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A Randomized Double-Blind Placebo-Controlled Phase III Trial
of Selegiline Monotherapy for Early Parkinson Disease
Yoshikuni Mizuno, MD,* Nobutaka Hattori, MD,* Tomoyoshi Kondo, MD,† Masahiro Nomoto, MD,‡
Hideki Origasa, PhD,§ Ryosuke Takahashi, MD,|| Mitsutoshi Yamamoto, MD,¶ and Nobuo Yanagisawa, MD#
Background: In Japan, selegiline has been approved for combination
therapy with levodopa for Parkinson disease (PD). We conducted a trial
of selegiline monotherapy for early PD.
Methods: In this 12-week controlled phase III trial, a total of 292 subjects
were randomized to receive placebo (n = 146) (full analysis set 140) or
selegiline (n = 146) (full analysis set 139). The primary outcome measure
was thechange in theUnifiedParkinsonDiseaseRatingScalepart I + II + III
total score from baseline to the final visit. Other secondary measures and a
safety profile were evaluated.
Results: Selegiline monotherapy reduced the primary outcome measure
by −6.26 ± 7.86 compared with the placebo −3.14 ± 6.98 (mean ± SD,
P = 0.0005 by analysis of covariance). There was no significant difference
in the number of adverse events between the 2 groups (P > 0.05).
Conclusions: Selegiline monotherapy reduced the total Unified Parkinson
Disease Rating Scale part I + II + III score and was well tolerated in Japanese
patients with early PD.
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P arkinson disease (PD) is one of the most common neurodegen-
erative disorders. In early de novo PD patients, the use of levo-

dopa, dopamine agonists, and/or monoamine oxidase type B
inhibitors (selegiline or rasagiline) is recommended.1–3 In our pre-
vious double-blind study in Japan regarding selegiline for PD, a
significant improvement was obtained only for the combined use
of selegiline and levodopa. Therefore, we conducted a phase III
trial with selegiline monotherapy for de novo PD patients.
MATERIALS AND METHODS
This study was a 12-week, randomized, double-blind, parallel-

group, placebo-controlled trial conducted between January 2012
and December 2013 at 50 Japanese sites. The study was approved
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by the institutional review boards in accordance with the principles
described in the Declaration of Helsinki. After giving informed
consent, patients from 20 to 75 years old and diagnosed with
PD according to the UK Parkinson's Disease Society Brain
Bank criteria were randomized (1:1) to receive selegiline (week
0–1, 2.5 mg once daily after breakfast; week 2–3, 2.5 mg twice
daily; week 4–5, 5 mg and 2.5 mg; week 6–12, 5 mg all after
breakfast and lunch) or placebo.

Enrolled patients had received no previous treatments and
had exhibited motor symptoms for less than 5 years, a Hoehn
andYahr stage of 1 to 3, and the Unified Parkinson Disease Rating
Scale (UPDRS) part III scores of 10 points or greater. Patients
who had received anti-PD medication for less than 12 weeks
and had not used anti-PD medications within 12 weeks before
the first dose of the investigational drugs were also enrolled. Pa-
tients were excluded from the study if they received treatments,
such as pethidine, tramadol, tricyclic antidepressants, selective se-
rotonin reuptake inhibitors, serotonin-noradrenalin reuptake in-
hibitor, selective noradrenalin reuptake inhibitors, noradrenergic
and specific serotonergic antidepressants, certain antihistamine
drugs, or drugs possibly affecting PD symptoms, within 3 weeks
before the first dose of the study drug. Patients who received an-
ticancer agents and other investigational or unapproved drugs in
Japan within 26 weeks before the first dose of the study drug were
also excluded. Patients were also excluded if they had any of the
following concomitant psychiatric symptoms: impaired conscious-
ness, hallucinations, delusions, and abnormal disorders. Other pa-
tients were excluded if they received ongoing therapy for epilepsy,
had serious subsequent complications (cardiovascular, renal, he-
patic, or hematologic disorders), had past or current concomitant
schizophrenia, or had past or current abuse of central nervous sys-
tem stimulants, such as antihypnotic drugs or cocaine. Finally, pa-
tients were excluded if they were women who were pregnant or
lactating, were willing to become pregnant during the trial, or
who had participated in other past clinical trials of selegiline.

The primary outcome measure was the change in the total
UPDRS part I + II + III score from the baseline to the final visit.
Secondary outcome measures were the changes from baseline to
the final visit: (1) total UPDRS part II + III score; (2) UPDRS part
I, II, III, and IV scores; (3) proportions of responders who
achieved more than a 20%, 25%, or 30% reduction in the total
UPDRS part I + II + III scores; (4) modified Hoehn and Yahr scale;
and (5) Clinical Global Impression of Improvement (CGI-I) at the
final visit. Safety assessments included the number of adverse
events, vital signs, electrocardiogram results, and laboratory tests.

All efficacy analyses were performed on the full analysis
set (FAS), which was defined as all randomized subjects who
received at least 1 dose of the study drug and were assessed
with any efficacy measurement after medication. If there were
any missing values, then the last observation carried forward
was applied. All the safety analyses were conducted on the
safety population (SP), defined as subjects who received at least
1 dose of the study drug and were assessed with any safety mea-
surements. The primary and secondary efficacy measurements
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(except for the modified Hoehn and Yahr scale, CGI-I, and pro-
portions of responders) were compared between groups using an
analysis of covariance. The modified Hoehn and Yahr scale
or CGI-I was compared between groups using a Wilcoxon rank
sum test and Fisher exact test, and the proportions of re-
sponders were compared using a Fisher exact test. The signifi-
cance level was set at P < 0.05 (2-tailed test).
RESULTS
A total of 292 patients were randomized to either the selegiline

or placebo group (both 146 patients). One patient from the
selegiline and 2 patients from the placebo group were excluded
before the initiation of treatment because of failure to meet the
inclusion criteria or withdrawal of consent. Patients who vio-
lated the Good Clinical Practice guidelines after the initiation
of treatment were excluded from the study (3 from each group).
FIGURE 1. Study flow diagram (numbers in parentheses indicate the nu
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Another 3 patients from the selegiline group who met the ex-
clusion criteria were excluded from the FAS. One patient in
the placebo who violated Good Clinical Practice guidelines was
excluded from the FAS but was included in the SP. Overall, 129
and 124 patients from the selegiline and placebo groups, respec-
tively, completed the study. Patients who were discontinued after
the initiation of therapy were included in the SP and FAS analyses
(13 from the selegiline and 17 from the placebo groups). There-
fore, 139 and 140 patients from the selegiline and placebo groups,
respectively, were included in the FAS population. The SP popula-
tion included 142 and 141 patients from the selegiline and placebo
groups, respectively (Fig. 1). No significant differences between
the 2 groups were noted in the baseline characteristics (Table 1).

We observed a significant difference in the primary outcome,
a change in total UPDRS part I + II + III, frombaseline (mean ± SD;
selegiline, 26.45 ± 11.16; placebo, 26.58 ± 11.53) to the final visit
(selegiline, 20.19 ± 12.95; placebo, 23.44 ± 13.58) (difference,
mber of patients included in the respective categories).

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Patient Demographics at Baseline

Placebo (n = 140) Selegiline (n = 139) P

Sex*

Male 66 (47.14) 59 (42.45) 0.4708
Female 74 (52.86) 80 (57.55)

Age, y†‡

Mean range 64.16 ± 7.82 63.86 ± 8.51 0.9615
30–39 1 (0.71) 2 (1.44)
40–49 8 (5.71) 10 (7.19)
50–59 20 (14.29) 18 (12.95)
60–69 66 (47.14) 66 (47.48)
70–74 45 (32.14) 43 (30.94)

UPDRS score§

Part I 0.63 ± 1.05 0.76 ± 1.11 0.3000
Part II 6.20 ± 3.95 6.00 ± 3.37 0.6497
Part III 19.75 ± 8.50 19.69 ± 8.24 0.9528
Part IV 0.19 ± 0.45 0.22 ± 0.49 0.6838
Part I + II + III 26.58 ± 11.53 26.45 ± 11.16 0.9266
Part II + III 25.95 ± 11.31 25.69 ± 10.83 0.8451

Modified Hoehn and Yahr scale†

Mean range 2.12 ± 0.61 2.08 ± 0.60 0.5610
1 15 (10.72) 19 (13.67)
1.5 18 (12.86) 10 (7.19)
2 52 (37.14) 65 (46.76)
2.5 29 (20.71) 21 (15.11)
3 26 (18.57) 24 (17.27)

Values shown are the means ± SDs or number of patients (%).
*Fisher exact test.
†Wilcoxon rank sum test.
‡At the time that informed consent was obtained.
§t test.
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−3.12 ± 7.43; P = 0.0005; Fig. 2). The change in the total UPDRS
part II + III score from baseline (selegiline, 25.69 ± 10.83; placebo,
25.95 ± 11.31) to the final visit (selegiline, 19.70 ± 12.60; placebo,
22.96 ± 13.41) was also significant (difference, −3.01 ± 7.25;
P = 0.0006; Fig. 3A). No significant difference was noted
FIGURE 2. Mean changes from baseline in the total UPDRS part I + II +

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
between the groups regarding the change in the UPDRS part I
score from baseline (Fig. 3B). The difference in the UPDRS part
II score between groups from baseline (selegiline, 6.00 ± 3.37;
placebo, 6.20 ± 3.95) to the final visit (selegiline, 4.87 ± 3.73;
placebo, 5.91 ± 4.50) and the difference in the UPDRS part III
III scores.
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FIGURE 3. Mean changes from baseline in the UPDRS part II + III total scores and part I, II, and III scores.
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score between the groups from baseline (selegiline, 19.69 ± 8.24;
placebo, 19.75 ± 8.50) to the final visit (selegiline, 14.83 ± 9.47;
placebo, 17.06 ± 10.24) were both significant (Figs. 3C, D). The
difference between groups on the CGI-I scale (P < 0.0001, Fig. 4)
and proportions of responders (P < 0.001, Table 2) were
significant. The modified Hoehn and Yahr scale was not different
between groups (Table 3). In the post hoc analyses, the efficacy
regarding the individual PD symptoms is listed in Table 4.
FIGURE 4. Comparison of CGI-I scores between placebo and selegiline.
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The total incidence of adverse events in the placebo and
selegiline groupswas 90 and 100 cases, respectively. The total num-
ber of adverse drug reactions was 41 and 53 cases, respectively.
These differences were not significant (P > 0.05). The only adverse
drug reaction that occurred in more than 5% of patients was consti-
pation in the selegiline group, but all of these incidences were mild
or moderate in intensity. The adverse drug reactions that were re-
ported to occur in more than 1% of patients are shown in Table 5.
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Proportions of Responders Achieving a 20%, 25%, 30%, or More Reduction in the Total UPDRS Part I + II + III Scores

Reduction in the Total UPDRS I + II + III Score Group n Responder Nonresponder P*

More than 20% Placebo 140 48 92 <0.0001†

(34.29) (65.71)
Selegiline 139 87 52

(62.59) (37.41)
More than 25% Placebo 140 44 96 0.0002†

(31.43) (68.57)
Selegiline 139 75 64

(53.96) (46.04)
More than 30% Placebo 140 38 102 0.0008†

(27.14) (72.86)
Selegiline 139 65 74

(46.76) (53.24)

Values inside parentheses are percentages.
*Fisher exact test.
†P < 0.05, after adjustment for multiplicity.
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Serious adverse events were observed in 4 patients treated with
selegiline (1 had pneumonia, 1 had gallstones and acute cholecysti-
tis, 1 had akinesia, and 1 had obstructive jaundice, pancreatic duct
obstruction, and pancreatic cancer). However, these adverse events
were not judged to be related to the study drug. No clinically rele-
vant changes from the baseline were observed in the laboratory re-
sults, vital signs, or electrocardiogram results.

DISCUSSION
According to the Parkinson Study Group, selegiline (10 mg)

for early de novo PD delayed the onset of disability associated
with early PD.4,5 In the final report of the study, they found the ob-
served benefit of selegiline in delaying disability to be partly re-
lated to a symptomatic amelioration, because of worsening of
the UPDRS motor scores during the 2 months after withdrawal
of test drugs. They also described adverse events during the test
trial in detail. There was no serious adverse event in 4 arms of
the treatments.5

However, this effect was mainly symptomatic. It is well es-
tablished that initial treatment with selegiline delays the need for
levodopa in PD.6–9 In addition, in patients treated with levodopa
or bromocriptine, selegiline might be partially neuroprotective in
addition to its symptomatic effect.10–15

In 1996, we published a double-blind study using selegiline
for Japanese patients with PD. Concomitant use of selegiline
with levodopawas significantly better than placebowith levodopa
TABLE 3. Comparison of the Modified Hoehn and Yahr Staging Sc

n

Modified Hoehn

Stage 0 Stage 1 Stage1.5 Stage

Placebo 140 0 20 16 56
(0.00) (14.29) (11.43) (40.00

Selegiline 139 0 24 14 67
(0.00) (17.27) (10.07) (48.20

Values inside parentheses are percentages.
*Wilcoxon rank sum test.
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(30.2% vs 15.3%, P < 0.002, n = 159 vs 157). Use of selegiline
without levodopa did not reach statistical significance (27.5% vs
18.8%, P = 0.231, n = 69 vs 64). In this study, we investigated
the effects of selegiline in de novo PD patients who were not tak-
ing any anti-PD drugs.

In the present study, the primary outcome measure (UPDRS
I + II + III) in patients treated with selegiline improved by
−6.26 ± 7.86 points (placebo, −3.14 ± 6.98 points). The difference
between the groups was significant and supports the clinical ef-
ficacy of selegiline monotherapy for untreated patients with
early PD. The adverse event rate was not significantly different
between the 2 groups. The −3.12 point difference between the
selegiline and placebo groups in the UPDRS I + II + III score
after 3 months of treatment was similar to previous studies (−2.6
to −5.8).4,5,7,9,11,13,15 In the secondary analyses, selegiline was su-
perior regarding the UPDRS part II + III, UPDRS part II, and
UPDRS part III scores. The efficacy of selegiline was considered
to be clinically meaningful with the improvements on the
UPDRS scores (UPDRS part I + II + III [−6.26 ± 7.86], part
II [−1.13 ± 2.18], and part III [−4.86 ± 5.94]), because these
scores were greater than the score defined as a minimal clini-
cally important change as reported before (−3.5, −0.7, and −2.4
points, respectively).16 Post hoc analyses revealed the efficacy
of selegiline monotherapy for all cardinal symptoms of PD.

The safety analysis revealed no significant differences in the
rates of adverse events and adverse drug reactions between the 2
ale in the Selegiline and Placebo Groups at the Final Assessment

and Yahr Staging Scale

P*2 Stage2.5 Stage 3 Stage 4 Stage 5

25 22 1 0 0.1702
) (17.86) (15.71) (0.71) (0.00)

18 16 0 0
) (12.95) (11.51) (0.00) (0.00)
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TABLE 4. Efficacy Regarding Individual PD Symptoms

Symptoms Group n

Baseline Change From Baseline Difference Between Groups

Mean SD LSMEAN SE LSMEAN SE 95% CI P*

Tremor Placebo 140 3.675 3.003 −0.776 0.135 −0.402 0.191 −0.779 to −0.026 0.0363
Selegiline 139 4.252 3.384 −1.179 0.135

Rigidity Placebo 140 5.057 2.891 −0.774 0.163 −0.518 0.231 −0.973 to −0.063 0.0258
Selegiline 139 5.094 2.742 −1.292 0.164

Bradykinesia Placebo 140 8.186 4.429 −0.741 0.249 −1.030 0.353 −1.724 to −0.336 0.0038
Selegiline 139 8.050 4.074 −1.771 0.250

Postural instability/gait disturbance Placebo 140 2.700 1.940 −0.166 0.104 −0.297 0.148 −0.588 to −0.006 0.0452
Selegiline 139 2.439 2.054 −0.463 0.104

*Analysis of covariance.

CI, confidence interval; LSMEAN, least square mean.
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groups. Although serious adverse events were observed only in
the selegiline group, none of these events were judged by the in-
vestigators to be related to selegiline.
TABLE 5. Adverse Drug Reactions With an Incidence Rate of 1% or

Event

Placebo

No.

Gastrointestinal disorders
Abdominal discomfort 2
Abdominal pain upper 2
Constipation 5
Diarrhea 2
Nausea 1

General disorders and administration site conditions
Pyrexia 2
Thirst

Hepatobiliary disorders
Liver disorders

Investigations
Blood pressure increased
Blood urea increased
Gamma-glutamyltransferase increased
Blood alkaline phosphatase increased 1

Metabolism and nutrition disorders
Decreased appetite 3

Musculoskeletal and connective tissue disorders
Back pain 5
Extremity pain 3

Nervous system disorders
Dizziness 1
Headache
Somnolence 1

Psychiatric disorders
Hallucinations, visual
Insomnia 3

Skin and subcutaneous tissue disorders
Eczema 4

Vascular disorders
Hypertension
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One of the weaknesses of our study was the duration of
the treatment. Twelve weeks of observation may be too short.
Currently, an open-label long-term study using selegiline is
Higher

(n = 141) Selegiline (n = 142)

% No. %

1.42 4 2.82
1.42
3.55 9 6.34
1.42 2 1.41
0.71 3 2.11

1.42
4 2.82

2 1.41

2 1.41
2 1.41
3 2.11

0.71 3 2.11

2.13 1 0.70

3.55 2 1.41
2.13 1 0.70

0.71 2 1.41
2 1.41

0.71 3 2.11

2 1.41
2.13 4 2.82

2.84 1 0.70

5 3.52

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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being conducted to determine the long-term efficacy and
adverse effects.

In conclusion, selegiline monotherapy is efficacious in
Japanese patients with early PD and is associated with accept-
able, tolerable adverse effects.
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