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Background: Uptake of '*-labeled meta-iodobenzylguanidine (MIBG) in myocardial scintigrams has
been shown to be as low in patients with idiopathic RBD as in Parkinson's disease (PD) patients.

Aim for study: To clarify whether the existence of RBD accelerates autonomic dysfunction in PD, we
investigated the association between MIBG scintigraphic findings and RBD measures among non-
dementia PD patients.

Subjects & methods: We conducted clinical interviews to assess REM sleep behavior disorder (RBD)
symptoms, and performed polysomnograms (PSG) recordings and MIBG scintigrams on 49 PD patients.
The patients were divided into three groups (PD with clinical RBD, PD with subclinical RBD, and PD with
normal REM sleep).

Results: PD patients with clinical RBD had reduced MIBG uptake as determined by heart-to-mediastinum
ratios of the delayed image compared to those with subclinical RBD and those with normal REM sleep.
Multiple linear regression analysis revealed that only the existence of RBD symptoms was significantly
associated with reduced MIBG uptake among PD patients without dementia after adjusting for demo-
graphic and PD symptom-related variables.

Conclusion: PD patients with clinical RBD might suffer from a wider a-synuclein pathology, including

reduced cardiac sympathetic ganglia function as reflected by a lowered MIBG uptake.

Crown Copyright © 2010 Published by Elsevier Ltd. All rights reserved.

1. Introduction

REM sleep behavior disorder (RBD) is characterized by vigorous
and injurious behaviors related to vivid, action-filled, and violent
dreams in nocturnal REM sleep. RBD is diagnosed when a patient
has both violent dream enactment behavior and REM sleep without
atonia (RWA) on polysomnograms (PSG). RBD has been widely
accepted as one of the important co-morbidities of PD [1] and has
been proposed to be one of the risk factors for developing hallu-
cinations [2] [3] in PD patients. Moreover, orthostatic abnormalities

* The review of this paper was entirely handled by an Associate Editor, Eng-King
Tan.

* Corresponding author. Division of Neurology, Department of Brain and
Neurosciences, Faculty of Medicine, Tottori University, 36-1 Nishicho, Yonago 683-
8504, Japan. Tel.: +81 859 38 6757; fax: +81 859 38 6759.

E-mail address: ntnomura@med.tottori-u.ac.jp (T. Nomura).

were found to be more frequent in PD patients having RBD
compared to those without these symptoms [3].

Cardiac uptake of '??-labeled meta-iodobenzylguanidine
(MIBG) on scintigrams is known to be reduced in PD patients [4].
Notably, reduced MIBG uptake on scintigrams in patients with
idiopathic RBD is quite similar to that of PD patients [5]. However, it
has not been determined whether reductions in MIBG uptake are
lower in PD patients with RBD versus those without RBD. To clarify
this issue, we investigated the association between MIBG scinti-
graphic findings and RBD measures among PD patients.

2. Methods

This study was approved by the ethics committees of Tottori University, and all
patients gave informed consent to take part in it. Patients with PD who had been
hospitalized in the Department of Neurology at the University Hospital from July
2004 to June 2008 were targeted for this study, and forty-nine PD patients agreed to
participate. The mean follow-up period on the subject patients was 6.3 + 5.1 years.
They had been receiving oral dopaminergic agents [levodopa dose equivalents

1353-8020/$ — see front matter Crown Copyright © 2010 Published by Elsevier Ltd. All rights reserved.
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(LDEs) [6] PD: 371 + 214 mg/day]. We excluded patients from this study who were
taking selegiline or antidepressants and those having suffered from heart failure
and/or diabetes mellitus since these factors might have affected the MIBG scinti-
graphic findings.

Overnight PSG recordings were performed by standardized methods [6]. During
REM stage sleep, submental phasic EMG activity (defined as 3-s mini-epochs con-
taining phasic twitches which are at least four times higher than the background
EMG activity) or submental tonic EMG activity with durations of more than half of
a 30-s epoch was scored as RWA [7].

All the PD patients and their bed partners were also systematically interviewed
regarding their sleep problems by a physician specializing in sleep disorders.
Interviews especially focused on dream enactment behavior or vocalization while
dreaming within one month before the PSG. In line with criteria from the second
edition of the International Classification of Sleep Disorders [1], we diagnosed
clinical RBD when a patient had both RWA on PSG and the experience of dream
enactment behaviors associated with uncomfortable dream content during the
preceding year, and included not only violent cases but also non-violent cases. This
last criterion was included according to the suggestion by Oudiette et al. [8] that
non-violent symptoms might represent the first step in the neurodegenerative
process of the disorder. We also defined patients with RWA but without RBD
symptoms as subclinical RBD. Finally, we categorized the patients into three groups:
PD group with clinical RBD, PD group with subclinical RBD, and PD group with
normal REM sleep.

Patients received an intravenous injection of 111-mBq of '?*I-MIBG (Daiichi
Radioisotope Laboratories, Tokyo, Japan). A single photon emission computed
tomography (SPECT) image was obtained in an anterior view after 30 min for the
early image and after 3.5 h for the delayed one. Average counts per pixel in the heart
and mediastinum were used to calculate the heart-to-mediastinum (H/M) ratio. In
this study, the H/M ratio of the delayed images, which display the neuronal uptake of
MIBG scintigrams more explicitly than those of the early image [9], were used for the
analysis.

We compared the continuous variables, including MIBG scintigraphic findings,
among the above three groups by using an analysis of variance (ANOVA) followed by
post hoc testing with Bonferroni correlation. A y?-test was also used to compare the
categorical variables. Finally, multiple linear regression analysis was performed to
explore the risk model of reduced MIBG uptake among the PD patients. The inde-
pendent variables included age, gender, PD symptom-related variables (duration of
morbidity, Hoehn & Yahr stages, and LDEs), and RBD measures (RBD symptoms and
RWA on PSGs). Statistical significance was defined as p < 0.05 (SPSS, ver. 15.0], SPSS
Japan, 2006).

3. Results

Twenty-six of the 49 PD patients without dementia had RWA on
PSG (53.1%); 18 patients were classified as having clinical RBD
(36.7%), including 8 with violent behavior and 10 with non-violent
behavior. Eight patients were classified as displaying subclinical
RBD (16.3%). The other 23 patients had normal REM sleep (46.9%).
There were no significant differences in any of the above descrip-
tive parameters among the three PD groups (Table 1).

There was a significant difference in H/M ratios on the MIBG
scintigrams among the three groups [F354 = 6.33, p = 0.001]. Post
hoc tests revealed that the PD group with clinical RBD had signifi-
cantly lower values compared to both the group with subclinical
RBD (p < 0.01) and the group with normal REM sleep (p < 0.01).
However, there were no significant differences in H/M ratios
between the PD group with subclinical RBD and the group with
normal REM sleep (Fig. 1). Within the PD group exhibiting clinical
RBD, there was no significant difference in the ratio between
patients with violent behavior and those with non-violent behavior

Table 1
Comparison of descriptive variables among the three subject groups.

(patients with violent behavior: 1.18 + 0.24, those with non-violent
behavior: 1.16 + 0.09).

Multiple linear regression analysis revealed that the existence of
RBD (# = —0.511, p = 0.002) appeared to be the only significantly
associated factor among the studied independent variables for
reduced MIBG uptake in the final model (R*> = 0.314, p = 0.006;
Table 2).

4. Discussion

Our results confirmed that MIBG uptake is decreased in non-
dementia PD patients with clinical RBD. Moreover, among the
studied variables, the existence of RBD symptoms alone was asso-
ciated with reduced MIBG uptake among PD patients. [nterestingly,
our results indicate that patients with subclinical RBD do not show
significantly reduced MIBG uptake. This finding raises the possi-
bility that neuronal loss and inclusion of Lewy bodies in the
sympathetic ganglia as reflected by the reduced MIBG uptake is
marked, especially in PD patients having clinical RBD symptoms. PD
patients experiencing hallucinations are likely to have more
reduced MIBG uptake compared to those that do not [10]. There-
fore, our results may corroborate the idea that the existence of RBD
symptoms in PD is one of the risk factors for developing halluci-
nations [2].

As mentioned above, patients with idiopathic RBD have
reduced MIBG uptake [5]. Moreover, they have been characterized
as likely to have autonomic symptoms including orthostatic
hypotension [3] and cardiac dysfunction during both wakefulness
and sleep [11,12]. As for PD patients, orthostatic abnormalities
have been reported to be more frequent in patients with RBD [3].
Taking this finding and the present MIBG results together, it is
possible that the existence of RBD symptoms accelerates auto-
nomic dysfunction in PD patients. Considering that patients with
non-violent behaviors showed MIBG findings similar to those with
violent behaviors in the present study, it appears that the exis-
tence (but not the severity) of RBD symptoms might be related
with reduced MIBG uptake. From this finding, we speculate that
patients with a-synuclein pathology expanding into the limbic
system, resulting in the occurrence of uncomfortable dreams
associated with RBD symptoms, might simultaneously have
lesions of cardiac sympathetic ganglia.

Our study has several limitations. First, our study did not include
normal age-matched control subjects or patients with idiopathic
RBD. Although our results show a clear difference in MIBG uptake
between PD patients with and without clinical RBD, further study
including these two control groups is necessary for drawing
definitive conclusions. Second, the existence of RBD symptoms was
investigated by retrospective interviews of the subjects and their
bed partners. For this reason, we may have been unable to detect
the existence of mild RBD symptoms in our subjects.

In conclusion, reduced MIBG uptake on scintigrams could be
observed in PD patients with RBD symptoms. Although definitive

Groups with clinical RBD (n = 18) Groups with subclinical RBD (n = 8) Groups with Normal REM sleep (n = 23) Significance

Age 713 £ 83 65.4 + 8.6
Gender (Male/Female) 5/13 3/5
Length of PD morbidity 9.0 + 4.7 36+ 26
Hoehn &Yahr Stages 30+09 25+05
Levodopa dose Equivalents (mg/day) 408 + 214 283 + 193
MMSE 25.6 +39 268 £23

715+72 n.s.
10/13 n.s.
53 +48 n.s.
27 +09 n.s.
347 +£ 199 n.s.
26.3 + 3.2 n.s.

RBD: REM sleep behavior disorders; MMSE: Mini Mental State Examination.
The values are expressed as mean =+ SD. n.s.: not significant.
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Fig. 1. Comparison of delayed image on MIBG scintigraphic findings among the three
groups. 4 symbols indicate the H/M ratios on MIBG scintigrams for each patient
among the three groups (clinical RBD, subclinical RBD, and normal REM sleep).

Table 2
Multiple regression analysis on factors associated with H/M ratio on MIBG scinti-
grams among the total PD patients.

Model I t p

Age -0.243 -1.831 0.074
Duration of PD morbidity 0.75 0.488 0.628
Hoehn & Yahr stages -0.104 -0.721 0.475
The existence of RBD symptoms -0.511 —3.267 0.002
The existence of RWA on PSG 0.61 0410 0.684

H/M: heart-to-mediastinum, MIBG: meta-iodobenzylguanidine.
RBD: REM sleep behavior disorders, RWA: REM sleep without atonia.

conclusions cannot be obtained from the results of this study, RBD
symptoms might be associated with wider a-synuclein pathology
as reflected by cardiac autonomic dysfunction.
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initiation and inhibition of saccade in
Parkinson disease

ABSTRACT

Objectives: The basal ganglia (BG) play an important role in controlling saccades. Deep brain stim-
ulation (DBS) of the subthalamic nucleus (STN) is widely used as a treatment of Parkinson disease
(PD) by altering the function of the BG. Nevertheless, the effects of STN DBS on saccade perfor-
mance are not fully clarified in a systematic manner. In this study, we examined the effects of
bilateral STN DBS on both the initiation and inhibition of saccades in PD.

Methods: Thirty-two patients with PD performed 4 oculomotor tasks. Two tasks (visually guided
saccades and gap saccades) were reflexive and 2 (memory-guided saccades [MGS] and antisac-
cades) were volitional. While taking their regular doses of antiparkinsonian drugs, patients per-
formed these tasks under 2 conditions: during DBS (DBS-on condition) and without DBS (DBS-off
condition). Fifty-one age-matched subjects served as controls.

Results: In the DBS-on condition, parameters of saccade initiation were improved in all tasks, with
shorter latencies and increased amplitudes, except for MGS latency. STN DBS improved the
ability to suppress unwanted saccades to the cue stimulus in the MGS task. However, it did not
suppress prosaccades during the antisaccade task.

Conclusions: These results suggest that deep brain stimulation (DBS) of the subthalamic nucleus
(STN) affects the neural pathway common to both reflexive and volitional saccades, possibly by
acting on the STN-substantia nigra pars reticulata-superior colliculi pathway. STN DBS may set
the functional level of the superior colliculi appropriate for both saccade initiation and inhibition
through this pathway. These findings provide novel insights into the pathophysiology of Parkinson
disease and may vyield better treatment strategies. Neurology® 2010;74:743-748

GLOSSARY

AS = antisaccades; BG = basal ganglia; DBS = deep brain stimulation; EOG = electro-oculography; GS = gap saccade;
MGS = memory-guided saccades; PD = Parkinson disease; RT = reaction time; SC = superior colliculus; SNr = substantia
nigra pars reticulata; STN = subthalamic nucleus; UPDRS = Unified Parkinson's Disease Rating Scale; VGS = visually guided
saccades.

The basal ganglia (BG) have 2 output pathways implicated in the control of movements: the
thalamocortical parallel pathways' and the brainstem motor networks.? The oculomotor circuit
of the former projects back to the frontal eye field and supplementary eye field, although little
is known about its physiologic and pharmacologic aspects. The role of the latter on saccadic eye
movement has been demonstrated not only anatomically but also physiologically and pharma-
cologically.?? Through the BG—superior colliculus (SC) pathway and the corticotectal path-
ways, the SC is the common terminal for controlling saccadic eye movements. Therefore,
saccades reflect the output of the BG, and can be a good indicator of BG function.
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Parkinson disease (PD) impairs not only
somatomotor functions but also oculomotor
functions. Patients with PD have difficulty in
initiating voluntary saccades. Memory-guided
saccades (MGS) are hypometric,*¢ and laten-
cies and error rates of antisaccades (AS) are
increased.”'° In contrast, reflexive saccades to
visual targets such as visually guided saccades
(VGS) are relatively spared.''* The preferen-
tial impairment of voluntary saccades as com-
pared with reflexive saccades has been
explained by the fact that the BG are more
involved in voluntary saccades such as
MGS.>>17 In addition to the difficulty in ini-
tiating saccades, patients with PD have diffi-
culty in suppressing unwanted saccades to
cues in the MGS task.? Nevertheless, it re-
mains unclear how the impairment of initia-
tion and inhibition of saccades can coexist.

Today, deep brain stimulation (DBS) of
the subthalamic nucleus (STN) has become a
common treatment for advanced PD. DBS is
believed to interfere with increased output
from the BG and improve the functions of its
target structures including the thalamus, a
component of the BG-thalamocortical cir-
cuits, and the SC, which is the output center
of ocular movement.?!82° Based on these ob-
servations, we considered that STN DBS will
affect saccade performance as well as motor
functions in PD, and we predicted that volun-
tary saccades would be more improved by
STN DBS than reflexive saccades.

There are some recent reports on the effects

of STN stimulation on saccades in patients
with PD. STN DBS decreases latencies of re-

2122 increases amplitudes of

flexive saccades,
reflexive saccades,

memory-guided saccades.?”? In addition, it re-

2l and increases gains of

duces interruptive saccades during fixation.?
However, the pathophysiology underlying ef-
fects of STN DBS on saccade performance are
not fully clarified. Our study was designed to
investigate the effect of STN DBS on the per-
formance of several kinds of saccades in a
large group of patients with PD. Our results
show that performances of both reflexive and
voluntary saccades are affected by STN DBS.
Along with the effect of STN DBS on initia-

tion and inhibition of saccades, our findings
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provide novel insights into the function of the

BG and the pathophysiology of PD.

METHODS Subjects. The subjects were 32 patients with PD
undergoing bilateral STN DBS (15 men and 17 women; age
58.3 = 7.9 [mean * SDJ; Hoehn & Yahr stage 2—4 [while medi-
cated, but with DBS off]) (table e-1 on the Neuro[ogy® Web site at
www.neurology.org). Their Unified Parkinson’s Disease Rating
Scale (UPDRS) part III scores were 6—44 in the DBS-off condition.
Their mean levodopa equivalent dose? was 528.4 + 397.2 mg. For
ethical reasons, subjects continued to take their antiparkinsonian
drugs as usual. We also collected control data from 51 age-matched
normal subjects (20 men and 31 women; age 57.1 * 8.3) for com-
parison with the patients’ results (table e-1).

The study was approved by the Ethics Committee of Tokyo
Metropolitan Neurological Hospital and the University of Tokyo.
A written informed consent was obtained from all participants in
the study. The experiments were conducted in accordance with the

ethical standards of the Declaration of Helsinki.

Experimental setup. We used the experimental system devel-
oped by Kato et al.* and Hikosaka et al.”” The head was immo-
bilized and DC electro-oculography (EOG) was recorded with 5
Ag-AgCl gel electrodes (bilateral outer canthi for horizontal eye
movement, upper and lower edges of the right eye for vertical eye
movements, and one ground on the forehead), with low-pass
filtering at 20 Hz and digitizing at a sampling rate of 500 Hz.
The calibration of EOG gain was adjusted to a target point at 20
degrees left or right. The subjects held a microswitch button and

could start and terminate a trial by pressing and releasing it.

Experimental procedures. Four oculomotor tasks—the
VGS, gap saccade (GS), MGS, and AS tasks—and the visual
detection task surveying the manual reaction time (RT)? were
performed in the DBS-on state. Two hours after turning off
DBS, the same tasks were performed in the DBS-off state in 26
of the 32 subjects. To exclude order effects, the on and off exper-
iments were reversed in the remainder of the subjects. UPDRS
part I1] was also measured in the DBS-on and DBS-off states. All
experiments were performed 90—120 minutes after the intake of

antiparkinsonian drugs.

Visually guided saccade task. A fixation point was turned
on, and the subjects had to fixate on this point. It was turned off
after an arbitrary period of 1,500-2,000 msec, and simulta-
neously the target point was turned on at 5, 10, 20, or 30 degrees
to the left or right randomly, and the subjects had to make a
saccade quickly to the new position (figure e-1A).

Gap saccade task. The GS task was identical to that of the
VGS, except that the target was turned on 200 msec after the
fixation point was turned off (figure e-1B). During the GS task,
we occasionally noted inappropriate saccades in the opposite di-
rection of the target immediately before initiating a correctly

directed saccade. We termed such saccades premature saccades.

Memory-guided saccade task. A fixation point was turned
on and while the subject gazed at it a cue was flashed for 50 msec
at the future location of the saccade target. The subject had to
memorize the position of the cue while looking at the fixation
point without making a saccade toward the flash. After 2,000
3,000 msec, the fixation point was turned off and the subject had
to quickly make a saccade to the remembered location of the
target. The target point was turned on again 600 msec after the
fixation point was turned off (figure e-1C). Saccades erroneously
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made to the flash cue stimulus during fixation were termed sac-

cades to cue.

Antisaccade task. A fixation point and a cue point were
turned on and off in the same way as in the VGS task, but the
subject had to make a saccade toward the opposite location of
the cue point (figure e-1D). In other words, the actual target
point for the saccade was a point opposite to where the cue
stimuli appeared. Saccades erroncously made toward the cue

point were termed prosaccades.

Visual detection task. This is not an eye movement task but a
kind of attention and hand movement task. A central fixation
point was turned on and left on throughout each trial. After an
arbitrary period of 2,000-2,500 msec, a target point was turned
on randomly 5, 10, 20, or 30 degrees to the left or right. The
subject had to release the button as soon as the target appeared,
without making a saccade toward it.

In all the tasks, subjects were asked to alternate between the
left and right hands in consecutive sessions to exclude possible

effects of response hand.

Data analysis and statistical assessment. We judged that
an eye movement (candidate of a saccade) occurred if velocity
and acceleration exceeded threshold values (28 deg/s and 90
deg/s® respectively). Eye movement was assessed as a saccade
based on its velocity and duration: after the onset, the velocity
had to exceed 88 deg/s, this suprathreshold velocity had to be
maintained for at least 10 msec, the end of the eye movement
was defined as the moment when the velocity decreased to less
than 40 deg/s, and the total duration time had to be more than
30 msec. However, EOG signals could contain a significant
amount of noise. Small, slow saccades could be omitted whereas
large fluctuations due to body movements could be judged to be
a saccade. The final judgment was made by visually inspecting
whether the eye movement was a saccade or not. Saccades with
latency of less than 60 msec were classified as anticipatory and
were excluded from analyses. Saccades with onset latency greater
than 660 msec in the MGS task were classified as a kind of
visually guided saccade which directed to the target after a time
lag. These were excluded from the analysis of MGS.

The saccade accuracy was calculated as the ratio of the ampli-
tude of the first saccade to the target presented at 20 and 30
degrees. We counted the frequency of premature saccades in the
GS task, saccades to cue in the MGS task, and prosaccades in the
AS task.

To assess the effect of STN DBS, the patients” performance
on the individual task, the results on the tasks were compared
using the 2-tailed paired Student’s # test. Furthermore, the re-
sults of 3 groups (the control subjects, patients with PD in
DBS-on state, and patients with PD in DBS-off state) were com-

pared using the Tukey-Kramer multiple comparison test.

RESULTS Saccade traces of one patient in the
DBS-on and DBS-off states (figure e-2) shows that sac-
cades were often hypometric without DBS, but became
less hypometric during DBS. Their latencies became
shorter and varied less during DBS. Saccades to the cue
in the MGS task were less common during DBS. Simi-
lar changes were detected in other patients (table e-2),
which we describe in the following sections.

Effects on saccade initiation. With or without DBS,

the latencies of saccades in the patients were longer
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than those in the control subjects (Tukey-Kramer
multiple comparison test; p < 0.001 for VGS, GS,
and AS, p < 0.006 for MGS) (table e-2). DBS signif-
icantly reduced the latencies in all types of saccade
except MGS (figure, A).

Without DBS, saccades of all types were more
hypometric in the patients than in the controls. The
accuracies of these saccades were improved signifi-
cantly by DBS (figure, B), but the accuracy was still
more hypometric than that of the controls, with the
exception of the AS task (p < 0.001 for VGS, GS,
and MGS; p = 0.280 for AS).

The improvement of UPDRS part III score corre-
lated with the improvement of VGS accuracy (r =
0.483, p = 0.005) and GS latency (» = —0.407, p =
0.021) (figure e-3).

Effects on saccade inhibition. Without DBS, the pa-
tients made saccades to cues in the MGS task more
often than the controls (» < 0.001). DBS made such
saccades significantly less frequent (figure, C).

Without DBS, the patients made prosaccades in
the AS task more often than the controls (p <
0.001). The frequency of such prosaccades was not
affected by DBS (figure, C).

Without DBS, the patients with PD made prema-
ture saccades in the GS task as often as the control
subjects (p > 0.980 both for DBS). The premature
saccades were not influenced by DBS (table e-2).

No parameters of saccade inhibition correlated with

the improvement of UPDRS part I1I score (figure e-3).

Effects on the visual detection task. Without DBS, RT
was longer in the patients than in the controls (p <
0.001). RT was significantly shortened by DBS in al-
D). The UPDRS part 111

scores were significantly improved by DBS in all the

most all the patients (figure,

patients (figure, D). The improvement of RT signifi-
cantly correlated with the improvement of UPDRS part
III score (r = 0.595, p < 0.001) (figure e-3).

DISCUSSION In this study, we found that in pa-
tients with PD undergoing levodopa therapy, STN
DBS improves performances of volitional saccades;
memory-guided saccades and antisaccades, as well as
those of reflexive saccades; visually guided saccades;
and gap saccades. In addition, STN DBS improved
the inhibitory control of saccades; STN DBS de-
creased the saccades to cue in MGS, but did not af-
fect the frequency of prosaccades in AS. The
improvement of the accuracy of VGS amplitude, the
latency of GS, and the RT correlated with the im-
provement of UPDRS part III score.

The BG are thought to play an important role in the
inhibitory control of saccades.?® In PD, both the initia-
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[ Figure Saccade results with deep brain stimulation (DBS) on and off

A Saccade latencies

VGS latency GS latency MGS latency AS latency
500¢ P=0.001 .+ 500 P<0.001 500¢ P=0.275 . 800p P=0.013 P
—_ _~". —_ - — a 2 —~ 6 0
1] . w . [72] 2] y
2 400 o% Oo B 400 o B 400 @;ﬁo £ 600 . o8
< o : )
£ 300 @5‘;’6&%’ £ 300 0?? L@ 5300 o S 100 %v@
g 200 gzoo 8% <éf 200 g
100 100 ‘ 100 200 o
0% ol ok ol
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500 0 200 400 600 800
DBS off (ms) DBS off (ms) DBS off (ms) DBS off (ms)
B Saccade accuracy
VGS accuracy GS accuracy MGS accuracy AS accuracy
1 p<0.001 Bt 1 p<0.001 oo 1¢ p<0.001 ° g 12¢ p=0.001
o g -~ o . o L
08} °°°9£-$§3 0.8 %oog's?% 08} ° % 20 opa t 00 .
c 0.8 c od® 5 ° c o c osl o .8
S o6l o W - Sosb ° ¥ ©.-% S o6t Q0 c Y $ 80 .
v Y °, 0 Y 9+ (7 I °,- (] 008 ..o
2 2 4 oaf 0 0 BT oA
0.4 0.4 0.4 0 "o 04f <83
02f - 02f - 02f .9 02b &

DBS on

0 " — s
0 02 04 06 08 1

DBS off

0 —s N s
0 02 04 06 08 1

DBS off

C Saccade errors D
Saccades to cue in MGS task  Prosaccades in AS task
1¢ P=0.002 . 1¢ P=0.066 . 150
0.8 , o 0.8} o 2
0.6t g 5 0.6 o 1o
S P 22 O
0.4 2% Q04 . cﬂngdo D 5
0.2}, % o o° 0.2} ogBo ©°
o8 % b5
. 02 04 06 08 1 00 02 04 06 08 1

DBS off

DBS off

0' A " o
0 02 04 06 08

0 e
0 0204 0608 1 12

DBS off DBS off
Reaction time UPDRS part Il
. nd 50 | ‘o
0 & 40}
8 % 3} 5
of ogRfe ® 20}
Qe&é’ .$C%0 ® e
: 0 a0 8
oL g0, o
0 500 1000 1500 0 10 20 30 40 50 60
DBS off (ms) DBS off

The figures show how the saccade latency (A), saccade amplitude (B), and frequency of saccade errors (C) changed when DBS was turned on. The horizontal
axis shows the DBS-off condition and the vertical axis shows the DBS-on condition. The plot falls on a line of unison, as indicated by the dashed line running
through the origin, if the saccade parameter is identical under subthalamic nucleus (STN) DBS-on and DBS-off conditions. Plots under this line show that
the parameter under the DBS-off condition is larger than that under the DBS-on condition, and vice versa. Reaction time (RT) was significantly shortened by
DBS in almost all the patients (D). Unified Parkinson’s Disease Rating Scale (UPDRS) part |ll scores were significantly improved by DBS in all the patients.
AS = antisaccades; GS = gap saccade; MGS = memory-guided saccades; VGS = visually guided saccades.

" Copyright (gogffkﬁﬁﬁﬁ?

tion and the inhibition of nontarget saccades are im-
paired. In a previous study, the frequency of saccades to
cue in MGS was found to be increased in patients with
PD, suggesting impaired inhibitory control of un-
wanted saccades.” Excessive inhibition of the SC, as pos-
tulated in the rate model of the BG circuit, would
actually prevent direct visuomotor execution in re-
sponse to the cue stimulus. This would be expected to
decrease the frequency of saccades to cue, which con-

flicts with the results of the present study.
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STN DBS decreased the frequency of saccades to
cue, suggesting that DBS restored the inhibitory control
of reflexive saccades. This restorative effect indicates
that STN DBS normalizes the inhibitory function of
the BG, setting the excitability of SC at an appropriate
level, both for initiating and inhibiting saccades. This
result seems consistent with the suggestion that the
STN plays an important role in keeping the eye posi-
tion fixed.?® Our results are better explained by the os-

cillation model of the BG circuit*?? than by the rate
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model of the BG circuit. The rate model predicts that if
DBS simply restored the firing rate of STN and reduced
the excessive inhibitory output through the STN-
substantia nigra pars reticulata (SNr) circuit, STN DBS
would not only facilitate initiation of saccades but also
increase the frequency of unwanted saccades to cue in
MGS task. In fact, STN DBS improved saccade initia-
tion but reduced unwanted saccade to cue. Recent stud-
ies take into account the oscillation in the BG.?3? Beta
band oscillations in BG are abnormally enhanced in
PD, and the desynchronization in beta band is required
to fulfill motor commands to override the elevated
threshold for saccade generation. STN DBS would de-
crease the pathologic oscillations and facilitate motor
commands in PD by decreasing the beta band and en-
hancing the gamma band, while reducing the BG out-
put and lowering the threshold. Reduction in the
oscillatory activities by DBS would help maintain the
appropriate SC excitability required for saccade initia-
tion and inhibition by normalizing the “leaky” suppres-
sion exerted by the BG and decrease the emergence of
unwanted saccades to cue. Therefore, STN DBS facili-
tates the initiation commands and also normalizes inhi-
bition commands. Furthermore, such oscillatory
activities might also spread “noisy input” throughout
the BG-thalamocortical pathway®® and disrupt process-
ing involved in saccade inhibition at the cortical
and subcortical regions. STN DBS would occlude
this noisy input and enable the effective function
of neural processing to be issued within the rele-
vant neural structures.

Our results indicate that STN DBS (in addition to
levodopa) causes a decrease in saccades to cue. A candi-
date locus explaining the improvement of inhibitory
control is the STN-SNr-SC circuit. This direct projec-
tion to the SC appears to play a more important role in
suppressing unwanted saccades than the BG-
thalamocortical pathway. STN DBS may thus improve
the function not only of the BG-thalamocortical path-
way, but also of the STN-SNr-SC circuit, although we
have to admit the limitation of this study; since we in-
vestigated the effects of STN DBS while the patients
were taking levodopa, the effects of levodopa may be
included in the baseline DBS-off state.

To date, inhibitory control of saccades has been
studied mostly using the AS task. In our study, the fre-
quency of prosaccades in the AS task was higher in pa-
tients with PD than in controls, which is consistent
with previous reports.®!° On the other hand, STN DBS
caused no change in the frequency of directional errors
in the AS task, suggesting that the inhibitory mecha-
nism involved in the AS task may be distinct from that
for inhibiting saccades to cue. The occurrence of pro-
saccades in the AS task has been explained by the failure
of the prefrontal cortex to inhibit the SC directly via the
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descending pathway'®!734 although some involvement
of the BG (i.e., the caudate nucleus) has also been sug-
gested for AS.3>¥ Therefore, STN DBS might specifi-
cally affect the inhibitory mechanism of saccades
mediated by the STN-SNir circuit rather than that me-
diated by the frontal cortex, leaving the frequency of
prosaccades unaffected.

The present results showed that both reflexive and
voluntary saccades are impaired in PD, consistent with
results of our previous study.” As mentioned in the In-
troduction, we predicted that MGS would be more im-
proved by STN DBS than VGS; however, we found
that saccades of both types were improved by STN
DBS. This suggests that STN DBS improves the func-
tion of the neural structures involved in saccades of both
types. The simplest explanation is that STN DBS im-
proves the function of the SC. If STN DBS works by
interfering with the overactivity of the STN-SNIr circuit
and reversing the excessive inhibition of the SC, it
would engender decreased latency and increased sac-
cade amplitude for both reflexive and voluntary sac-
cades. This is because SC comprises the final common
pathway for saccades of both types.

An alternative explanation, but not a mutually ex-
clusive one, is that STN DBS normalizes the activity of
the BG-thalamocortical circuits including the motor
and oculomotor loops. STN comprises part of this cir-
cuit. Therefore, STN DBS might induce functional
changes in the entire loop. Both volitional and reflexive
saccades would be affected by such functional changes
because the oculomotor cortical regions are directly or
indirectly connected with this circuit.
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Clinical Efficacy of Istradefylline (KW-6002) in Parkinson’s
Disease: A Randomized, Controlled Study

Yoshikuni Mizuno, MD,”< Kazuko Hasegawa, MD,2 Tomoyoshi Kondo, MD,3 Sadako Kuno, MD,4
and Mitsutoshi Yamamoto, MD?; The Japanese Istradefylline Study Group

!Department of Neurology, Research Institute for Diseases of Old Age, Juntendo University School of Medicine, Tokyo, Japan
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Abstract: The objectives of this study were to evaluate the
efficacy of istradefylline at an oral dose of 20 mg or 40 mg
once daily for 12 weeks in Parkinson’s disease (PD) patients
with motor complications on levodopa therapy based on the
change in the daily OFF time compared with placebo and to
assess the safety at these doses. A total of 363 subjects were
randomly assigned to receive 20 mg/day istradefylline (n
119), 40 mg/day istradefylline (n = 125), or placebo (n =
119). The primary outcome variable was the change from
baseline at endpoint in daily OFF time based on patients’
ON/OFF diaries. At endpoint, the daily OFF time reduced
from baseline by 1.31 hours for 20 mg/day istradefylline
(P = 0.013 as compared to the placebo), 1.58 hours for 40 mg/
day istradefylline (P < 0.001), and 0.66 hours for placebo;
istradefylline significantly reduced the daily OFF time com-

pared with placebo. The UPDRS Part III subscale score (ON
state) reduced by 5.7 at endpoint in both istradefylline groups
and 3.7 in the placebo group (P = 0.006 for 20 mg/day and
P = 0.006 for 40 mg/day group as compared with placebo).
The most commonly reported drug-related treatment emer-
gent adverse event (TEAE) was dyskinesia, which occurred
in 2.5% (3/119) of subjects receiving placebo, 8.5% (10/118)
receiving 20 mg/day istradefylline, and 6.4% (8/125) receiv-
ing 40 mg/day istradelylline. We conclude that istradefylline
at 20 mg and 40 mg once daily is effective in relieving wear-
ing-off fluctuations of PD patients. In addition, istradefylline
was well tolerated at both doses. © 2010 Movement Dis-
order Society

Key words: adenosine antagonists; istradefylline; Parkin-
son’s disease; levodopa; randomized controlled trial

Parkinson’s disease (PD) is characterized by tremor,
rigidity, bradykinesia, and postural instability’ mainly
caused by degeneration of dopaminergic neurons in the
substantia nigra.>™* Current treatments of PD focusing
on symptomatic management with dopaminergic thera-
pies, such as levodopa (L-dopa) and dopamine agonists,
are highly effective in controlling motor symptoms in
patients with early-siage disease.>® However, motor
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fluctuations, such as wearing-off and dyskinesia, limit
pharmacological intervention.”® Treatment of response
fluctuations currently involves combinations of regular
and controlled release L-dopa with the addition of a
catechol-O-methyl-transferase (COMT) inhibitor or a
monoamine oxidase B inhibitor, or use of a long-acting
dopamine agonist or high dose amantadine HCL.’

The motor symptoms observed in PD are physiologi-
cally postulated to result from an imbalance between
the activities in the vy-aminobutyric acid mediated
(GABAergic) striatonigral and GABAergic striato-
external pallidal output pathways, with the striato-exter-
nal pallidal pathway becoming excessively activated in
PD'>'? Adenosine receptors are classified into four
subtypes, Aj, Aza, Ap, and A Adenosine Aja recep-
tors are predominantly expressed in the GABAergic
striato-external pallidal output neurons.'”'* Adenosine
A, a receptor activation increases the excitability of the
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GABAergic striato-external pallidal output neurons
via adenosine A,, receptors in the striatum and ex-
ternal globus pallidus.'™'® Thus, blockade of adeno-
sine A, receptors would result in a decrease in
excessive activation of the striato-external pallidal out-
put pathway, restore the balance in the basal ganglia-
thalamocortical circuit and provide an alternative,
nondopaminergic approach to symptomatic relief of
PD. Morcover, overexpression of pallidal adenosine
Asa receptors in PD patients was reported using post-
mortem brain tissue.'’ suggesting a rationale for using
an adenosine A, 4 receptor antagonist in the treatment
of PD.

[stradefylline  (KW-6002:  (£)-8-(3,4-dimethoxys-
tyryl)-1.3-dicthyl-7-methyl-3.7-dihydro- 1H-purine-2,6-
dione) is a selective A, adenosine receptor antagonist,
which has a 12 nmol/L human binding affinity constant
(K)).""'° Istradefylline reverses motor impairments in
neurotoxin-induced experimental models of parkinson-
ism in rodents and in non-human primates.'™'"” This
compound restored motor activity into the normal
range in a non-human primate model of PD." whereas
I-dopa induced locomotor hyperactivity. In 1-dopa-
primed non-human primate mode! of PD, coadministra-
tion of istradefylline with a suboptimal dose of 1-dopa
improved the motor response.” Istradefylline improved
impaired mobility of dopamine D2 receptor-deficient
mice suggesting that this improvement was independ-
ent of dopaminergic system.”’ These preclinical studics
suggest that istradefylline may provide an antiparkin-
son effect as monotherapy in PD. and may provide
additional efficacy as an adjunct to r-dopa in patients
with motor complications. The potential for istradefyl-
line as an adjunct to t-dopa was demonstrated in PD
patients with wearing-off fluctuations.”* Istradefylline
was reported to have reduced the daily OFF time,
without an increase i ON time with troublesome dys-
kinesia.” ™ However. the potential for istradefylline
as an adjunct to L-dopa on motor symptoms themselves
remains to be explored. This study was conducted to
examine the efficacy of istradefylline as an adjunct
therapy to L-dopa in Japanese patients with advanced
PD.

PATIENTS AND METHODS

The study protocol was approved by the institutional
review boards at cach of the 47 participating centers.
The study was conducted between March 2007 and
August 2008 according to the principles of the Decla-
ration of Helsinki and national regulations,

Movenent Disorders, Vol 25, Nao 10, 2010

Patients

Informed consent was obtained from 423 patients
with PD, of whom 363 were randomized and received
double-blind treatment.

To be eligible for enrollment, subjects were required
to be receiving at least three doses of 1-dopa/decarbox-
ylase inhibitor (DCI) per day with a daily dosage of at
least 300 mg: to have been on a stable regimen of all
antiparkinsonian drugs for at least 4 weeks before ran-
domization; to have an average of at least 2 hours of
OFF time per day as calculated from patients ON/
OFF diaries: and to have PD in Stages 2 to 4 while in
the OFF state on the Modified Hoehn and Yahr Scale.
Subjects were 20 years of age or older at the time of
consent and all of them provided written consent them-
selves.

Main exclusion criteria included a history of neuro-
surgical operation for PD: transcranial magnetic stimu-
lation (TMS) within 6 months before randomization.
dementia or a Mini-Mental State Examination (MMSE)
score of 25 or less, and pregnant women.

Study Design

The enrolled subjects completed diary training and
entered the 12-week double-blind treatment period. At
the start of double-blind treatment. subjects were ran-
domly assigned to receive 20 mg/day istradefylline, 40
mg/day istradefylline. or placebo. At each postbaseline
visit, they were assessed for diary data, UPDRS Parts |
to IV. body weight, vital signs, and laboratory parame-
ters. The Modified Hoehn and Yahr stage and Clinical
Global Impression-Global Improvement (CGI-1) were
evaluated at the end of double-blind treatment, and an
ECG was recorded every 4 weeks during the treatment
period.

The dosage and dosing regimen of antiparkinsonian
drugs were maintained constant as far as possible within
4 weeks before randomization and during the treatment
period. In the case of a TEAE most probably related to
a specific antiparkinsonian drug, a reduction in the dos-
age of such antiparkinsonian drug was permitted.

Outcome Variables

The primary outcome variable was the change in the
daily OFF time calculated from patients” ON/OFF dia-
ries, which were developed by Hauser et al.® One di-
ary consisted of 30-minute time periods for 24 hours
beginning at 6:00 a.m. Each period was classified into
the following five categories of the subject’s condition:
Asleep, OFF state, ON state without dyskinesia, ON
state with nontroublesome dyskinesia, and ON state
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Subjects randomized Sereening faitures
n=363 % o=00
Reason:
Consent withdrawal (13)
Inclusion criteria (30)
Exclusion criteria (21)
Placebo 20 mg/day 40 mg/day
n=119 n=119 =125
Completed 12 Discontinued Completed 12 Discontinued Completed 12 Discontinued
weeks of prematurely weeks of prematurely weeks of prematurely
treatment =10 treatment n=13 treatment n=13
n=109 Reason: n=106 Reason: n=112 Reason:
Adverse event(2) Adverse event (7) Adverse event (8)
Subject withdrew Subject withdrew Non-compliance (1)
consent (7) consent (3) Subject withdrew
Investigator's Investigator's consent (4)
decision (1) decision (3)

* Some subjects had more than one reason for exclusion

FIG. 1. Patients flow through the trial.

with troublesome dyskinesia. Missing values at week
12 or early termination were imputed using the last
observation carried forward (LOCF) approach. The sec-
ondary outcome variables included the changes in the
percentage of OFF period during awake time per day,
the UPDRS Part 1 to III total score and the score of
each Part, and CGI-I. The safety variable was TEAESs,
which were determined by the investigator at each
postbaseline visit based on symptoms, body weight,
vital signs, laboratory results, ECG, and other data. A
drug-related TEAE was defined as a sign, symptom or
disease considered possibly, probably, or definitely
related to the study drug.

Statistical Methods

Subjects who received at least one dose of study
drug and who submitted at least one set of diaries
were included in the full analysis set. The primary out-
come variable was the change in the daily OFF time
analyzed using an analysis of covariance (ANCOVA)
model with the baseline OFF time as a covariate. Fur-
thermore, the differences in the mean OFF time reduc-
tion between 40 mg/day istradefylline and placebo, and
that between 20 mg/day istradefylline and placebo
were statistically analyzed using Williams’ test?” based
on ANCOVA model. The secondary outcome variables
were analyzed in a manner similar to that for the pri-
mary one. In terms of CGI-I, the difference from pla-

cebo for 20 mg/day and 40 mg/day istradefylline will
be analyzed by the Wilcoxon two-sample test.

Subjects who received at least one dose of study drug
and in whom any postbaseline safety data available were
included in the Safety Set. All TEAEs that occurred after
the start of double-blind treatment were evaluated.

RESULTS

Population

Of the 363 subjects who received double-blind treat-
ment, 357 subjects (placebo, 118; 20 mg/day istradefyl-
line, 115; 40 mg/day istradefylline, 124) were included
in the full analysis set, excluding 6 subjects who failed
to submit at least one set of diaries, and 362 subjects
(placebo, 119; 20 mg/day istradefylline, 118; 40 mg/day
istradefylline, 125) were included in the Safety Set,
excluding one subject who was withdrawn from the
study without taking any dose of study drug (Fig. 1).

No significant difference was noted in the demo-
graphic or baseline characteristics among the three
treatment groups (Table 1).

The Primary Outcome Variable

The daily OFF time changes from baseline at end-
point were —0.66 hours for placebo, —1.31 hours for
20 mg/day istradefylline, and —1.58 hours for 40 mg/

Movement Disorders, Vol. 25, No. 10, 2010
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TABLE 1. Demographic and baseline characieristics—full analvsis set

Placebo 20 mg/day 40 mg/day
Variable 118 115 124 P-value*
Age (yn) 65.0 = 7.6 651 £ 7.2 637 = 8.6 0.417
Gender (n)
Male 45 (38.1%) S0 (43.5%) 55 (44.4%) "0.574
Female T3 (61.9%) 05 (56.5%) 69 (55.6%)
BMIke/m™) 2182 = 355 2084 = 319 2196 + 361 10,984
Time since Diagnosis (vr) 8338 0 1820 8.037 *+ 4.076 8.080 * 4.048 ‘0.977
Time since onset of motor complications (vr) 3506 = 3.015 3167 = 2499 30126 & 2884 “0.555
The daily OFFF time per day (hr) 643 2 271 6.79 = 2.86 6.55 = 248 10598
UPDRS Part HI subscale score (ON state) 20.6 £ 9.2 21.0 L 10.6 200 2 110 0972
Daily dosage of prior t-dopa (mg) 426.3 #1430 407.0 £ 1131 4153 = 159.2 10726
Concomitant medications(n)
Dopamine agonists 105 (8904 11O (95.7%) 4 (91.9%) "0.166
Anticholinergic agents 23 (19.5%) I8 (15.74%) 23 (18.5%) "0.729
Selegiline 62 (52.5%) 57 (49.6) 67 (54.0%) 0782
Entacapone 15 (12.7%) 2201919 16 (12.9%) 0,292
Amantadine 43 (3816 43 (37.4%) 39 (31.5%) 0491
P 015

‘Kruskal-Wallis test
"Chi-square test

day istradefylline. The differences from placebo were
—0.65 hours for 20 mg/day istradefylline (P = 0.013)
and —0.92 hours for 40 mg/day istradefylline (P <
0.001) (P-values by Williams™ test) (Table 2). The
effect of the baseline OFF time in the ANCOVA
model was highly significant (t test. P < 0.001).

The Secondary Variables

The UPDRS part HI changes from baseline at endpoint
were —3.7 for placebo, —5.7 for 20 mg/day istradetyl-
line, and —5.7 for 40 mg/day istradefylline, The differen-
ces from placebo were —2.0 for 20 mg/day istradefylline
(P = 0.006) and —2.0 for 40 mg/day istradefylline (P =
0.006) (P-values by Williams™ test) (Table 3).

The percentages ol subjects in the “much improved
or better CGI-1 category at endpoint were 14.4% (17/

118y for placebo. 20.9% (24/115) for 20 mg/day istra-
defylline. and 23.4% (29/124) for 40 mg/day istrade-
fylline. The percentages of subjects in the “minimally
improved™ or better categories were 46.6% (55/118),
56.5% (65/115). and 356.5% (70/124), respectively.
There was a tendency for larger numbers of subjects in
better improved ranks in istradefylline treated groups.
However. in the comparison of distribution of 7 ranks
of improvement between placeho and each istradefyl-
line treated group, the differences did not quite reach
the statistical significance (P = 0.074 for 20 mg/day
istradefylline and P = 0.096 for 40 mg/day istradefyl-
line by Wilcoxon two-sample test).

The changes from baseline in the ON time with the
dyskinesia  (nontroublesome and troublesome com-
bined) at endpoint were —0.09 hours for placcho.
+0.14 hours for 20 mg/day istradefylline. and +0.32

TABLE 2. Daily OFF time based on patients’ ONJOFF diaries-actal and change from
haseline values—full analysis set

Placebo
118

20 mg/day 40 mg/day
115 124

Baseline (hr)"

Endpoint (hr)"

Change from Bascline at end point (hn)"
LS mean —0.66
LS mean(vs. placebo) -
P-value* -

643+ 2.7
3.2

I
580 = 3.27

6.79 = 2.86 6.55 = 248

542 + 337 4.99 &= 268
~1.31 ~1.58
—-0.65 ~0.92
0.013¢ <0.0014

“Mean +=SD

"LS (least squares) mean and P-value are based on the main eftects
vestigator and treatment.

“P-value by Williams”™ tesl.

P <0.025. NS: not significant,

Movepient Disorders, Volo 25, No, J0. 2010
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TABLE 3. UPDRS part HiI subscale score (ON state)—actual
and change from baseline values-Full Analysis Set

Placebo 20 mg/day 40 mg/day
118 115 124

Baseline" 206+92 210x106 211 *110
Endpoint 167 94 149 +101 152 =111
Change from Baseline at end point”

LS mean —3.7 —-5.7 -57

LS mean(vs. placebo) - =20 -2.0

P-value® - 0.006¢ 0.006*

“Mean *=SD

°LS (least squares) mean and P-value are based on the main
effects ANCOVA with terms for baseline, investigator and treatment.

€P-value by Williams’ test.

9P < 0.025, NS: not significant.

hours for 40 mg/day istradefylline. There were no sig-
nificant differences for both 20 mg/day and 40 mg/day
istradefylline versus placebo. Regarding the trouble-
some dyskinesia, the changes in ON time with trouble-
some dyskinesia were —0.10 hours for placebo, +0.07
hours for 20 mg/day istradefylline and +0.25 hours for
40 mg/day istradefylline. ON time with troublesome
dyskinesia was slightly but significantly longer in 40
mg/day istradefylline compared with placebo {Williams’
test, P = 0.011). No significant difference was observed
between 20 mg/day istradefylline and placebo.

Safety
The incidences of TEAEs were 58.0% (69/119) in
the placebo group, 59.3% (70/118) in the 20 mg/day
istradefylline group, and 59.2% (74/125) in the 40 mg/
day istradefylline group. The most commeonly reported

1441

TEAE was nasopharyngitis, which occurred in 4.2%
(5/119) of subjects receiving placebo, 5.9% (7/118)
receiving’ 20 mg/day istradefylline, and 8.8% (11/125)
receiving 40 mg/day istradefylline. The common TEAEs
are summarized in Table 4. Dyskinesia, reported as
a drug-related TEAE, occurred in 2.5% (3/119) of
subjects receiving placebo, 8.5% (10/118) receiving
20 mg/day istradefylline, and 6.4% (8/125) receiving
40 mg/day istradefylline.

No deaths were reported in the study. Serious
adverse events were observed in two subjects receiving
placebo (three events; external injury of head, CPK
increased and transient ischaemic attack), in three sub-
jects receiving 20 mg/day istradefylline (four events;
worsening of lumbago and compression fracture at L2,
systemic contusion due to a fall, and multiple gastric
ulcers (active stage)), and in 6 subjects receiving 40
mg/day istradefylline (eight events; emphysema, CK
increased and right upper limb peripheral nerve disor-
der of right upper limb, cough, hypertension, cholecys-
titis, and depression aggravated and persecutory delu-
sion). There were no differences in TEAEs between
the istradefylline group and the placebo group.

DISCUSSION

We evaluated the efficacy and safety of istradefyl-
line in Japanese patients with PD in this study.

In the primary outcome variable, the changes in the
daily OFF time from baseline at endpoint were —0.66
hours for placebo, —1.31 hours for 20 mg/day istrade-
fylline, and —1.58 hours for 40 mg/day istradefylline.

TABLE 4. Treatment emergent adverse events (those reported for 3% or more of subjecis)—

Safery Set
Placebo 20 mg/day 40 mg/day
(n =119) (n = 118) (n = 125)

[System organ class]

preferred term n (%) n (%) n (%)

Subjects with any TEAE 69 58.0 70 59.3 74 59.2
Nasopharyngitis 5 42 7 5.9 11 8.8
Constipation 7 59 6 5.1 8 6.4
Dyskinesia 3 2.5 10 85 8 6.4
Blood creatine phosphokinase increased 4 3.4 8 6.8 6 4.8
Blood trypsin increased 6 5.0 2 1.7 S 4.0
Protein urine present 3 2.5 2 1.7 8 6.4
Upper respiratory tract inflammation 1 0.8 4 34 7 5.6
Blood urine present 1 0.8 7 59 3 2.4
Contusion 3 2.5 3 2.5 4 32
Lipase increased 5 4.2 1 0.8 4 32
Blood urea increased 1 0.8 2 1.7 5 4.0
Nausea 2 1.7 4 34 2 1.6
Somnolence 2 1.7 4 34 1 0.8
Hallucination 0 0.0 2 1.7 4 32
Back pain 1 0.8 4 34 0 0.0
Glucose urine present 0 0.0 4 34 1 0.8

Movement Disorders, Vol. 25, No. 10, 2010
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The differences from placebo were —0.65 hours for 20
mg/day istradefylline (ANCOVA., P = 0.013) and
—0.92 hours for 40 mg/day istradefylline (ANCOVA,
P < 0.001). Istradefylline was shown to significantly
reduce the daily OFF time in Japanese PD patients
compared with placebo.

The duration of the baseline OFF time appeared to
be an important prognostic factor as we found a strong
positive correlation between the duration of the baseline
OFF time and the magnitude of reduction in OFF time
at endpoint. Among other clinical variables studied
[age. gender. body mass index (BMI), time since diag-
nosis. time since onset of motor complications, Modified
Hochn and Yahr Scale in the OFF state, daily 1-dopa
dosage, and combined antiparkisonian drugs], only the
age of the patients and the BMI showed positive corre-
lations (F test, P = 0.002 for age, P = 0.042 for BMI).

Three studies conducted in North America in a simi-
lar design to this study proved the effect of istradefyl-
line reducing the daily OFF time at 3 dose levels (20
mg/day. 40 mg/day, and 60 mg/day).> > The reduc-
tions from placebo in the daily OFF time were —0.39
and —0.73 hours for 20 mg/day istradefylline (2 stud-
ics) (ANCOVA, P = 0.055 and P = 0.033), —1.16
hours for 40 mg/day istradefylline (ANCOVA, P =
0.006) and —0.77 hours for 60 mg/day istradefylline
(ANCOVA, P = 0.023), whereas reductions from pla-
cebo in this study were similar between 20 mg/day and
40 mg/day istradefylline. The reductions at cach dose
were almost same in 3 clinical studies in North Amer-

ica and this study. This study supported the results of

clinical studies conducted in North America.

In the secondary outcome variables. these clinical
studies in North America could not prove the reduction
of the UPDRS Part III subscale (ON state) score from
bascline at endpoint. Whereas istradefylline at 20 mg/
day and 40 mg/day significantly reduced the UPDRS
Part 1II subscale score (ON state) compared with pla-
cebo in this study. Istradefylline was shown to be
effective in improving the UPDRS Part I subscale
score (ON state) as well as in reducing the daily OFF
time in Japanese PD patients.

In terms of safety. the most commonly reported
TEAE in this study was nasopharyngitis (placcbo,
4.2%: 20 mg/day istradefylline. 5.9%: 40 mg/day istra-
defylline. 8.8%). which was considered by investiga-
tors to be unrelated to istradefylline in all cases. The
most commonly reported drug-related TEAE was dys-
kinesia (placebo, 2.5%; 20 mg/day istradefylline, 8.5%:
40 mg/day istradefylline, 6.4%) in this study. No dose-
dependent increase was found in the incidence of dys-
kinesia. The intensity was mild to moderate in all cascs
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and no subjects expericnced severe dyskinesia. Based
on these results, it was found that istradefylline is well
tolerated in Japanese PD patients.

In the studies conducted in North America, the most
frequently reported drug-related TEAE was also dyski-
nesia and the intensity was similar to that in this study.
There were no great differences between the studies
conducted in North America and this study in the inci-
dences of other drug-related TEAEs or the values of
laboratory or other test results.

In conclusion, istradefylline at 20 mg and 40 mg
once daily is effective in relieving wearing-of! fluctua-
tions (as measured by reductions in OFF time) and
improving motor function during ON state (as meas-
ured by reductions in the UPDRS Part Il subscale
score) in Japanese PD patients with motor complica-
tions on r-dopa therapy. Moreover, istradefylline was
well tolerated at both doses.
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APPENDIX

The Japanese Istradefylline Study Group Investigators
included the following members: K Sakou (Nakamura
Memorial Hospital); M Shoji (Hirosaki University
School of Medicine & Hospital); T Abe (Abe Neurol-
ogy Clinic); H Nomura (Kohnan Hospital); T Maeda
(Research Institute for Brain and Blood Vessels Akita);
S Shintani (Toride Kyodo General Hospital); A Tam-
aoka (Tsukuba University Hospital); K Hirata (Dokkyo
Medical University Hospital); R Hishida (Oyama
Municipal Hospital); I Nakano (Jichi Medical School
Hospital); K Okamoto (Gunma University Hospital);
M Asahina (Chiba University Hospital); H Shimura
(Juntendo University Urayasu Hospital}; H Hashida
(Japanese Red Cross Medical Center); H Mochizuki
(Juntendo University Hospital); H Mizusawa (Tokyo
Medical and Dental University Hospital); R Hanajima
(The University of Tokyo Hospital); Y Suzuki (Nihon
University Itabashi Hospital); S Nakamura (Juntendo
Tokyo Koto Geriatric Medical Center); M Yokochi
(Tokyo Metropolitan Ebara Hospital); F Yokochi (Tokyo
Metropolitan Fuchu Hospital); S Kuno (National Cen-
ter of Neurology and Psychiatry); K Hasegawa (Saga-
mihara National Hospital); H Takahashi (Tokai Univer-
sity Hospital); T Hashimoto (Aizawa Hospital); H
Morita (Shinshu University Hospital); H Miyajima
(Hamamatsu University School of Medicine, University
Hospital); T Ohashi (Seirei Hamamatsu General Hospi-
tal); T Atsumi (Atsumi Neurology Clinic); K Mizogu-
chi (National Epilepsy Center Shizuoka Institute of
Epilepsy and Neurological Disorders); T Hattori (Hon-
machi Clinic); H Sawada (National Hospital Organiza-
tion Utano National Hospital); Y Tatsuoka (Tatsuoka
Neurology Clinic); S Matsumoto (Kitano Hospital); H
Fujimura (Toneyama National Hospital); H Miwa
(Wakayama Medical University Hospital); K Naka-
shima (Tottori University Hospital); J Yoshinaga (Hir-
oshima City Hospital); M Yamamoto (Kagawa Prefec-
tural Central Hospital); M Nomoto (Ehime University
Hospital); T Yamada (Fukuoka University Hospital); T
Uozumi (University of Occupational and Environmen-
tal Health, School of Medicine Hospital); T Kondo
(National Hospital Organization Nagasaki Medical
Center of Neurology); H Tanji (Tohoku Kosei Nenkin
Hospital); A Takeda (Tohoku University Hospital); N
Kawashima (Kawashima Neurology Clinic); Y Ishigaki
(Johsai Neurology Clinic).
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