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of Neurology, University of Alabama at Birmingham, Birmingham, AL, USA of Neurology, Nizam’s Institute of Medical Sciences, Andhra Pradesh, India c Department of Neurology, Universidad de Santiago de Chile, Santiago, Chile d UCB Pharma, Monheim am Rhein, Germany e Evidence Scientiﬁc Solutions Ltd, London, UK f UCB Pharma, Raleigh, NC, USA g Department of Neurology, University of Toledo, Toledo, OH, USA b Department



Abstract. Background: Previous phase III studies in patients with advanced Parkinson’s disease (PD) not adequately controlled on levodopa demonstrated significant reduction of ‘off’ time with rotigotine transdermal system up to 16 mg/24 h. However, the minimal effective dose has not been established. Objective: This international, randomized, double-blind, placebo-controlled study (SP921; NCT00522379) investigated rotigotine dose response up to 8 mg/24 h. Methods: Patients with advanced idiopathic PD (≥2.5 h of daily ‘off’ time on stable doses of levodopa) were randomized 1:1:1:1:1 to receive rotigotine 2, 4, 6, or 8 mg/24 h or placebo, titrated over 4 weeks and maintained for 12 weeks. The primary efficacy variable was change from baseline to end of maintenance in absolute time spent ‘off’. Results: 409/514 (80%) randomized patients completed maintenance. Mean (±SD) baseline daily ‘off’ times (h/day) were placebo: 6.4 (±2.5), rotigotine 2–8 mg/24 h: 6.4 (±2.6). Rotigotine 8 mg/24 h was the minimal dose to significantly reduce ‘off’ time versus placebo. LS mean (±SE) absolute change in daily ‘off’ time (h/day) from baseline was −2.4 (±0.28) with rotigotine 8 mg/24 h, and −1.5 (±0.26) with placebo; absolute change in ‘off’ time in the 8 mg/24 h group compared with placebo was −0.85 h/day (95% CI −1.59, −0.11; p = 0.024). There was an apparent dose-dependent trend. Adverse events (AEs) reported at a higher incidence in the rotigotine 8 mg/24 h group versus placebo included application site reactions, nausea, dry mouth, and dyskinesia; there was no worsening of insomnia, somnolence, orthostatic hypotension, confusional state or hallucinations, even in patients ≥75 years of age. Conclusions: The minimal statistically significant effective dose of rotigotine to reduce absolute ‘off’ time was 8 mg/24 h. The AE profile was similar to previous studies. Keywords: Parkinson’s disease, randomized controlled trial, dopamine receptor agonist, dose-response relationship, rotigotine ∗ Correspondence to: Lawrence W. Elmer, Department of Neurology, Parkinsons Disease and Movement Disorders Program, Center for Neurological Health, College of Medicine, University of Toledo, 3000 Arlington Avenue, MS 1195, Toledo, OH 43614 2598, USA. Tel.: +1 419 383 3760; Fax: +1 419 383 3093; E-mail: [email protected].
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INTRODUCTION Most patients with Parkinson’s disease (PD) on levodopa eventually develop motor fluctuations – ‘wearing off’ and ‘on-off’ effect – or dyskinesias [1, 2]. The duration of therapeutic benefit (‘on’) typically shortens following months to years of levodopa exposure, and the period lacking therapeutic benefit (‘off’) increases [3]. Adjunctive treatment with dopamine receptor agonists has been used to reduce levodoparelated motor complications [4]. Rotigotine is a non-ergolinic dopamine receptor agonist with activity across D1 through D5 receptors, as well as at select serotonergic and adrenergic sites [5]. Transdermal delivery of rotigotine maintains stable plasma levels over 24 hours with a single daily application [6]. Efficacy of rotigotine transdermal system has been shown in five major double-blind, placebocontrolled studies: as monotherapy in patients with early PD [7–9], as add-on therapy to levodopa in advanced PD [10, 11], and in patients with PD and unsatisfactory control of early morning motor function [12]. In two phase III studies in patients with advanced PD not adequately controlled with levodopa, adjunctive therapy with rotigotine at dosages of 8 mg/24 h, 12 mg/24 h [11], and up to 16 mg/24 h [10] significantly decreased absolute time spent ‘off’ versus placebo. However, the minimal effective dose of rotigotine for reduction of ‘off’ time has not yet been established. The objective of this study was to investigate rotigotine dose response of 2, 4, 6 or 8 mg/24 h in patients with advanced PD. MATERIALS AND METHODS Patients Patients enrolled in the SP921 study included men and women aged ≥30 years with idiopathic PD of longer than 3 years’ duration, presenting with bradykinesia plus at least one of the following: rest tremor, rigidity, or impairment of postural reflexes. Other inclusion criteria required that the patients were within Hoehn and Yahr Stage II–IV in both the ‘on’ and ‘off’ states, had a Mini Mental State Examination (MMSE) score of at least 25, and were judged by the treating physician to be inadequately controlled on levodopa (≥200 mg/day short-acting or sustained-release, administered in at least two daily intakes, and at a stable dose ≥28 days prior to baseline) in combination with benserazide or carbidopa, with an average ‘off’ time of ≥2.5 h/day as demonstrated on several



self-reported 24-hour home diaries. To meet this latter requirement, patients viewed a training video and worked with the investigators in order to differentiate between ‘off’ and ‘on’ states. Patients who were unable to differentiate these states were excluded from the study. After completing six pre-treatment days of diary recordings, patients were also excluded if two or more of the screening diaries were invalid (i.e. more than 2 of 24 hours of data were missing [missing values or double entries]). Permitted PD medications included anticholinergics, monoamine oxidase B (MAO-B) inhibitors, N-Methyl-D-aspartate antagonists, and entacapone that were at stable doses for ≥28 days prior to baseline. Prohibited medications included dopamine receptor agonists (during the study or within 28 days prior to baseline), dopamine-releasing (e.g. methylphenidate, amphetamine) or modulating substances (e.g. reserpine), MAO-A inhibitors, tolcapone, budipine, and dopamine receptor antagonists such as antiemetics and neuroleptics (except for stable doses of specific atypical neuroleptics with negligible dopamine blocking capabilities, such as clozapine and quetiapine). All patients provided written, informed consent before study participation, and the study was conducted in accordance with Good Clinical Practice guidelines and the Declaration of Helsinki. The study protocol and amendments were approved by a national, regional, or Independent Ethics Committee or Institutional Review Board. Study design and procedures SP921 (ClinicalTrials.gov: NCT00522379) was a phase III, randomized, double-blind, placebocontrolled, five-arm dose-response study of rotigotine transdermal system in patients with advanced PD undertaken in 77 centers in the US, India, Mexico, Peru, and Chile. The study was run in two cohorts due to changes in the patch manufacturing process: Cohort 1 (recruitment July 2007 to December 2008) received room temperature patches produced by the original manufacturing process, and Cohort 2 (recruitment February 2010 to February 2011) received cold chain patches produced by a modified manufacturing process. Bioequivalence of the rotigotine patches from the different manufacturing processes has been demonstrated [13], and thus the different patches were not considered to have an influence on efficacy measurements. During a screening period of up to 6 weeks before baseline, eligible patients were randomized by computer 1:1:1:1:1 to one of four doses of rotigotine (2, 4, 6
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or 8 mg/24 h) or matching placebo. Study investigators telephoned an IVRS to allocate patients, based on a randomization schedule produced by UCB Pharma. Rotigotine and placebo were administered as once-daily patches of two different sizes (10 cm2 and 20 cm2 ) that were identical in appearance. Active patches contained rotigotine 2 mg/24 h (10 cm2 ) or 4 mg/24 h (20 cm2 ). Blinding of investigators and patients was maintained by applying upwards from one to three patches daily to achieve the assigned daily dose. Treatment was titrated to the randomized dose over 1 to 4 weeks in weekly increments of 2 mg/24 h rotigotine or placebo and maintained for 12 weeks. During titration, rotigotine doses could be back-titrated once to the previous dose, at which point the patient began the maintenance period immediately at the back-titrated dose. Back-titration was not permitted during the maintenance period, which was followed by a de-escalation period of up to 4 days, prior to a 28-day safety followup. Clinic visits occurred at screening and baseline, every week during the titration period, start of maintenance, and weeks 2, 4, 8 and 12 of the maintenance period. Patients who withdrew prematurely were asked to return for a final withdrawal visit. If a patient experienced an adverse event (AE) thought to be the result of excessive dopaminergic stimulation during the first 2 weeks of maintenance, levodopa intake could be reduced once at this 2-week visit. These patients were subsequently allowed to increase their levodopa intake to their original dose before the end of maintenance period (EoM), but were not permitted to further adjust this dose at any other time. Outcome measures The study was designed to determine the minimal effective dose of rotigotine transdermal system (2, 4, 6 and 8 mg/24 h) required to significantly reduce ‘off’ time in patients with advanced PD not adequately controlled on levodopa. The primary efficacy measure was the change in the absolute time spent ‘off’ from baseline to the EoM. ‘Off’ time was assessed by selfreported 24-hour home diaries, during which patients marked 30-minute intervals as being ‘off’, ‘on without troublesome dyskinesia’, ‘on with troublesome dyskinesia’, or asleep. Diary evaluations were completed for the 6 pre-treatment assessment days prior to baseline, and for 3 days prior to each subsequent visit. Secondary efficacy measures included relative time spent ‘off’, number of ‘off’ periods, absolute time spent ‘on’ (and absolute time spent ‘on’ with or without troublesome dyskinesias), motor status of the patient
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upon awakening (‘on’ with or without troublesome dyskinesias or ‘off’), and Unified Parkinson’s Disease Rating Scale (UPDRS) Parts II (activities of daily living), III (motor), and IV (complications of therapy). Other measures examined included Clinical Global Impression (CGI), change in levodopa dosage, duration of sleep, Parkinson’s Disease Sleep Scale (PDSS), Epworth Sleepiness Scale (ESS), and Nocturnal Akinesia, Dystonia and Cramps Score (NADCS). Safety and tolerability assessments included incidence, seriousness and intensity of AEs, and discontinuations because of AEs. The incidence of AEs was also evaluated categorically to allow the comparison of patients aged < 75 with those ≥75 years. Due to a low number of patients aged ≥75 years, data from the rotigotine groups were pooled. AEs that occurred in ≥5% in one treatment group and had a difference in incidence of ≥10% between younger and older rotigotine-treated patients were identified. In addition, AEs considered to be of particular importance to the elderly – hallucinations, somnolence, and orthostatic hypotension – were evaluated. Changes in the vital signs, body weight, electrocardiograms (ECGs), clinical laboratory values, and physical and neurological examinations were assessed. Statistical analyses To detect a difference of 1.5 hours (with an approximate SD of 3.1 hours [10, 11, 14]) in absolute time spent ‘off’ between any rotigotine group and the placebo group, a closed testing procedure for the comparison of multiple rotigotine dose levels versus placebo was employed, with 90% conditional power at each step, requiring a minimum of 91 patients per treatment group. The overall power of the study to demonstrate superiority of all four rotigotine doses was at least 65.6%. The closed testing procedure started between the highest rotigotine dose (8 mg/24 h) and placebo (two-sided, ␣ = 0.05 level); if the result at any rotigotine dose level was not statistically significant, then the testing procedure stopped and all lower doses were also considered to be not superior versus placebo. Approximately 700 patients were planned for enrollment (screening) in order to obtain 500 patients (100 per treatment arm) for the primary analysis. Efficacy analyses were performed on the full analysis set (FAS), including all randomized patients who received at least one dose of study medication, and had at least one post-baseline assessment for the primary efficacy measure. Patients were analyzed ‘as randomized’, irrespective of back-titration during the titration
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Fig. 1. Study flow chart. a Discontinuations include those during titration, maintenance, de-escalation, and safety follow-up. b Defined as completed the maintenance phase and safety follow-up. c 82 (76%) placebo, 80 (79%) rotigotine 2 mg/24 h, 84 (79%) 4 mg/24 h, 82 (79%) 6 mg/24 h, and 81 (86%) 8 mg/24 h. ‘other’: withdrawal by patient, protocol violation, unsatisfactory compliance, lost to follow-up, and other reasons.



period. A last observation carried forward (LOCF) imputation approach was used for missing values at EoM, unless otherwise stated. To estimate treatment differences for change from baseline to EoM, analyses of covariance (ANCOVA) were performed with treatment and pooled site as factors and baseline value as the covariate. Analyses of safety were performed on all patients who were randomized and received at least one dose of study medication. RESULTS Patient disposition and baseline characteristics Of 702 patients screened, 514 were randomized, 409 (80%) completed the maintenance period, and 406 (79%) completed the maintenance period and safety



follow-up (Fig. 1). Baseline demographic and clinical characteristics were similar between groups (Table 1). Rotigotine dosing and levodopa adjustments The majority of patients who entered the maintenance period received their assigned rotigotine dose at the start of maintenance: 89/89 (100%) patients assigned to 2 mg/24 h rotigotine, 83/96 (86%) assigned to 4 mg/24 h, 77/91 (85%) assigned to 6 mg/24 h, and 70/89 (79%) assigned to 8 mg/24 h. At the EoM, levodopa dose was reduced from baseline in 2 (2%) placebo patients, 8 (10%) patients in the rotigotine 2 mg/24 h group, 2 (2%) in the 4 mg/24 h group, 6 (7%) in the 6 mg/24 h group, and 6 (8%) in the 8 mg/24 h group. There were only negligible adjustments in the mean ± SD daily doses of concomitant levodopa from
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Table 1 Demographic and baseline characteristics, safety set



Age, mean ± SD, years Male, n (%) Race, n (%) Caucasian Asian Black Other Time since diagnosis, mean ± SD, years Levodopa, mean ± SD, mg/day UPDRS II total score, mean ± SDa UPDRS III total score, mean ± SDa Hoehn and Yahr Stage during ‘on’, n (%) 2 3 4 Hoehn and Yahr Stage during ‘off’, n (%) 2 3 4 Daily absolute ‘off’ time, mean ± SD, ha Prior dopamine receptor agonist



Placebo (n = 108)



Rotigotine 2 mg/24 h (n = 101)



Rotigotine 4 mg/24 h (n = 107)



Rotigotine 6 mg/24 h (n = 104)



Rotigotine 8 mg/24 h (n = 94)



64.8 ± 10.2 74 (69)



65.4 ± 10.5 77 (76)



64.6 ± 9.0 79 (74)



64.6 ± 10.4 73 (70)



63.2 ± 11.6 56 (60)



65 (60) 34 (31) 2 (2) 7 (6) 7.23 ± 3.76 642.8 ± 420.3 12.8 ± 6.4 26.1 ± 12.5



63 (62) 29 (29) 2 (2) 7 (7) 7.51 ± 3.87 643.3 ± 344.5 12.1 ± 6.4b 25.3 ± 12.4b



66 (62) 30 (28) 3 (3) 8 (7) 7.27 ± 3.94 627.7 ± 359.4 11.8 ± 6.0c 23.1 ± 11.3d



59 (57) 32 (31) 3 (3) 10 (10) 7.79 ± 3.92 619.0 ± 376.4 12. 6 ± 6.4c 24.7 ± 13.1c



57 (61) 29 (31) 3 (3) 5 (5) 7.49 ± 4.75 643.0 ± 365.8 11.7 ± 6.2 23.9 ± 9.8



70 (65) 29 (27) 9 (8)



61 (60) 37 (37) 3 (3)



73 (68) 32 (30) 2 (2)



63 (61) 38 (37) 3 (3)



65 (69) 28 (30) 1 (1)



27 (25) 60 (56) 21 (19) 6.35 ± 2.55 6 (6)



25 (25) 58 (57) 18 (18) 6.37 ± 2.96 6 (6)



29 (27) 67 (63) 11 (10) 6.27 ± 2.32 9 (8)



25 (24) 57 (55) 22 (21) 6.39 ± 2.66 9 (9)



24 (26) 54 (57) 16 (17) 6.41 ± 2.34 11 (12)



a Data



are presented for the FAS: placebo n = 105, rotigotine 2 mg/24 h n = 99, 4 mg/24 h n = 103, 6 mg/24 h n = 101, 8 mg/24 h n = 94; data missing from b 1 patient, c 2 patients, d 3 patients.



baseline to EoM, e.g. a reduction of 4.3 ± 45.9 mg/day (mean dose at EoM: 630.8 ± 453.5 mg/day) in the placebo group, and an increase of 4.4 ± 187.1 mg/day (mean dose at EoM: 596.9 ± 395.9 mg/day) in the 8 mg/24 h group. There were no obvious differences between treatment groups in the use of prior and concomitant MAO-B inhibitors or entacapone; MAO-B inhibitors: placebo 10 (9%) patients, 2 mg/24 h 4 (4%) patients, 4 mg/24 h 5 (5%) patients, 6 mg/24 h 10 (10%) patients, 8 mg/24 h 3 (3%) patients; entacapone: placebo 13 (12%) patients, rotigotine 2 mg/24 h 17 (17%) patients, 4 mg/24 h 10 (9%) patients, 6 mg/24 h 15 (14%) patients, and 8 mg/24 h 13 (14%) patients.



Secondary efﬁcacy outcomes Significant rotigotine–placebo treatment differences were observed in relative ‘off’ time (4 and 8 mg/24 h rotigotine groups), absolute ‘on’ time (4, 6 and 8 mg/24 h groups), and absolute ‘on’ time without troublesome dyskinesia (8 mg/24 h group) (Supplemental Figure 1). There were no rotigotine–placebo treatment differences in the patients’ motor status upon awakening, incidence at EoM of early morning dystonia, total dyskinesia, or disabling dyskinesia (Supplemental Table 1). In patients with disabling dyskinesia, they were reported as mildly or moderately disabling in almost all cases. Safety and tolerability



Efﬁcacy Primary efﬁcacy outcome: Absolute time spent ‘off’ After 12 weeks maintenance the LS mean ± SE absolute change in daily ‘off’ time from baseline was −2.4 ± 0.28 h/day with 8 mg/24 h rotigotine and −1.5 ± 0.26 h/day with placebo. The absolute change in daily ‘off’ time in the 8 mg/24 h rotigotine group compared with placebo was −0.85 h/day (95% CI −1.59, −0.11; p = 0.02). There was an apparent dosedependent trend (Fig. 2).



Adverse events The most frequently reported AEs are presented in Table 2, and the majority of AEs were mild to moderate in intensity (ranging from 93% [placebo] to 98% [8 mg/24 h rotigotine]). Application site reactions (ASRs), nausea, dyskinesia, and dry mouth were reported more frequently by patients receiving rotigotine than those receiving placebo. However, incidences of somnolence and orthostatic hypotension across all doses of rotigotine
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Fig. 2. Primary outcome: Absolute time spent ‘off’ (FAS, LOCF). aANCOVA model with treatment and pooled site as factors and baseline value as covariate. Table 2 Adverse events occurring with a frequency of at least 5% in one treatment group; safety set, n (%) Preferred term



Any AE Application site reactionsa Nausea Dyskinesia Dizziness Headache Insomnia Fall Somnolence Fatigue Dry mouth Constipation Tremor Confusional state Arthralgia Back pain Urinary tract infection Upper respiratory tract infection Orthostatic hypotension a MedDRA



Placebo (n = 108)



Rotigotine 2 mg/24 h (n = 101)



Rotigotine 4 mg/24 h (n = 107)



Rotigotine 6 mg/24 h (n = 104)



Rotigotine 8 mg/24 h (n = 94)



Rotigotine overall (n = 406)



78 (72) 8 (7) 8 (7) 3 (3) 9 (8) 12 (11) 7 (6) 7 (6) 9 (8) 6 (6) 0 8 (7) 3 (3) 2 (2) 3 (3) 5 (5) 4 (4) 4 (4) 7 (6)



71 (70) 9 (9) 13 (13) 5 (5) 8 (8) 10 (10) 6 (6) 7 (7) 7 (7) 7 (7) 3 (3) 1 (1) 3 (3) 5 (5) 1 (1) 2 (2) 7 (7) 4 (4) 3 (3)



78 (73) 17 (16) 11 (10) 4 (4) 11 (10) 8 (7) 8 (7) 7 (7) 6 (6) 5 (5) 7 (7) 4 (4) 3 (3) 2 (2) 3 (3) 1 (1) 2 (2) 6 (6) 1 (1)



77 (74) 19 (18) 15 (14) 11 (11) 7 (7) 6 (6) 6 (6) 5 (5) 8 (8) 2 (2) 7 (7) 8 (8) 3 (3) 6 (6) 3 (3) 5 (5) 2 (2) 0 0



69 (73) 15 (16) 11 (12) 14 (15) 6 (6) 8 (9) 6 (6) 6 (6) 4 (4) 4 (4) 5 (5) 4 (4) 5 (5) 1 (1) 5 (5) 5 (5) 1 (1) 2 (2) 2 (2)



295 (73) 60 (15) 50 (12) 34 (8) 32 (8) 32 (8) 26 (6) 25 (6) 25 (6) 18 (4) 22 (5) 17 (4) 14 (3) 14 (3) 12 (3) 13 (3) 12 (3) 12 (3) 6 (1)



(Version 9.1) high-level term “application and instillation site reactions”; data are number of patients reporting at least 1 AE (%).



were either equivalent to or lower than those with placebo (Table 2). In addition, the incidence of other AEs commonly associated with dopaminergic therapy was similar between rotigotine- and placebo-treated patients: hallucination (placebo 1 [1%] vs. rotigotine overall 10 [2%]), impulse control disorders (high level term; 0 vs. 5 [1%]; ‘pathological gambling’ (n = 2), ‘impulse-control disorder’ (n = 1), and ‘impulsive behaviour’ (n = 1)), and peripheral edema (3 [3%] vs. 11 [3%]). A total of 61 patients (12%) withdrew from the study because of AEs (Fig. 1). Dizziness and falls were the only AEs that occurred with a ≥ 10% increased incidence in older (≥75 years) compared with younger ( 
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