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perturbed the integrity of neurons in the substantia nigra and provoked motor symptoms. These results
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neurodegeneration in a mouse model of Parkinson's disease. Thus, the IRP2 Tg may be a useful tool to
probe the roles of iron-induced mitochondrial damages in neurodegeraration research.
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1. Introduction

Ironisanessential nutrient but can also be toxic because iron can
readily cycle between ferrous (Fe?*) and ferric (Fe**) in physiolog-
ical settings and oxidizes proteins and nucleic acids via generation
of free radicals. Dysregulation of iron metabolism causes some
neurodegenerative diseases [21] and iron progressively accumu-
lates in the lesions of sporadic neurodegenerative diseases such
as Alzheimer’s disease and Parkinson’s disease {17,181, Therefore,
tight regulation of iron metabolism appears to be critical for main-
tenance of neuronal cells {2,211,

Iron homeostasis is mainly regulated by coordinated expression
of molecules involved in iron uptake and storage. Iron availability is
regulated at the post-transcriptional level through the interactions
between the iron-responsive elements (IREs) on mRNAs encoding
proteins involved in iron metabolism and mRNA-binding proteins
called iron regulatory proteins (IRPs) [ 14 1. Binding of IRPs to IREs on
the mRNA of the iron uptake protein, transferrin receptor1 (TfR1)
enhances translation of TfR1, whereas binding of IRPs to the IRE on
the mRNA of the iron storage protein, ferritin suppresses its produc-
tion. Iron stored in ferritin is not toxic, because Fe3* stored in ferritin
cannot be converted to Fe?*. Therefore, augmented expression of
IRPs leads to an increase in iron uptake and a decrease in iron stor-
age, which result in an increase of iron that cannot be stored safely
and able to oxidize and damage cellar components [10]. There are
two IRPs (IRP1 and IRP2) and IRP2 is abundant in brain as compared
to other organs [9].

To examine the effects of iron in the integrity of neurons in mice,
we generated transgenic (Tg) mice that express IRP2 in neurons [4].
We show increase in IRP2 induces mitochondrial oxidative insults
and accelerates neurodegeneration.

2. Material and methods
2.1. Antibodies

The anti-myc (4A6 and 9E10) were purchased from Millipore
and Roche, respectively. The following antibodies were obtained
as indicated: 4-hydroxynonenal (4-HNE) (JaICA and Alpha diagnos-
tic); P-actin, Tom20 (Santa Cruz Biotechnology); PINK1 (Novus);
HA (Covance); COX III corel (Invitrogen); and tubulin, Tyrosine
hydroxylase (TH) (Cedarlane). Anti-IRP2 has been described | 1}].

2.2, Plasmids and cell culture

HA- and GFP-human Parkin was subcloned into pDNA3.1 (invit-
rogen) and pTRE2 (Clontech), respectively. p220-IRP2-myc has
been described previously {&]. pNSE-IRP2-myc was generated by
subcloning the human IRP2-myc cDNA into pNSE [4]. pcDNA3.1-
HA- or pTRE2-GFP-Parkin were stably introduced in HEK293 or
Hela cells, respectively using Lipofectamine 2000 (Invitrogen).
Parkin expression was induced by addition of 1 p.g/ml doxycycline
(DOX) for 48 h in HelLa cells that expressed GFP-Parkin in a DOX-
dependent manner. IRP2-myc under the control of dexamethasone
(DEX) (p220-IRP2-myc) was induced by treatment with 80 nM DEX
for 48 h.

2.3. Immunoblotting, immunoprecipitation and fluorescence
microscopy

These analyses were performed as described previously {1%].
Quantifications were performed by Fluoview (Olympus) and BZ-I1
Analyzer (Keyence).

2.4. Assessment of mitochondrial membrane potential

Cells were treated with 25 nM MitoTracker Orange for 10 min at
37¢C.

2.5. Generation of NSE-IRP2 Tg mice

NSE-IRP2 transgenic mice were generated by microinjection of
pNSE-IRP2Z-mycinto E0.5 mouse embryos from a C57BL{6] x DBA2/]
F1 background. Parkin KO mice have been described {15]. These
mice were backcrossed to C57BL/6] mice (Charles River Japan)
more than ten times. All the experiments using mice were car-
ried out according to the Guidelines for Animal Experimentation,
Juntendo, Osaka, and Kyoto University.

2.6. Southern blotting

Southern blotting was performed as previously described using
human IRP2 cDNA as a probe [ 19].

2.7. RNA electrophoretic mobility shift assay (EMSA)

EMSA was performed as described previously [&].

2.8. Histochemical and morphological analyses

Brain sections were stained with the appropriate primary anti-
bodies, followed by development using HISTOFINE (Nichirei) and
a metal-enhanced diaminobenzidine (DAB) substrate kit (Pierce).
Toluidine blue staining and electron microscopy were performed
as described previously {7].

2.9. Fe?* staining

Brains were perfused consecutively with 50 mM hydrogen sul-
fide and 4% paraformaldehyde, embedded in paraffin. Sections were
immersed in a solution of 5% K3[Fe(CN)g] and 5% HCl followed by
immersion in 0.05% DAB and in 1% H,0; plus 0.05% DAB.

2.10. Measurement of striatal dopamine,
3,4-dihydroxyphenylacetic acid (DOPAC), and homovanillic acid
(HVA)

Dissected striata were analyzed using a reverse-phase C18
column (150 x 4.6 mm; Tosoh) on an HPLC system (ESA Bio-
sciences) with a coulometric 8-electrode electrochemical detection
system.
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2.11. Behavioral analyses

A 40 % 40 cm? open field with 10 cm x 10 cm grids was used for
the open-field test.

2.12. Administration of desferrioxamine (DFO)

Saline containing 300 mg/kg DFO was injected intraperitoneally
into mice once a day for 10 consecutive days.

2.13. Statistical analysis

Statistical significance was determined using a one-way ANOVA.
Data are shown by mean = SEM.

3. Results
3.1. A subtle increase in IRP2 induces oxidative insults in neurons

To probe the effect of iron in the integrity of neurons, we
generated Tg mice expressing IRP2-myc using the rat neuron
specific enolase (NSE) promoter because induced expression of
IRP2 increases TfR1 expression and decreases ferritin expression,
thereby increases the amount of iron that are not stored safely
(Fig. 1A). Two lines of Tg mice exhibited identical phenotypes and
Line 26 was analyzed here (Fig. 1B and C). IRP2 is stabilized in iron-
depleted condition [ 14]. IRP2-myc was expressed in all areas in the
brain examined, including the SN of NSE-IRP2 Tg mice treated with
an iron-chelator, DFO (Fig. 1D). [IRP2-myc expressed in the brain
exhibited IRE-binding activity (Fig. 1E). The amount of exogenous
IRP2 (Fig. 1C, top panel) was very small compared to endogenous
IRP2 and an increase in total IRP2 levels could not be detectable
in NSE-IRP2 Tg mice brain using conventional immunoblotting
(Fig. 1C, bottomn panel), which might be attributed to the observa-
tion that mice expressing a large amount of IRP2 might not be viable
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[{10]. To probe the amount of iron that is potentially harmful to cells,
levels of Fe?*, which can cycle between Fe2* and Fe3*, were probed.
Increase of Fe?* was observed in all regions of the brain of 12-
month-old NSE-IRP2 Tg mice, including the SN (Fig. 1F). The activity
of TH, a critical enzyme for catecholamine synthesis, is enhanced
by iron [12]. The amount of TH in the striatum increased in NSE-
IRP2 Tg mice (Fig. 1G), confirming an increase in available iron in
NSE-IRP2 Tg neurons. Modification of proteins by 4-HNE, a major
product of lipid peroxidation, is one of the most reliable markers
of oxidative insults to proteins [20]. Anti-4-HNE immunoreactivity
which represents 4-HNE-modified proteins {20}, was increased in
all areas of the brain examined in 18-month-old NSE-IRP2 Tg mice
(Fig. TH). These data suggest that although subtle, chronic expres-
sion of exogenous IRP2 can provoke oxidative insults in neurons
possibly by increasing the amount of iron that are not stored safely.

3.2. Induced expression of IRP2 augments mitochondrial
oxidative damage

Since 4-HNE modification seems to provoke dysfunction of
mitochondrial proteins {13], subcellular localization of 4-HNE-
modified proteins induced by iron was probed using HEK293 cells
that expressed IRP2 in an inducible manner. 4-HNE immunoreac-
tivity detected in IRP2-expressing cells treated with iron source,
ferricammonium citrate (FAC) was co-localized with the mitochon-
dria marker Tom20 (Fig. 2A-C). Mitochondrial membrane potential
is an important indicator of mitochondrial integrity {11]. A sub-
stantial fraction of mitochondria did not stain with MitoTracker,
which is known to accumulate to mitochondria with intact mem-
brane potential, in IRP2-expressing cells treated with iron (Fig. 2D).
These results indicate that enhanced IRP2 expression decreases its
membrane potential.

Decrease in mitochondrial membrane potential triggers sta-
bilization of PINK1 kinase in mitochondria and subsequent
recruitment of the Parkin ubiquitin ligase to mitochondria, which
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Fig. 1. Generation of NSE-IRP2 Tg mice. (A) Schematic of the NSE-IRP2 transgene. (B) Genomic DNA was analyzed by Southern blotting. (C) Brain lysates from mice that were
administered DFO were used for immunoprecipitation with anti-myc and probed with anti-IRP2. (D) Sections from 12-month-old mice were immunostained with anti-myc.
Bar 50 pm. (E) Lysates, as in (C) and lysates of RD4 cells expressing IRP2-myc were incubated with 32P-labeled IRE and anti-myc, and the mixture was then separated by PAGE
and analyzed by autoradiography. (F) Sections from12-month-old mice were stained using Turnbull’s blue and DAB to detect ferrous iron. Bar 50 pm. (G) Lysates from the
striatum of 12-week-old mice were probed with anti-TH. (H) Sections from 18-month-old mice were immunostained with anti-4-HNE. Arrows indicates 4-HNE-modificated

proteins. Bar 200 pm.
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Fig. 2. Induced expression of IRP2 augments iron-mediated mitochondrial damage. (A-D) HEK293 cells in which IRP2 expression was induced, or un-induced cells, were
treated with the 100 pg/ml FAC for 12 h. Cells were analyzed by immunostaining as indicated (A), and line scan plot in FAC-treated cells expressing IRP2 and the percentage
of 4-HNE-positive mitochondria were shown in (B) and (C), respectively (n=10). Cells were analyzed by MitoTracker staining (D). (E) Parkin-overexpressing HEK293 cells
in which IRP2 expression was induced or un-induced, were incubated in the presence or absence of 100 pg/ml FAC for 9 h. Lysates were probed by immunoblotting. (F and
G) Hela cells expressing IRP2 and/or Parkin were treated with 50 pg/ml FAC. Cells were analyzed by immunofluorescence staining (F) and the percentage of 4-HNE-positive

mitochondria was shown (G) (n=10). Bars, 10 pm. **, P <0.01.

is suggested to be crucial for the maintenance of mitochondrial
integrity [8,11]. PINK1 was stabilized in and Parkin was recruited
to mitochondria in FAC-treated cells expressing exogenous [RP2
(Fig. 2E). We then examined the involvement of Parkin in the
removal of mitochondrial 4-HNE-modifed proteins using HelLa cells
that lack Parkin expression [8]. Although 4-HNE-immunoreactivity
was not detected in HeLa cells treated with FAC alone, exogenous
[RP2 induced 4-HNE signals that co-localized with Tom20 in FAC-
treated HelLa cells. The mitochondrial 4-HNE signal induced by
exogenous IRP2 and iron was eliminated by introduction of Parkin
(Fig. 2F and G). These results suggest that Parkin is involved in the

clearance of oxidatively modified proteins generated by IRP2 and
iron in mitochondria.

3.3. Increased mitochondrial oxidative insults and
neurodegeneration in the SN of NSE-IRP2 Tg x Parkin KO mice

Although 4-HNE modification could not be detected without
adding exogenous iron in cultured cells (Fig. 2A), 4-HNE modifica-
tion could be observed in mouse neurons with enhanced expression
of IRP2 alone (Fig. TH). Iron is essential nutrient for cell prolifera-
tion, whereas, neurons are regarded as quiescent cells [5]. Then the
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Fig. 3. IRP2 increased mitochondrial oxidative insults and neurodegeneration in the SN. (A and B) Sections of the SN from 6-month-old mice were immunostained with
as indicated antibodies. The percentage of 4-HNE-positive mitochondria was shown (B) (n=10). Bar 20 pum. **, P<0.01. (C) Semi-thin sections of the SN from 6-month-old
mice of were stained with toluidine blue. In the double-mutant mice, dying neurons that show shrinkage are intensely stained with toluidine blue (arrows), Bar 50 pm. (D)
Electron micrographic analysis of neurons in the SN from 6-month-old mice. In the double-mutant mouse, a dying neuron with increased electron density is shrunken and
contains round swollen mitochondria with an electron-lucent matrix and a nucleus with a large peculiarly shaped nucleolus. Bar 5 wm (left) and 1 pm (right).

effect of IRP2 expression on mitochondrial oxidative damages in
neurons was probed in 6-month-old mice. As shown in Fig. 3A and
B, no overt 4-HNE immunoreactivity could be detected in the SN of
NSE-IRP2 Tg mice. However, the 4-HNE immunoreactivity, which
was co-localized with a mitochondrial protein, COX I, was promi-
nently detected in the SN neurons of NSE-IRP2 Tg x Parkin KO mice
115]. These results suggested that IRP2 expression provokes mito-
chondrial oxidative insults and Parkin is involved in the removal of
the mitochondrial insults in the SN. Consistent with these results,
degenerated neurons, which stain intensely with toluidine blue,
were observed in the SN of 6-month-old NSE-IRP2 Tg x Parkin KO
mice (Fig. 3C). Electron microscopic analyses revealed the presence
of neurons with condensed nuclei and round swollen mitochondria
in the SN of 6-month-old NSE-IRP2 Tg x Parkin KO mice (Fig. 3D).
These results indicate that the subtle increase of IRP2 perturbs
the integrity of the neurons by increasing mitochondrial oxidative
insults and that Parkin is involved in the clearance of iron-induced
oxidized mitochondrial proteins.

3.4. Decrease in dopaminergic neurons in the SN and locomotor
dysfunctions in NSE-IRP2 Tg x Parkin KO mice

Selective loss of dopaminergic neurons in the SN is involved
in the pathogenesis of Parkinson’s disease and Parkin is a familial
Parkinson’s disease-related protein [3]. Consistent with neuronal

degeneration in the SN (Fig. 3), the number of TH-positive cells was
significantly lower in the SN of 5-month-old NSE-IRP2 Tg x Parkin
KO mice (Fig. 4A and B). The amounts of dopamine and its
metabolites were significantly lower in the striatum of 5-month-
old NSE-IRP2 Tg x Parkin KO mice (Fig. 4C-E). Motor conditions
are major symptoms of Parkinson’s disease [3]. Consistent with
loss of dopaminergic neurons in the SN, both horizontal activity
and rearing scores in open-field tests were significantly lower in
5-month-old NSE-IRP2 Tg x Parkin KO mice (Fig. 4F and G). Col-
lectively, these results clearly indicate that the subtle increase in
exogenously expressed IRP2 andloss of Parkin synergistically accel-
erates the loss of dopaminergic neurons in the SN and provokes
motor symptoms. '

4. Discussion

Since induced expression of IRP2 increases the amount of iron
that cannot be stored safely, we dissected the role of iron in neu-
ronal damages using neuron-specific IRP2 Tg mice. Only subtle
increase of IRP2 was enough for mitochondrial 4-HNE modifica-
tion in mouse neurons (Fig. 1H) although IRP2 expression alone
could not provoke mitochondrial 4-HNE modifications in trans-
formed cells (Fig. 2A and F). Expression of IRP2 is subtle in neurons
in NSE-IRP2 Tg mice, but it is continuous throughout their life-
time. Moreover, 4-HNE signals could be detected in 18-month-old,
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Fig. 4. IRP2 accelerates the progression of Parkin-induced symptoms. (A and B) Sections of the SN from 5-month-old mice were immunostained with anti-TH (A) and the
number of TH-positive cells was quantified (B) (n=10). Bar 1 mm. (C-E) Concentrations of dopamine (C) DOPAC (D), and HVA (E) in the striata of 5-month-old mice were
measured (n=15). (F and G) The horizontal activity (F) and rearing activity (G) of 5-month-old mice were measured using the open-field test scored over a 5 min period

(n=15).* P<0.05.

but not in 6-month-old in NSE-IRP2 Tg mice (Fig. 1H and Fig. 3A),
which suggests that duration of IRP2 expression in quiescent neu-
ronal cells may be a critical factor for iron-induced mitochondrial
4-HNE modifications. Since cultured cells proliferated rapidly, we
evaluated the effect of iron on 4-HNE modifications within two
days. Thus, we suspect that despite very trace, transgenic expres-
sion of IRP2 can induce the subtle, but chronic increase of iron
that cannot be stored safely and result in mitochondrial oxidative
insults and the deterioration of neurodegeneration in quiescent
neurons.

Loss of Parkin enhanced accumulation of mitochondrial 4-
HNE-modified proteins and degeneration of neurons of the SN in
NSE-IRP2 Tg mice. Impaired clearance of oxidized mitochondrial
proteins in the SN neurons appeared involved in Parkinson’s
disease-like phenotypes in NSE-IRP2 Tg x Parkin KO mice (Fig. 4).
Additionally, Parkin is involved in the clearance of oxidatively
modified proteins in mitochondria (Fig. 2F). However, mechanism

underlying Parkin-mediated removal of mitochondrial 4-HNE
modification is currently unknown because in iron-treated IRP2-
expressing cultured cells, we could not detect mitophagy in that
Parkin is shown to be involved {8,11] (unpublished observation).
Thus, the mitochondrial quality control, in which Parkin is involved,
but possibly in a different mechanism from mitophagy, may play
critical roles protecting dopaminergic neurons from iron-induced
mitochondrial oxidative damages. Mitochondrial damages are
suggested to function as triggering and accelerating factors in
Parkinson’s disease and accumulation of iron in the lesions of the
disease is known {2,16]. Iron-induced mitochondrial oxidative
damages might be involved in the development of Parkinson's
disease.

Our results show that subtle increase of IRP2 is sufficient to
induce mitochondrial oxidative insults. Thus, NSE-IRP2 Tg mice
may be useful to probe the roles iron-induced mitochondrial oxida-
tive insults in neurodegenerative disorders.
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5. Conclusions

Expression of even trace amounts of IRP2 increased mitochon-
drial oxidative changes in neurons. The increase in IRP2 accelerated
the loss of dopaminergic neurons in the SN and provokes motor
symptoms of Parkin KO mice. NSE-IRP2 Tg mice may be suitable to
probe the role of iron-induced mitochondrial oxidative damages in
neurodegenerative disorders.
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Objective: To confirm the superiority of transdermal rotigotine up to 16 mg/24 h over placebo, and non-
inferiority to ropinirole, in Japanese Parkinson's disease (D) patients on concomitant levodopa therapy.
Methods: This trial was a randomized, double-blind, double-dummy, three-arm parallel group placebo-
and ropinirole-controlled trial. Four-hundred and twenty PD patients whose motor symptoms were not
well controlled by levodopa treatment were randomized 2:2:1 to receive rotigotine, ropinirole (up to
15 mg/day) or placebo during a 16-week treatment period followed by a 4-week taper period. The
primary variable was change in the Unified Parkinson's Disease Rating Scale (UPDRS) Part 11 (ON state)
sum score from baseline to the end of the treatment period.
Results: The difference in the change in the UPDRS Part 11l (ON state) sum score from baseline to the end
of treatment between rotigotine and placebo groups was —6.4 + 1.2 (95% Cl: ~8.7 to ~4.1; p < 0.001),
indicating superiority of rotigotine over placebo. The difference between rotigotine and ropinirole groups
was —1.4 + 1.0 (95% Cl: -3.2 to 0.5), below the non-inferiority margin, indicating the non-inferiority of
rotigotine to ropinirole. Application site reaction was seen in 57.7% of the patients in the rotigotine group
and in 18.6% in the ropinirole group (P < 0.001). No other safety issue was noted.
Conclusions: Rotigotine was well tolerated at doses up to 16 mg/24 h and showed similar efficacy to
ropinirole except that the application site reaction was much higher in the rotigotine group.

© 2014 Published by Elsevier Ltd.

1. Introduction

levodopa in early stage PD | 3,41, Rotigotine is a non-ergot dopamine
agonist, which has been developed as a patch with high selectivity

Long-term treatment of Parkinson's disease (PD) with levodopa
are frequently complicated by motor fluctuations {1-3]. Ahlskog
and Muenter reported 42.1% motor fluctuations and 38.5% dyski-
nesia in 4—6 years of treatment with levodopa; these figures rose
up to 69.6% and 87.8%, respectively, with more than 9 years of
treatment |2]. The use of dopamine agonists is associated with
lower frequencies of wearing off and dyskinesia compared to

* Corresponding author. Department of Neurology, Juntendo University School of
Medicine, 2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8421, Japan. Tel.: +81 3 3813 3111.
E-mail address: y_mizuno@junitendo.acp (Y. Mizuno).

hutp:/fdxdotorg/ 101016/ L parkreldis. 2014.10.005
1353-8020/© 2014 Published by Elsevier Ltd.

for D2 and D3 receptors [5]. Rotigotine is superior to placebo in
patients with early-stage {69} and advanced PD patients | 10~12].
In addition, rotigotine was non-inferior to ropinirole {8} and pra-
mipexole [10]. A clinical trial conducted in Japan showed superi-
ority of rotigotine over placebo in patients with PD on concomitant
levodopa therapy in the dose range of 2—16 mg/24 h [i1Z]. We
conducted a randomized, double-blind trial to see the efficacy and
safety of transdermal rotigotine in Japanese advanced PD patients.
We selected ropinirole as an active comparator drug, as it has been
proved to be efficacious both in early stage [ 13-15] and advanced
stage PD patients | 16,17]. As the maximum daily dose for rotigotine
has been set at 15 mg/24 h in Japan; we used this dose.
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2. Methods
2.1. Design

The study is a randomized, double-blind, double-dummy, three-arm parallel
group, placebo- and ropinirole-controlled trial of rotigotine in Japanese PD patients
on levodopa. The study was conducted in compliance with ethical principles in
accordance with the Declaration of Helsinki, the Pharmaceutical Affairs Law, and the
“Ordinance on Good Clinical Practice.” The protocol was approved by the institu-
tional review boards of each center, and written informed consent was obtained
from all patients participating in the trial. The study has been registered with
Clindcaltrials.gov (identifier: NCT01628926) and in the Japan Primary Registries
Network (identifier: Japic CTI-090888). The study was financially supported by
Otsuka Pharmaceutical Company.

2.2. Patients

Sixty-two sites in Japan participated in the trial, with the patient enrollment
commencing in June 2009. We enrolled patients aged 30—79 years and with a
diagnosis of PD, Hoehn & Yahr stage of 2—4, and Unified Parkinson's Disease Rating
Scale (UPDRS) Part HI sum score of >10 at screening (ON state), who were experi-
encing motor fluctuations or whom levodopa could not be increased to an optimal
level because of side effects or other reasons. The levodopa doses were not changed
from the period 28 days before starting treatment. Diagnosis of PD was made ac-
cording to the UK Brain Bank criteria | 18].

We excluded patients with psychiatric symptoms; orthostatic hypotension; a
history of epilepsy or convulsion; a history of serious cardiac disease, arrhythmia, or
QT prolongation; abnormal liver function; or a history of allergy to topical agents;
and female patients who were pregnant or lactating from the trial. Concomitant use
of drugs that may affect the symptoms of PD, cause QT prolongation, or interact with
ropinirole was prohibited. Levodopa, selegiline and entacapone could be used
concomitantly, provided there was no change in the dose from 28 days before the
first dose of the study drug until the end of the treatment period. Anticholinergic
drugs, amantadine, droxidopa, and zonisamide could be used concomitantly, pro-
vided there was no change in the doses for 14 days before the first dose of the study
drug or during the treatment period.

2.3. Randomization and treatment

Eligible patients were randomized 2:2:1 to receive rotigotine, ropinirole, or
placebo using a dynamic allocation procedure designed to balance the UPDRS Part Il
(ON state) sum score, the presence/absence of OFF time, the presence/absence of
dystonia in the early morning, and responsiveness to prior dopamine receptor ag-
onists. A double-dummy technique was used to maintain blinding with placebo
patches or tablets.

We evaluated the enrolled patients every week until the maintenance dose is
determined and every two weeks thereafter. The treatment period consisted of a
maximum of 12 weeks of titration and at least 4 weeks of maintenance, and a dose
taper period of up to 4 weeks. Rotigotine or placebo patches were applied once daily
and ropinirole or placebo tablets were administered three times daily. Rotigotine
was delivered at an initial dose of 2 mg/24 h, and the dose was increased to 16 mg/
24 h in weekly increments of 2 mg(24 h. Ropinirole was administered at an initial
dose of 0.75 mg/day. The dose was increased to 3.0 mg/day in weekly increments of
0.75 mg/day and then was increased to 15 mg/day in weekly increments of 1.5 mg/
day. One level of back titration was allowed for rotigotine and ropinirole during the
titration period. Dose increments for either drug could be stopped if the optimal
dose or the maximally tolerated dose was reached, if adverse events resolved after
back titration, or if the maximum dose level was attained. The maintenance dose of
rotigotine and ropinirole was determined for each patient considering their efficacy
and safety.

2.4. Efficacy measurement

The primary variable was the change in the UPDRS Part Ill (ON state) sum score
from baseline to week 16 of the treatment period (end of treatment, EOT). Secondary
variables included changes from baseline to EOT for the time spent in OFF, ON, and
ON with troublesome dyskinesia and changes from baseline to EOT for the score in
UPDRS Part Il (ON), UPDRS Part Il (OFF), UPDRS Part Ii (average ON and OFF state),
sum of UPDRS Part 1l (average ON and OFF state) + UPDRS Part Il scores, and PD
sleep scale-2 (PDSS-2) | 191, Additional secondary variables were the responder rate
sum score (patients with a >20% or >30% reduction in the UPDRS Part lil sum score)
(ON state), and the responder rate in terms of the UPDRS Part Il (average ON and OFF
state) sum score. Patient diaries were utilized, in which each patient described his or
her condition as off time, on time, on time with troublesome dyskinesia or sleep in
every 30 min every day starting seven days prior to the initial drug administration to
EOT. Examination of the patients was done at the ON state.

2.5. Safety

Safety was assessed in all randomized patients who received at least one dose of
the test drugs. Safety variables were the frequency of the onset of adverse events,
laboratory values, blood pressure/pulse rate, electrocardiogram parameters, skin

irritation assessment score, physical and neurologic examination, and frequencies of
compulsive disorder and impulse control disorder as assessed by the translated Jay
Modified Minnesota Impulsive Disorder Interview {20|. Regurgitation of the cardiac
valve and drug dependency were assessed separately by the specialist committees,

2.6. Sample size calculations

Based on the results of the late phase 2 trial of rotigotine in Japanese advanced
PD patients on levodopa {12} and the Japanese clinical trial of ropinirole {17], we
assumed effect sizes of 5.4 for the rotigotine and 5.0 for the ropinirole group and a
standard deviation (SD) of 9.0 for each group. The sample size required to show
superiority of rotigotine over placebo was calculated to be 88 and 44 patients for the
rotigotine and placebo groups, respectively, with a two-tailed significance level of 5%
and 90% power. The margin for non-inferiority of rotigotine to ropinirole was set to
2.5 based on the range of effect size in clinical trials of rotigotine and other non-ergot
dopamine agonists {4,21,22]. The number of patients required to achieve 80% power
and an upper limit of the 95% confidence interval (CI) for the difference between
rotigotine and ropinirole being lower than the non-inferiority margin was 152 per
group. Therefore, the target sample size was set as 160 patients each for the roti-
gotine and ropinirole groups and 80 patients for the placebo group.

2.7. Statistical analyses

The primary analysis of the primary variable was conducted using analysis of
covariance (ANCOVA) with treatment group as a fixed factor. The different null
hypotheses were tested in a pre-assigned order (closed testing principle). The test
procedure started with a two-sided test between rotigotine and placebo with & = 5%.
If the P-value was significant (i.e. rotigotine was superior to placebo), a non-
inferiority test was conducted to compare rotigotine with ropinirole. Non-
inferiority was accepted if the 95% Cl for the difference between rotigotine and
ropinirole was within the pre-defined non-inferiority margin of 2.5. For secondary
analyses of the primary variable, ANCOVA was applied with treatment group as a
fixed factor and the corresponding baseline value as a covariate. Changes from
baseline to EOT in the secondary variables were assessed using ANCOVA. Responder
rates were compared between each group using x? tests. Safety variables were
summarized using descriptive statistics and between-group comparisons were done
using ¥ tests.

3. Results

We obtained responses from 546 patients. However, 126 pa-
tients were not randomized; 36 from consent withdrawal, 59 not
meeting the enrollment criteria, 31 from other reasons. Thus 420
patients were randomized (rotigotine 168, ropinirole 167, placebo
85). The full analysis set (FAS) included 414 patients because of
three not meeting the enrollment criteria and three not having any
valid post-baseline assessment of UPDRS Part Il (ON state) sum
score, and the safety set 420 patients including all randomized
patients who received at least one dose of the test drugs (Fig. 1). The
baseline characteristics of the 414 patients are shown in Table 1.
There were no differences between groups, except for PDSS-2,
which was higher in the placebo group than in the rotigotine and
ropinirole groups (p = 0.023), and the patients receiving previous
treatment with entacapone was higher in the ropinirole group than
in the placebo and rotigotine groups (p = 0.03).

3.1. Treatment

After the start of the study, 26 patients in the rotigotine group,
23 in the ropinirole group and 17 in the placebo group discontinued
the study. The most common reason for discontinuation was
adverse events (AE) (13, 13, and 8 patients in the rotigotine, ropi-
nirole, and placebo groups, respectively). None of these patients
were seriously ill after the discontinuation of the test drugs.

Of the 420 patients in the safety analysis set, 381 (153, 153, and
75 patients in the rotigotine, ropinirole, and placebo groups,
respectively) entered the dose maintenance period. Of these pa-
tients, 24.8% (38 patients), 28.8% (44 patients), and 41.3% (31
patients) in the rotigotine, ropinirole, and placebo groups, respec-
tively, received dose increases up to the maximum maintenance
dose. The mean maintenance doses were 12.9 mg/24 h and 9.2 mg/
day in the rotigotine and ropinirole groups, respectively.
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3.2. Efficacy variables

The change in the UPDRS Part Il (ON state) sum score from
baseline to EOT in the FAS was -109 + 8.1, -95 + 87,
and —4.5 + 9.7 (mean + SD) in the rotigotine, ropinirole, and pla-
cebo groups, respectively. The difference between the rotigotine
and the placebo group was —6.4 (95% Cl: 8.7 to ~4.1; p < 0.001),
and that between the ropinirole and the placebo group was ~5.1
(95% Cl: —7.4 to —2.8; p < 0.001), showing superiority of rotigotine
and ropinirole over placebo. The difference between the rotigotine
and the ropinirole group was 1.4 (95% Cl: 3.2 to 0.5, p = 0.156)
showing the non-inferiority of rotigotine to ropinirole.

Regarding motor fluctuations (110/164 = 67.1% in the rotigo-
tine,113/166 = 68.1% in the ropinirole, and 57/84 = 67.9% in the
placebo group, no statistical difference), off period decrease was
1.4 h in the rotigotine, 1.9 h in the ropinirole, and 0.4 h in the pla-
cebo group. The differences between the rotigotine and the placebo
and the ropinirole and the placebo group were significant
(p = 0.009 and p < 0.001, respectively). The difference between the
rotigotine and the ropinirole group was not significant (P = 0.148).

The comparisons between groups for other efficacy variables are
shown in Tabie 2. The difference in the UPDRS Part Il (average ON
and OFF state) sum score between the rotigotine and the placebo
group was —2.4 (95% CI: ~3.3 to —1.5; p < 0.001) and that between
the ropinirole and the placebo group was -18 (95% Cl: —-2.7
to —0.8; p < 0.001), while the difference between the rotigotine and
the ropinirole group was ~0.6 (95% Cl: —1.4 to 0.1; p = 0.106). The
difference in the UPDRS Part Il (OFF state) sum score between the
rotigotine and the placebo group was —2.4 (95% Cl: 3.9 to —0.9;
p = 0.002) and that between the ropinirole and the placebo group
was —14 (95% Cl: —2.9 to 0.0; p = 0.058), while the difference
between the rotigotine and the ropinirole group was —1.0 (95%
Cl: =2.21t00.2; p = 0.114).

Significantly more patients in the rotigotine group were classi-
fied as responders for UPDRS Part Il (ON state), UPDRS Part Il
(average ON and OFF state), and the sum of UPDRS Part If (average
ON and OFF state) + UPDRS Part Il compared with the placebo
group (Table 2). The ropinirole group also showed similar results
compared with the placebo group. More patients in the rotigotine
group were classified for 20% responder rate on UPDRS Part 1ll (ON
state), 30% responder rate on UPDRS Part Il (average ON and OFF
state), and 20% responder rate on the sum of UPDRS Part Il (average

ON and OFF state) -+ UPDRS Part Il compared to the ropinirole
group.

3.3. Safety outcomes

Adverse events occurred in 88.7% (149/168 patients), 77.8%
(130/167 patients), and 69.4% (59/85 patients) in the rotigotine,
ropinirole, and placebo groups, respectively. Adverse events with
an incidence of >3% are shown in Table 3. Most adverse events
were mild to moderate in severity, and the proportion of patients
with severe adverse events was similar in all three groups (8% in
both rotigotine and placebo groups, and 7% in the ropinirole group).
Only application site reaction was higher in the rotigotine than in
the ropinirole and the placebo group (57.7%, 18.6% and 15.3%,
respectively). All application site reactions were mild or moderate
in intensity. Skin irritation was evaluated using a six-grade skin
irritation assessment (=, %, -+, ++, +++, ++-++). Only 2.4% of
patients in the rotigotine group and none in the ropinirole and
placebo groups had a score of +-+ (concurrent erythema, edema
and papule; serous papule; and vesicle) during the dose titration
period. The proportion of patients in the rotigotine group with a
score of 4+ during the dose maintenance period was 0.7%. No
patients had skin irritation with a score of ++-++ (large blisters).
Three subjects in the rotigotine group discontinued the trial from
skin irritation.

Dyskinesias occurred in 16.1% (27/168), 13.8% (23/167), and 1.2%
(1/85) of patients in the rotigotine, ropinirole and placebo groups,
respectively. The difference between the rotigotine and the ropi-
nirole group was not significant. Adverse events leading to treat-
ment discontinuation occurred in 7.7% (13/168), 7.8% (13/167), and
9.4% (8/85) of patients in the rotigotine, ropinirole, and placebo
groups, respectively. Sudden onset of sleep was observed in one
patient each in the rotigotine and ropinirole groups. Neither case
required treatment discontinuation or dose reduction.

Serious adverse events, which required hospitalization, occurred
in seven patients in the rotigotine, five in the ropinirole, and six in
the placebo group. Among them, serious adverse events related to
the test drugs include gastric ulcer, torticollis, and spinal compres-
sion fracture and posture abnormality in three patients in the roti-
gotine group, worsening of PD in one in the ropinirole group, and
angina pectoris and worsening of PD in the placebo group.

| Patients enrolled: 546

Patients exluded: 126

-Consent withdrawal: 36
-Not meeting criteria: 59
-Others: 31

Patients randomized: 420

Rotigotine: 168

Ropinirole: 167

Placebo: 85

Exclusion Discontinued: 26

from FAS: 4 | | -Adverse events: 13
-Lack of efficacy: 2
-Others: 11

Exclusion
from FAS: 1

Discontinued: 23

-Adverse events: 13
-Lack of efficacy: 1
~Others: 9

Exclusion Discontinued: 17

from FAS: 1 -Adverse events: 8
-Lack of efficacy: 5
-Others: 4

! FAS: 164 ‘ I Completed: 142 l

[FAS: 166 | [ Completed: 144] | FAS:84 | [ Completed: 68 |

Fig. 1. Disposition of patients. The numbers indicate the number of patients in each category in FAS (full analysis set).
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Table 1
Baseline patient characteristics (full analysis set, n = 414).
Rotigotine (n = 164) Ropinirole (n = 166) Placebo (n = 84) p-Value

Gender

Male 61 (37.2%) 68 (41.0%) 42 (50.0%) 0.152°

Female 103 (62.8%) 98 (59.0%) 42 (50.0%)
Age (years) 64.8 (8.8) 67.0(7.9) 65.3 (7.9) 0.066"
Duration of PD (years) 7.0 (4.9) 6.8 (4.2) 7.0 (4.2) 0.880°
Wearing off 107 (65.2%) 110 (66.3%) 57 (67.9%) 0.918*
Dyskinesias 42 (25.6%) 43 (25.9%) 15 (17.9%) 0319"
Levodopa dose (mg) 367.7 (151.9) 350.6 (125.3) 370.5 (146.6) 0.764"
Previous concomitant anti-Parkinson’s medication

Entacapone 40 (24.4%) 57 (34.3%) 33 (39.3%) 0.033*

Anticholinergic drugs 33(20.1%) 32 (19.3%) 16 (19.0%) 0.973*

Amantadine 39 (23.8%) 40 (24.1%) 27 (32.1%) 0.306¢

Selegiline 60 (36.6%) 69 (41.6%) 35 (41.7%) 0.594°

Droxidopa 12 (7.3%) 11 (6.6%) 8 (9.5%) 0.709*

Zonisamide 16 (9.8%) 13 (7.8%) 12 (14.3%) 0.271*
Hoehn & Yahr average 2.7 (0.6) 2.8 (0.6) 2.8(0.6) 0.204"
UPDRS Part Ill (ON state) 25.8 (10.6) 25.8 (11.0) 25.6 (10.4) 0.970"
UPDRS Part Il (average ON and OFF state) 11.0(6.2) 10.6 (5.6) 11.1(7.0) 0.978"
UPDRS Part 1l (ON state) 8.5(5.9) 7.8 (5.7) 7.9 (6.7) 0.357°
UPDRS Part II (OFF state) 14.9 (84; n = 110) 153 (6.9 n=114) 15.8(94; n = 58) 0.562°
Sum of UPDRS Part Il (average ON and OFF state) + UPDRS Part I 36.9 (15.2) 36.4(15.2) 36.7 (16.0) 0.909°
PDSS-2 12.3(8.9) 14.3(9.2) 15.0 (9.2) 0.023"
OFF time (hr) 45(3.4;n=111) 5.0 (3.6; 1= 113) 49(3.0;n =57) 0.359"
ON time (hr) 13.1(3.6) 12,5 (3.8) 12.6 (3.7) 0.375°
ON time with troublesome dyskinesias (hr) 24(2.6;n=23) 1.6 (1.5; n = 16) 07(1.2;n=5) 0.079"

Data are means (SD) or number (%).

UPDRS: unified Parkinson's disease rating scale; PDSS: Parkinson's disease sleep scale.
In this clinical trial, we defined FAS as follows; Those who were given the trial drugs at least once and at least one evaluation for the efficacy was made. However, those patients
who violated GCP, those who do not fulfill the enrollment criteria, and those who meet the exclusion criteria are not included in the FAS. According to this criteria, three
patients met the exclusion criteria, and in three patients there was no efficacy evaluation after enrollment to the study.

2 x2 test.
b Kruskal—Wallis test.

QTc prolongation (>500 ms) in ECG was noted in two patients
in the ropinirole group, but none in the rotigotine and placebo
groups. The committee's assessment of results was of no clinically
significant worsening of cardiac valve regurgitation in any

Table 2

patients. Non-significant difference was found regarding drug
dependency. Impulse control disorder rates were non-significantly
higher for ropinirole (6.6%) than rotigotine (3.5%), or placebo

(3.5%).

Efficacy variables at end of treatment (full analysis set, last observation carried forward).

Change from baseline (least squares (LS)

Comparison for

Comparison for

mean or %) rotigotine vs placebo rotigotine vs ropinirole
Rotigotine Ropinirole Placebo Difference p-Value (95% Cl1) Difference  p-Value (95% Cl)
(n=164) (n = 166) (n = 84)
Changes form baseline
UPDRS Part il (ON state) -10.9 -95 —4.5 ~6.4 <0.001 (-86, -42) -14 0.137 (-3.2,04)
UPDRS Part II (average ON and OFF state) -3.6 -3.0 ~1.2 -24 <0.001(-3.3,-15) -06 0.106 (-14,0.1)
UPDRS Part Il (ON state) -2.8 -23 -0.6 -2.2 <0.001 (-3.1, -1.3) -0.5 0.201 (-1.2,0.3)
UPDRS Part Il (OFF state) -49:n=109 -39 n=111 -24n=57 -24 0.002 (-3.9, -0.9) -1.0 0.114(-2.2,02)
Sum of UPDRS Part I -14.6 -12.5 -57 -8.8 <0.001 (~-11.7, -6.0) -2.0 0.091 (~4.4,03)
(average ON and OFF state) + UPDRS Part 11l
PDSS-2 -37 -3.0 -1.1 2.6 <0.001 (~4.1,-1.1) 0.7 0.277 (~1.9, 0.6)
OFF time (hr) -14;n=110 -19n=113 -04;n=57 -1.1 0.009 (-1.9, -0.3) 0.5 0.148 (-0.2, 1.2)
ON time (hr) 14 1.6 0.2 12 <0.001 (0.6, 1.8) -02 0.426 (-0.7,0.3)
ON time with troublesome dyskinesias (hr) 03;n=22 02;n=16 ~12;in=5 1.5 0.166 (0.7, 3.7) 0.1 0.860 (-1.3,1.5)
Responder analysis
UPDRS Part [l (ON state)
20% responder 80.5 69.1 56.6 239 <0.001 (11.6, 36.1) 114 0.017 (2.1, 20.7)
30% responder 69.5 60.6 39.8 29.8 <0.001(17.1, 42.4) 89 0.090 (-1.4,19.2)
UPDRS Part 1l (average ON and OFF state)
20% responder 65.2 56.7 47.0 18.2 0.006 (5.2, 31.2) 8.5 0.116 (-2.1,19.1)
30% responder 55.9 433 289 270 <0.001 (146, 39.4) 126 0.023(1.8,23.4)
Sum of UPDRS Part I
(average ON and OFF state) + UPDRS Part Il
20% responder 783 66.5 51.8 26.5 <0.001 (14.0, 38.9) 118 0.017 (2.2, 21.4)
30% responder 68.3 57.9 37.3 31.0 <0.001 (18.3, 43.6) 104 0.052 (~0.0, 20.8)

Change from baseline to EOT was assessed using analysis of covariance with baseline value as covariate.
Adjusted LS means were calculated. Inter-group comparisons for responder rate were performed using the x? test.
UPDRS: Unified Parkinson's Disease Rating Scale; PDSS: Parkinson's disease sleep scale.
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4. Discussion

We showed superiority of rotigotine and ropinirole to placebo
and non-inferiority of rotigotine to ropinirole up to 15 mg/day for
the primary efficacy variable (UPDRS Part Il sum score) in this
study. In addition, we showed reduction in off time in patients with
motor fluctuations treated with rotigotine and ropinirole compared
with placebo. There was no difference between rotigotine and
ropinirole treatment.

As the maximum dose of ropinirole (15 mg/day) is lower in this
study compared to those reported in the western literature
(24 mg/day) [3,12--17], whether or not this difference might have
resulted in non-inferiority of rotigotine to ropinirole should be
discussed. First of all, 15 mg/day of ropinirole is the maximum
approved dose in Japan. Although the maximum adrinistered dose
of ropinirole in this study was lower than those in the western
literature, the magnitude of improvement as measured by UPDRS
Part 1l sum score are similar between western and Japanese pa-
tients {1217 1. This may in part be due to the difference in the body
weight. As none of the previous studies have addressed the ques-
tion as to the dose—response relationship on ropinirole, we
compared the average dose of ropinirole and efficacy in the pre-
vious studies. In the present study, average daily maintenance dose
of ropinirole was 9.2 mg/day and the average motor UPDRS score
decreased from 25.8 to 16.3 (9.5 points difference) after 16 weeks
and off time decreased by 1.9 h (34% reduction) in the ropinirole
group. In the study by Korczyn et al. the final dose of ropinirole was
12.0 mg at three years' treatment [i4]. The motor UPDRS reduced
from 23 to 14 at 24 weeks after the randomization. In the study by
Rascol et al. the average daily dose of ropinirole was 16.5 mg and
the UPDRS muotor score decreased from 23 points to 14 points at
24 weeks |31 In the study by Lieberman et al. | iG], there was no
description in the final average dose of ropinirole. Therefore, the
magnitude of the motor UPDRS decrease is about the same in these
studies. We wanted to compare the improvement in wearing off
with different doses of ropinirole; however, this was difficult
because the total number of patients who showed improvement in
wearing off was not described [15].

Rotigotine is a patch formulation, which provides stable and
continuous stimulation of dopamine receptors. Continuous dopa-
minergic drug delivery was thought to be an effective strategy for PD
patients. Rotigotine was well tolerated, and there were no significant
safety issues with doses up to 16 mg/24 h compared to ropinirole up

Table 3

to 15 mg/day except the high incidence of application site reactions
in the rotigotine group, which may limit the use of rotigotine. In
conclusion, once-daily administration of the rotigotine patch is a
favorable option for the treatment of PD patients on levodopa.
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Treatment-emergent adverse events occurring with an incidence of >3% in at least one group (safety analysis set). n (%).

Number of patients (%)

P value

Rotigotine (n = 168)

Ropinirole (n = 167)

Placebo (n = 85) Rotigotine vs placebo Rotigotine vs ropinirole

Any adverse event 149 (88.7) 130(77.8)
Application site reactions’ 97 (57.7) 31(18.6)
Nasopharyngitis 28 (16.7) 24 (14.4)
Dyskinesia 27 (16.1) 23 (13.8)
Nausea 25 (14.9) 23(13.8)
Vomiting 11(6.5) 11 (6.6)
Somnolence 11(6.5) 9(5.4)
Contusion 7(4.2) 2(1.2)
Orthostatic hypotension 5(3.0) 7(4.2)
Blood creatine kinase increased 5(3.0) 6(3.6)
Hallucination” 3(1.8) 6(3.6)
Back pain 3(1.8) 5(3)
Cystitis 3(1.8) 3(1.8)
Upper respiratory tract inflammation 3(1.8) 1(0.6)
Peripheral edema 0 2(1.2)

59 (69.4) <0.001 0.008
13 (15.3) <0.001 <0.001
13 (15.3) 0.78 0.562
1(12) <0.001 0.555
7(82) 0.133 0772
2(2.4) 0.153 0.988
2(24) 0.153 0.655
6(7.1) 0325 0.093
4(47) 0.483 0.549
1(1.2) 0374 0.752
0 0215 0.306
2(24) 0.759 0.469
4(4.7) 0.181 0.994
3(3.5) 0.389 0317
3(3.5) 0014 0.155

Comparisons were made using the ? test.

The safety set (420 patients) includes all randomized patients who received at least one dose of the test drugs and the safety evaluation is done.

¢ Corresponds to the MedDRA term “Application and instillation site reactions”.

b Corresponds to the MedDRA terms “Hallucination”, “Hallucination, visual”, “Hallucination, auditory”.
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Abstract Rotigotine, a non-ergot dopamine receptor
agonist, offers potential for continuous dopaminergic
stimulation that could avoid the fluctuations observed with
traditional treatments. We conducted a randomized, dou-
ble-blind, placebo-controlled trial in Japanese patients with
advanced Parkinson’s disease (PD) to investigate the effi-
cacy and safety of rotigotine. Inclusion criteria included the
presence of motor complications, such as wearing off,
on—off, delayed-on/no-on, any circumstances that could
interfere with levodopa dose escalation because of side
effects, or declining levodopa efficacy. The enrolled
patients received once-daily applications of rotigotine
transdermal patches or matched placebo patches. A total of
174 patients were randomly assigned to rotigotine (87
patients) or placebo (87 patients). The full analysis set
included 172 patients (86 for the rotigotine group and 86
for the placebo group). The maximum maintenance dose of
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rotigotine was set at 16 mg/24 h. The changes in unified
PD rating scale Part HI scores from baseline to the end of
the trial were —10.1 = 9.0 (mean = standard deviation) in
the rotigotine group and —~4.4 £ 7.4 in the placebo group
(p < 0.001). There was a significantly greater reduction in
the off-time (p = 0.014) in the rotigotine group. Rotigotine
was well tolerated, with serious adverse events being
reported in only three patients in each group. Rotigotine at
doses of up to 16 mg/24 h is efficacious and safe in Japa-
nese patients with advanced PD.

Keywords Rotigotine - Randomized controlled trial -
Advanced Parkinson’s disease - Wearing off - Dyskinesia

Introduction

Levodopa, a dopamine precursor that is converted to
dopamine in the brain, has been the mainstay treatment for
Parkinson’s disease (PD) for over 40 years, and is still the
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most effective treatment for the disease [1]. However,
long-term treatment of PD patients with levodopa causes
motor complications such as wearing off and dyskinesia
[2-8]. Indeed, wearing off and dyskinesia were observed in
45 and 34 % of patients who were treated with levodopa
for 5 years [5]. It has been suggested that the intermittent
stimulation of dopamine receptors by levodopa, which is
administered orally and has a short half-life, may play a
role in the generation of the motor fluctuations seen in PD
patients treated with the drug; therefore, continuous
dopaminergic stimulation (CDS) is emerging as a key
therapeutic strategy for the treatment of PD [9-12].

Rotigotine (Neupro®), a non-ergot dopamine receptor
agonist with activity across the D1 to D5 receptors [13, 14],
is a new formulation that ensures continuous dopaminergic
stimulation for the treatment of PD [15]. It is a silicone-
based once-daily transdermal patch that maintains a stable
plasma rotigotine level over a period of 24 h [16-18].
Approximately 44 % of the rotigotine delivered via trans-
dermal patch is systemically available, and systemically
absorbed rotigotine is metabolized rapidly [16].

It has been reported that rotigotine (delivered at up to
16 mg/24 h) and pramipexole (up to 4.5 mg/day orally)
both reduced off-time compared with placebo [19]. In
another randomized, double-blind, placebo-controlled trial,
the patients given rotigotine (delivered at up to 12 mg/
24 h) experienced significant decreases in off-time [20].

The present randomized, double-blind, placebo-con-
trolled, two-arm parallel group trial was performed to
determine the safety and efficacy of rotigotine transdermal
patches delivering up to 16 mg of rotigotine per day in
patients with advanced-stage PD. Since wearing off is not
observed in all patients with advanced PD, we sought to
examine the effects of rotigotine at doses of up to 16 mg/
24 h in combination with levodopa on changes in the
unified PD rating scale (UPDRS) Part III scores as the
primary variable.

Patients and methods

The present trial was a randomized, double-blind, placebo-
controlled, two-arm parallel group trial. The trial was
registered at Clinicaltrials.gov (identifier: NCT01628848),
and was conducted in accordance with the International
Conference on Harmonisation Guidelines for Good Clini-
cal Practice and the Declaration of Helsinki.

Patients
The trial was approved by the institutional review boards of

the 38 centers where the trial was conducted. Informed
consent was obtained from all patients before enrollment.

@_ Springer

Two-hundred and fourteen patients with advanced PD,
aged 30-79 years, and with Hoehn and Yahr stage II-IV
and a UPDRS Part III sum score of >10 (“on” period),
were enrolled. Patients had to have received a stable
levodopa dose for >28 days before starting the trial, and
had to show problematic motor complications such as
wearing off, on-off phenomenon, or delayed-on/no-on
circumstances that could interfere with levodopa dose
escalation because of side effects, or declining levodopa
efficacy. Subjects were considered to have been on the
optimal L-dopa treatment when they were enrolled in the
study, even though the dose of L-dopa was low in many of
them.

Patients were excluded if they had met any of the fol-
lowing criteria: previous surgery for PD; psychiatric
symptoms (for example, confusion, hallucination, delusion,
excitation, delirium, and abnormal behavior); orthostatic
hypotension; a history of epilepsy or convulsion; clinically
relevant hepatic, renal or cardiac disorders; a prolonged
QTc interval (QTc interval >450 ms twice during screen-
ing or a mean QTc interval of two electrocardiograms of
>450 ms in males or >470 ms in females at baseline); a
history of skin sensitivity to adhesives or other transdermal
medications; or if they were pregnant, nursing, or a woman
of child-bearing potential. Patients who had previously
received other dopamine agonists or neuroleptics were also
excluded. Anti-PD agents such as levodopa, selegiline,
amantadine, and anti-cholinergic agents were permitted if
the patients were on a stable dose for >28 days before
baseline and providing the dose was maintained throughout
the trial period.

Trial design

The trial consisted of a 4-week screening period, a maxi-
mum 8-week dose-titration period, a 4-week maintenance
period, a 2-week tapering period, and a 1-week safety
follow-up period. Eligible patients were randomly assigned
to receive rotigotine or placebo in a 1:1 ratio using a
dynamic allocation procedure designed to balance the
distribution of UPDRS Part III sum scores and the off-time
between the groups. Subjects received either once-daily
rotigotine or placebo transdermal patch. Patients were
instructed to rotate the application site (abdomen, thigh,
hip, flank, shoulder, upper arm) on a daily basis to mini-
mize application site reactions. The starting rotigotine was
2 mg/24 h. The dose was increased with a weekly incre-
ment of 2 mg/24 h to a maximum of 16 mg/24 h during
the dose-titration period. If the drug was not tolerated, dose
adjustment was allowed. However, further dose adjustment
was not permitted after the end of the dose-titration period.
The subjects, investigators and all trial personnel remained
blinded to the treatments throughout the trial period.
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Qutcome variables

The primary efficacy variable was the absolute change in
UPDRS Part I sum score from baseline to the end of
treatment (EOT). Secondary variables included the abso-
lute changes in off-time, UPDRS Part Il (average ON and
OFF state) sum score, UPDRS Part 11 (ON state) sum score,
UPDRS Part II (OFF state) sum score, and the Hoehn and
Yahr scale.

The 20 and 30 % responder rates (defined as the per-
centage of subjects who achieved =20 and =30 % reduc-
tions in UPDRS Part Il scores from baseline to EOT,
respectively) were calculated based on patient diaries. In a
subgroup analysis, the changes from baseline to EOT in the
UPDRS Part 11 and Part 11 (average ON and OFF state)
scores and the off-time were assessed for their possible
associations with age, baseline UPDRS sum score, and
Hoehn and Yahr stage.

Safety and tolerability were assessed based on adverse
events and changes in vital signs, body weight, electro-
cardiogram findings, and laboratory parameters.

Statistical methods

The sample size in the present trial was selected based on
the hypothesis that rotigotine treatment would improve
UPDRS Part Il scores better than placebo. Assuming a
difference in the change in the UPDRS Part Il score from
baseline between the two groups of 5 and a standard

deviation of 11, 85 patients in each treatment group was
considered sufficient to detect a significant difference
between the two groups with a power of >80 %. For the
primary efficacy analysis, Student’s ¢ test with a two-sided
type | error rate of 5 % was used to compare the changes in
UPDRS Part 111 scores from baseline to EOT between the
placebo and rotigotine groups. The responder rates were
compared between the two groups using two-sided y” tests.
For secondary variables, the groups were compared using
the Kruskal-Wallis test for continuous variables or 7> tests
for categorical variables [21]. Efficacy variables were
evaluated using the full analysis set (FAS), which was
defined as all randomized patients who received at least one
dose of trial medication, If there were any missing values,
the last observation was carried forward. All randomized
patients were included in the safety analysis set (SAS).

Results
Trial subjects

The trial was conducted between August 2006 and Sep-
tember 2007. Figure 1 shows the patient disposition and
flow through the trial. A total of 214 patients were enrolled
and 174 were randomly assigned to rotigotine or placebo
groups. The FAS comprised 172 patients after exclusion of
two patients; one who fulfilled an exclusion criterion and
another who had deviated from the trial protocol (Fig. 1).

Patients enrolled (n=214)

y

Patients excluded (n=40)
Main reason:
- Consent withdrawal (n=11)
- Screen failure (n=13)
- Other (n=16)

Patients randomized (n=174) I

v v
Rotigotine Placebo
Safety set (n=87) Safety set (n=87)
I [
v v v v

Deviation from
exclusion criteria (n=1)

Discontinued (n=12)
- Adverse events (n=9)
- Criteria for trial
discontinuation (n=3)

v

| Other (n=1)? l

Discontinued (n=14)
- Adverse events (n=7)
- Lack of efficacy (n=4)
- Consent withdrawal (n=2)
- Other (n=1)

v +

v
Full analysis set (n=86) ! I Completed (n=75) |

| Full analysis set (n=86) | | Completed (n=73) |

Fig. 1 Patient disposition and flow of patients through the trial. *The subject was excluded from the full analysis set and discontinued the trial
because of a significant protocol deviation (accidental prolactin measurement in week 2)
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Table 1 Baseline characteristics according to treatment group (full analysis set)

Rotigotine (n = 86) Placebo (n = 86) p value®
Sex
Male 34 (39.5 %) 44 (51.2 %) 0.126°
Female 52 (60.5 %) 42 (48.8 %)
Age (years) 67.0 (6.8) 66.8 (8.3) 0.658¢
Duration of PD (years) 7.5 (6.0) 54 (3.0 0.0374
Hoehn and Yahr stage
2 11 (12.8 %) 22 (25.6 %) 0.200°
2.5 22 (25.6 %) 20 (23.3 %)
3 45 (52.3 %) 38 (44.2 %)
4 8 (9.3 %) 6 (7.0 %)
UPDRS Part 1l (average ON and OFF state) sum score 11.8 (6.1) 10.3 (4.6) 0.132¢
UPDRS Part 11 (ON state) sum score 8.8 (5.6) 8.1 (4.8) 0.322¢
UPDRS Part II (OFF state) sum score 16.9 (9.3) (n = 55) 14.0 (5.7) (n = 59) 0.193¢
UPDRS Part 11l sum score 28.1 (12.2) 26.2 (10.4) 0.365°
Daily off-time (h) 6.6 (3.5 (n = 54) 6.0 (3.4)° (n = 57) 0.383¢
>0 56 (65.1 %) 59 (68.6 %) 0.627°
0 30 (34.9 %) 27 (31.4 %)
Levodopa (mg/day) 348.8 (170.3) 329.1 (132.5) 0.7564
Concomitant medications
Anticholinergics 19 (22.1 %) 11 (12.8 %) 0.108¢
Amantadine 36 (41.9 %) 31 (36.0 %) 0.434°
Selegiline 42 (48.8 %) 41 (47.7 %) 0.879°

Data are means (SD) or number (%)

PD Parkinson’s disease, UPDRS Unified Parkinson’s Disease Rating Scale

* Rotigotine versus placebo

® Average for 7 days prior to baseline
¢ Chi-square test

¢ Wilcoxon two-sample test

There were no significant differences in baseline demo-
graphics or clinical variables between the treatment groups
(Table 1). At the end of the dose-titration period, 50.6 % of
the rotigotine group entering the maintenance period had
reached the maximum dose of 16 mg/24 h.

Efficacy

The change in UPDRS Part 111 score from baseline to EOT
was significantly greater in the rotigotine group than in the
placebo group (p < 0.001). Patients treated with rotigotine
showed a mean reduction in UPDRS Part III score of 10.1
points, while those in the placebo group showed a mean
reduction of 4.4 points (Table 2). The mean difference
(rotigotine — placebo) between the two groups for the
change in UPDRS Part Il score was —5.7 [95 % confi-
dence interval (CI) —8.2 to —3.2]. Significantly more
patients in the rotigotine group were classified as
responders, with improvements in UPDRS Part 1II scores

@ Springer

of >20 % (73.3 vs. 43.0 %) or =30 % (64.0 vs. 29.1 %)
compared with the placebo group, corresponding to mean
differences (rotigotine — placebo) of 30.2 % (95 % CI
16.2-443 %, p<0.001) and 349% O5% CI
20.9-48.9 %, p < 0.001), respectively.

In terms of other secondary variables, the between-
group differences for the changes in UPDRS Part II
(average ON and OFF state) score, UPDRS Part II (OFF
state) score, and off-time were —2.2 (95 % ClI —3.1 to
—-1.2,p <0.001), -2.6 (95 % Cl —4.2t0 —1.1, p < 0.001)
and —1.4 (95 % Cl —2.5 to —0.3, p = 0.014), respectively.

In subgroup analyses, the differences in the change in
UPDRS Part III scores from baseline to EOT between the
rotigotine and placebo groups were —1.7 and —7.3 in
subjects with baseline scores of <20 and >20. The
between-group differences in the changes in UPDRS Part 11
(average ON and OFF state) scores were —0.5 and —3.3 in
subjects with baseline scores of <10 and >10. The
between-group differences in the changes in off-time were
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Table 2 Changes in outcomes from baseline to the end of the maintenance period (full analysis set with last observation carried forward)

Rotigotine®  Placebo”  Treatment comparison (rotigotine —
placebo)
Mean (SD)  Mean (SD) Mean (SE) 95 % Cl p value
UPDRS Part 11l (change from baseline values) ~10.1 (9.0) —44(7.4) ~57(13) —8.2, —3.2 <0.001¢
UPDRS Part 111
20 % responder rate® 733 % 43.0 % 30.2 % 16.2 %, 443 % <0.001°
30 % responder rate® 64.0 % 291 % 349 % 209 %, 489 % <0.001¢
UPDRS Part 1l (average ON and OFF state) (change from baseline) 3.8 (3.6) ~1.6 (2.6) —22(0.3) =31, =12 <0.001¢
UPDRS Part I1 (ON state) (change from baseline) =307 ~1.226 ~19(.5) 2.8, =09 <0.001¢
UPDRS Part Il (OFF state) (change from baseline)f —4.6 (4.5) —19(3.6) -2.6(0.8) —4.2, —1.1 0.001¢
Off-time (change from baseline)’ =21 (3.1) —-07@28) ~140.6) —~2.5, =03 0.014°

CI confidence interval

# n = 86 for UPDRS Parts I and I1 (ON state); n = 82 for UPDRS Part Il (average ON and OFF state); n = 51 for UPDRS Part II (OFF state);

n = 54 for off-time

® = 86 for UPDRS Parts 111 and 11 (average ON and OFF state) and 1l (ON state): n = 57 for UPDRS Part 11 (OFF state); n = 36 for off-time

<

t test
4 Chi-square test

¢ 20 and 30 % responder rates were defined as the percentages of subjects who achieved >20 and >30 % reductions in UPDRS Part 111 scores

from baseline to EOT

! UPDRS Part II (OFF state) and off-time are shown for patients in whom “off” time was observed

—2.3, —0.5, —2.2 and —1.4 in subjects with baseline time
of <1, 1-2, 2-3, and >3 h, respectively. In subjects strat-
ified by baseline Hoehn and Yahr scores of 2, 2.5, 3, and 4,
the between-group differences were as follows: —3.8,
—4.8, —6.2 and —7.2, respectively, for the change in
UPDRS Part Il sum scores; —1.3, —0.9, —2.5, and —4.9,
respectively, for the change in UPDRS Part II (average ON
and OFF state); and 0.0, —1.8, —1.4, and —0.9, respec-
tively, for change in off-time.

Safety

Overall, 94.3 % (82/87) of the subjects in the rotigotine
group and 88.5 % (77/87) of the subjects in the placebo
group reported at least one adverse event (AE) during the
treatment period. A summary of the treatment-emergent
AEs with an incidence of >5 % in either group is shown in
Table 3.

The most common treatment-emergent AEs that occur-
red more frequently in the rotigotine group than in the
placebo group were application site reactions (50.6 vs.
18.4 %), nausea (19.5 vs. 5.7 %), somnolence (13.8 vs.
1.1 %), constipation (10.3 vs. 1.1 %), vomiting (10.3 vs.
1.1 %), postural dizziness (8.0 vs. 1.1 %), and anorexia
(6.9 vs. 0.0 %). All application site reactions were mild or
moderate in intensity.

AFs that led to discontinuation were reported by 12.6 %
of the rotigotine-treated patients and 8.0 % of the placebo-

Table 3 Treatment-emergent adverse events with an incidence of
>5 % in any group

Adverse event by preferred Rotigotine Placebo
term (n = 87) (n=87)
' %' AEs® n' %" AEs®
Any system organ class 82 943 333 77 885 194
Nausea 17 195 17 5 57 8
Constipation 9 103 9 1 11 1
Vomiting 9 103 10 111 1
Application site reaction 44 506 46 16 184 21
Application site erythema 8 92 14 4 4.6 5
Application site pruritus 5 57 5 4 4.6
Nasopharyngitis 18 207 20 13 149 19
Fall 6 69 8.0 7
Bruise 5 57 5 3.4 4
Increased blood creatine 7 80 7 34 3
phosphokinase

Anorexia 6 69 6 0 0 0
Dyskinesia 12 138 13 7 80 7
Dizziness 7 80 2 23 2
Postural dizziness 7 80 1 1.1 2
Headache 5 57 5 2 23 2
Somnolence 12 138 12 1 11 1
Hallucination, visual 8 92 10 2 23 2

* Number of subjects reporting at least one adverse event

° Number of individual adverse events occurring among the subjects
in that group
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treated patients. Six serious AEs (anemia, malaise,
increased blood creatine phosphokinase, neuroleptic

malignant syndrome, delusion, and auditory hallucination)
occurred in three patients in the rotigotine group. A causal
relationship to the trial medication was ruled out for all of
the events, except for anemia. Four serious AEs (inguinal
hernia, gastroenteritis, bacterial arthritis, and loss of con-
sciousness) occurred in three patients in the placebo group
and a causal relationship to the trial medication was not
ruled out for any event, except for loss of consciousness.
These AEs occurred across multiple body systems with no
obvious trends. No deaths occurred in this trial.

No subject in the rotigotine group had a QTc interval
>500 ms or a change from baseline QTc interval of
>60 ms. Rotigotine had no clinically significant effect on
QTc interval.

Discussion

In the 172 subjects in the FAS (86 subjects treated with
rotigotine and 86 subjects treated with placebo), rotigotine
significantly reduced UPDRS Part III scores compared with
placebo, demonstrating superiority of rotigotine over pla-
cebo (p < 0.001). Rotigotine also reduced UPDRS Part 11
(average ON and OFF state) sum scores and the off-time
between baseline and EOT. The reduction in UPDRS Part 11
off-state was particularly noteworthy, and suggests that
rotigotine may be effective throughout the day by improving
symptoms in the off-state, as well as the on-state. Although
dyskinesia was more common in the rotigotine group, the
risk/benefit profile of rotigotine, particularly the improve-
ment in off-state, may outweigh the problems. Taken toge-
ther, the results of the present trial show that rotigotine
improves motor functions, activities of daily living, and off-
time in advanced PD patients treated with levodopa, and that
continuous dopaminergic stimulation with rotigotine is an
important treatment option for advanced PD.

In an earlier phase III trial performed in the United
States (CLEOPATRA-PD trial), the mean difference
between rotigotine (with doses of up to 16 mg/24 h) and
placebo for the change in UPDRS Part 1II scores from
baseline to EOT was —4.4 [19]. In a phase III trial con-
ducted in Europe (PREFER trial), the between-group dif-
ferences were —3.4 and —5.3, when rotigotine was
administered at doses of up to 8 mg/24 h and 12 mg/24 h,
respectively [20]. In the present trial, the between-group
difference was —5.7, with rotigotine administered at doses
of up to 16 mg/24 h. The mean reductions in off-time were
—1.58 h in the CLEOPATRA-PD trial, —1.8 (8 mg/24 h)
and —1.2 (12 mg/24 h) h in the PREFER trial, and —1.4 h
in the present trial. From this comparison, the improvement
in UPDRS Part 111 was greater in the present trial compared

@ Springer

with the trials in the United States and Europe, while the
reduction in off-time was similar in all three trials.

It is worth noting that the administered doses of con-
comitant medications differed in each trial [19, 20]. The
mean administered doses of levodopa in the phase III trials
conducted in Europe and the United States ranged from
600 to 700 mg [19, 20], while that in the present trial was
380 mg. Monoamine oxidase-B inhibitors were used in
10-20 % of patients in the trials performed in Europe and
the United States, compared with 50 % of patients in the
present trial. When the present trial was conducted, mar-
keting authorization for the catechol O-methyltransferase
inhibitor entacapone had not been granted in Japan;
therefore, this drug was not used by any of the patients in
the present trial.

The International Conference on Harmonization E14
guidelines require a thorough QT/QTc study for all new
drugs, including at supratherapeutic doses—doses well
above the maximum clinically expected dose [22]. There-
fore, Malik et al. performed a thorough assessment of
QT/QTc in patients with advanced PD treated with rotig-
otine. They found that application of supratherapeutic
doses of up to 24 mg/24 h did not affect the QTc interval,
indicating that rotigotine did not adversely affect cardiac
repolarization in patients with a QTc >500 ms. Further-
more, they found that rotigotine did not cause any change
in QTc of >60 ms from baseline [17]. Thus, rotigotine is
well tolerated and safe at doses up to 16 mg/24 h.

Conclusion

In Japanese patients with advanced PD, rotigotine
improved activities of daily living and motor symptoms,
and greatly reduced both off-time and UPDRS Part Il score
(OFF state) compared with placebo. The rotigotine trans-
dermal patch was efficacious and safe with once-daily
application within a dose range of 4-16 mg/24 h in this
trial. No significant safety issues were observed with doses
of up to 16 mg/24 h.
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Molecular epidemiology and clinical spectrum of
hereditary spastic paraplegia in the Japanese
population based on comprehensive mutational

analyses
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Hereditary spastic paraplegia (HSP) is one of the most genetically heterogeneous neurodegenerative disorders characterized by
progressive spasticity and pyramidal weakness of lower limbs. Because > 30 causative genes have been identified, screening
of multiple genes is required for establishing molecular diagnosis of individual patients with HSP. To elucidate molecular
epidemiology of HSP in the Japanese population, we have conducted mutational analyses of 16 causative genes of HSP
(L1CAM, PLP1, ATL1, SPAST, CYP7B1, NIPA1, SPG7, KIAA0196, KIF5A, HSPD1, BSCL2, SPG11, SPG20, SPG21, REEP1
and ZFYVEZ27) using resequencing microarrays, array-based comparative genomic hybridization and Sanger sequencing. The
mutational analysis of 129 Japanese patients revealed 49 mutations in 46 patients, 32 of which were novel. Molecular
diagnosis was accomplished for 67.3% (33/49) of autosomal dominant HSP patients. Even among sporadic HSP patients,
mutations were identified in 11.1% (7/63) of them. The present study elucidated the molecular epidemiology of HSP in the
Japanese population and further broadened the mutational and clinical spectra of HSP.
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INTRODUCTION

Hereditary spastic paraplegia (HSP) is a neurodegenerative disorder
characterized by progressive lower limb spasticity and pyramidal
weakness, which is one of the most genetically and clinically
heterogeneous disorders."”> HSP is clinically divided into two forms,
pure and complicated forms, depending on whether the neurological
symptoms are basically confined to spasticity and pyramidal
weakness of the lower limbs or accompanied by additional
neurological symptoms such as cognitive dysfunction, cerebellar
signs, optic atrophy, retinitis pigmentosa, amyotrophy and
peripheral neuropathy. HSP is characterized by enormous genetic
heterogeneity; to date, more than 50 genetic loci (SPG1-57) and 37
causative genes have been identified: LICAM (SPG1), PLPI (SPG2),
ATLI (SPG3A), SPAST (SPG4), CYP7B1 (SPG5A), NIPA1 (SPG6),
SPG7 (SPG7), KIAA0196 (SPGS), KIF5A (SPG10), SPGII (SPGl1),

RTN2 (SPG12), HSPDI (SPG13), SPG15/ZFYVE26 (SPG15), BSCL2
(SPG17), ERLIN2 (SPG18), SPG20 (SPG20), SPG21 (SPG21),
DDHDI (SPG28), KIFIA (SPG30), REEPI (SPG31), ZFYVE27
(SPG33), FA2H (SPG35), PNPLA6 (SPG39), SLC33A1 (SPG42),
GJC2 (SPG44), GBA2 (SPG46), AP4BI (SPG47), KIAA0415
(SPG48), TECPR2 (SPG49), AP4MI1 (SPG50), AP4E1 (SPG51),
AP4S] (SPG52), VPS37A (SPG53), DDHD2 (SPG54), C120RF65
(SPGS55), CYP2U1 (SPG36), and TFG (SPG57).

Because of the limited availability of information on genotype—
phenotype correlations and locus heterogeneity, it is often difficult to
prioritize genes for the mutational analysis of HSP. Therefore, it is
essential to incorporate knowledge of the molecular epidemiology of
HSP and relative frequencies of the types of mutations (substitution,
insertion/deletion or rearrangement) in each gene into the algorithm
of molecular diagnosis of HSP. We also need to be aware that different
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