period.

All patients were provided with an explanation of the study,
including its purpose, procedures, and possible risk for adverse

reactions or discontinuation, and they gave written informed
consent to take part in the study before enrollment. Our study
was conducted in compliance with the ethical principles of the
Declaration of Helsinki and Good Clinical Practice guidelines. The
study was reviewed and approved by an institutional review board
at each study site. The study was registered with Clinicaltrials.gov
(identifier: NCT01084551) and the Japan Pharmaceutical Informa-
tion Center (identifier, Japic CTI-101053).

2.2. Treatments

The patients were randomly assigned (1:1:1) to receive rotigo-
tine 2 mg/24 h, rotigotine 3 mg/24 h, or placebo. The doses of 2 and
3 mg/24 h were chosen for our study, as a previous dose-finding
study in Japan found no significant difference in the efficacy be-
tween 1 mg/24 h and placebo (unpublished data; clinicaltrials.gov
trial identifier NCT00666965). The study treatment period
consisted of a 5-week dose titration period and an 8-week
dose-maintenance period, followed by a dose-tapering period at
a daily dose of 1 mg/24 h for up to 1 week. We used a fixed-dose
titration method [21], in which the rotigotine dose was started at
1 mg/24 h and increased to 2 mg/24 h after 1 week; then the dose
was increased to 3 mg/24 h after 2 weeks. After reaching the
assigned dose in each group, sham titration was performed. After
reaching a dose of 2 mg/24 h or higher, down titration to the
previous dose level was permitted only once during the titration
period if an intolerable adverse event (AE) occurred.

2.3. Endpoints

The primary endpoint was the change in the IRLS total score
(Japanese Version 2.2) [23,24] from baseline to the end of treat-
ment (EOT) at week 13. The proportion of IRLS responders was de-
fined as patients with a P50% improvement in IRLS total score at
the EOT compared with the score at baseline as a secondary
end point [22]. Other secondary endpoints included improvements
in Clinician Global Impression Improvement (CGI-I) and Patient
Global Impression Improvement (PGI-I) scores [25], and the total
score on the Japanese version of the Pittsburgh Sleep Quality Index
(PSQI) manifested the severity of subjective sleep disturbance,
mainly insomnia [26,27]. Patients with a CGI-I or PGI-I rating of
very much improved or much improved were defined as respond-
ers. A PSQI total score P5.5 was defined as pathologic sleep
disturbance.

Safety assessments included AEs, and changes in laboratory
tests, vital signs, 12-leads electrocardiography, skin irritation
assessment [28], the Japanese version of the Epworth Sleepiness
Scale completed by the patients to assess safety of sleepiness
[29,30], physical and neurologic examinations, and the Japanese
version of the modified Minnesota Impulsive Disorders Interview
[31] to assess obsessive–compulsive disorders or impulse control
disorders. Skin irritation was assessed based on the following six
criteria [28]: (1) no reaction; (2) mild erythema; (3) erythema;
(4) erythema and edema; (5) erythema plus edema plus papules,
seropapules, or small vesicles; and (6) large vesicles.

2.4. Statistical analysis

Based on the results of a previous dose-finding trial of rotigotine
in Japanese patients with RLS (unpublished data; clinicaltrials.gov
trial identifier NCT00666965), the difference between the rotigo-
tine and placebo groups in the change in IRLS total score from
baseline to the EOT was assumed to be 4.5 with a standard devia-
tion (SD) of 9.0 for the change in each group. Under these assump-
tions, we estimated that we would need a sample size of 80
patients per group to provide an overall power of at least 80% with
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