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Abstract.
Background: The efficacy of rotigotine has been demonstrated in studies of patients with early (i.e. not receiving levodopa)
and advanced (i.e. not adequately controlled on levodopa; average 2.5 h/day in ‘off’ state) Parkinson’s disease (PD).
Objective: To further investigate the efficacy of rotigotine transdermal patch across different stages of PD symptom severity
and functional disability, according to baseline Hoehn and Yahr (HY) staging.
Methods: Post hoc analysis of six placebo-controlled studies of rotigotine in patients with early PD (SP506, SP512, SP513;
rotigotine ≤8 mg/24 h) or advanced-PD (CLEOPATRA-PD, PREFER, SP921; rotigotine ≤16 mg/24 h). Data were pooled
and analyzed according to baseline HY stage (1, 2, 3 or 4) for change from baseline to end of maintenance in Unified
Parkinson’s Disease Rating Scale (UPDRS) II (activities of daily living), UPDRS III (motor) and UPDRS II+III; statistical
tests are exploratory.
Results: Data were available for 2057 patients (HY 1 : 262; HY 2 : 1230; HY 3 : 524; HY 4 : 41). Patients at higher HY stages
were older, had a longer time since PD diagnosis and higher baseline UPDRS II+III scores vs patients at lower HY stages.
Rotigotine improved UPDRS II+III versus placebo for each individual HY stage (p < 0.05 for each HY stage), with treatment
differences increasing with increasing HY stages. Similar results were observed for UPDRS II and UPDRS III.
Conclusions: This post hoc analysis suggests that rotigotine may be efficacious across a broad range of progressive stages
of PD symptom severity and functional disability (HY stages 1–4).
Keywords: Dopamine receptor agonist, Parkinson’s disease, disease progression, treatment efficacy, clinical trial
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INTRODUCTION
The management of Parkinson’s disease (PD),
including decisions on the optimal timing and type
of treatment, are guided by important factors such
as the stage of the disease and the type and severity of symptoms [1]. While treatment initiation is
often delayed until symptoms of PD begin to limit the
patient’s ability to function [2–4], evidence suggests
that the early period after diagnosis may be critical
for treatment initiation [5, 6]. Moreover, adding to
the complexity of treatment decision in PD, due to
the progressive nature of the disease, there is a common assumption that the efficacy of PD medication
decreases as the severity of the symptoms of the disease progresses. However, no studies have assessed
the effect of PD medication over progressive stages of
the disease. The Hoehn and Yahr (HY) staging scale
provides an estimate of clinical function in PD, focusing on motor symptom severity and relative level of
disability [7].
Although levodopa is considered the most effective drug for the treatment of symptoms of PD, its
long-term use is associated with the development of
motor complications [8]. Dopamine receptor agonists
(DAs) are commonly used as first-line monotherapy
for symptomatic control in the early stages of PD
to delay the initiation of levodopa therapy and as
adjunctive therapy to levodopa as the severity of the
disease progresses [1, 2, 9]. Nevertheless, there still
is a degree of clinical uncertainty when to initiate
levodopa.
Rotigotine is a non-ergoline DA with activity
across D1 through D5 receptors as well as select
adrenergic and serotonergic sites [10]. Continuous,
steady transdermal delivery of rotigotine maintains
stable plasma levels over 24 hours with a single daily
application [11]. Several large, placebo-controlled
studies have demonstrated the efficacy of rotigotine as monotherapy in patients with early PD
(improvements in activities of daily living and motor
symptoms) [12–15], and as adjunctive therapy in
patients with advanced PD not adequately controlled
with levodopa (reductions in ‘off’ time) [16–18]. In
addition, a placebo-controlled study in patients with
PD and early morning motor dysfunction demonstrated that rotigotine provided significant benefits
in control of both motor function and nocturnal
sleep disturbances [19]. However, rotigotine’s effects
across the progressive stages of PD symptom severity and functional disability have not previously been
reported.

The objective of this post hoc analysis of six
double-blind placebo-controlled studies of rotigotine
in early- and advanced-stage PD was to investigate
benefits of rotigotine based on symptom severity and
disability according to baseline HY staging.
METHODS
Studies included in analyses
Studies of rotigotine transdermal patch in patients
with early- (defined as not receiving levodopa) and
advanced-stage PD (defined as not adequately controlled on levodopa, and with an average 2.5 h/day
spent in ‘off’ state) were included in this post
hoc analysis only if they met the following criteria: (1) randomized, double-blind, placebo-controlled
study (UCB Pharma sponsored); (2) ≥7 weeks
maintenance phase duration; (3) Unified Parkinson’s
Disease Rating Scale (UPDRS) II+III total score
as efficacy variable; and (4) patients having HY
stage assessments at baseline/screening (specifically
performed during ‘on’ state for advanced-stage PD
studies).
Six studies (SP506, SP512, SP513, CLEOPATRAPD, PREFER and SP921) were identified and
included in the current analyses. Detailed methodologies of the 6 studies have been published previously
[12–18]; the main study characteristics, including key
inclusion criteria, are summarized in Table 1. Eligible patients were to be HY stage ≤3 at baseline in the
3 early PD studies and HY stage 2–4 in both the ‘on’
and ‘off’ states in the 3 advanced-PD studies.
All 6 studies were conducted in accordance with
the local laws of the countries, Good Clinical Practice
and the Declaration of Helsinki. The study protocols
and their amendments were approved by national,
regional or investigational site ethics committees or
institutional review boards. Written informed consent
was obtained from all patients prior to participation.
Post hoc analyses according to baseline HY
staging
The HY is a descriptive five-point staging scale,
based on the concept that severity of overall dysfunction in PD relates to evolution from unilateral to
bilateral motor dysfunction and progressive impairment of gait and balance [7]. The five HY stages
are: HY stage 1: unilateral involvement only, usually
with minimal/no functional disability; HY stage 2:
bilateral or midline involvement without impairment

Optimal dose:
2–6 mg/24 h
24 weeks

• Aged ≥30 years
• Idiopathic PD of ≤5 yearse
• HY stage ≤3
• Levodopa not permitted
• Rotigotine
• Rotigotine, n = 181
2 mg/24 h, n = 67
• Placebo, n = 96
4 mg/24 h, n = 63
6 mg/24 h, n = 65
8 mg/24 h, n = 70
• Placebo, n = 64

Fixed dose:
2, 4, 6 or 8 mg/24 h
7 weeks

Early-stage PDa
SP512 (Phase III)
[13, 14]

• Rotigotine, n = 215
• Placebo, n = 118

Optimal dose:
2–8 mg/24 h
33 weeks

SP513 (Phase III) [15]c

Fixed dose:
≤8 or ≤12 mg/24 h
24 weeks

Advanced-stage PDb
PREFER (Phase III)
[16]

• Aged ≥30 years
• Idiopathic PD of >3 years
• HY stage 2–4 (in both the ‘on’ and ‘off’ state)
• Inadequately controlled on stable dose of levodopa
• Rotigotine, n = 204
• Rotigotine
• Placebo, n = 101
≤8 mg/24 h, n = 120
≤12 mg/24 h, n = 111
• Placebo, n = 120

Optimal dose:
4–16 mg/24 h
16 weeks

CLEOPATRA-PD
(Phase III) [18]d
(NCT00244387)

• Rotigotine
2 mg/24 h, n = 101
4 mg/24 h, n = 107
6 mg/24 h, n = 104
8 mg/24 h, n = 94
• Placebo, n = 108

Fixed dose:
2, 4, 6 or 8 mg/24 h
12 weeks

SP921 (Phase III)
(NCT00522379) [17]

as not receiving levodopa. b Defined as not adequately controlled on levodopa and with an average 2.5 h/day spent in ‘off’ state. c SP513 also included active comparator arm (ropinirole),
which was not included in current analyses. d CLEOPATRA-PD also included active comparator arm (pramipexole), which was not included in current analyses. e Duration not specified in SP506.
Abbreviations: PD, Parkinson’s disease.

a Defined

Number randomized
to rotigotine or
placebo

Rotigotine
maintenance phase
Key inclusion criteria

Rotigotine dose

SP506 (Phase IIb) [12]

Table 1
The main characteristics of the six double-blind, randomized, placebo-controlled studies included in this post hoc analysis
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of balance; HY stage 3: bilateral disease: mild to
moderate disability with impaired postural reflexes;
physically independent; HY stage 4: severely disabling disease; still able to walk/stand unassisted; HY
stage 5: confined to wheelchair unless aided [7]. The
scale is widely utilized and has high correlations with
standardized scales of motor impairment, disability
and quality of life; the Movement Disorder Society
Task Force supports the use of the HY scale to categorize patients and to capture important aspects of
PD progression [7].
Data from the six studies were pooled, and patients
were analyzed according to HY stage at baseline (1,
2, 3 or 4). Of note, no patients at HY stage 5 were
included in the rotigotine studies assessed in this post
hoc analysis. For the 3 advanced-PD studies, data are
reported based on the HY stage in the ‘on’ state. For
each HY stage subgroup, change from baseline to
end of maintenance (EoM) in the UPDRS II+III total
score and UPDRS II (activities of daily living) and
III (motor) subscores were analyzed. In addition, percentage change of the mean UPDRS score was analyzed to evaluate the relative magnitude of improvement with rotigotine across different HY stages.
Statistical analyses
Demographic and baseline characteristics along
with efficacy assessments are reported for the full
analysis set (patients who had a baseline and at least
one post-baseline UPDRS II+III total score assessment). Efficacy assessments were performed using a
last observation carried forward approach. Rotigotine
vs placebo treatment differences for the change from

baseline to EoM in UPDRS scores were assessed
using an analysis of covariance model with treatment
and study as factors and baseline UPDRS scores as a
covariate. Analyses were performed in an exploratory
manner only and p values < 0.05 do not infer statistical
significance.
RESULTS
Demographics and baseline characteristics
Data were available for 2057 patients. Compared
with patients at a lower HY stage, patients at higher
HY stages were generally older, had a longer time
since PD diagnosis, and higher baseline UPDRS
II+III total scores (Table 2).
Levodopa and rotigotine exposure
Proportion of patients receiving concomitant levodopa increased with HY stage, from 2% (5/262)
at stage 1 to 100% (41/41) at stage 4 (this relates
to the study designs; levodopa was not permitted
in the early PD studies but was part of the inclusion criteria in the advanced PD studies). Baseline
mean dose of concomitant levodopa also increased
with HY stage (Table 2). Mean ± SD dose of rotigotine at EoM was 5.9 ± 2.3 mg/24 h for HY stage 1
group (n = 184), 7.1 ± 3.7 mg/24 h for HY stage 2
(n = 849), 7.5 ± 3.9 mg/24 h for HY stage 3 (n = 368),
and 7.7 ± 3.9 mg/24 h for HY stage 4 (n = 25) (mean
dose was calculated from all studies, whether optimal
or fixed-dose design).

Table 2
Demographic and baseline characteristics by HY stage at baseline (pooled data)
HY stage 1
N = 262
SP506
SP512
SP513
CLEOPATRA-PD
PREFER
SP921
Age, mean ± SD, years
Male, n (%)
White, n (%)
Time since PD diagnosis, mean ± SD, years
UPDRS II+III total score, mean ± SD
Concomitant levodopa at baseline, n (%)
Levodopa dose at baseline, mean ± SD, mg/day

109
66
82
1a
4a
0
59.0 ± 10.5
164 (62.6)
250 (95.4)
1.3 ± 1.67
22.4 ± 8.59
5 (2)a
630.0 ± 426.61

HY stage 2
N = 1230
172
155
202
174
205
322
62.8 ± 9.6
825 (67.1)
1037 (84.3)
4.9 ± 4.25
32.5 ± 12.62
701 (57)
696.1 ± 423.57b

HY stage
N = 524

HY stage
N = 41

35
52
46
119
115
157
66.0 ± 10.2
316 (60.3)
437 (83.4)
6.6 ± 5.20
43.3 ± 16.55
392 (75)
740.5 ± 416.32c

0
0
0
7
17
17
71.4 ± 8.9
24 (58.5)
33 (80.5)
10.3 ± 5.24
66.5 ± 19.64
41 (100)
823.2 ± 469.99

a One patient from CLEOPATRA-PD and four patients from PREFER (protocol deviations: HY stage 1). b Data available for 700/701 patients.
c Data

available for 391/392 patients. Abbreviations: HY, Hoehn and Yahr; PD, Parkinson’s disease.
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Fig. 1. Mean change (A) and percentage change of the mean (B) in UPDRS II+III total score from baseline to EoM. a Analysis of covariance
(ANCOVA) model adjusted for baseline UPDRS II+III total score and study. All statistical tests are exploratory in nature and p values
< 0.05 do not infer statistical significance. Abbreviations: CI, confidence interval; EoM, end of maintenance; LS, least squares; SD, standard
deviation; UPDRS, Unified Parkinson’s Disease Rating Scale.

Change from baseline to EoM in UPDRS scores

DISCUSSION

Rotigotine improved mean UPDRS II+III total
score vs placebo for each individual HY stage
(p < 0.05 for each HY stage), with treatment differences increasing with increasing HY stage (Fig. 1A).
The percentage change of the mean UPDRS II+III
total score indicated a relative improvement with
rotigotine between ∼18 and ∼25% across the different HY stages (Fig. 1B). Similar results were
observed for UPDRS II subscore (p < 0.01 for each
HY stage) (Fig. 2A and B) and UPDRS III subscore
(p < 0.01 for HY stage 1, 2, and 3; p = 0.053 for HY
stage 4) (Fig. 2C and D).

The results of this post hoc analysis reporting data
from over 2000 patients suggest that rotigotine transdermal patch may improve activities of daily living
and motor symptoms across the different stages of
PD symptom severity and disability, according to
baseline HY stage.
The finding that baseline UPDRS II+III scores
increased with HY stage is consistent with previous studies, demonstrating that progression in HY
stage correlates with motor decline and impairment
of activities of daily living [20–22]. In the current
analyses, mean absolute UPDRS II+III treatment
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Fig. 2. Mean change and percentage change of the mean in UPDRS II (A and B) and UPDRS III (C and D) subscores from baseline to
EoM. a Analysis of covariance (ANCOVA) model adjusted for baseline UPDRS II subscore or UPDRS III and study. All statistical tests
are exploratory in nature and p values < 0.05 do not infer statistical significance. Abbreviations: CI, confidence interval; EoM, end of
maintenance; LS, least squares; SD, standard deviation; UPDRS, Unified Parkinson’s Disease Rating Scale.
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differences in favor of rotigotine increased with HY
stage, with the largest absolute change with rotigotine in the mean UPDRS II+III total score observed in
the HY stage 4 group (∼15 points vs ∼7–11 points
in the HY stage 1, 2 and 3 groups). A similar pattern of improvement with rotigotine was observed in
UPDRS II and III subscores. These data suggest that
the efficacy of rotigotine may increase with increasing baseline disease severity. This may be because
patients at more severe HY stages had higher baseline
UPDRS scores and thus more scope for improvement.
In addition, although the UPDRS is commonly used
to assess signs of PD at all disease stages, the scale’s
utility to detect treatment effects may be limited by
a ‘floor effect’ in the early stages where impairment
is subtle [23, 24]. Despite this, an improvement with
rotigotine was observed in the HY stage 1 group (∼3
UPDRS II+III points treatment difference), and the
percentage change of the mean UPDRS II+III total
score indicated a relative improvement of ∼18 to
∼25% with rotigotine across the different HY stages.
These data suggest that rotigotine may also provide
benefits in the activities of daily living and motor
symptoms very early in the disease course, and is
consistent with the concept of earlier initiation of
symptomatic treatment in PD [3, 5, 6]. In line with
this, in a post hoc analysis of two open-label studies of rotigotine in early-stage PD (HY stage 1-2),
a 6-month earlier vs postponed initiation of rotigotine resulted in a slower return to baseline of the
mean UPDRS II+III total score [25]. However, to
fully evaluate any potential benefit of early initiation of treatment with rotigotine on the activities of
daily living and motor symptoms, there is a need
for prospective studies specifically designed to assess
the timing of rotigotine initiation on the outcome of
UPDRS scores.
In the current analysis, patients in the more
advanced HY stages were more likely to be receiving
levodopa from study onset (due to study designs)
and at higher doses. Despite this, the addition of
rotigotine provided an extra benefit on top of that
achieved with levodopa. Thus, in those patients
with more severe axial symptoms and disability
(i.e. HY stage 3 or 4) and already receiving levodopa, rotigotine may further improve activities
of daily living and motor symptoms. Overall, our
data suggest that the efficacy of rotigotine may be
observed across the different stages of PD symptom
severity and functional disability, with benefits more
numerically pronounced as the underlying severity
increases. Further prospectively designed, adequately
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powered studies are required to confirm these
observations.
The current post hoc analyses have a number of
limitations. Firstly, due to their exploratory nature,
interpretation of the data and conclusions should
be made with caution. Secondly, as patients were
required to fulfill strict eligibility criteria, enrolled
patients may not be fully representative of the wider
PD population. In addition, as older patients are generally prone to gait and postural disturbances [26, 27],
the observed increasing age at baseline with HY stage
represents a potential confounding factor in our analysis. However, increased age at more advanced HY
stages [28], as well as other baseline patient characteristics reported here (i.e., longer disease duration
and higher UPDRS scores), have been previously
described [20–22, 29, 30]. Finally, there were considerable variations in study design between the included
studies: 1) the analyses included studies with different
treatment durations (maintenance phase varied from
7–33 weeks); 2) the analyses combined studies with
fixed and optimal dosing designs. However, pooling of all available double-blind, placebo-controlled
studies of rotigotine (despite their variable durations
and dosing schemes) allowed for a large sample size.
This is also the first comprehensive assessment of the
effectiveness of a DA across progressive stages of PD
symptom severity and functional disability.
CONCLUSION
This post hoc analysis suggests that rotigotine
transdermal patch may be efficacious in patients with
PD across the stages of the disease from mild symptoms and minimal functional disability (HY stage 1)
to increasing symptom severity and disability (HY
stage 4).
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