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ABSTRACT: Background: Characterization of
patient factors associated with istradefylline efficacy
may facilitate personally optimized treatment.
Objectives: We aimed to examine which patient factors
are associated with favorable istradefylline treatment
outcomes in PD patients with motor complications.
Methods: We performed a pooled analysis of data
from two identical phase 2b and 3 Japanese studies
of istradefylline. Logistic regression models were used
to assess the association of 12 patient characteristics
with favorable outcomes.
Results: Off time reduction and increased good on time
with istradefylline provided a significantly favorable
response in patients aged ≥65 years. Off time reduction
was more favorable in patients with ≥8-hour daily off time
at baseline. Improvement in UPDRS Part III was favorable
in patients with UPDRSPart III baseline score ≥ 20.
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Conclusions: Several patient factors influenced the
effect of istradefylline on motor fluctuations, motor
function, activities of daily living, and clinical impres-
sion. © 2020 The Authors. Movement Disorders publi-
shed by Wiley Periodicals, Inc. on behalf of
International Parkinson and Movement Disorder
Society.

Key Words: efficacy; istradefylline; Japan; Parkinson’s
disease; treatment outcome

Parkinson’s disease (PD) is a progressive neurodegener-
ative disorder that affects 1% of people aged >65 years.1

PD treatment research has been dominated by dopaminer-
gic therapies with levodopa, which currently is the most
effective symptomatic treatment for PD.2 However, onset
of motor complications limits pharmacological interven-
tions.2 Therefore, the characterization and specific needs
of patients with motor subtypes and motor complication
subtypes are of interest to facilitate a personalized thera-
peutic approach.3

Istradefylline (KW-6002) is the first selective adeno-
sine A2A receptor antagonist available in Japan and the
United States for treatment of the off time in PD
patients treated with L-dopa-containing preparations.
Istradefylline is considered a nondopaminergic symp-
tomatic anti-PD pharmacotherapy,4,5 with adenosine
A2A receptor antagonism in the basal ganglia, but also
a lack of influence on dopaminergic receptors/enzymes,
and has demonstrated antiparkinsonian effects in clini-
cal studies.6,7 In phase 2b and 3 clinical studies in PD
patients treated with L-dopa in Japan, istradefylline
elicited a reduction in off time as well.8,9

We aimed to establish which patient factors are likely
to influence patient outcomes after istradefylline ther-
apy and hence its future use in personally optimized
treatment.

Patients and Methods
Patient Population and Study Design

We performed a pooled analysis of two Japanese stud-
ies8,9 of istradefylline as an adjunct to L-dopa. Both studies
were identically designed, 12-week, multicenter, random-
ized, double-blind, placebo-controlled, parallel-group stud-
ies and enrolled PD patients with motor fluctuations.
Additional details are provided in the Supporting Informa-
tionMethods.

Efficacy Outcomes
The primary efficacy outcome was change in daily off

time from baseline to 12 weeks. Other efficacy outcomes
included change in on time without troublesome dyskinesia

(“Good” on time),10 UPDRS scores, and Clinical Global
Impressions-Improvement of illness (CGI-I) score from
baseline. Treatment effect was determined as the difference
in mean change during follow-up between the placebo and
istradefylline arms. Definitions of the cut-off values for effi-
cacy outcomes are described in the Supporting Information
Methods.

Statistical Analysis
Patient background characteristics for both the total

patients and the groups stratified by treatment arms are
summarized using descriptive statistics. We conducted
the following analyses only for patients without any
missing data. To explore demographic factors associ-
ated with favorable outcomes following treatment with
istradefylline, a logistic regression model was applied to
estimate the odds ratio (OR) and 95% confidence interval
after controlling for 12 baseline factors in three steps
(described in the Supporting InformationMethods). Predic-
tion models were constructed with five outcomes (details
are described in the Results.) with reference to the results of
the multivariable logistic regression model as an explor-
atory analysis. Model performance was evaluated by the
area under the curve from receiver operating characteristics
curves. Presence of statistical significance and effect modifi-
cation were considered with a two-tailed P value <0.05 and
an interaction term <0.10, respectively.11 All analyses were
performed using SAS software (version 9.2 or 9.3; SAS
Institute, Inc., Cary,NC).

Results
Patients

The patient disposition for the studies is presented in
Supporting Information Figure S1. The total pooled full
analysis set population was 723 (placebo, n = 241;
istradefylline, 20 mg/d n = 235 and 40 mg/d n = 247).
Most demographic and baseline characteristics were
comparable between the treatment arms within the two
studies (Supporting Information Table S1), except for
concomitant anti-PD drugs used at baseline, because
zonisamidewas not available during the phase 2b study.

Efficacy
The overall efficacy of istradefylline is described in

Figure 1, Supporting Information Figure S2, and
Supporting Information Table S2. Data distributions
for each treatment group were comparable among
groups. Compared with placebo, both istradefylline
doses were associated with significant reductions in
daily off time as well as a significant increase in Good
on time. Significant improvements in UPDRS Part III
score (on) were also observed for both doses compared
with placebo.
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FIG. 1. Changes from baseline at week 12 in mean daily off time (A), daily on time without troublesome dyskinesia (Good on time) (B), UPDRS Part II
(off; C), UPDRS Part III (D), and CGI-I (E) in each treatment group. Data are presented as means and standard deviations for each treatment group in
panels (A), (B), (C), and (D), with P values for each comparison.
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Association Between Efficacy and Patient
Demographic Factors by Multivariate Logistic

Regression Analysis
We analyzed the association between the five out-

comes (1, off time reduction; 2, increase in Good on
time; 3, improvement in UPDRS Part II score [off state];
4, improvement in UPDRS Part III score; and 5, CGI-I
score) and 12 interaction factors (1, age; 2, sex; 3, pres-
ence or absence of dyskinesia at baseline; 4, mean daily
off time; 5, total UPDRS Part III score; 6, on state on
Modified H & Y [mH&Y] scale; 7, off state on mH&Y
scale; 8, pattern of concomitant anti-PD drugs; 9, dura-
tion of PD; 10, duration of motor complication;
11, L-dopa dosage; and 12, L-dopa-equivalent dose).
The results are presented in Table 1.

Off Time Reduction

The reduction in off time as the primary efficacy out-
come was associated with istradefylline treatment, and
the effectiveness was significantly greater in patients
aged ≥65 years (OR, 2.65). Patients with higher base-
line off time showed a significantly greater reduction of
off time with the 40- versus 20-mg/d dose of
istradefylline or a lower baseline off time. The effect of
istradefylline at 40 mg/d on off time reduction was
most favorably observed in patients with ≥8 hours of
daily off time at baseline (OR, 6.68).

Other Efficacy Endpoints

The influence of istradefylline 40 mg/d on the increase
in Good on time was significantly greater in patients
aged ≥65 years (OR, 2.88). Female sex (OR, 1.65) and
higher baseline of UPDRS Part III score (OR, 2.79) were
identified as factors associated with favorable improve-
ment in UPDRS Part III score following istradefylline
treatment. Female sex (OR, 1.71), absence of baseline
dyskinesia (OR, 2.27), treatment with L-dopa + anti-PD
medications including amantadine (OR, 2.28), and base-
line mH&Y stage (off state) score ≥ 3 (OR, 3.50) were
identified as factors associated with favorable improve-
ment UPDRS Part II score (off state) following treatment
with istradefylline. An mH&Y stage (off state) ≥3 (OR,
1.89) and absence of baseline dyskinesia (OR, 2.27)
were associated with an improvement in CGI-I score fol-
lowing treatment with istradefylline (dosages of
istradefylline are described in Table 1).

Discussion

Our analysis revealed that the effects of istradefylline
on off time were more favorable in patients aged
≥65 years. Istradefylline elicited significant increases in
Good on time. Similar to the results for off time,
age ≥ 65 years was significantly associated with a more
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favorable trend in Good on time. This age group
accounted for 57% of patients in our analysis. How-
ever, although the number of patients aged ≥65 versus
<65 years was balanced, this does not reflect the real-
world setting, in which the overwhelming majority of
PD patients are elderly.1 Thus, istradefylline may be
useful as adjunct therapy in terms of the off time reduc-
tion/Good on time increase for the majority of PD
patients.
Patients with longer off time at baseline were more

likely to have favorable outcomes, but the reason for
this is not clearly understood given that there were no
significant differences in baseline L-dopa dose or
L-dopa-equivalent dose in this subpopulation; therefore,
these patients may have not received maximal treat-
ment benefits owing to dose limitations related to dopa-
minergic side effects. As an important secondary
outcome, UPDRS Part III also indicated that baseline
score ≥ 20 was associated with more favorable out-
comes. This suggests that the effects of istradefylline are
more easily detected in terms of wearing-off, but also
motor dysfunction in a wide therapeutic window
(ie, patients with longer baseline off time or higher
baseline UPDRS Part III score).
It has been suggested that adenosine A2A receptors

abrogate the dopamine D2 receptor-mediated inhibitory
influence on the indirect pathway.12 When A2A receptors
are blocked, the normal function of D2 receptors on the
pathway is restored. Thus, the efficacy of A2A receptor
antagonists may depend on individual patient variability
in the extent to which excitability of indirect pathway can
be regulated by D2 receptors. This proposed dopamine
D2 receptor-mediated “therapeutic window” may be
supported by a monkey study, in which combination
treatment of istradefylline with threshold dopaminergic
therapy elicited remarkable and significant improvement
in efficacy in an MPTP model,13 although this needs clari-
fication in clinical studies.
Sex was an influential factor, given that more favorable

improvements in UPDRS Part III and Part II (off state)
were observed in female patients. Although male sex is a
risk factor for PD,14 no reports have found sex differences
for the pharmacology or toxicology of istradefylline. We
found a difference in mean body weight between sexes
(female, 49.40 kg; male, 62.56 kg) in the istradefylline-
treated arms. Thus, istradefylline exposure in the body
(mg/kg) may be higher in female than male patients;
hence, being female could be more favorable for improve-
ment in UPDRS Parts II and III, although this remains to
be investigated with a larger sample size.
The multivariate logistic regression analysis indicated

that baseline mH&Y (off state) ≥3 and lack of dyskine-
sia at baseline were associated with more favorable
CGI-I outcomes. Dyskinesia at baseline may influence
the effect of istradefylline on improvements in CGI-I,

given that dyskinetic movement affects the impression
of drug efficacy.15

This study identified some demographic factors asso-
ciated with favorable istradefylline treatment outcomes.
These results suggest the potential for personal optimi-
zation of therapy using the same drug in different
patients who desire different clinical efficacy outcomes:
(1) Patients aged ≥65 years can expect more favorable
effects on motor fluctuations without troublesome dys-
kinesia; (2) patients with a wider therapeutic window
at baseline in daily off time and UPDRS Part III score
can expect more favorable effects on off time reduction
and improvement of UPDRS Part III score; (3) patients
with a higher mH&Y stage can expect more favorable
effects in UPDRS Part II score and CGI-I improvement;
and (4) patients without pre-existing dyskinesia can
expect more favorable effects with istradefylline in
terms of CGI-I and UPDRS Part II off state (activities of
daily living).
Limitations of this pooled analysis include the enrol-

ment of only Japanese patients and the relatively short
duration of each study.
In conclusion, istradefylline exerts an effect on the

wearing-off phenomenon in Japanese PD patients
treated with L-dopa. This analysis also suggested
favorable pairings between patient factors and clinical
endpoints, providing useful information for patient
selection and prognostic indicators for particular char-
acteristics. Our findings provide the first insight into
adenosine A2A receptor antagonist-based personalized
PD therapy, tailored according to its desired outcomes
in individual clinical subtypes, without considering a
patient’s genetic background.
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