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List of Abbreviations
AE

Adverse event

AUC

Area under the concentration-time curve

AUCinf

AUC from time 0 to extrapolated to infinity

AUClast

AUC from time 0 to last measurable concentration

CI

Confidence intervals

Cmax

Maximum (peak) drug concentration

FDA

Food and drug administration

LLOQ

Lower limit of quantification

NDA

New Drug Application

OSIS

Office of Study Integrity and Surveillance

PD

Parkinson’s Disease

PK

Pharmacokinetics

SAE

Serious adverse event

Tmax

Time of maximum (peak) drug concentration
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1

Executive Summary

Kyowa Kirin Pharmaceutical Development Inc. submitted a complete response to the action letter
they received for the original 505(b)(1) New Drug Application (NDA 22075) seeking approval for
NOURIANZ™ (Istradefylline). Istradefylline is an adenosine A2A receptor antagonist and the
applicant is seeking an indication as adjunctive treatment to levodopa/carbidopa in patients with
Parkinson’s Disease (PD) who experience “OFF” episodes. The application was originally
submitted on 03/29/2007 and received a “non-approvable” letter on 02/25/2008. The current
submission includes clinical studies conducted as per the non-approval action letter.
This resubmission includes one phase 2 (6002-0608) and two phase 3 confirmatory double-blind,
placebo-controlled studies (6002-009 and 6002-014) in patients with Parkinson’s Disease, who
were on a stable levodopa/dopa decarboxylase inhibitor [DCI] (carbidopa or benserazide)
regimen. All the three studies had a similar design and included two dose levels: 20 mg and 40
mg tablets administered once daily. While two of the three studies showed statistically significant
reduction in the primary efficacy endpoint – total number of hours of awake time per day spent
in the “OFF”-state compared to placebo, the third larger study (N=612) failed to demonstrate a
statistically significant reduction in the primary efficacy endpoint compared to placebo. The
Applicant is seeking approval for 20 mg and 40 mg once daily regimens.
All the required clinical pharmacology studies were reviewed in the previous submission cycle
(please refer to clinical pharmacology review by Dr. John Duan in DARRTS dated 1/15/2008 for
more details). Additionally, the OCP review team informed the applicant at that time that they
would be required to conduct (i) a drug interaction study to investigate the inhibition potential
of istradefylline on P-gp transporter, and (ii) in-vitro studies to explore the induction potential of
istradefylline on CYP1A2 (and a potential need for an in-vivo study), if they intended to pursue
approval in the future. The applicant submitted the following clinical pharmacology studies in
this resubmission cycle: a food effect study under low fat meal conditions (6002-011), drug
interaction studies with rifampin (6002-015) and digoxin (6002-US-026), and hepatic impairment
study in mild hepatically impaired subjects (6002-016). Lastly, the applicant also conducted
several in-vitro drug/transporter interaction studies.
The primary focus of this review is to evaluate:
1. acceptability of general dosing recommendations and dose optimization based on
extrinsic and intrinsic factors, and
2. impact of bodyweight on istradefylline exposures across the doses studied
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1.1

Recommendations

The Office of Clinical Pharmacology (OCP) has reviewed the information in the current
resubmission and recommends the approval of 20 mg and 40 mg of NOURIANZ, once daily, as
adjunctive treatment to levodopa/carbidopa in patients with Parkinson’s Disease (PD) who
experience “OFF” episodes.
Key review issues with specific recommendations and comments are summarized below.

Table 1-1

Summary of Review Issues and OCP Recommendations

Review Issues

Recommendations and Comments

Evidence of effectiveness:

Two randomized, double-blind, placebo-controlled studies
(Phase 2: 6002-0608, Phase 3: 6002-009) in patients with PD
provided the primary evidence of effectiveness. These studies
included two dose levels – 20 mg and 40 mg administered once
daily.
Three randomized, double-blind, placebo-controlled studies
(6002-US-005, 6002-US-006 and 6002-US-013) were included
from the previous submission cycle (with 20, 40 and 60 mg
once daily regimen), also provided supportive evidence of
effectiveness. The applicant is seeking approval for 20 and 40
mg dose levels.

General dosing
instructions:

The recommended doses are either 20 mg or 40 mg
administered orally once daily, with or without food.
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Review Issues

Recommendations and Comments

Dosing in patient
subgroups (intrinsic and
extrinsic factors)

o No dose-adjustment is needed in patients with mild hepatic
impairment (Child Pugh A).
o Limit NOURIANZ dose to 20 mg once daily in patients with
moderate hepatic impairment (Child-Pugh B). Closely
monitor patients with moderate hepatic impairment for
adverse events when on NOURIANZ treatment.
o Avoid use in patients with severe hepatic impairment
(Child-Pugh C).
o No dose adjustment is needed in patients with mild,
moderate or severe renal impairment. NOURIANZ was not
studied in patients with end stage renal disease (ESRD) or in
ESRD requiring dialysis.
o Limit NOURIANZ dose to 20 mg once daily when used
concomitantly with strong CYP3A4 inhibitors.
o Avoid use with strong CYP3A4 inducers.
o Smoking can reduce exposure to NOURIANZ. In patients
who smoke 20 or more cigarettes per day, the
recommended NOURIANZ dose is 40 mg once daily.
o NOURIANZ is an inhibitor of 3A4 and p-gp, therefore
sensitive 3A4 and p-gp substrates may need to be closely
monitored for adverse events.

Bridge between the “to-bemarketed” and clinical trial
formulations

The applicant conducted a pivotal PK bridging study (6002-US022) and demonstrated bioequivalence between commercial
and clinical trial formulations. This study was reviewed in the
previous submission cycle and was considered acceptable.

1.2

Post-marketing Requirements

None.

2

Summary of Clinical Pharmacology Assessment

2.1

The Pharmacology and Clinical Pharmacokinetics

The information listed below is mostly based on the clinical pharmacology review conducted in
the previous submission cycle (Clinical pharmacology review by Dr. John Duan in DARRTS
1/15/2008) and the results from studies reviewed during the current resubmission cycle are
notated by asterisks (**).
6
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Mechanism of Action:
Istradefylline is an adenosine A2A receptor antagonist. While the precise mechanism of action is
unknown, it is hypothesized to reduce the overactivity of striatal pathway, thereby restoring
balance of the basal ganglia.
Absorption


Following oral administration in healthy, non-smoking subjects, the median Tmax of
istradefylline was about 4 hours.



The systemic plasma exposures were dose-proportional in the dose range of 20 – 80 mg,
and they appear to increase in slightly less than proportional manner at doses higher than
80 mg.



Steady-state exposures were achieved after two weeks (14 days) of once daily dosing and
were comparable between healthy subjects and subjects with Parkinson’s disease. There
was about 2.6- to 3.6-fold accumulation in systemic steady state exposures (AUC0-24h)
following repeat daily dosing of NOURIANZ.



Administration with food increases exposure to istradefylline. Concomitant
administration with a standardized high fat meal, increased istradefylline Cmax by 64%
and AUC0-inf by 26% and decreased Tmax by 1 hour. **Concomitant administration with a
low-fat meal in healthy Japanese adult males, increased istradefylline Cmax and AUC0-inf
by 11% and 17% respectively, while Tmax was not affected.

Distribution
The apparent volume of distribution (Vd/F) of istradefylline is 450-670 L and is extensively plasma
protein bound (97-98%).
Metabolism and Excretion
Istradefylline is primarily metabolized by CYP3A4, and other isoforms that are likely to be
involved to a limited extent include CYP1A1/1A2, CYP2C8, CYP2C9, CYP2C18 and CYP2D6.
A total of 6 metabolites were identified in a mass balance study, 2 were reported to be oxidative
metabolites (one was reported to be active) while the rest were phase II metabolites. Overall,
none of the metabolites accounted for > 10% parent drug’s exposure. About 87% of the dose was
accounted for in the mass balance study (39% in urine and 48% in feces). Unchanged
istradefylline accounted for approximately 68% of radioactivity in plasma, 1.3 – 31.6% in feces
and was not detected in urine. This suggests renal elimination as a minor excretion pathway for
istradefylline.
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Mean steady-state apparent clearance ranged between 4 – 6 L/hour. The mean terminal half-life
ranged between 70 – 118 hours.
Special Populations


Renal impairment had minimal impact on istradefylline exposure. Mean istradefylline
AUC0-inf and Cmax were 16% and 21% lower in subjects with severe renal impairment
(creatinine clearance ≤ 30 ml/min) compared to healthy subjects with normal renal
function (CrCL>90 mL/min). Istradefylline was not studied in subjects with ESRD (CrCL ≤
15 ml/min) and ESRD requiring dialysis.



**Mild hepatic impairment (Child-Pugh A) resulted in istradefylline 10% and 30% lower
AUC0-inf and Cmax respectively, relative to normal healthy subjects.



A study in subjects with moderate hepatic impairment (Child-Pugh B) showed highly
variable PK (elimination half-life ranging from 41 to 640 hours in hepatically impaired
subjects). The steady-state AUC0-24 were predicted to be 3.3-fold higher in moderate
hepatically subjects when estimated based on the elimination half-life, while a minimal
impact on AUC0-24 on day 14 was noted using a conventional analysis (using linear
trapezoidal rule) in patients with moderate hepatic impairment relative to normal healthy
subjects. Istradefylline was not studied in patients with severe hepatic impairment (ChildPugh C).



A study in healthy smokers (who smoke an average of at least 20 cigarettes per day)
showed 42% lower istradefylline exposures (steady-state AUC0-24) relative to healthy nonsmokers.

2.2

Dosing and Therapeutic Individualization

2.2.1

General dosing

The dosing recommendations for the NOURIANZ as an adjunctive treatment to
levodopa/carbidopa in patients with Parkinson’s Disease (PD) who experience “OFF” episodes
are 20 mg or 40 mg administered orally, once daily without regard to food. These doses and
dosing regimens were evaluated in all the efficacy/safety trials, included both in the previous
submission as well as this resubmission cycle, and similar efficacy/safety was noted.
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2.2.2

Therapeutic individualization

Hepatic Impairment
Istradefylline is primarily metabolized by CYP enzymes (mainly by CYP3A4, and to some extent
by 1A1/1A2, CYP2C8, CYP2C9, CYP2C18 and CYP2D6). The applicant conducted a study in subjects
with mild hepatic impairment (Child-Pugh A) in the current resubmission cycle and reported
mean of 10% and 30% lower AUC0-inf and Cmax respectively relative to healthy subjects. No dose
adjustment is needed in patients with mild hepatic impairment.
The impact of hepatic impairment on istradefylline exposures was explored in a 14-day multiple
dose study in non-smoking subjects with moderate hepatic impairment (Child-Pugh B) relative to
respective matched healthy non-smoking subjects. A 3.3-fold higher steady-state exposures
(AUC0-24) were predicted based on estimated mean elimination half-life in subjects with
moderate hepatic impairment relative to healthy non-smokers. However, the PK data was highly
variable with elimination half-life ranging from 41 to 640 hours in hepatically impaired subjects.
Moreover, a typical analysis of comparing AUC0-24 (calculated using linear trapezoidal rule) from
hepatically impaired subjects and healthy controls did not suggest a major difference in
exposures. Considering the available safety information with 60 mg once daily regimen in the
clinical development program, and minimal impact of hepatic impairment on AUC24 on Day 14,
the review team recommends a 20 mg once daily regimen in patients with moderate hepatic
impairment. Patients with moderate hepatic impairment should be closely monitored for AEs,
especially for the occurrence of dyskinesia when on istradefylline.
Istradefylline was not studied in subjects with severe hepatic impairment (Child-Pugh C) and
therefore, should be avoided in this population.

Renal Impairment
Renal elimination is not considered to be a major excretion pathway for istradefylline. In a
dedicated renal impairment study, the applicant reported about 16% and 21% lower AUC0-inf and
Cmax, respectively in subjects with severe renal impairment (creatinine clearance ≤ 30 ml/min)
compared to healthy subjects. Therefore, no dose adjustment is needed in patients with renal
impairment. Istradefylline was not studied in ESRD patients (creatinine clearance ≤ 15 ml/min)
or in ESRD patients requiring dialysis.

Other factors
Based on population PK analyses, sex, race and bodyweight were reported as statistically
significant covariates affecting the apparent clearance (CL/F) and bodyweight on apparent
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volume of distribution (V/F). Given the lack of an observed dose-response relationship, no dose
adjustment is needed based on these covariates.

Drug-Drug Interactions
CYP3A4 Inhibitors
In an in-vivo interaction study when 40 mg of istradefylline was concomitantly administered with
and without ketoconazole (strong CYP3A4 inhibitor), the exposures of istradefylline increased by
2.5-fold for AUC0-inf while Cmax was not affected. Therefore, the use of istradefylline should be
limited to 20 mg/day with strong CYP3A4 inhibitors.

CYP3A4 Substrates
The role of istradefylline as a potential CYP3A4 inhibitor was evaluated under three different invivo clinical scenarios: two using midazolam as a model CYP3A4 substrate – one at istradefylline
daily dose of 80 mg and another at daily doses of either 5 mg or 20 mg; and last using atorvastatin
as a model substrate at an istradefylline dose of 40 mg. These study results indicated a dosedependent increase in exposures of the substrates: (a) daily doses of 20 mg/day of istradefylline
did not have an effect on midazolam exposures, (b) daily doses of 40 mg/day of istradefylline
resulted in 1.5-fold (Cmax and AUC0-inf) increase in atorvastatin exposures, and (c) daily doses of
80 mg/day of istradefylline resulted in 1.6-fold (Cmax) and 2.4-fold (AUC0-inf) increase in
midazolam exposures. Therefore, careful monitoring for adverse events may be needed for
sensitive CYP3A4 substrates.

CYP3A4 Inducers
In an in-vivo drug interaction study when 40 mg of istradefylline was concomitantly administered
with and without rifampin (strong CYP3A4 inducer), the exposures of istradefylline decreased by
45% (Cmax) and 81% (AUC0-inf). Therefore, concomitant use of istradefylline with CYP3A4
inducers should be avoided.

P-gp Substrates
The role of istradefylline (daily dose of 40 mg) as a potential p-gp inhibitor was evaluated by the
applicant using digoxin as model substrate. The study results indicated that digoxin exposures
increased by 33% (Cmax) and 21% (AUC0-inf). Therefore, in patients who are likely to be
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concomitantly administered with digoxin or other sensitive p-gp substrates, their respective
plasma concentrations should be closely monitored.

Levodopa/Carbidopa
Since levodopa/carbidopa combination is the standard therapy for Parkinson’s disease, and the
target indication for istradefylline is adjunctive to levodopa/carbidopa, the applicant conducted
a study to investigate the tolerability and potential for PK interaction of concomitant
administration of repeated doses of istradefylline (20, 40 and 80 mg) together with repeated
doses of levodopa/carbidopa. Steady-state PK of levodopa/carbidopa were not affected with coadministration of repeated doses of istradefylline.

Smoking
The impact of smoking on istradefylline PK was evaluated in a multiple dose study in healthy
subjects, who smoke at least 20 cigarettes a day relative to healthy non-smoking subjects. The
systemic istradefylline steady-state exposures (AUC0-24) in smokers were 42% lower than those
in non-smokers. Therefore, in patients who smoke 20 or more cigarettes per day and take
istradefylline concomitantly, the recommended dose is 40 mg once daily.

2.2.3

Outstanding Issues

None.

2.2.4

Summary of Labeling Recommendations

The Office of Clinical Pharmacology recommends the following labeling concepts to be included
in the final package insert.
o The recommended dosing regimens of NOURIANZ are either 20 mg or 40 mg administered
orally once daily. NOURIANZ can be administered with or without food.
o No dose-adjustment is needed in patients with mild hepatic impairment (Child Pugh A).
o Limit NOURIANZ dose to 20 mg once daily in patients with moderate hepatic impairment
(Child-Pugh B). Closely monitor patients with moderate hepatic impairment for adverse
events when on NOURIANZ treatment.
o Avoid use in patients with severe hepatic impairment (Child-Pugh C).
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o No dose adjustment is needed in patients with mild, moderate or severe renal impairment.
NOURIANZ was not studied in patients with end stage renal disease (ESRD) or in ESRD
requiring dialysis.
o Limit NOURIANZ dose to 20 mg once daily when used concomitantly with strong CYP3A4
inhibitors.
o Avoid use with strong CYP3A4 inducers.
o Smoking can reduce exposure to NOURIANZ. In patients who smoke 20 or more cigarettes
per day, the recommended NOURIANZ dose is 40 mg once daily.
o NOURIANZ is an inhibitor of 3A4 and p-gp, therefore sensitive 3A4 and p-gp substrates may
need to be closely monitored for adverse events.
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3

Comprehensive Clinical Pharmacology Review

3.1

Overview of the Product and Regulatory Background

Please refer to Section 1 for brief regulatory history of this application. Istradefylline is available
as 20 mg and 40 mg immediate release tablets.
In the current resubmission cycle, the applicant conducted one phase 2 (6002-0608) and two
phase 3 confirmatory double-blind, placebo-controlled studies (6002-009 and 6002-014) in
patients with Parkinson’s Disease. The applicant also included three studies (6002-US-005, 6002US-006 and 6002-US-013) from the previous submission cycle as supportive information.

3.2

General Pharmacological and Pharmacokinetic Characteristics

Table 3-1

Summary of Pharmacological and Pharmacokinetic Characteristics

Pharmacology
Mechanism of Action

Istradefylline is an adenosine A2A receptor antagonist

QT prolongation

No clinically significant QTc prolongation effect was observed in a
thorough QT study (please refer to OCP review in DARRTs dated
1/16/2008)

General Information
Healthy volunteers vs.
patients

PK was similar between healthy subjects and patients with
Parkinson’s disease.

Dose proportionality

The systemic exposures increased in a dose proportional manner
from 20 mg up to 80 mg. At doses higher than 80 mg, the systemic
exposures increased in a slightly less than dose proportional manner.

Accumulation

There was 2.6- to 3.6-fold accumulation in istradefylline systemic
steady state exposures (AUC0-24h) upon repeat dosing of NOURIANZ.
Steady-state exposures were achieved after 2 weeks of repeat dosing.

Absorption
Tmax

Following oral administration in healthy, non-smoking subjects, the
median Tmax is 4 hours

Bioavailability

An absolute bioavailability study was not conducted because of poor
aqueous solubility of istradefylline (precluding the availability of an
13
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acceptable intravenous formulation for clinical use). A between-study
comparison of AUC0-inf indicated a relative bioavailability of 112% for
40 mg intended commercial tablet compared to oral suspension.
Food Effect

When concomitantly administered with a standardized high fat meal
in a food effect study, istradefylline Cmax increased by 64% and AUC
by 26% and Tmax decreased by 1 hour compared to fasted state.
When concomitantly administered with a low-fat meal in healthy
Japanese adult males, increased istradefylline Cmax and AUC0-inf by
11% and 17% respectively, while Tmax was not affected.
In all the five clinical efficacy/safety studies, istradefylline was
administered without regard to food, and therefore, istradefylline
can be administered without regard to food.

Distribution
Volume of
Distribution

The apparent volume of distribution (Vd/F) is 450-670 L and is
extensively plasma protein bound (97-98%).

Elimination
Mean Terminal
Elimination Half-life

The mean terminal half-life ranged between 70 – 118 hours.

Metabolism /
Excretion

Istradefylline is primarily metabolized by CYP3A4, and other isoforms
that are likely to be involved to a limited extent include CYP1A1/1A2,
CYP2C8, CYP2C9, CYP2C18 and CYP2D6.
A total of 6 metabolites were identified in the mass balance study, 2
were reported to be oxidative metabolites (one was reported to be
active) while the rest were reported to be phase II metabolites.
Overall, none of the metabolites accounted for > 10% parent drug’s
exposure.
Mean steady-state apparent clearance ranged between 4 – 6 L/hour.

Primary excretion
pathways

About 87% of the dose was accounted for in the mass balance study,
39% was excreted in urine and 48% in feces. Unchanged istradefylline
accounted for approximately 68% of radioactivity in plasma, 1.3 –
31.6% in feces and was undetected in urine
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3.3

Clinical Pharmacology Questions

3.3.1

To what extent does the available clinical pharmacology information
provide pivotal or supportive evidence of effectiveness?

The evidence of effectiveness is primarily supported by the reduction in total number of hours of
awake time per day spent in the “OFF”-state relative to the baseline as compared to the placebo
group from one phase 2 (6002-0608) and one phase 3 registration trial (6002-009) and three
clinical studies (6002-US-005, 6002-US-006 and 6002-US-013) that were included from previous
submission cycle. The phase 3 studies included 20, 40 and 60 mg doses, administered once daily
without regard to food. PK data were also collected in these studies.
The study design and characteristics of these studies are summarized in Table 2 below. The
results for the primary efficacy endpoint of the two studies included in the current resubmission
(6002-0608 and 6002-009) are shown in Figure 1 and Figure 2 below respectively. The primary
efficacy endpoint results at week 12 in both these studies for both the doses, 20 mg/day and 40
mg/day met the pre-specified statistical criteria and were comparable for both 20 and 40 mg
doses. Previous clinical and statistical reviews of the original NDA also described similar efficacy
for 20, 40 and 60 mg doses from Studies 6002-US-005, 6002-US-006 and 6002-US-013. Please
refer to statistical review by Drs. Xiang Ling and Kun Jin and clinical review by Drs. Leonard
Kapcala and Gerald Podskalny for more details regarding clinical efficacy.

Table 2 Summary of study design features for five clinical studies that were used for
demonstrating evidence of effectiveness
Study ID

Study Design

Subjects

Doses [Route: PO]

6002-0608

A 12-week, doubleblind, placebocontrolled,
randomized,
multicenter study

Patients with
Parkinson’s disease
and motor
complications on
levodopa/DCI
therapy.

6002-009

A 12-week, doubleblind, placebocontrolled,
randomized,
multicenter study

Patients with
Parkinson’s disease
20 mg/day [N=120] or
and motor
40 mg/day [N=123]
complications on
levodopa/DCI therapy

15
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20 mg/day [N=115] or
40 mg/day [N=124]

Study ID

Study Design

Subjects

Doses [Route: PO]

A 12-week doubleblind, placebocontrolled,
randomized,
multicenter study

Patients with
advanced
Parkinson’s disease
treated with
levodopa/carbidopa

40 mg/day [N=129]

6002-US-006

A 12-week, doubleblind, placebocontrolled,
randomized,
multicenter study

Patients with
advanced
Parkinson’s disease
treated with
levodopa/carbidopa.

20 mg/day [N=163] or
60 mg/day [N=155]

6002-US-013

A 12-week, doubleblind, placebocontrolled,
randomized,
multicenter study

Patients with
Parkinson’s disease
and motor
complications on
levodopa/DCI
therapy.

20 mg/day [N=112]

6002-US-005

Note: DCI – dopa decarboxylase inhibitor (carbidopa/benserazide); N is the sample size based on
the full-analysis set, as presented in Summary of Clinical Efficacy report in Table 2.7.3-12 on
pages 38-40. Note that the top two rows include studies conducted in this resubmission cycle
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Figure 1 Change from Baseline (LS Means and 95% CI) in the Total Hours of Awake Time per
Day Spend in the OFF state [Full Analysis Set: Observed Case] – Study 6002-0608

Source: Clinical Study Report 6002-0608, Figure 11.4.1.1.1-1 on Page 134
Figure 2 Change from Baseline (LS Means and 95% CI) in the Total Hours of Awake Time per
Day Spend in the OFF state [Full Analysis Set: Observed Case] – Study 6002-009

Source: Clinical Study Report 6002-009, Figure 11.4.1.1.1-1 on Page 112
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3.3.2

Is the proposed dosing regimen appropriate for the general population for
which the indication is being sought?

Yes. The proposed dosing recommendations of 20 mg and 40 mg of NOURIANZ administered
once daily are acceptable. The applicant tested 20 mg and 40 mg once daily regimens in one
phase 2 and one phase 3 study in the current resubmission cycle, and the primary efficacy
endpoint results suggested that both the dosing regimens were effective and tolerated.
Additionally, as noted above, daily doses of 20, 40 and 60 mg/day were shown to be effective in
three studies (6002-US-005, 6002-US-006 and 6002-US-013) in previous submission cycle
(without clear evidence of dose-response, as noted in the non-approvable action letter). Overall,
a dose-response relationship for efficacy was not observed in these 5 clinical efficacy/safety
studies. There was also no clear evidence that a titration strategy based on response is required
for istradefylline.
No new major safety concerns were observed for 20 mg/day or 40 mg/day the regimens in trials
conducted in the current resubmission cycle. Overall, in the safety database, the most commonly
reported AEs included dyskinesia, nausea, dizziness and constipation, all of which were mild or
moderate in severity. The incidence rates of dyskinesias were 10% in placebo group, 16% in 20
mg/day, 18% in 40 mg/day group, and 24% in 60 mg/day respectively. Please refer to the clinical
safety review by Dr. Natalie Branagan and for further details. In conclusion, the daily dosing
regimens of 20 and 40 mg offer similar efficacy and comparable safety. Therefore, we
recommend the approval of both the regimens.

3.3.3

Is an alternative dosing regimen and management strategy required for
subpopulations based on intrinsic/extrinsic factors?

Hepatic Impairment:
Istradefylline is primarily metabolized by CYP enzymes (3A4, to a minor extent by 1A1/1A2,
CYP2C8, CYP2C9, CYP2C18 and CYP2D6). The applicant conducted a study to evaluate the effect
of mild hepatic impairment (6002-016) on single dose (40 mg) PK of istradefylline in non-smoking
subjects in the current resubmission. The mean istradefylline AUCinf and Cmax were 10% and 30%
lower in subjects with mild hepatic impairment compared to healthy subjects. No doseadjustment is needed in patients with mild hepatic impairment.
The impact of hepatic impairment on systemic steady-state istradefylline exposures (AUC0-24h)
was explored in a multiple dose study (6002-US-016) in non-smoking subjects with moderate
hepatic impairment relative to respective matched healthy non-smoking subjects. In the previous
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review cycle, the OCP review team recommended to limit the dose
in patients with moderate hepatic impairment.

(b) (4)
(b) (4)

A high variability in PK data (study 6002-US-016) was reported in hepatically impaired subjects,
with the elimination half-life ranging between 41 – 640 hours. When the steady-state exposures
(AUC0-24) were predicted based on the estimated mean terminal half-life, they were 3.3-fold
higher in patients with moderate hepatic impairment relative to healthy subjects. However,
when the steady-state exposures (AUC0-24) were estimated based on linear trapezoidal rule,
major differences were not reported between the patients with moderate hepatic impairment
and healthy subjects. Considering the available safety information with 60 mg once daily regimen
in the clinical development program, the review team considers that limiting istradefylline dose
to 20 mg once daily regimen would be appropriate. Patients with moderate impairment and
taking istradefylline should be closely monitored for potential incidence of AEs, especially
dyskinesia.
Istradefylline was not studied in patients with severe hepatic impairment and therefore, should
be avoided in this population.

Renal Impairment:
The results from mass balance study (6002-US-010) indicated that unchanged istradefylline was
not detected in urine suggesting that the elimination via renal pathway is minimal. Additionally,
the applicant conducted a dedicated renal impairment study (6002-US-015) in subjects with
severe renal impairment (creatinine clearance ≤ 30 ml/min) and reported that the mean
istradefylline AUCinf and Cmax were 16% and 21% lower in subjects with severe renal impairment
compared to healthy subjects. Istradefylline was not studied in patients with ESRD (creatinine
clearance ≤ 15 ml/min) and ESRD requiring dialysis.
Overall, based on the lack of an observed dose-response relationship for efficacy/safety of
istradefylline at daily doses of 20 mg and 40 mg, the impact of renal impairment on istradefylline
PK is unlikely to be clinically relevant. Therefore, no dose adjustments are needed for patients
with renal impairment.

Race, Sex and Body Weight:
The applicant’s population PK analyses included sex, race and bodyweight as significant
covariates on apparent clearance (CL/F) and bodyweight on apparent volume of distribution (V/F).
Given the lack of dose-response relationship for efficacy, no dose adjustments are needed based
on these covariates.
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During the review cycle, information requests (dated 6/5/2019, 6/12/2019 and 6/21/2019) were
sent to the applicant to conduct additional statistical analyses to determine the treatment
difference for each istradefylline dose (20 and 40 mg) vs. placebo for the primary efficacy
endpoint at week 12 according to different weight categories (< 55 kg, ≥ 55 to < 70 kg, ≥ 70 - <85
kg and ≥ 85 kg) for each of the efficacy/safety studies (including all eight studies). The responses
to the information requests from the applicant, seemed to show treatment differences for both
dose groups vs. placebo across weight categories.
Therefore, the review team conducted independent analyses to assess the impact of body weight
on istradefylline exposures. Briefly, population PK model-based simulations were used to derive
trough plasma concentrations at steady-state (following QD dosing for 12 weeks) for each subject
in all the five clinical studies outlined in Table 2 above (please refer to section 4.2 for the
appropriateness of the population PK model for simulations and comparison of simulated to the
observed PK data). Next, the subjects were stratified into bodyweight bins using cut-offs of < 55
kg, ≥ 55 to < 70 kg, ≥ 70 - <85 kg and ≥ 85 kg, and plotted across different doses and studies, as
shown in Figure 3 below.

Figure 3: Comparison of steady-state istradefylline trough plasma concentrations at different
dose levels, across weight bins and across studies

Source: Reviewer’s analyses (please see section 4.2 for more details); Body weight bins: < 55 kg,
≥ 55 kg to < 70 kg; ≥ 70 kg to < 85 and ≥85 kg; Study 6002-US-005 (5), 6002-US-006 (6), 6002-009
(9), 6002-US-013 (13) and 6002-0608 (608)
It can be noted from the figure above that the steady-state trough plasma concentrations
increased with dose and were comparable (without any apparent trends) across each of the
weight bins within each dose level as well as across all the studies. Based on these results, it can
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be noted that the impact of bodyweight on istradefylline exposures is unlikely to be clinically
relevant. Furthermore, as noted earlier, NOURIANZ was administered in fixed doses in all the five
efficacy/safety clinical studies.

Smoking
The impact of smoking on istradefylline PK was evaluated in a multiple dose study (6002-US-016)
in healthy smoking subjects, who smoked at least 20 cigarettes a day relative to healthy nonsmoking subjects. The systemic istradefylline steady-state exposures (AUC0-24) in smokers were
reported to be 42% lower than those in non-smokers. It is worth noting that a large variability in
istradefylline PK was observed in this study. Overall, the demographics of all the 5 clinical
efficacy/safety studies indicated that about 6.2% (N=90) of subjects were smokers (without
additional information on the number of cigarettes smoked per day). Overall, in patients who
smoke 20 or more cigarettes per day and take istradefylline concomitantly, the recommended
dose is 40 mg once daily.

3.3.4

Are there clinically relevant food-drug or drug-drug interactions and what
is the appropriate management strategy?

No. In one food-effect study (6002-US-023), when istradefylline was administered with a
standardized high fat meal, Cmax increased by 64%, AUC by 26% and Tmax decreased by 1 hour.
Additionally, the applicant conducted another food effect study (6002-011) in the current
resubmission cycle. In this study, istradefylline was administered with a low-fat meal in healthy
Japanese male adults and reported that Cmax and AUC0-inf increased by 11% and 17% respectively,
while Tmax was not affected. In all the five clinical efficacy/safety studies, istradefylline was
administered without regard to food, and therefore, it can be administered without regard to
food.

Drug-Drug Interactions:
In-vitro studies (97-0145, 97-016, B-168’955) demonstrated that istradefylline is metabolized
mainly via CYP3A4 pathway and other isoforms involved to a minor extent include CYP1A1/2, 2C8,
2C9, 2C18 and 2D6. Based on an in-vitro study (XT153111), it was concluded that it is unlikely for
istradefylline to be an inducer for CYP1A2, CYP2B6 and CYP3A4 (very mild) isoforms. Additional
in-vitro studies (GE-1450-G and GE-1451-G) indicated that istradefylline (a) was not a substrate
for BCRP, OATP1B1 and OATP1B3, (b) seems to have an inhibitory effect on BCRP, OATP1B1,
OATP1B3, OAT1, OCT2, MATE1, and MATE2-K but not OAT3, but none of these interactions are
likely to be relevant at clinical exposures.
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In vivo Studies:

CYP3A4 Inhibitor
The applicant conducted an in-vivo drug interaction study (6002-US-008), in which a single dose
of 40 mg of NOURIANZ was administered either (a) alone or (b) co-administered with
ketoconazole (200 mg twice daily for 4 days). Istradefylline exposures – AUC0-inf increased 2.5fold, while Cmax was not affected, and elimination half-life was prolonged from about 99 hours
to 276 hours. It should be noted that the plasma PK was collected only till 168 hours, which is
clearly shorter than the estimated half-life (AUCextrapolated exceeding 60% of AUC0-inf),
suggesting the possibility of overestimation of AUC0-inf. Therefore, istradefylline doses should be
limited to 20 mg/day when used concomitantly with strong CYP3A inhibitors.
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CYP3A4 Substrates
In the same study (6002-US-008), in another cohort, the applicant evaluated the impact of
istradefylline as a potential CYP3A4 inhibitor using midazolam as a model substrate. In this cohort
10 mg of midazolam was administered either (a) alone or (b) co-administered with istradefylline
(80 mg/day for 15 days). Midazolam exposures – Cmax and AUC0-inf increased 1.6-fold and 2.4fold respectively, suggesting that istradefylline is a moderate inhibitor of CYP3A4 at the dose of
80 mg/day. In a separate study, the applicant evaluated the impact istradefylline as a potential
CYP3A4 inhibitor at lower doses: 7.5 mg of midazolam either (a) alone or (b) co-administered
with istradefylline (5 mg/day or 20 mg/day for 14 days). It was noted that the treatment with
istradefylline at once daily doses of 5 or 20 mg for 14 days had little effect on the mean AUC0-24
of midazolam. Statistical comparisons were not conducted on AUC0-inf because a clearly defined
log-linear terminal phase of the plasma concentration time profile was not discernible in a
number of subjects.
The applicant conducted an in-vivo drug interaction study (6002-US-020) to evaluate the impact
of istradefylline as a potential CYP3A4 inhibitor using atorvastatin as a model substrate. In this
study 40 mg of atorvastatin was administered either (a) alone or (b) co-administered with
istradefylline (40 mg/day for 17 days). Atorvastatin exposures – Cmax and AUC0-inf increased 1.5fold each, suggesting modest inhibition of CYP3A4 at these doses. Therefore, careful monitoring
for adverse events may be needed for CYP3A4 substrates with a narrow therapeutic window.

CYP3A4 Inducer
The applicant conducted an in-vivo drug interaction study (6002-015) to evaluate the impact of
rifampin (strong CYP3A4 inducer) on istradefylline. In this study 40 mg of NOURIANZ was
administered either (a) alone or (b) co-administered with rifampin (600 mg/day for 20 days).
Istradefylline exposures – Cmax and AUC0-inf decreased by 45% and 81% respectively. Therefore,
use of istradefylline should be avoided with strong CYP3A4 inducers.

As P-gp Inhibitor
Based on in-vitro p-gp mediated transporter and its inhibition by istradefylline studies, OCP
review team recommended the applicant to conduct a post marketing commitment study in the
“not approvable letter” and investigate the drug interaction between istradefylline and digoxin.
Therefore, in the current resubmission, the applicant conducted an in-vivo drug interaction study
(6002-US-026) to evaluate the impact of istradefylline as a potential p-gp inhibitor using digoxin
as a model substrate. In this study, 0.4 mg of digoxin was administered either (a) alone or (b) co23
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administered with istradefylline (40 mg/day for 21 days). Digoxin exposures – Cmax and AUC0-inf
increased by 33% and 21% respectively, suggesting mild-potential for the interaction with
istradefylline. Therefore, in patients who are likely to be concomitantly administered with digoxin,
plasma concentrations of digoxin should be closely monitored.

Levodopa/Carbidopa
Since levodopa/carbidopa combination is the standard therapy for Parkinson’s disease, and the
target indication for istradefylline is adjunctive to levodopa/carbidopa, the applicant conducted
a study (BP 15748) to investigate the tolerability and potential for PK interaction of concomitant
administration of repeated doses of istradefylline together with repeated doses of
levodopa/carbidopa. This was an open-label levodopa/carbidopa (100/25 mg three-times daily)
for 21 days (Days 1 to 21); istradefylline doses of 20 mg once daily (Group 1) and 40 mg once
daily (Group 2) co-administered with levodopa/carbidopa for 14 days (Days 8 to 21). The
pharmacokinetics of istradefylline was also characterized after the first dose (Day 1) and last dose
(Day 14) of istradefylline. It was noted that istradefylline exhibited dose-proportional PK in the
presence of levodopa/carbidopa and steady-state PK of levodopa/carbidopa were not affected
with co-administration of repeated doses of istradefylline and therefore, no dose adjustment is
warranted.

3.3.5

Is the to-be-marketed formulation the same as the clinical trial formulation,
and if not, are there bioequivalence data to support approval of the to-bemarketed formulation?

The applicant is seeking approval of 20 mg and 40 mg dose strengths. They conducted a pivotal
PK bridging study (6002-US-022) and established bioequivalence between the phase 3 study
formulation and the commercial to-be-marketed formulation at 40 mg dose strength. This was
submitted and reviewed in the previous submission cycle and was considered acceptable (please
refer to clinical pharmacology review by Dr. John Duan in DARRTS 1/15/2008 for more details).
The same formulation and dose strengths were used for the pivotal phase 2 and phase 3 studies
in the current resubmission cycle and therefore, it is considered acceptable.
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4

APPENDICES

4.1

Summary of Bioanalytical Method Validation

Plasma concentrations of istradefylline were determined using a validated high-performance
(b) (4)
liquid chromatography (HPLC) – UV detection method (
The
bioanalytical assay performance characteristics for the efficacy/safety clinical studies 6002-009
and 6002-0608 are summarized below:

Bioanalytical
method Study No. A300 & A272
validation report
Method description

Validation of a method for the determination of istradefylline in
human plasma by HPLC with UV

Validation assay range

5 – 2000 ng/ml

Validation parameters

Method validation summary
Number of standard calibrators 8
from LLOQ to ULOQ
Cumulative accuracy (%) from
LLOQ to ULOQ

Intra-Day: -5.5 – 5.9;

Cumulative precision
from LLOQ to ULOQ

Intra-Day: 0.9 – 5.7;

(%CV)

QCs performance during Cumulative accuracy (%) in 3 QCs
accuracy & precision
Inter-batch precision (%CV) QCs
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Inter-Day: 0.9 to 2.7

Inter-Day: 2.4 – 4.9
-2.49 – 2.90
0.78 – 4.86

4.2

Pharmacometrics Assessment: Population PK Analyses

4.2.1

Applicant’s Population PK analysis:

Population PK (PopPK) analyses were conducted by the applicant to characterize the PK of
istradefylline in subjects with Parkinson’s disease. Their key objectives were to: (1) characterize
the effects of intrinsic and extrinsic factors on the PK of istradefylline that can potentially explain
the interindividual differences in PK and aid in appropriate dose adjustment, if necessary; and (2)
derive exposure metrics that can be used for subsequent exposure-response analyses of the
efficacy and safety endpoints.
Data from 5 clinical studies were used in the population PK analyses and a brief description of
these studies is given in Table 3.
Table 3 Summary of the characteristics of the studies used for PopPK analyses
Study ID

6002-US005

6002-US006

Subjects
Patients with advanced
Parkinson’s disease
treated with
levodopa/carbidopa
(N=180)
Patients with advanced
Parkinson’s disease
treated with
levodopa/carbidopa
(N = 260)

Doses/Route

Description of data

40 mg/day [PO]
for 12 weeks

Sparse PK:
Week 2, 12 (or end-oftreatment)

20 mg/day or
60 mg/day [PO]
for 12 weeks

Sparse PK:
Week 2, 12 (or end-oftreatment)

60020608

Patients with Parkinson’s
disease and motor
20 mg/day or
40 mg/day [PO]
complications on
levodopa therapy
for 12 weeks
(N = 360)

Sparse PK:
Week 2, 4, 12 (or end-oftreatment)

6002-009

Patients with Parkinson’s
disease and motor
20 mg/day or
complications on
40 mg/day [PO]
for 12 weeks
levodopa therapy
(N = 360)

Sparse PK:
Week 2, 4, 12 (or end-oftreatment)
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Study ID

6002-US013

Subjects

Doses/Route

Patients with Parkinson’s
disease and motor
20 mg/day [PO]
complications on
for 12 weeks
levodopa therapy
(N = 210)

Description of data

Sparse PK:
Week 2, 4, 8, 12 (or end-oftreatment)

Note: N: Number of subjects included in the respective trials; PO: Oral administration,
Source: Adapted from the PopPK report, Table 2 on page 20
The final dataset for the PopPK analyses consists of a total of 2645 quantifiable istradefylline
plasma concentrations from a total of 1034 subjects. The PopPK data of istradefylline was
modeled using non-linear mixed effects in NONMEM. The structural model developed by the
applicant consists of a two-compartment model, whose absorption was characterized by first
order absorption rate constant (ka, hr-1), distribution characterized by apparent volume of
distribution of central compartment (V1/F, L) and peripheral compartment (V2/F, L), and
elimination characterized by intercompartmental clearance (Q/F) and apparent clearance (CL/F,
liters/hr). The apparent terminal half-life was estimated based on the post-hoc estimates of CL/F
and V/F.
Covariate identification was performed in a step-wise manner and the list of covariates explored
are summarized in Table 4 below.

Table 4 List of covariates explored
Parameter

Covariates

CL/F

Age, weight, sex, BSA, BMI, LBW, ALB, BILI, ALT, AST, smoking status, dosing
with respect to food, race, CrCL, concomitant medication

V1/F

Sex, race, weight, BSA, BMI, LBW

V2/F

Sex, race, weight, BSA, BMI, LBW

Note: BSA: body surface area, BMI: body mass index, LBW: lean body weight, ALB: albumin
concentrations, BILI: Bilirubin, ALT: alanine aminotransferase, AST: asparagine
aminotransferase, CrCl: creatinine clearance
It was noted that the bodyweight, BSA, LBW, and BMI were highly correlated
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Bodyweight, bilirubin, sex and race (asian) on CL/F and bodyweight on V1/F were retained as
covariates in the final popPK model. The parameter estimates of the final PopPK model along
with their precision (nonparametric stratified bootstrap analysis) are shown in Table 5.
Furthermore, the qualification of the final popPK model was performed using goodness of fit
diagnostics and visual predictive checks shown in Figure 4 and Figure 5? respectively.

Table 5 Parameter estimates of the final PopPK model

Source: Population PK report Table – 13 on Page 55
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Figure 4 Goodness of fit plots for the final PopPK model – predictions (top panel) and
residuals (bottom panel)

Note: IPRED: Individual prediction (mcg/L), PRED: Population prediction (mcg/L); NPDE:
Normalised prediction distribution errors, CWRES: Conditional weighted residuals
Source: Population PK report Figures 17 & 18 on Pages 56 & 57
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Figure 5 Visual predictive check of the final popPK model

Source: Population PK report Figure 33 on Page 65
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Reviewer’s comments:
The applicant’s popPK analysis is reasonable and no dose adjustments are needed based on the
observed lack of dose-response relationship for efficacy/safety.
.
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4.2.2

Reviewer’s Exposure-Bodyweight Analyses:

Introduction
The applicant’s popPK model and simulations suggested that increase in bodyweight was
associated with decrease in apparent clearance (CL/F) and thereby increase in exposures. The
reviewer noted that this finding should be interpreted with caution, as the impact of bodyweight
is likely to be confounded due to interactions between race (asian), sex and bodyweight.
Additionally, NOURIANZ was administered as a fixed dose in all clinical trials. To get more insights
into impact of bodyweight on exposures, the reviewer conducted independent analyses. It was
noted that the observed plasma concentrations from the five clinical studies used for popPK
analyses were highly variable in terms of when they were sampled relative to time of
administration of the dose (range: 0 – 649 hrs). Therefore, the reviewer first identified an
appropriate window based on phase 1 data that is considered reasonable to characterize the
trough concentrations. Next, the reviewer performed simulations based on popPK model and
derived the trough concentrations for all the subjects in the popPK dataset. Lastly, the impact of
bodyweight was explored using the observed concentrations (within an appropriate window
characterized based on review of the phase 1 data) and popPK simulated trough concentrations.

Objective


To identify an appropriate window based on phase 1 data that is considered reasonable to
characterize the trough concentrations.



To evaluate the potential impact of bodyweight on the observed trough concentrations as
well as those from popPK model-based simulations.

Datasets
Datasets used for the analyses are summarized in

Study
Number

Name

Link to EDR

6002-popPK

kw600220180316adscmfix.xpt

\\cdsesub1\evsprod\nda022075\0047\m5\datasets\6002pop-pk\analysis\legacy\datasets\kw6002-20180316adscmfix.xpt

Software
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The statistical software NONMEM (version 7) and R version (3.3.1) were utilized for dataset
compilation, analyses and generation of plots.

Methods
PK data from studies 6002-US-022 and 6002-US-023 were reviewed to identify an appropriate
window based on phase 1 data that is considered reasonable to characterize the trough
concentrations. A dataset was set up for simulation of PK data for all the subjects used in the
popPK model and exposure-response analyses. The final popPK model was used to simulate PK
data following the respective doses and, the trough concentrations were filtered out based on
the window identified previously.

Results
Based on the PK data from studies 6002-US-022 and 6002-US-023, a window of 16 – 27 hours
post-dose was identified as appropriate to characterize the trough concentrations. Therefore,
popPK dataset which included the observed plasma istradefylline concentrations was filtered out
between 16 – 27 hours (constituted 7.4% of all data), and is shown in Figure 6 below. Trough
concentrations derived from PK simulations (and using the same cut-off for time after dose) and
the observed trough concentrations were compared as an additional qualification of the popPK
model and shown in Figure 7. Lastly, these exposures across the bodyweight bands (following
discussions with the clinical review team) were compared in Figure 8 and Figure 9.
Reviewer’s note:
Based on the reviewer’s analyses, as noted above, the popPK model was able to adequately
characterize the observed data (comparable with the PK simulations). While it may be difficult to
characterize dose proportionality from phase 3 data accurately (due to the challenges in the
quality of data, in terms of collection intervals, compliance to dose administration etc.), the data
seems supportive of the dose-proportionality established up to 80 mg in phase 1 studies.
Exposures (both observed and simulated trough plasma concentrations) within the weight bins
were comparable at each dose level and also across studies. Therefore, the impact of bodyweight
on PK exposures is unlikely to be clinically meaningful.
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Figure 6 Observed trough concentrations within 16-27 hours after dose for all the studies in
population PK dataset

Figure 7 Comparison of the observed trough concentrations with those derived from the
popPK model
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Figure 8 Comparison of simulated trough plasma concentrations within bodyweight bins across doses and studies

Note: Simulated PK data was filtered for trough plasma concentrations between 16 – 27 hours
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Figure 9 Comparison of observed trough plasma concentrations within bodyweight bins across doses and studies

Note: Simulated PK data was filtered for trough plasma concentrations between 16 – 27 hours
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List of Analysis Codes and Output Files
Filename

Description

Link to PM Review Shared
Drive

simshell_allstudies_final.csv Simulation dataset for popPK
analyses

posthocEBE_simfile.R

Dataset
generation
plotting in R
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EXECUTIVE SUMMARY
Istradefylline (KW-6002;KF21002; Ro 64-4529) is adenosine A2a receptor antagonist,
being proposed as adjunctive therapy to levodopa in the treatment of Parkinson’s disease.
In the registration trials, the primary endpoint for effectiveness was the change from
baseline to endpoint in the percentage of awake time per day spent in the OFF state based
on the 24-hour ON/OFF patient diary. ON time was defined as the time when medication
was providing benefit with regard to mobility , slowness and stiffness; OFF time was
defined as the time when medication had worn off and was no longer providing benefit
with regard to mobility, slowness, and stiffness.
Sponsor conducted exposure (area under serum concentration-time curve; AUC) and
response analysis for both effectiveness (using data from all visits) and safety events
(dyskinesia, nausea, dizziness) using non-linear mixed effects analysis. Analysis was
also conducted for the secondary endpoints such as (a) The change from Baseline to
endpoint in the percentage of awake time per day spent in the ON state without
dyskinesia and with dyskinesia. (b) The change from Baseline to endpoint in UPDRS
(Unified Parkinson’s Disease Rating Scale) subscale 3 score.
The exposure-response analysis demonstrated a decrease in OFF time with increasing
AUC. However, this relationship is shallow as a 6 fold increase in AUC does not
translate into bigger effects in OFF time.
Patients who smoke have 38% lower AUC in comparison to non-smokers. However, no
clear information on the effects of lower AUC on decrease in OFF time in smokers can
be interpreted from the current database as the percentage of smokers is less than 6%.
(b) (4)
For matching the AUC in both smokers and non-smokers, sponsor proposes
which is
reasonable.
The purpose of the pharmacometrics review is to address the following questions;
1) Is the effectiveness of Istradefylline for the primary endpoint consistent across
clinical trials?
2) Is there evidence of exposure-response relationship for the primary endpoint
(Percentage of awake time per day spent in the OFF state based on the 24-hour
ON/OFF patient diary)?.
3) Is the proposed dose adjustment for smokers and non-smokers acceptable?
4) Is the relationship between exposure and safety events adequately characterized?

Istradefylline PM review

p. 4/32

RECOMMENDATIONS
Based on the pharmacometrics analysis, the following are the recommendations
1. The relationship between exposure (AUC) of Istradefylline and % OFF Time is
shallow. A six fold increase in AUC does not result is a corresponding increase in the %
OFF Time.
2. The exposure in smokers is 38% lower than non-smokers. The label should state the
differences in AUC in smokers and non-smokers and allow for increment in dose in
smokers as needed.
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QUESTION BASED REVIEW
1.1 IS THE EFFECTIVENESS OF ISTRADEFYLLINE FOR THE PRIMARY
ENDPOINT (CHANGE FROM BASELINE IN PERCENT OFF TIME) CONSISTENT
ACROSS CLINICAL TRIALS?
No. The sponsor conducted two Phase IIb double-blind, randomized, placebo-controlled,
fixed-dose studies (#6002-US-005 and #6002-US-006) and three Phase III double-blind,
randomized, placebo-controlled, fixed-dose studies (#6002-US-013, #6002-US-018, and
#6002-EU-007). Out of five clinical trials, the two phase III studies (#6002-US-018 and
#6002-EU-007) were negative. In Study #6002-US-018, the placebo effect was higher
than the treatment effects. Overall, three out of five clinical trials showed that
Istradefylline was significantly different from placebo.
Figure 1 shows the relationship between dose and the observed effects (Least square
mean change from baseline at the end of the study) versus dose in the three positive
clinical trials.

Change from baseline % OFF Time

Figure 1. Relationship between dose and change from baseline in %OFF time at week 12
in three positive clinical trials.
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NOT FOR PUBLIC DISCLOSURE
In order to compare if the effect sizes are similar to those observed for drugs approved in
similar patient population, the reviewer extracted the information from approved drug
labels in PDR (Physician Desk Reference). The primary endpoint used for evaluating the
effectiveness of Istradefylline was not same as for other drugs. In order to compare
across various drugs, the reviewer used “Change from baseline in OFF Time” instead of
“Change from baseline in %OFF Time” as the endpoint for comparison.
Figure 2 shows the change from baseline and placebo subtracted OFF Time for various
(b) (4)
approved drugs.
The graph shows
that drugs such as Selegiline, Pramipexole, Tolcapone have greater effects than
Istradefylline. Similarly, drugs such as Rasagiline have similar effects in comparison to
Istradefylline.
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Figure 2. Change from baseline and placebo subtracted OFF Time for various approved
drugs. Values closer to zero indicate relatively smaller drug effects (NOT FOR PUBLIC
DISCLOSURE).
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1.2 IS THERE EVIDENCE OF EXPOSURE-RESPONSE RELATIONSHIP FOR
THE PRIMARY ENDPOINT?
There is a statistically significant relationship between exposure (AUC) and Percent OFF
Time when analyzed using the longitudinal data from Studies 6002-US-001, 6002-US003, 6002-US-004, 6002-US-005, 6002-US-006, 6002-US-013, 6002-US-018, 6002-EU007. Table 1 lists the results of the data analysis by the reviewer with various models.
An Emax model best described the relationship between AUC and Percent OFF time.
Parameter estimates from final model based on sponsor’s analysis are provided in Table 2
in Section 5. The sponsor included data from titration studies 6002-US-001 and 6002US-004 in the analysis. In the titration studies, the dose in patients was increased every 4
weeks. The analysis assumed that at the end of 4 weeks at a dose level, the patients
would have achieved steady state in terms of % OFF time. The justification for these
assumptions is provided below.
Assumption 1
Observation for
Assumption 1
Assumption 2
Observation for
Assumption 2

PK Steady state is achieved within 4 weeks
The half-life of Istradefylline is 70 hours. Hence, PK steady state is
achieved by 7-10 days which satisfies Assumption 1
PD Steady state is achieved within 4 weeks
The reviewer summarized evidence from Study 6002-US-005 where
a fixed dose of 40 mg was administered for 12 weeks. Effectiveness
was measured at 0, 2, 4, 8 and 12 weeks. The figure below shows
that by 2 weeks, the maximum effects on Percent OFF Time after
treatment with Istradefylline are seen.
Change from baseline % OFF Time

0
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-6
-8
-10
-12
-14
0

5

10

15
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Figure 3 shows the observed (± 1 Standard Error) relationship between percent OFF time
and change from baseline percent OFF time versus midpoint of AUC quartiles from
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Studies 6002-US-001, 6002-US-003, 6002-US-004, 6002-US-005, 6002-US-006, 6002US-013, 6002-US-018, 6002-EU-007. A 6 fold increase in AUC translates into modest
increase in effects on % OFF time – implying a shallow relationship.
Table 1. Results of the hypothesis testing for evaluating effects in placebo and treatment
group.
Model
Parameter
p-value
Effects in Placebo Group
35.6
• No change with time
p<0.05
35.6-0.05⋅TIME
• Change linearly with time
P<0.05
• Change asymptotically with 38.7-(6.85⋅TIME/(25.1+TIME)
time
Effects in Treatment Group after
including placebo effects
• No change with AUC
• Change linearly with time.
• Change asymptotically with
AUC (Emax)

-13.3
-0.000492⋅AUC
-6.38⋅AUC/(1510+AUC)

p<0.05
p<0.05
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Figure 3. Relationship between (A) %Time in OFF State versus midpoint (mean and 1 SE) of
AUC (ng/mL*hr) Quartiles at Week 12 (B) Change from baseline %Time in OFF State versus
midpoint (mean and 1 SE) of AUC Quartiles at Week 12 in Studies 6002-US-001, 6002-US-003,
6002-US-004,6002-US-005, 6002-US-006, 6002-US-013, 6002-US-018, 6002-EU-007. AUC for
placebo group was assumed to be zero. The average steady state AUC after 20, 40 and 60 mg
dose is approximately 5000 ng/mL*hr, 10000 ng/mL*hr and 12000 ng/mL*hr respectively.
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1.3 IS THE PROPOSED DOSE ADJUSTMENT FOR SMOKERS AND NONSMOKERS ACCEPTABLE?
Yes. Smoking has been shown to influence the clearance of Istradefylline. Figure 4
displays the predicted AUC-response relationship (from PK model) by smoking status. It
is shown that mean of AUC for smokers is 38% lower than non-smokers from population
PK analysis (6099 ng.hr/mL vs 8404 ng.hr/mL). An increase in dose 20mg to 40mg/day
for the smokers would result in a predicted Percent OFF time that would be similar to the
(b) (4)
response demonstrated in a non-smoker who receives 20mg/day.
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Figure 4. The distribution of AUC by smoking status.

5

5

10

10

20

20

DOSE(mg)

40

40

60

60

Istradefylline PM review

p. 12/32

1.4 IS THE RELATIONSHIP BETWEEN EXPOSURE AND SAFETY EVENTS
ADEQUATELY CHARACTERIZED?
Figure 5 shows the relationship between AUC and dyskinesia, dizziness and nausea.
The results indicate that at doses greater than 40 mg, the rates of dyskinesia and dizziness
do not increase. However, the rate of nausea would still be higher.
Figure 5. Relationship between safety events (dyskinesia, dizziness and nausea) and
AUC from observed data (orange solid line) and predicted values from PK/PD models
(blue dotted line). Vertical lines indicate the range of estimated AUC for each dose
group from PK model with dot as median AUC. Also shown is the table indicating
dyskinesia, dizziness and nausea probability with increasing doses of Istradefylline.
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APPENDIX –I (SPONSOR’S ANALYSIS)
Studies
The submission included eight Phase 1 and eight Phase 2/3 clinical trials comprised the
final population PK database and six phase 2/3 clinical trials of these sixteen studies
comprised the final PK-PD. Study protocols contributing data for the population PK and
PK/PD database are listed in the appendix.
Methods
In an effort to describe the dose-concentration-response (efficacy and safety) relationship,
population PK and PK/PD models were developed from Istradefylline clinical trial data.
Population PK and PK/PD analyses for repeated measures data were conducted via
nonlinear mixed effects modeling with NONMEM software. The first-order conditional
estimation(FOCE) with eta-epsilon interaction method in NONMEM. Population
exposure-response data for adverse effects were analyzed using naïve-pooled logistic
regression methods in NONMEM.
PK Analysis
The PK database was comprised of 1449 subjects contributing a total of 10909 plasma
concentrations. There were 1219 Parkinson’s disease patients and 230 healthy subjects.
The general approach to the population pharmacokinetic analysis was to first estimate the
population pharmacokinetic parameters for the base pharmacokinetic model and to
subsequently investigate covariate-parameter relationships in the population
pharmacokinetic model.
The influences of covariates on Istradefylline PK were assessed by exploratory graphical
inspection of potential covariate-parameter relationship.
PD Analysis
The PD endpoints included the time course of the percentage of awake time per day spent
in the OFF state (Percent OFF time), the time course of the percentage of awake time per
day spent in the ON state (Percent ON time), the Percent ON time with / without
dyskinesia, and the UPDRS subscale 3 score.
The placebo data from studies 6002-US-001, 6002-US-005, 6002-US-006, 6002-EU-007,
6002-US-013 and 6002-US-018 was used to develop a DP-PR model for the PD
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endpoints being evaluated. A complete disease progression model consists of four
components as follows;

For the each endpoint various linear / non-linear model, direct/indirect PK/PD models
were evaluated based on the relationships demonstrated in the exploratory graphics.
Percent OFF Time was modeled as a continuous variable; second, a logistic regression
model was applied to the Percent ON Time data, following an appropriate transformation,
to determine the probability of ON time dyskinesia; third, the Percent ON Time with
Dyskinesia data, with all zero values removed, was modeled as a continuous variable.
The patient specific predicted AUCss from the final population PK model was used as a
predictor in all three models to describe effect of Istradefylline. All models developed
were comprised of a disease progression/placebo response (DP-PR) component, and an
exposure-response component for the effect of Istradefylline.

Safety Analysis
The study population consisted of 1198 patients treated with Istradefylline and 591
patients treated with placebo from the six Phase 2/3 studies. A summary of the
incidence rates was calculated and a graphical evaluation of all of the safety
endpoints was performed to determine what endpoints would be subject to formal
exposure-response modeling. Based on the review, dyskinesia, dizziness and nausea
AE were selected for exposure-response modeling. The predictor used in the
exposure-response modeling for safety was the individual predicted Istradefylline
AUCss. PK/PD models were developed to explore the relationship between
Istradefylline exposure (AUCss) and observed safety endpoint. Each of the safety
endpoints were expressed as a dichotomous categorical variable representing the
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occurrence of an AE with 1=yes and 0=no and it was analyzed using a logistic
regression model.
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RESULTS
PK Analysis
Two compartment model with first-order absorption was chosen as the base structural
model due to the population concentration-time relationship displayed a bi-exponential
decay. The effects of covariate on Istradefylline PK were also investigated. The main
predictors were smoking status and the presence of CYP3A4. Smoking would be
expected to decrease AUCss by 38% and the presence of CYP3A4 inhibitors would
increase the AUCss by 35%. The population pharmacokinetic parameter estimates are
presented in Table 1.
Table 1 Parameter estimates for the final Istradefylline population PK model.

Goodness-of-fit plots of the individual predicted concentrations versus the observed
concentrations and is shown in Figure 11 . These plots indicate that the model was
adequate since the observed and predicted Istradefylline concentrations were randomly
distributed across the line of unity (a straight line with zero intercept and a slope of one)
and the plot of weighted residuals revealed no systematic trends.
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Figure 11. The goodness of fit plots for final PK model: observed .vs.
predicted concentration (upper panel), weighted residual .vs. predicted
(bottom panel).
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PD Analysis
Primary end point: Percent OFF Time
The PD database for Percent OFF Time was comprised of 1760 patients contributing a
total of 9108 measurements of Percent OFF Time. The study population consisted of
1181 patients treated with Istradefylline and 579 patients treated with placebo with ages
ranging from 35 to 87 years. Dopamine agonists (63%) were the most prevalent
concomitant medication followed by COMT inhibitors (36%), amantedine (26%), and
SELG (13%).
The relationship between Istradefylline AUCss and Percent OFF time was best described
by a non-linear PK/PD model(Emax) based on time for DP-PR component and Emax
model for the effect of Istradefylline, which entered the model as additive to the DP-PR
component. The estimated fixed effect parameters are shown below.

The most influential covariates on the Percent OFF time were smoking status (through
effects on PK exposure (AUCss) and the presence of COMT inhibitors.
Based on the population PK model and PK/PD percent OFF time model, a Parkinson’s
disease patient who smokes and received 20mg/day dose resulting in the median
exposure and effect for that dose, would have a response to istradefylline that was 18%
lower than a similar patients who do not smoke. For a 40mg /day dose, in the same two
patients, the smokers’ response would be 12% lower.
EmaxI and EmaxP were related to the presence of COMT inhibitors as concomitant
medications. The effect of Istradefylline in the typical patients (with a dopamine agonist
concomitant medication) also taking COMT inhibitors was estimated to be 1.6-1.8 fold
higher across the tested models.
Table 2 summarizes the parameter estimates for the population PK/PD model of
Istradefylline on Percent OFF time.
Table 2 Parameter estimates for the final Istradefylline population
PK/PD model on Percent OFF time.
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APPEARS THIS WAY ON ORIGINAL
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Goodness-of-fit plots for the final PK/PD model are presented in Figure 12. The observed
and predicted percent OFF time scores were randomly distributed across the line of unity,
and there were no systematic trends in weighted residuals. Generally, the final indirect
response model adequately described the observed response in this population.

Figure 12. The goodness of fit plots for final PD model: observed .vs. predicted
percent OFF time (left panel), weighted residual .vs. predicted (right panel).

Secondary endpoints
The secondary endpoints for efficacy evaluated were Percent ON time with / without
dyskinesia and the UPDRS subscale 3 score.
The exposure-response relationship for Percent ON time with Dyskinesia was
investigated, conditioned on Percent ON time greater than zero. The data included 1154
patients (372 placebo and 782 Istradefylline) supplying 5076 observations. The
relationship between AUCss and Percent ON time with dyskinesia was best described by
a DP-PR component that incorporated time as an exponential function and a linear slope
effect for Istradefylline, which entered the model as additive to the DP-PR component.
Fifty nine patients were dropped from the original efficacy data set due to the lack of
baseline UPDRS subscale 3 score resulting in a study population that consisted of 1137
patients treated with Istradefylline supplying 5747 observations and 564 patients treated
with placebo supplying 2935 observations. The relationship between AUCss and
UPDRS subscale 3 score was best described by an Emax model based on time for the
DP-PR component and a linear slope effect for Istradefylline, which entered the model as
additive to the DP-PR component.
Model structural parameters and most random variance parameters were estimated with
good precision. The addition of covariate factors did not result in any major decrease in
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the estimated interindividual variances and for the majority of covariate factors the results
indicated there was not enough information in the data to make any conclusion. For the
model for the Percent ON time with dyskinesia, there was some degree of over prediction
at the lower values evident from the model evaluation. In general, the utility of the
secondary endpoint PK/PD models is limited mainly due to the minimal effects
demonstrated by Istradefylline on these endpoints.

Figure 13. The goodness of fit plots for final PD model: observed .vs. predicted percent
ON time (left panel), observed .vs. predicted UPDRS subscale 3 scores (right panel).
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Safety analysis
The exposure-response relationship for dyskinesia and dizziness was described by an
Emax model and for nausea a power model was used. The main findings of the safety
analysis indicate that the probability of dyskinesia and dizziness will plateau at a dose of
40mg/day and the probability of nausea may continue to rise as the dose is increased.

Sponsor’s Conclusions

Typical population PK parameters given the reference covariates (Caucasian 62 years,
70kg, 55.6kg LBM, non-smoker, no CYP3A4 inhibitors, unknown food status) were 5.76
L/hr, 198L, 21.6L/hr, 307 L and 0.464 hr-1 for CL/F, V2/F, Q, V3/F and Ka, respectively.
Smoking and CYP3A4 inhibitors as concomitant medications were shown to be
predictors of Istradefylline exposure. Istradefylline AUCss is increase 35% by the
presence of CYP3A4 inhibitors and decreased 38% in smokers.
The typical maximum decrease in Percent OFF time due to Istradefylline AUC would be
5.79% with one-half of the maximum effect being reached at an exposure of 1690
ng*hr/mL and 90% of the maximum being reached at 15200 ng*hr/mL.
The Percent OFF time response for Istradefylline based on the population PK/PD model
for a typical patient was a decrease of approximately 4.5% in the Percent OFF time.
The effect of Istradefylline in the typical patients also taking COMT inhibitors was
estimated to be 1.6-1.8 fold higher. The mechanism underlying this finding is unknown;
the presence of COMT inhibitors may be causally-related to or simply correlated with
another undetermined factor.
The results from the sub-analysis of Study 6002-US-018 indicate that the DP-PR effect in
this study is different from that demonstrated in the other studies in the analysis. In
addition, it is probable that the atypical placebo response was not present in the active
treatment groups in Study 6002-US-018 but the design of the study does not follow this
to be adequately evaluated.
The incidence rates of dyskinesia and dizziness would be expected to plateau at
40mg/day but the incidence rate of nausea may continue to rise with each dose increase.
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Doses of Istradefylline greater than 40mg/day would be expected to yield minimal
increase in efficacy as measured by the decrease in Percent OFF Time.
Given the safety profile and decrease in predicted AUCss for smokers, consideration
should be given to increasing the dose from 20 to 40mg/day or 40 to 60mg/day in
Parkinson’s patients who smoke.
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REVIEWER’S ANALYSIS
The reviewer finds that the analysis conducted by the sponsor is acceptable. No further
analysis was conducted by the reviewer.
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Executive Summary

1.1 Recommendation
From clinical pharmacology perspective, adequate studies have been submitted.
However, we have the following concerns.
1. Through our analyses described in section 2.2.4.1, the difference of effectiveness
among different dose levels is not significant. The dose response has not been shown.
This is in contrast to the applicant’s more complex approach.
•

As shown in the following figures, the exposure (either using AUC or dose) and
response (clinical endpoint: change of percent OFF time from baseline at the end
of the studies) do not have significant relationship.
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Either univariate or multivariate analyses, or pair wise comparisons, there is no
significant difference of the primary clinical endpoint (change of percent of OFF
time from baseline at the end of the studies) among different dose groups as
shown in the following table. Predictors used in the following table include dose,
STDY (study), BOFF (baseline off time), DOPA (concomitant dopamine agonist),
COMT (catechol O-methyltransferase inhibitor), SELG (concomitant selegiline),
AMAT (concomitant amantadine), age, LYRS (years of start of levodopa
therapy), TPD (diagnosis of Parkinson’s Disease year), TOMC (time since onset
of motor complications). Only baseline off time, age, and LYRS are significant
predictors.
____________________________________________________________
Parameter

Estimate

Standard
Error

t Value

Pr > |t|

Intercept
DOSE
STDY
BOFF
DOPA
COMT
SELG
AMAT
AGE
LYRS
TPD

17.98285838
-0.02059083
-0.04830351
-2.30320839
-1.11168142
0.20008701
-2.35257053
-0.70168597
-0.11757334
0.00328411
0.01258718

4.13230454
0.03384119
0.14107600
0.19255539
0.96048950
0.96744069
1.35333511
1.02263354
0.04798335
0.00154368
0.01813635

4.35
-0.61
-0.34
-11.96
-1.16
0.21
-1.74
-0.69
-2.45
2.13
0.69

<.0001
0.5430
0.7321
<.0001
0.2474
0.8362
0.0824
0.4928
0.0144
0.0336
0.4878

2

TOMC

-0.01105467

0.01063169

-1.04

0.2987

_____________________________________________________________
The following table shows pair wise comparison between dose groups.
Comparisons

Dose

N

10mg vs
20mg
10mg vs
40mg
10mg vs
60mg
20mg vs
40mg
20mg vs
60mg
40mg vs
60mg

Placebo
10mg
20mg
10mg
40mg
10mg
60mg
20mg
40mg
20mg
60mg
40mg
60mg

551
147
413
147
427
147
145
413
427
413
145
427
145

Chg % Off
Time (SD)
-5.4±15.6
-5.7±14.2
-7.7±16.4
-5.7±14.2
-7.8±16.7
-5.7±14.2
-8.1±14.3
-7.7±16.4
-7.8±16.7
-7.7±16.4
-8.1±14.3
-7.8±16.7
-8.1±14.3

05
65

06
75

Study
07
151

159
124

13
113
112

158
145
159

124

112
158

159
145
124

112
158

145

18
147
147
142
147
145
147
142
145
142
145

P value
0.1846
0.1767
0.1396
0.9581
0.7727
0.8049

2. There is a possibility that the drug does not have effectiveness. Even if it has, the
insignificance of differences of the primary clinical endpoint among different dose
levels (10 to 60 mg) indicates that the dose chosen (20mg/day) is not a suitable choice
based on the following observations.
•
•

Our analyses show the effectiveness among different dose groups is not
significantly different.
Receptor occupancy study showed that over 90% receptor occupancy was
achieved with daily oral doses of greater than 5 mg istradefylline for 14 days. A
dose-occupancy curve could be constructed following 0.1 to 5 mg daily for 14
days.

However, other trials also indicate that 5 and 10 mg doses are not effective.
Therefore, this drug seems to have weak effectiveness at any of the doses tested.
3. Although the proposed dosing adjustments for hepatic impairment and smoking seem
reasonable from pharmacokinetic perspective, the base dosing regimen should be
sought first and then decide if higher dose is necessary when dosing smokers.
4. The assay validation for study 6002-US-009 (drug interaction study on
levodopa/carbidopa) could not be found for levodopa and carbidopa. However, there
is another study BP15748 to investigate drug interaction, which obtained the similar
results.
5. The precision of the assay validation for high QC sample is not acceptable in food
effect study 6002-US-023. However, the results were consistent with another food
effect study 6002-9601.
3

6. The study of drug interaction between istradefylline and digoxin was requested by the
Agency during the preNDA meeting. The argument made in this NDA submission
could not exclude the potential of such interaction. A Phase 4 commitment is
recommended in this regard if the NDA is approved.
7. The induction potential of istradefylline for CYP enzymes has not been investigated
in human. An in vivo drug interaction study with midazolam does not indicate any
possibility of induction, therefore CYP3A induction potential of istradefylline is not a
concern. However, induction potential on CYP1A2 is not known. In vitro study to
investigate this potential should be conducted first. If the induction potential is
shown, in vivo study may be necessary.
1.2

Phase IV Commitments

If approved, the applicant should commit to conduct the following studies post approval.
1. A drug interaction study to investigate the inhibition potential of istradefylline on Pgp.
2. In vitro studies to explore the induction potential of istradefylline on CYP1A2. If
there is a potential, in vivo study may be necessary.
1.3

Summary of Important Clinical Pharmacology and Biopharmaceutics
Findings

Istradefylline (KW-6002, KF21002, Ro 64-4529) is a novel adenosine A2A receptor
antagonist proposed to be indicated as adjunctive therapy to levodopa/carbidopa (b) (4)
(b) (4)
Parkinson’s disease
. The proposed dosage regimen is one 20 mg
(b) (4)
tablet to be taken orally, once daily, with or without food.
dose may be increased to 40 mg once daily.
The pivotal studies include two Phase 2b double-blind, randomized, placebo-controlled,
fixed-dose studies (6002-US-005 and 6002-US-006) and three Phase 3 double-blind,
randomized, placebo-controlled, fixed-dose studies (6002-US-013, 6002-US-018, and
6002-EU-007). Three (or two based on medical reviewer) out of five Phase 2/3 studies
showed effectiveness for the primary end point (the change of percentage of awake time
per day spent in the OFF state). Analyses have been performed from dose response
perspective (see end of this section: recommendations).
The active moieties in the plasma (and other biological fluid) were appropriately
identified and measured to assess pharmacokinetic parameters and the assays were
validated. The intra-subject coefficients of variation (CVs) for measures of systemic
exposure were 14.1% for AUC0-8 and 20.7% for Cmax. The inter-subject variabilities of
PK parameters are in the range 20-60%.

4

After single- and repeated-dose oral administration in healthy, non-smoking subjects,
istradefylline median Tmax occurs at approximately 4 hours. Istradefylline exhibits low
aqueous solubility across the pH range in the gastro-intestinal tract (solubility in water
was about 0.64 µg/mL). In contrast, the permeability of istradefylline across Caco-2 cell
monolayers was high. These data indicate that istradefylline can be classified as a
Biopharmaceutics Classification System (BCS) Class II drug (low solubility, high
permeability). Once in solution, istradefylline is rapidly absorbed into the systemic
circulation. In addition, in vitro study showed that Istradefylline is not a substrate for Pglycoprotein. A clinical study on the absolute bioavailability of istradefylline was not
conducted because of the poor aqueous solubility of the compound. A between-study
comparison of the AUC0-∞ of istradefylline indicated a relative bioavailability of 112%
for the 40-mg intended commercial tablet, compared to the oral suspension. Single or
multiple dose data showed the linearity of istradefylline in the clinical dose range. The
accumulation ratio is in the range of 2-6. Compared to fasted conditions, a high-fat meal
increased the rate of absorption, Cmax, by 64% and extent, AUC0-∞, by 25% of
istradefylline absorption after administration as a 40-mg tablet.
Istradefylline has extensive distribution independent of the dose, consistent with its high
lipophilicity. The volume of distribution was in the range of 450 to 670 L across studies.
The blood to plasma ratio for AUC0-∞ averaged 0.66. Istradefylline exhibits a high
degree of plasma protein binding (mean of approximately 98%), which is independent of
the istradefylline concentration in plasma across the therapeutic concentration range.
The in vitro studies demonstrated that the primary cytochrome P450 (CYP) isoenzyme
responsible for istradefylline metabolism was CYP3A4. Other CYP isoenzymes
identified as having a minor role include CYP1A1/2, 2C8, 2C9, 2C18, and 2D6. In vivo,
the human mass-balance study indicated that the radioactivity recovered in plasma
primarily consisted of istradefylline and M1, M4, M5, M8, M11, and M12. These 7
compounds comprised > 96% of the total radioactivity in plasma. The principal oxidative
metabolites in plasma were M1 and M8, and comprised 1.1% and 5.1%, respectively, of
the drug-related material on a molar basis. The other 4 metabolites, M4, M5, M11, and
M12, were Phase II conjugates, and comprised 1.6%, 4.4%, 1.7%, and 7.6%,
respectively.
Istradefylline is eliminated with a terminal half-life that averages approximately 70 to
118 hours across various studies. The post-Cmax phase is characterized by a biexponential decline in the plasma concentration versus time profile. Approximately 87%
of the dose was recovered in urine and feces by 168 hours after dosing, of which 39%
was excreted in urine and 48% in feces. A total of 7 metabolites (M4, M5, M11, M12,
M15, M16, and M19) were identified in urine, whereas unchanged istradefylline was not
detected. All of these metabolites were sulfate and glucuronide conjugates of Phase I
metabolites. In fecal extracts, unchanged istradefylline was the predominant radiolabeled
component, accounting for 1.3% to 31.6% of the administered dose. Five metabolites
(M10, M13, M14, M17, and M18) were identified, of which 4 (M10, M13, M14, M18)
were reduced (hydrogenated) metabolites that were not observed in plasma, suggesting
that they were formed in the gastrointestinal tract. The metabolites M13 and M18 were
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not seen in either plasma or urine, suggesting that these metabolites were formed, and
remained, in the gut. The M17 metabolite was a minor component in fecal samples,
comprising approximately 2.8% of the administered dose, and was not observed in
plasma. The steady-state oral clearance of istradefylline ranged from 4.09 to 5.98 L/h.
Oral clearance, even when uncorrected for bioavailability, was less than 7% of hepatic
blood flow (90 L/h), which indicates that istradefylline is a low clearance, low extraction
ratio drug.
Intrinsic factors age, gender, and race had no significant effects on the pharmacokinetics
of istradefylline. There were no relevant changes in istradefylline systemic exposure or
elimination rate in subjects with severe renal impairment compared to either young or
demographically matched subjects. Thus, no dose adjustment was recommended in
subjects with renal impairment. Among smokers and non-smokers, subjects with hepatic
impairment had significantly slower elimination of istradefylline compared to the
matched healthy subjects. Among non-smokers, istradefylline had a mean elimination
half-life of approximately 118 hours in healthy subjects, and a mean half-life of
approximately 287 hours in subjects with hepatic impairment. Among smokers,
istradefylline had a mean elimination half-life of approximately 55 hours in healthy
subjects, and a mean half-life of approximately 100 hours in subjects with hepatic
impairment.
Ketoconazole (200 mg twice daily) co-administered with 40 mg of istradefylline
increased the istradefylline AUC0-168 approximately 1.5-fold and Cmax was not
affected. The elimination half-life of istradefylline was prolonged when administered
with ketoconazole. In addition, a population pharmacokinetic analysis of 16 Phase 1, 2,
and 3 studies indicated that the presence of CYP3A4 inhibitors increased istradefylline
AUCss by an average of 35%.
Co-administration of 7.5 mg of midazolam (CYP3A4 substrate) with 5 or 20 mg/day of
istradefylline at steady-state had no relevant effect on midazolam exposure. On the other
hand, co-administration of 10 mg of midazolam with 80 mg/day of istradefylline at
steady state increased the Cmax of midazolam by 61% and the AUC0-∞ by 141%. This
increase in systemic exposure of midazolam, which was not accompanied by a significant
decrease in the systemic exposure of 1’-hydroxymidazolam, suggests a predominantly
pre-systemic effect of istradefylline on CYP3A4 activity and that istradefylline is a
moderate inhibitor of CYP3A4 at a dose which is 2- to 4-fold greater than the
recommended therapeutic doses (20 to 40 mg/day). The CYP3A4 inhibitory activity of
istradefylline (40 mg/day at steady-state) was also evaluated in a drug-drug interaction
study with 40 mg of atorvastatin, which showed a 53% increase in Cmax and a 54%
increase in AUC0-∞ of atorvastatin. This was not accompanied by a decrease in either of
the 2 metabolites of atorvastatin.
Due to the expected routine use of drug combination with levodopa/carbidopa, two
clinical studies were conducted and concluded that there was no interaction between
istradefylline and levodopa/carbidopa.
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Several formulations were used during the drug development. The capsule formulations
were developed mainly for early development activities in Europe and were not used in
any of the pivotal efficacy and safety studies. Tablet B (in strengths of 5, 10, 20, and 40
mg), which was used in later clinical studies, has the same tablet core formulations as the
intended Commercial Tablet formulation. The changes from Tablet B to commercial
(b) (4)
formulations concerned the film coat
nd a change in the shape of the tablets to the commercial image. The 20 and
(b) (4)
40 mg Tablet B formulations are compositionally proportional,
(b)
However, it is relevant to note that the (4) 20, and 40 mg intended
Commercial Tablets are similar to those used in Phase 3 studies, with only minor
differences in the shape and/or composition of the film coat. A pivotal bioequivalence
(b) (4)
study was conducted with Tablet B formulations manufactured on the (b)
)
(4) -kg (
(b)
(b) (4)
and (4) -kg (
) scales versus the intended commercial tablet manufactured on a
(b)
(4) -kg scale at the highest tablet strength, 40 mg. The intended commercial istradefylline
40-mg tablet was bioequivalent to formulations used in Phase 2b/3 studies.
The following recommendations have been made.
1. Through our analyses described in section 2.2.4.1, the difference of effectiveness
among different dose levels is not significant. The dose response has not been shown.
This is in contrast to the applicant’s more complex approach.
•

As shown in the following figures, the exposure (either using AUC or dose) and
response (clinical endpoint: change of percent OFF time from baseline at the end
of the studies) do not have significant relationship.
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Either univariate or multivariate analyses, or pair wise comparisons, there is no
significant difference of the primary clinical endpoint (change of percent of OFF
time from baseline at the end of the studies) among different dose groups as
shown in the following table. Predictors used in the following table include dose,
STDY (study), BOFF (baseline off time), DOPA (concomitant dopamine agonist),
COMT (catechol O-methyltransferase inhibitor), SELG (concomitant selegiline),
AMAT (concomitant amantadine), age, LYRS (years of start of levodopa
therapy), TPD (diagnosis of Parkinson’s Disease year), TOMC (time since onset
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of motor complications). Only baseline off time, age, and LYRS are significant
predictors.

____________________________________________________________
Parameter

Estimate

Standard
Error

t Value

Pr > |t|

Intercept
DOSE
STDY
BOFF
DOPA
COMT
SELG
AMAT
AGE
LYRS
TPD
TOMC

17.98285838
-0.02059083
-0.04830351
-2.30320839
-1.11168142
0.20008701
-2.35257053
-0.70168597
-0.11757334
0.00328411
0.01258718
-0.01105467

4.13230454
0.03384119
0.14107600
0.19255539
0.96048950
0.96744069
1.35333511
1.02263354
0.04798335
0.00154368
0.01813635
0.01063169

4.35
-0.61
-0.34
-11.96
-1.16
0.21
-1.74
-0.69
-2.45
2.13
0.69
-1.04

<.0001
0.5430
0.7321
<.0001
0.2474
0.8362
0.0824
0.4928
0.0144
0.0336
0.4878
0.2987

_____________________________________________________________
The following table shows pair wise comparison between dose groups.
Comparisons

Dose

N

10mg vs
20mg
10mg vs
40mg
10mg vs
60mg
20mg vs
40mg
20mg vs
60mg
40mg vs
60mg

Placebo
10mg
20mg
10mg
40mg
10mg
60mg
20mg
40mg
20mg
60mg
40mg
60mg

551
147
413
147
427
147
145
413
427
413
145
427
145

Chg % Off
Time (SD)
-5.4±15.6
-5.7±14.2
-7.7±16.4
-5.7±14.2
-7.8±16.7
-5.7±14.2
-8.1±14.3
-7.7±16.4
-7.8±16.7
-7.7±16.4
-8.1±14.3
-7.8±16.7
-8.1±14.3

05
65

06
75

Study
07
151

159
124

13
113
112

158
145
159

124

112
158

159
145
124

112
158

145

18
147
147
142
147
145
147
142
145
142
145

P value
0.1846
0.1767
0.1396
0.9581
0.7727
0.8049

2. There is a possibility that the drug does not have effectiveness. Even if it has, the
insignificance of differences of the primary clinical endpoint among different dose
levels (10 to 60 mg) indicates that the dose chosen (20mg/day) is not a suitable choice
based on the following observations.
•
•

Our analyses show the effectiveness among different dose groups is not
significantly different.
Receptor occupancy study showed that over 90% receptor occupancy was
achieved with daily oral doses of greater than 5 mg istradefylline for 14 days. A
8

dose-occupancy curve could be constructed following 0.1 to 5 mg daily for 14
days.
However, early trials also indicate that 5 and 10 mg doses are not effective.
Therefore, this drug seems to have weak effectiveness at any of the doses tested.
3. Although the proposed dosing adjustments for hepatic impairment and smoking seem
reasonable from pharmacokinetic perspective, the base dosing regimen should be
sought first and then decide if higher dose is necessary when dosing smokers.
4. The assay validation for study 6002-US-009 (drug interaction study on
levodopa/carbidopa) could not be found for levodopa and carbidopa. However, there
is another study BP15748 to investigate drug interaction, which obtained the similar
results.
5. The precision of the assay validation for high QC sample is not acceptable in food
effect study 6002-US-023. However, the results were consistent with another food
effect study 6002-9601.
6. The study of drug interaction between istradefylline and digoxin was requested by the
Agency during the preNDA meeting. The argument made in this NDA submission
could not exclude the potential of such interaction. A Phase 4 commitment is
recommended in this regard if the NDA is approved.
7. The induction potential of istradefylline for CYP enzymes has not been investigated
in human. An in vivo drug interaction study with midazolam does not indicate any
possibility of induction, therefore CYP3A induction potential of istradefylline is not a
concern. However, induction potential on CYP1A2 is not known. In vitro study to
investigate this potential should be conducted first. If the induction potential is
shown, in vivo study may be necessary.

Signatures
Reviewer: John Duan Ph.D.
Team Leader Concurrence Ramana Uppoor Ph.D.
Division Director Concurrence (needed for Phase 4 commitments only) _______
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2

Question Based Review

2.1 General Attributes
What pertinent regulatory background or history contributes to the current
assessment of the clinical pharmacology and biopharmaceutics of this drug?
During the preNDA meeting dated 8/18/2006, the Agency requested that the following
issues be addressed for the NDA submission:
• The sponsor should provide a clear summary of the metabolism in humans, including
contributions from other metabolic enzymes (CYP1A2, 2C9, 2C19) other than CYP3A4,
and the relevant drug-drug interaction potential involving these mechanisms.
• For Study 6002-US-008, the sponsor needs to justify whether the ketoconazole of 200
mg BID was sufficiently high to provide a maximum inhibition potential for the
metabolism of KW-6002 via CYP3A4.
• The adequacy of the screening for drug-drug interaction (i.e., inhibition and induction
potential) involving KW-6002 and major metabolic enzymes and transporters. We notice
that a drug interaction study with digoxin was mentioned in the EoP2 submission but
seems not be included in the planned NDA submission.
In response to the OCP’s comments, the Sponsor indicated that in-vitro screening for
istradefylline metabolism and for drug-drug interaction potential, including Pglycoprotein, has been conducted and summarized along with results of in-vivo
assessments. The sponsor presented in-vitro Caco-2 results pertaining to the inhibition
potential on P-glycoprotein activity (using quinidine as probe) and concluded that the
potential for drug-drug interaction via this mechanism is likely to be insignificant. No
digoxin interaction study was conducted. The sponsor would provide an argument for not
conducting the digoxin interaction study. In this NDA submission these issues were
addressed.
2.1.1. What are the highlights of the chemistry and physical-chemical properties of
the drug substance and the formulation of the drug product as they relate to clinical
pharmacology and biopharmaceutics review?
The molecular formula of istradefylline is C20H24N4O4 and its chemical name is (E)-8(3,4-Dimethoxystyryl)-1,3-diethyl-7-methyl-3,7-dihydro-1Hpurine-2,6-dione.
Istradefylline is a light yellow-green crystalline powder with melting range of 190°C to
195°C and solubility in water of 0.6 µg/mL.
2.1.2. What are the proposed mechanism(s) of action and therapeutic indication(s)?
Parkinson’s disease is a progressive neurodegenerative disorder characterized by
bradykinesia, rigidity, tremor, and postural instability related to loss of dopaminergic
neurons in the substantia nigra. Current therapy focuses on increasing the amount of
10

dopamine in the synaptic cleft or by stimulating dopamine receptors with levodopa,
catechol-O-methyltransferase inhibitors, monoamine oxidase B inhibitors or dopamine
agonists. With disease progression, intrinsic dopamine levels continue to decrease and
extrinsic dopamine stimulation becomes less effective and is associated with motor
response complications such as end of dose wearing off and dose-limiting dyskinesia.
Thus, there is a medical need for alternative, non-dopaminergic therapy for Parkinson’s
disease. Physiologically, the bradykinesia and akinesia observed in Parkinson’s disease
are postulated to result from an imbalance between the activity in the GABAergic
striatonigral (direct) and striatopallidal (indirect) output pathways with the indirect
pathway becoming excessively activated in Parkinson’s disease.
It has recently been found that adenosine A2A receptor activation increases the
excitability of the indirect pathway via adenosine A2A receptors in the striatum and
globus pallidus. Blockade of adenosine A2A receptors results in a decrease in excessive
activation of the indirect pathway resulting in restoration of the balance in the basal
ganglia thalamocortical circuit and provides an alternative, non-dopaminergic approach
to symptomatic relief of Parkinson’s disease.
Istradefylline (KW-6002, KF21002, Ro 64-4529) is a novel adenosine A2A receptor
antagonist proposed to be indicated as adjunctive therapy to levodopa/carbidopa (b) (4)
(b) (4)
Parkinson’s disease
2.1.3. What are the proposed dosage(s) and route(s) of administration?
The proposed dosage regimen is one 20 mg tablet to be taken orally, once daily, with or
(b) (4)
without food.
dose
may be increased to 40 mg once daily. Clinical experience in Parkinson’s disease is
limited to daily doses up to 60 mg.
The proposed dosing adjustments for patients who smoke (at least 20 cigarettes per day)
and for patients with hepatic impairment are shown in the following table. No dose
adjustment is proposed in patients with renal impairment.
(b) (4)

a Child Pugh Class B (7-9)
b Smoking defined as 20 or more cigarettes per day

There is no information in subjects with mild or severe hepatic impairment.
2.2

General Clinical Pharmacology

2.2.1 What are the design features of the clinical pharmacology and clinical studies
used to support dosing or claims?
11

The data presented in the submission try to show that istradefylline, given as adjunctive
therapy in subjects with Parkinson’s disease treated with levodopa who have motorresponse complications, offered a reduction in awake time per day spent in the OFF state.
The pivotal studies include two Phase 2b double-blind, randomized, placebo-controlled,
fixed-dose studies (6002-US-005 and 6002-US-006) and three Phase 3 double-blind,
randomized, placebo-controlled, fixed-dose studies (6002-US-013, 6002-US-018, and
6002-EU-007). The design features of these studies include the following.
•
•
•

•

•
•
•

•

Overall Design: Double-blind, randomized, placebo-controlled, parallel-group, and
fixed-dose studies. In Study 6002-EU-007, entacapone was included as an active
comparator to establish the validity of the study.
Study Duration: 12 weeks (Study 6002-EU-007 for 16 weeks).
Disease Type and Stage: Subjects were diagnosed with Parkinson’s disease as
determined by the United Kingdom Parkinson’s Disease Society criteria; the severity
of Parkinson’s disease was Stages 2 to 4 as measured by the Modified Hoehn and
Yahr scale; and subjects were treated with levodopa and had end-of-dose wearing-off.
Levodopa Regimen: Required to be on levodopa and a peripheral dopa-decarboxylase
inhibitor (carbidopa or benserazide) for at least 1 year. Subjects were to be on a stable
regimen of levodopa (at least 4 doses/day in the Phase 2b studies and at least 3
doses/day in the Phase 3 studies) for at least 4 weeks before randomization into
double-blind treatment. Other antiparkinson’s medications were allowed.
Eligibility Criteria: Required to be at least 30 years of age, and awake time per day
spent in the OFF state at study entry was an average of at least 2 hours in Phase 2b
and at least 3 hours in Phase 3 studies.
Primary Endpoint: Change from Baseline to Endpoint in the percentage of awake
time per day spent in the OFF state based on the 24-hour ON/OFF patient diary.
Secondary Endpoints: Additional assessments were based on the 24-hour ON/OFF
Patient Diary, UPDRS, CGI, Patient Global Impression -Improvement (PGI-I) scores,
Parkinson’s Disease Questionnaire (PDQ), and Medical Outcomes Study 36-item
Short Form (SF-36).
Pharmacokinetic/pharmacodynamic relationships were investigated by means of
population pharmacokinetic and pharmacodynamic analysis of istradefylline in
healthy subjects and in patients with Parkinson’s disease. However, the applicant did
not use this analysis for supporting dosing regimen.

Another important study for dosing adjustment is study 016. This study is an open-label,
repeated-dose, parallel-group study. Repeated oral doses of 40 mg istradefylline (tablet)
were administered once daily for 14 days to male or female subjects between 18 and 80
years of age; 7 subjects with moderate hepatic impairment (Child-Pugh Class B) who
smoked at least 20 cigarettes/day (Group 1), 7 matched healthy subjects with normal
hepatic function who smoked at least 20 cigarettes/day (Group 2), 7 subjects with
moderate hepatic impairment (Child-Pugh Class B) who were non-smokers (Group 3),
and 7 matched healthy subjects with normal hepatic function who were non-smokers
(Group 4). This study demonstrated the effects of smoking and hepatic impairment,
which are important factors to consider when the dosing adjustments are evaluated.
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2.2.2 What is the basis for selecting the response endpoints (i.e., clinical or surrogate
endpoints) or biomarkers and how are they measured in clinical pharmacology and
clinical studies?
Primary endpoint is the change from baseline to endpoint in the percentage of awake time
per day spent in the OFF state based on the 24-hour ON/OFF patient diary. The
secondary endpoints include assessments based on the 24-hour ON/OFF patient diary,
UPDRS, CGI, Patient Global Impression-Improvement (PGI-I) scores, Parkinson’s
Disease Questionnaire (PDQ), and Medical Outcomes Study 36-item Short Form (SF36). Istradefylline (KW-6002; KF21002; Ro 64-4529) is a novel and selective adenosine
A2A receptor antagonist, under development as adjunctive therapy to levodopa in the
treatment of Parkinson’s disease. Clinical trials were conducted and this submission
includes safety data from 38 completed Phase 1 to 3 studies and 3 ongoing studies. The
efficacy data from 9 Phase 2 and 3 studies in subjects with Parkinson’s disease are
presented. In the istradefylline clinical development program, over 2700 subjects
received istradefylline (with 1597 in Parkinson’s disease as adjunctive therapy to
levodopa and a peripheral dopa decarboxylase inhibitor) as of the 11 August 2006 cut-off
date.
2.2.3 Are the active moieties in the plasma (or other biological fluid) appropriately
identified and measured to assess pharmacokinetic parameters and exposure
response relationships?
Yes. See section 2.6.
2.2.4 Exposure-response
2.2.4.1 What are the characteristics of the exposure-response relationships (doseresponse, concentration-response) for efficacy? If relevant, indicate the time to the
onset and offset of the desirable pharmacological response or clinical endpoint.
The pivotal studies include two Phase 2b double-blind, randomized, placebo-controlled,
fixed-dose studies (6002-US-005 and 6002-US-006) and three Phase 3 double-blind,
randomized, placebo-controlled, fixed-dose studies (6002-US-013, 6002-US-018, and
6002-EU-007). Two (or three based on the applicant) out of five Phase II/III studies
showed effectiveness for the primary end point (the percentage of awake time per day
spent in the OFF state) and the other three failed as summarized by the Medical Officer
shown in the following table.

Doses
Tested
10 mg
20 mg

Summary of Pivotal Clinical Trials Primary Outcome Results
Supporting Trial Non-Supporting
Comment
Outcome
Trial Outcome
US-018,
US-006 significant by supporting
US-013
US-006*,US-018
ANCOVA but ANOVA pre-selected
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as primary analysis
40 mg

US-005

US-018, EU-007
US-006 significant by supporting
ANCOVA but ANOVA pre-selected
as primary analysis

US-006*

60 mg

The applicant reported that pharmacokinetic/pharmacodynamic relationships were
investigated by means of population pharmacokinetic and pharmacodynamic analysis of
istradefylline in healthy subjects and in subjects with Parkinson’s disease. The typical
maximum decrease from Baseline in percentage of OFF time per day due to istradefylline
exposure was predicted to be 5.79% (95% confidence interval: 4.1% to 7.5%). There was
a trend towards an incremental benefit (decrease in percentage of OFF time) at the
istradefylline 40-mg/day dose compared to the 20-mg/day dose. Doses of istradefylline
greater than 40 mg/day would be expected to yield a minimal increase in efficacy, as
measured by the decrease in percentage of OFF time.
While the applicant’s approach looks complex, we prefer a more direct and simpler
analysis. The major difference is the pharmacodynamic endpoint. While the applicant
used percentage of OFF time as the pharmacodynamic endpoint, we use the clinical
endpoint: the “change of percentage of OFF time from the baseline at the end of studies.”
The following analysis will use a dataset including 1683 subjects at the endpoint in five
pivotal trials. Among the subjects, there are 1132 in treatment group and 551 in placebo
group. The end points were measured at visit 12 in study 05, 06, 013, and 018; for study
07, the end points were in visit 16. However, certain patients terminated earlier as shown
in the following table.
Visit

N

visit 2

31

visit 4

31

visit 6

2

visit 8

33

visit 12

1292

visit 16

294

total

1683

Treatment
Trt
Plb
Trt
Plb
Trt
Plb
Trt
Plb
Trt
Plb
Trt
Plb

18
13
24
7
1
1
27
6
908
384
154
140
1683

05
4
1
4
1

06
3
2
7
1

study
07
6
1

013
3
1
1
3

018
8
3
11
2

4
2
104
107

11
1
404
141

225

581

1
1
2
114
63

10
1
284
71

189

379

2
2
2
154
140
309

The first step is to use a linear model to roughly examine the relationship between the
exposure and different PD endpoints. Following figure shows the relationship between
AUC and percent OFF time.
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It seems that there is a relationship with p<0.05 and appears reasonable for the applicant
to select an Emax model for further investigation. However, when the AUC is plotted
against the change of percent OFF time from baseline, the relationship is not significant
as shown in the following figure (p=0.2). In addition, the option for selection of Emax
model is not obvious.
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If the dose is used as the exposure measurement rather than AUC, the same trend is
observed as shown in the following figures. The left panel is the relationship between
dose and percent off time, which is significant (p=0.03) and the right panel shows the
relationship between dose and the change of percent off time from baseline, which is not
significant (p=0.3).
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Since the clinical endpoint is the change of percent of OFF time from baseline
(ChgPctOff), in order for the results to be relevant and meaningful, we will use
ChgPctOff as the endpoint to consider the exposure response relationship further. Also,
based on the plots above, a generalized linear model is used for consideration.
As shown in the figure above and the table below, univariate analysis did not show a
significant relationship between dose and clinical endpoint.
____________________________________________________________
Parameter

Estimate

Standard
Error

t Value

Pr > |t|

Intercept
DOSE

-6.541471517
-0.031099810

1.07646137
0.03077380

-6.08
-1.01

<.0001
0.3124

_____________________________________________________________
Multivariate analyses show that among various predictors including dose, STDY (study),
BOFF (baseline off time), DOPA (concomitant dopamine agonist), COMT (Catechol OMethyltransferase inhibitor), SELG (concomitant selegiline), AMAT (concomitant
amantadine), age, LYRS (years since starting levodopa therapy), TPD (diagnosis of
Parkinson’s Disease year), TOMC (time since onset of motor complications), only
baseline off time, age, and LYRS are significant predictors as shown in the following
table.
_____________________________________________________________
Parameter

Estimate

Standard
Error

t Value

Pr > |t|

Intercept
DOSE
STDY
BOFF
DOPA
COMT

17.98285838
-0.02059083
-0.04830351
-2.30320839
-1.11168142
0.20008701

4.13230454
0.03384119
0.14107600
0.19255539
0.96048950
0.96744069

4.35
-0.61
-0.34
-11.96
-1.16
0.21

<.0001
0.5430
0.7321
<.0001
0.2474
0.8362

16

SELG
AMAT
AGE
LYRS
TPD
TOMC

-2.35257053
-0.70168597
-0.11757334
0.00328411
0.01258718
-0.01105467

1.35333511
1.02263354
0.04798335
0.00154368
0.01813635
0.01063169

-1.74
-0.69
-2.45
2.13
0.69
-1.04

0.0824
0.4928
0.0144
0.0336
0.4878
0.2987

______________________________________________________________
The following tables show the results when different combinations of predictors are put
in the model. In either case, dose is not a significant predictor. Table below shows the
combination of BOFF, AGE, LYRS, and dose.
______________________________________________________________________________
Standard
Parameter
Estimate
Error
t Value
Pr > |t|
Intercept
15.59546941
3.52592289
4.42
<.0001
DOSE
-0.01373939
0.03173322
-0.43
0.6651
BOFF
-2.29673897
0.19120202
-12.01
<.0001
AGE
-0.10981665
0.04766999
-2.30
0.0214
LYRS
0.00313481
0.00101195
3.10
0.0020
______________________________________________________________________________

Table below shows the combination of BOFF, AGE and dose.
______________________________________________________________________________
Standard
Parameter
Estimate
Error
t Value
Pr > |t|
Intercept
15.83422266
3.53848703
4.47
<.0001
DOSE
-0.05342223
0.02914317
-1.83
0.0671
BOFF
-2.22831783
0.19064433
-11.69
<.0001
AGE
-0.11937256
0.04775100
-2.50
0.0126
______________________________________________________________________________

Table below shows the combination of BOFF and dose.
______________________________________________________________________________
Standard
Parameter
Estimate
Error
t Value
Pr > |t|
Intercept
7.965274226
1.62017413
4.92
<.0001
DOSE
-0.049493165
0.02916833
-1.70
0.0900
BOFF
-2.195037114
0.19062056
-11.52
<.0001
______________________________________________________________________________

Table below shows the combination of AGE and dose.
______________________________________________________________________________
Standard
Parameter
Estimate
Error
t Value
Pr > |t|
Intercept
-1.389839127
3.40478356
-0.41
0.6832
DOSE
-0.033558229
0.03079142
-1.09
0.2760
AGE
-0.080397898
0.05041428
-1.59
0.1110
______________________________________________________________________________
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Our next task is to compare the dose groups, one pair at a time to see if there is a
difference between each pair of groups. The 10mg and 20mg groups are compared and
results are shown below.
______________________________________________________________________________
Standard
Parameter
Estimate
Error
t Value
Pr > |t|
Intercept
-3.646212383
2.73530599
-1.33
0.1831
DOSGRP
-0.202725700
0.15261048
-1.33
0.1846
______________________________________________________________________________

The 10mg and 40mg groups are compared and the results are shown below.
______________________________________________________________________________
Standard
Parameter
Estimate
Error
t Value
Pr > |t|
Intercept
-4.977662540
1.79346525
-2.78
0.0057
DOSGRP
-0.069580685
0.05143424
-1.35
0.1767
______________________________________________________________________________

The 10mg and 60mg groups are compared and the results are shown below.
______________________________________________________________________________
Standard
Parameter
Estimate
Error
t Value
Pr > |t|
Intercept
-5.179197748
1.43031939
-3.62
0.0003
DOSGRP
-0.049427164
0.03336251
-1.48
0.1396
______________________________________________________________________________

The 20mg and 40mg groups are compared and the results are shown below.
______________________________________________________________________________
Standard
Parameter
Estimate
Error
t Value
Pr > |t|
Intercept
-7.640562855
1.82064949
-4.20
<.0001
DOSGRP
-0.003008177
0.05728826
-0.05
0.9581
______________________________________________________________________________

The 20mg and 60mg groups are compared and the results are shown below.
______________________________________________________________________________
Standard
Parameter
Estimate
Error
t Value
Pr > |t|
Intercept
-7.478675795
1.34833089
-5.55
<.0001
DOSGRP
-0.011102530
0.03842130
-0.29
0.7727
______________________________________________________________________________

Finally, the 40mg and 60mg groups are compared and the results are shown below.
______________________________________________________________________________
Standard
Parameter
Estimate
Error
t Value
Pr > |t|
Intercept
-6.993014617
3.56630801
-1.96
0.0504
DOSGRP
-0.019196883
0.07769397
-0.25
0.8049
______________________________________________________________________________
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The following table summarizes these results.
Comparisons

Dose

N

10mg vs
20mg
10mg vs
40mg
10mg vs
60mg
20mg vs
40mg
20mg vs
60mg
40mg vs
60mg

Placebo
10mg
20mg
10mg
40mg
10mg
60mg
20mg
40mg
20mg
60mg
40mg
60mg

551
147
413
147
427
147
145
413
427
413
145
427
145

Chg % Off
Time (SD)
-5.4±15.6
-5.7±14.2
-7.7±16.4
-5.7±14.2
-7.8±16.7
-5.7±14.2
-8.1±14.3
-7.7±16.4
-7.8±16.7
-7.7±16.4
-8.1±14.3
-7.8±16.7
-8.1±14.3

05
65

06
75

Study
07
151

159
124

13
113
112

158
145
159

124

112
158

159
145
124

112
158

145

18
147
147
142
147
145
147
142
145
142
145

P value
0.1846
0.1767
0.1396
0.9581
0.7727
0.8049

Therefore, either univariate or multivariate analyses, or pair wise comparisons, there is no
significant difference of the primary clinical endpoint (change of percent of OFF time
from baseline) among different dose groups.
2.2.4.2 What are the characteristics of the exposure-response relationships (doseresponse, concentration-response) for safety? If relevant, indicate the time to the
onset and offset of the undesirable pharmacological response or clinical endpoint.
Through the modeling practice, the applicant concluded that incidence rates of dyskinesia
and dizziness would be expected to plateau at a dose of 40 mg/day, but the incidence rate
of nausea may continue to rise with increases in dose.
2.2.4.3 Does this drug prolong the QT or QTc interval?
The Interdisciplinary Review Team for QT Studies reviewed the QT study and the
following summarizes their findings. The sponsor submitted one thorough QT study to
examine the effect of Istradefylline on electrocardiogram parameters, with a focus on
cardiac repolarization as measured by the corrected QT interval duration. Table below
provides the largest mean difference of the drug and placebo as well as the 90%
confidence interval. This result suggests that istradefylline does not affect QTc duration
to a clinically significant degree.

2.2.4.4 Is the dose and dosing regimen selected by the sponsor consistent with the
known relationship between dose-concentration-response, and are there any
unresolved dosing or administration issues?
This review has focused on the question why three out of the 5 clinical efficacy studies
did not show effectiveness. We generated several hypotheses including the following.
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•
•
•
•

Exposure related. The studies failed due to insufficient drug exposure.
Isomer conversion. In solution, KW-6002 is known to isomerize to its cis
conformation (which has no affinity for the A2A receptor) when exposed to light
to eventually reach equilibrium with KW-6002 (with trans conformation).
Covariate related. Covariates, such as smoking may play a role.
The compound does not work.

1. Exposure related. Following figures compare the concentrations among the three
studies which used 20mg daily doses (left panel) and another three studies which used
40mg doses (right panel).
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Similar plots are shown below for the comparison of the predicted AUCs.
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As seen, within the same dose level, the exposures in different studies are similar. Also, if
the exposure is the problem, higher doses would work better, which was not the case.
2. Isomer conversion. Assay method (b) (4) 98N049 was developed and used to quantify
istradefylline and M1. This method was capable of quantifying the cis isomer of
istradefylline. The lack of conversion of istradefylline (trans isomer) to the cis isomer
was demonstrated in Study 6002-9703. Istradefylline, M1, and the cis isomer of
(b) (4)
istradefylline, together with the internal standard
were extracted from human
plasma using acetonitrile and centrifugation. The extracts were chromatographed on an
HPLC column and quantified with UV detection. The linear dynamic range of the assay
was 5 to 2000 ng/mL for istradefylline and M1, and 25 to 2000 ng/mL for cis isomer of
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istradefylline. Plasma concentration of the KW-6002 cis was below the level of detection
(25 ng/mL) in all subjects. In addition, urinary cumulative KW-6002 cis was also below
the level of detection (5.0 ng/mL) at all time points of measurement in all subjects.
3. Covariate related. Based on the applicant, smoking is an important factor to consider.
However, considering the small number of smokers in each study as shown in the
following table (smoking status 0 is nonsmoker, 1 is smoker), the possibility of smoking
status affecting the study results is slim.
Study
number

smoking
status

N

5

0
1
0
1
0
1
0
1
0
1

116
8
292
12
150
8
108
4
417
17

6
7
13
18

4. The effectiveness of the drug. Through the investigation described in section 2.2.4.1,
the difference of effectiveness among different dose levels is not significant. From there,
two possibilities exist. One is that the drug does not work. Evidences supporting this
possibility include the following facts.
• Two large Phase 3 trials with most numbers of the patients failed.
• Using low dose (for example 10mg/day) as comparator, the high dose groups
(such as 40mg/day or 60mg/day) do not show significant difference based on our
analyses.
Another possibility is that the drug has weak activity. If this is true, the insignificance of
differences of the primary clinical endpoint among different dose levels indicates that the
dose chosen (20mg/day) may not be a suitable choice based on the following
observations.
• Our analyses show the effectiveness among different dose groups is not
significantly different.
• Receptor occupancy study showed that over 90% receptor occupancy was
achieved with daily oral doses of greater than 5 mg KW-6002 for 14 days. A
dose-occupancy curve could be constructed following 0.1 to 5 mg daily for 14
days.
According to the above information, dose lower than 20mg/day may achieve similar
clinical effectiveness. However, 10mg/day did not show effectiveness along with 20 and
40mg/day in study 018. Another early study also showed that 5 mg did not work.
Therefore, this drug seems to have weak effectiveness.
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2.2.5 What are the PK characteristics of the drug and its major metabolite?
2.2.5.1 What are the single dose and multiple dose PK parameters?
After single- and repeated-dose oral administration in healthy, non-smoking subjects,
istradefylline median Tmax occurs at approximately 4 hours, and istradefylline is
eliminated with a terminal half-life that averages approximately 70 to 118 hours across
various studies. The post-Cmax phase is characterized by a bi-exponential decline in the
plasma concentration versus time profile. Across studies, after administration of 40 mg of
istradefylline, the AUC0-∞ of istradefylline after a single dose was comparable to the
steady-state AUC0-24 after repeated dosing for 14 days. When averaged across studies,
the difference of these values was within 4%, which indicated linear pharmacokinetics.
Repeated-dose pharmacokinetics of istradefylline in subjects with Parkinson’s disease
were comparable to the repeated-dose pharmacokinetics of istradefylline in healthy
subjects, which indicates that the disease state has no effect on istradefylline
pharmacokinetics. Steady-state systemic exposure was characterized at doses of up to 160
mg/day. These studies revealed a dose-proportional increase in systemic exposure up to
at least 80 mg. At high doses (e.g., 160 mg/day), systemic exposure appears to increase in
a slightly less than dose-proportional manner, which is consistent with the low aqueous
solubility of istradefylline. The following table shows the pharmacokinetic parameters of
istradefylline after single-dose administration of the istradefylline 40-mg intended
commercial tablet.

The following table shows relationship between istradefylline dose and mean cmax and
AUC0-72 values for istradefylline after administration of single doses of istradefylline in
healthy male subjects.

The following table shows the pharmacokinetic parameters of istradefylline on days 1
and 14 after repeated administration of istradefylline 20 mg/day in healthy male Japanese
subjects.
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The following table shows Pharmacokinetic Parameters of Istradefylline after
Administration of Repeated Doses of Istradefylline for 14 Days in healthy male subjects.

Following is an across-study comparison of AUC values for istradefylline in healthy nonsmoking subjects after administration of 40 mg istradefylline as a single dose or once
daily for 14 days.
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2.2.5.2 How does the PK of the drug and its major active metabolites in healthy
volunteers compare to that in patients?
The pharmacokinetics of istradefylline in subjects with Parkinson’s disease were
characterized using a sparse sampling approach in all Phase 2/3 studies. These data were
then analyzed using a population-based approach and exposure-response models were
developed. In addition, the following studies also addressed this issue.
Spot plasma samples were collected in a pilot single-dose study in subjects with
Parkinson’s disease, and the results were presented in a descriptive manner (Study 6002EU05). A simple approach to correlating plasma concentrations at 3 hours after (single)
dosing or when a subject had switched to the ON phase (whichever was sooner), and
when the subject returned to the practically defined OFF phase vs. changes in the Unified
Parkinson’s Disease Rating Scale (UPDRS) Subscales II and III was attempted. Given
the single-dose design of the study, and the simplistic approach used to evaluate the
pharmacokinetic/pharmacodynamic relationship, a relationship could not be established.
A similar approach was attempted in a repeated-dose study (Study 6002-EU04) in
subjects with Parkinson’s disease. A repeated-dose study (Study 6002-US-003) in which
plasma samples were collected for up to 14 days after the last dose of istradefylline was
conducted. The following Table shows the pharmacokinetic parameters of istradefylline
after repeated administration of istradefylline 60 and 80 mg once daily for 14 days in
subjects with Parkinson’s disease under primary treatment with levodopa/carbidopa.
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Plasma istradefylline concentrations measured at 24 hours after the previous dose (i.e.,
C24 values) appeared to increase with duration of treatment in both dose groups, as
reflected in mean Cmax and AUC0-24 values on Days 1 and 14. Steady state was
attained by Day 14 of exposure in both treatment groups. The mean Cmax and AUC0-24
values of istradefylline in subjects with Parkinson’s disease under primary treatment with
levodopa/carbidopa were comparable to the values obtained for healthy subjects in Study
6002-US-002. The mean elimination half-life was comparable in both treatment groups,
and also similar to that observed in healthy subjects.
2.2.5.3 What are the characteristics of drug absorption?
The solubility of istradefylline was determined across the pH range of 1.2 to 8.0. The
maximum solubility value of 0.88 µg/mL was observed at a pH value of 1.2, and the
minimum value of 0.32 to 0.33 µg/mL was observed at pH values of 7.2 to 8.0. Solubility
in water was about 0.64 µg/mL. These data indicate that istradefylline exhibits low
aqueous solubility across the pH range in the gastro-intestinal tract. In contrast, the
permeability of istradefylline across Caco-2 cell monolayers was high. The Papp value
for [14C]-istradefylline was 32.3×10-6 cm/s. The Papp value for propranolol (22.0×10-6
cm/s) was similar to that of istradefylline. These data indicate that istradefylline can be
classified as a Biopharmaceutics Classification System (BCS) Class II drug (low
solubility, high permeability).
Due to these characeteristics, once in solution, istradefylline is rapidly absorbed into the
systemic circulation. In addition, in vitro study showed that Istradefylline is not a
substrate for P-glycoprotein. A clinical study on the absolute bioavailability of
istradefylline was not conducted because the poor aqueous solubility of the compound
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precluded the availability of an acceptable intravenous formulation for clinical use. In a
mass-balance study, the total radioactivity in urine after oral administration of
radiolabeled istradefylline as a suspension was approximately 39% (Study 6002-US-010).
A between-study comparison of the AUC0-∞ of istradefylline indicated a relative
bioavailability of 112% for the 40-mg intended commercial tablet, compared to the oral
suspension. Following is an across-study comparison of tmax of istradefylline after oral
administration of a single dose of istradefylline.

2.2.5.4 What are the characteristics of drug distribution? (Include protein binding.)
The istradefylline volume of distribution was estimated after administration of single and
repeated oral doses of istradefylline in several studies with different populations, as
summarized in the following Table. The extensive volume of distribution for
istradefylline concurs with its high lipophilicity (log P = 3.5) and was independent of the
dose administered. Following is an across-study comparison of istradefylline volume of
distribution after administration of istradefylline as a single dose or once daily for 14
days.

In whole blood, istradefylline and its metabolites are predominantly confined to plasma.
After oral administration of [14C]-istradefylline, the whole blood to plasma ratio for
AUC0-∞ averaged 0.66, which indicated minimal distribution to blood cells (Study 6002US-010).
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Istradefylline exhibits a high degree of plasma protein binding (mean of approximately
98% as shown in the following Table), which is independent of the istradefylline
concentration in plasma across the anticipated therapeutic concentration range.

2.2.5.5 Does the mass balance study suggest renal or hepatic as the major route of
elimination?
The excretion of istradefylline and other metabolites (total radioactivity) was evaluated in
the mass-balance study 6002-US-010. In this study, approximately 87% of the dose was
recovered in urine and feces by 168 hours after dosing, of which 39% was excreted in
urine and 48% in feces. The predominant component of radioactivity in plasma and feces
was the parent drug, while parent drug was not detected in urine. The steady-state oral
clearance of istradefylline ranged from 4.09 to 5.98 L/h. Oral clearance, even when
uncorrected for bioavailability, was less than 7% of hepatic blood flow (90 L/h), which
indicates that istradefylline is a low clearance, low extraction ratio drug.
The following table shows the pharmacokinetic parameters for total radioactivity and
istradefylline after single-dose administration of 40 mg istradefylline as a radiolabeled
oral suspension to healthy subjects.
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The following table shows the cumulative percentage recovery of administered
radioactivity in urine and fecal samples up to 432 hours after administration of
approximately 40 mg [14C]-istradefylline as a suspension.

2.2.5.6 What are the characteristics of drug metabolism?
The data from in vitro studies (97-015, 97-016, B-168,955) demonstrated that the primary
cytochrome P450 (CYP) isoenzyme responsible for istradefylline metabolism was
CYP3A4, followed by conjugation with sulfate or glucuronic acid. Other CYP
isoenzymes identified as having a minor role include CYP1A1/2, 2C8, 2C9, 2C18, and
2D6. Interspecies comparisons showed qualitatively the same metabolites in all species.
The role of CYP1A1 and 1A2 was not observed consistently in all studies. In those
studies in which it was observed, the contributions were minor, suggesting that under
basal conditions these isoenzymes are unlikely to contribute significantly to istradefylline
metabolism.
In vitro, furafylline, an inhibitor of CYP1A2, appeared to have marginal effects on
istradefylline metabolism. Moreover, a population pharmacokinetic analysis of 16 Phase
1, 2, and 3 studies did not show that CYP1A2 inhibitors had an effect on istradefylline
clearance. However, istradefylline systemic exposure was significantly lower in several
Phase 1 studies in which smokers and non-smokers participated. In Study 6002-US-016,
the elimination half-life and steady-state systemic exposure in smokers was
approximately 40% to 50% lower than in non-smokers. Details can be found in the
section
of
Intrinsic
Factors.
In
addition,
the
population
pharmacokinetic/pharmacodynamic analysis also identified smoking as a significant
covariate.
The human mass-balance study (6002-US-010) indicated that the radioactivity recovered
in plasma primarily consisted of istradefylline and M1, M4, M5, M8, M11, and M12.
These 7 compounds comprised > 96% of the total radioactivity in plasma. Quantification
of the AUC of each of the above during a dosing interval at steady-state (healthy, nonsmoking subjects in Study 6002-US-016) indicated that none of the metabolites could be
considered major. The principal oxidative metabolites in plasma were M1 and M8, and
comprised 1.1% and 5.1%, respectively, of the drug-related material on a molar basis.
The other 4 metabolites, M4, M5, M11, and M12, were Phase II conjugates, and
comprised 1.6%, 4.4%, 1.7%, and 7.6%, respectively. There were no unique metabolic
pathways in humans compared to rats and dogs, which were the species used in toxicity
studies. The following table shows the identity of the metabolites.
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The metabolic pathways and metabolites of istradefylline are displayed in the following
Figure.
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2.2.5.7 What are the characteristics of drug excretion?
Study 6002-US-010 showed that approximately 39% of the istradefylline dose was
excreted in urine and 48% in feces by 168 hours after dosing. A total of 7 metabolites
(M4, M5, M11, M12, M15, M16, and M19) were identified in urine, whereas unchanged
istradefylline was not detected. All of these metabolites were sulfate and glucuronide
conjugates of Phase I metabolites. In fecal extracts, unchanged istradefylline was the
predominant radiolabeled component, accounting for 1.3% to 31.6% of the administered
dose. Five metabolites (M10, M13, M14, M17, and M18) were identified, of which 4
(M10, M13, M14, M18) were reduced (hydrogenated) metabolites that were not observed
in plasma, suggesting that they were formed in the gastrointestinal tract, possibly by the
action of gut microflora. The metabolites M13 and M18 were not seen in either plasma or
urine, suggesting that these metabolites were formed, and remained, in the gut. The M17
metabolite was a minor component in fecal samples, comprising approximately 2.8% of
the administered dose, and was not observed in plasma.
In healthy male subjects, the steady-state oral clearance of istradefylline ranged from 4.09
to 5.98 L/hour, which, even when uncorrected for bioavailability, was less than 7% of
hepatic blood flow (90 L/hour). Istradefylline is therefore a low-clearance, low-extraction
ratio drug.
2.2.5.8 Based on PK parameters, what is the degree of linearity or nonlinearity in
the dose-concentration relationship?
In the single rising dose tolerability study 6002-EU01, the pharmacokinetic parameters of
istradefylline are summarized by treatment group in the Table below.

Mean Cmax was less than dose-proportional at doses of 100 mg and higher. AUC0-72
also increased with increasing dose, but appeared to increase in a less than proportional
manner at the highest dose as shown in the following table.
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Another single dose study 6002-9601 showed Cmax linear upto 50mg dose as shown in
the following table.

Although the sampling time was short compared to the half-life of istradefylline, these
two studies provide information about the linearity of the Cmax. In the multiple rising
dose study 6002-US-002, the following parameters were obtained for Cmax and AUC for
Day 1 and Day 14.
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The Cmax and area under the plasma concentration vs. time curve from 0 to 24 hours
(AUC0- 24) values for istradefylline were plotted to examine dose-proportionality on
Days 1 and 14 (see Figure below for Day 14 data).

Another multiple dose study 6002-0104 obtained PK parameters on Day 1 and Day 14 as
shown in the following table.

When a power model was used, the following model parameters were obtained.
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Generally speaking, single or multiple dose data showed the linearity of istradefylline in
the clinical dose range.
2.2.5.9 How do the PK parameters change with time following chronic dosing?
Theoretically speaking, if the drug follows linear kinetics, the accumulation factor can be
calculated from the half-life (or elimination constant ke) as shown in the following
formula. Assuming the half-life is 80 hours, the resulted accumulation factor would be
5.3.
Accumulation factor = 1/(1-e-ke τ)
The following table shows the results from study US-002.

The following table shows the results from study 6002-0104.
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As seen, the accumulation ratio is in the range of 2-6.
2.2.5.10 What is the inter- and intra-subject variability of PK parameters in
volunteers and patients, and what are the major causes of variability?
The intra-subject coefficients of variation (CVs) for measures of systemic exposure were
14.1% for AUC0-∞ and 20.7% for Cmax. These values are below the critical value of
30% that is associated with drugs with high pharmacokinetic variability. Therefore, it can
be stated that istradefylline exhibits low to moderate intra-subject pharmacokinetic
variability as shown in the following table.

The inter-subject variability of PK parameters are in the range 20-60%. No specific
reasons were identified for the variability.
2.3

Intrinsic Factors

2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic
polymorphism, pregnancy, and organ dysfunction) influence exposure (PK usually)
and/or response, and what is the impact of any differences in exposure on efficacy or
safety responses?
Intrinsic factors age, gender, and race had no significant effects on the pharmacokinetics
of istradefylline. There were no relevant changes in istradefylline systemic exposure or
elimination rate in subjects with severe renal impairment (creatinine clearance less than
or equal to 30 mL/min) compared to either young or demographically matched subjects.
Thus, no dose adjustment was recommended in subjects with renal impairment. Subjects
with hepatic impairment had significantly slower elimination of istradefylline at steadystate (dosed at 40 mg/day), compared to matched healthy subjects. The following table
shows the pharmacokinetic parameters for subjects with hepatic impairment and smoking
taken into consideration.
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2.3.2 Based upon what is known about exposure-response relationships and their
variability and the groups studied, healthy volunteers vs. patients vs. specific
populations (examples shown below), what dosage regimen adjustments, if any, are
recommended for each of these groups? If dosage regimen adjustments are not
based upon exposure-response relationships, describe the alternative basis for the
recommendation.
Because cigarette smoking has been shown to influence the clearance of istradefylline,
smoking status was taken into account when making dose recommendations. Based on
(b) (4)
steady-state predictions,
The
steady-state systemic exposure to istradefylline in subjects with moderate hepatic
(b) (4)
impairment

2.3.2.1 Elderly
Because the solubility of istradefylline is low across the pH range of 1.2 to 7.4, agerelated changes in gastric pH are unlikely to affect its absorption. Moreover, because
little unchanged istradefylline is excreted in urine, age-related changes in renal function
are also unlikely to affect the pharmacokinetics of istradefylline. The lack of an age effect
was confirmed in several pharmacokinetic studies, as summarized in the following table,
which shows the effect of age on pharmacokinetic parameters of istradefylline after
administration of istradefylline at a single dose of 40 mg in non-smoking subjects

Studies 6002-0205 and 6002-US-015 were the only studies in which older and younger
subjects were enrolled in the same study. In these studies, peak exposures were
comparable between the older and younger subjects. The mean AUC was about 23%
greater in elderly subjects in Study 6002-0205, and the values were comparable in Study
6002-US-015. Because of limited sampling in the terminal elimination phase, reliable
estimates of half-life were not available in Study 6002-0205. The population
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pharmacokinetic analysis of the Phase 1 and Phase 2b/3 data did not identify age as a
covariate that, when included in the pharmacokinetic/pharmacodynamic model,
significantly reduced the inter-subject variability in clearance. These results indicate that
age does not have an effect in modifying the systemic exposure of istradefylline (in adult
and elderly subjects).
Across-study comparisons between data obtained in Study 6002-EU02 vs. studies
conducted later in the development of istradefylline may not be appropriate because of
differences in plasma sampling duration and other study design aspects (formulation
differences, etc.).
However, based on the comprehensive population analysis and data from Studies 60020205 and 6002-US-015 (Table above), it can be concluded that there are no relevant
differences in istradefylline pharmacokinetics between older and younger subjects.
2.3.2.2 Pediatric patients
Because istradefylline is not being evaluated for use in a pediatric population, a
pharmacokinetic study in children was not conducted.
2.3.2.3 Gender
The effect of gender on the pharmacokinetics of istradefylline was evaluated after
repeated-dose oral administration of istradefylline in Study 6002-US-024. Istradefylline
at doses of 40 and 160 mg was administered once daily for 14 days to 22 males and 22
females in each treatment group. The AUC0-24 and Cmax for istradefylline and M1 in
plasma at steady state were compared between males and females using an ANOVA,
which revealed no significant differences between the genders on Day 14 for either
parameter. The mean plasma concentration-time profiles of istradefylline at the 40-mg
dose on Day 14 are shown for each gender in the following Figure.
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The pharmacokinetic parameters of istradefylline at the 40- and 160-mg doses on Day 14
are summarized in the following Table.

These data indicate that the steady-state systemic exposure of istradefylline is comparable
between males and females. There were no gender differences in the steady-state
systemic exposure of M1; in males and females, the steady-state AUC0-24 was about 2%
of the value for istradefylline after administration of istradefylline at a dose of 40 or 160
mg/day.
2.3.2.4 Race
The pharmacokinetics of istradefylline were investigated in studies conducted in Japan
and in the US. A population analysis was performed in which the effect of demographic
variables, including race, on the pharmacokinetics of istradefylline were evaluated. The
population pharmacokinetic database comprised 1449 subjects, of whom 81% were
Caucasian, 11% were Asian, 5% were Hispanic, 2% were African-American, and 1%
were other. In this analysis, none of the demographic factors, including race, was
considered significant in terms of accounting for the variability in the pharmacokinetics
of istradefylline. These results indicate that, among the groups evaluated, race did not
play a role in affecting the pharmacokinetics of istradefylline.
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The lack of a significant effect of race between Japanese and US populations can be also
observed in a comparison of mean AUC0-24 data after administration of istradefylline at
a dose of 40 mg/day in a Japanese study and 3 US studies (as shown in the following
Figure). The values observed in the Japanese study are within the range of values
observed in the US studies, which further demonstrates the lack of obvious differences in
systemic exposure among Japanese and US subjects.

2.3.2.5 Renal impairment
The pharmacokinetics of istradefylline in subjects with severe renal impairment
(creatinine clearance less than or equal to 30 mL/min) were investigated in Study 6002US-015.
The mean exposure (AUC0-∞) to istradefylline was approximately 16% lower in subjects
with renal impairment when compared to matched healthy subjects (ratio [90% CIs] of
0.84 [49.48%, 143.81%]) after a dose of 40mg as shown in the following table.

The mean exposure (AUC0-∞) to istradefylline was approximately 10% lower in subjects
with renal impairment when compared to young healthy subjects (ratio [90% CIs] of 0.90
[52.64%, 152.98%]) as shown in the following table. The wide CIs reflected the small
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sample size (6 subjects per group). Nevertheless, the values for istradefylline exposure
from all 3 groups were within the values observed in healthy subjects in other single-dose
studies, and the decreases in istradefylline exposure observed in subjects with severe
renal impairment relative to each control group were not considered to be clinically
relevant.

The mean elimination half-life of istradefylline was 117 hours in the subjects with severe
renal impairment, 95 hours in the matched healthy subjects, and 117 hours in the young
healthy subjects. The wide range of the 90% CIs (64.46%, 182.12% and 52.15%,
147.32% for the comparisons of the subjects with severe renal impairment to the matched
healthy subjects and healthy young subjects, respectively) reflected the small sample size.
The terminal phases in the mean concentration-time profiles were parallel for the 3
groups.
Based on these data, no dose adjustment is recommended by the applicant in subjects
with renal impairment.
2.3.2.6 Hepatic impairment
The pharmacokinetics of istradefylline in subjects with moderate hepatic impairment
were investigated in Study 6002-US-016. Subjects with Child-Pugh (Child-Pugh B
category) scores of 7 to 9 were stratified by smoking status. A total of 7 smokers and 7
non-smokers with hepatic impairment were enrolled, together with separate groups of 7
healthy smokers and 7 healthy non-smokers (i.e., with normal hepatic function). The
healthy subjects were matched for gender, age, and body mass index (BMI) to their
counterparts with hepatic impairment. All subjects received istradefylline at a dose of 40
mg once daily for 14 days, after which serial plasma samples were collected for 480
hours after dosing.
Among smokers and non-smokers, subjects with hepatic impairment had significantly
slower elimination of istradefylline compared to the matched healthy subjects. Among
non-smokers, istradefylline had a mean elimination half-life of approximately 118 hours
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in healthy subjects, and a mean half-life of approximately 287 hours in subjects with
hepatic impairment. Similarly, among smokers, istradefylline had a mean elimination
half-life of approximately 55 hours in healthy subjects, and a mean half-life of
approximately 100 hours in subjects with hepatic impairment as shown in the following
Table.

In addition to hepatic impairment, smoking is an important factor that needs to be
considered in deciding the dosing recommendation for istradefylline in subjects with
hepatic impairment. The elimination half-life and steady-state systemic exposure in
smokers was approximately 40% to 50% lower than in non-smokers. Healthy nonsmokers (the reference group for the dosing recommendation) and healthy smokers as
well as smokers with hepatic impairment were at or close to steady state by Day 14 of the
study. Therefore, dosing recommendations in smokers with hepatic impairment can be
made based upon a comparison of the steady-state AUC0-24. In smokers with hepatic
impairment, the steady-state AUC was 58% of the value in healthy non-smokers (5183.5
vs. 8913.9 ng·h/mL). Therefore, for a smoker with hepatic impairment, istradefylline
administered at a once-daily dose of 40 mg will provide a systemic exposure that is
comparable to a once-daily 20-mg regimen in healthy non-smokers. These data are
illustrated in the following Figure.
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(b) (4)
In the case of non-smokers with hepatic impairment,
plasma concentrations of istradefylline were only at 62% of
steady state by Day 14. In contrast, plasma concentrations of istradefylline were at, or
near, steady state in smoking and non-smoking healthy subjects by Day 14. AUC0-24 on
Day 14 in non-smoking subjects with hepatic impairment was 91% of the value in
healthy non-smokers. However, plasma accumulation until steady state was achieved,
while those in healthy non-smokers were at, or near, steady state on Day 14. This means
that when steady state is achieved in non-smokers with hepatic impairment, plasma
concentrations would be greater than in healthy non-smokers. Extrapolations based on
half-life values indicate that, at steady state, AUC0-24 in non-smokers with hepatic
impairment would be approximately 3- to 4-fold higher than in healthy non-smokers
(Study 6002-US-016). Therefore, conservative predictions based on the half-life of 287
hours suggest that the 10-mg/day regimen in non-smokers with hepatic impairment will
yield steady-state concentrations that are comparable to those observed with the 40mg/day regimen in healthy non-smokers. The 40-mg/day regimen has been shown to be
safe in a Phase 2b study (Study 6002-US-005). These data are shown in the following
Table. It should be noted that in healthy non-smokers the AUC0-24 value on Day 14 was
slightly less than 90% of steady state. Therefore, plasma concentrations in this control
group would continue to increase to a slightly greater extent after Day 14 than in those
groups that were at 90% or greater. However, targeting a lower value of AUC in the
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control group provides a more conservative approach for dose adjustment in subjects with
hepatic impairment.

(b) (4)

Based on pharmacokinetic differences induced by hepatic impairment and smoking, an
(b) (4)
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2.4 Extrinsic Factors
2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use)
influence dose-exposure and/or -response and what is the impact of any differences
in exposure on response?
Based upon what is known about exposure-response relationships and their
variability, what dosage regimen adjustments, if any, do you recommend for each of
these factors? If dosage regimen adjustments across factors are not based on the
exposure-response relationships, describe the basis for the recommendation.
The involvement of CYP1A1 and 1A2 was not observed consistently in the in vitro
studies. Furafylline, an inhibitor of CYP1A2, appeared to have marginal effects on
istradefylline metabolism. Moreover, a population pharmacokinetic analysis of 16 Phase
1, 2, and 3 studies did not indicate that CYP1A2 inhibitors had an effect on istradefylline
clearance. However, istradefylline systemic exposure was significantly lower in several
Phase 1 studies in which smokers and non-smokers participated. In Study 6002-US-016,
the elimination half-life and steady-state systemic exposure in smokers was
approximately 40% to 50% lower than in non-smokers (Table in Hepatic impairment
Section). The population pharmacokinetic/pharmacodynamic analysis also identified
smoking as a significant covariate.
Smoking was predicted to decrease steady-state istradefylline AUC0-24 by 38%. These
data suggest that, under basal (non-induced) conditions, istradefylline exposure is not
influenced by the CYP1A1/1A2 pathways. However, under induced conditions such as in
cigarette-smokers, clearance is increased significantly. Based on pharmacokinetic and
pharmacodynamic considerations, an istradefylline dose of 40 mg/day in smokers was
shown to yield an efficacy response to istradefylline that is equivalent to the response
(b) (4)
obtained with a 20-mg/day regimen in non-smokers.

2.4.2 Drug-drug interactions
Because istradefylline is metabolized mainly via CYP3A4 and may have inhibitory
effects on this enzyme, clinical drug-drug interaction studies were conducted to
understand the clinical relevance. In vitro, istradefylline does not inhibit CYP1A2, 2C8,
2C19, and 2D6, suggesting that no drug-drug interactions between istradefylline and
xenobiotics metabolized by these isoenzymes are expected in vivo.
2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions?
Yes. The data from in vitro studies (97-015, 97-016, B-168’955) demonstrated that the
primary cytochrome P450 (CYP) isoenzyme responsible for istradefylline metabolism
was CYP3A4, followed by conjugation with sulfate or glucuronic acid. Other CYP
isoenzymes identified as having a minor role include CYP1A1/2, 2C8, 2C9, 2C18, and
2D6. Interspecies comparisons showed qualitatively the same metabolites in all species.
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The role of CYP1A1 and 1A2 was not observed consistently in all studies. In those
studies in which it was observed, the contributions were minor, suggesting that under
basal conditions these isoenzymes are unlikely to contribute significantly to istradefylline
metabolism.
2.4.2.2 Is the drug a substrate of CYP enzymes?
Yes. In vitro studies (97-015, 97-016, B-168955) demonstrated that the primary
cytochrome P450 (CYP) isoenzyme responsible for istradefylline metabolism was
CYP3A4.
In in vivo Study 6002-US-008, ketoconazole (200 mg twice daily) co-administered with
40 mg of istradefylline increased the istradefylline AUC0-∞ approximately 2.46-fold and
Cmax was not affected. The elimination half-life of istradefylline was prolonged, from
about 99 hours when administered alone to about 276 hours when administered with
ketoconazole. However, because the plasma sampling duration was short (168 hours)
relative to the half-life of istradefylline, the possibility of overestimating AUC0-∞ and
the elimination half-life cannot be ruled out. The increase in AUC through the last sample
(168 hours after dosing) was approximately 1.5-fold as shown in the following figure.

The pharmacokinetic parameters of istradefylline either administered alone (Day 1) or
co-administered with ketoconazole (Day 19) are summarized in the Table below.
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These data indicate that strong CYP3A4 inhibitors such as ketoconazole have modest
effects on istradefylline systemic exposure. In addition, a population pharmacokinetic
analysis of 16 Phase 1, 2, and 3 studies indicated that the presence of CYP3A4 inhibitors
increased istradefylline AUCss by an average of 35%.
2.4.2.3 Is the drug an inhibitor and/or an inducer of CYP enzymes?
In vitro CYP inhibition studies (Study B-168,955) indicated that istradefylline does not
inhibit the metabolism of model substrates used to assess the activities of CYP1A2, 2C8,
2C19 and 2D6, suggesting that no drug-drug interactions between istradefylline and
xenobiotics metabolized by these isoenzymes are expected in vivo.
Co-administration of 7.5 mg of midazolam (CYP3A4 substrate) with 5 or 20 mg/day of
istradefylline at steady-state had minor effect on midazolam exposure as presented in the
following figure (the mean plasma concentration-time profiles of midazolam on Days 1
and 16 are shown).
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The pharmacokinetic parameters of midazolam on Days 1 and 16 are summarized by
treatment group in the Table below.

Treatment with istradefylline at once daily doses of 5 or 20 mg for 14 days had little
effect on the mean AUC0-24 of midazolam. Statistical comparisons were not conducted
on AUC0-∞ because a clearly defined log-linear terminal phase of the plasma
concentration time profile was not discernible in a number of subjects.
On the other hand, the co-administration of 10 mg of midazolam with 80 mg/day of
istradefylline at steady state increased the Cmax of midazolam by 61% and the AUC0-∞
by 141%. This increase in systemic exposure of midazolam, observed with the
supratherapeutic dosing regimen (80 mg/day) of istradefylline, which was not
accompanied by a significant decrease in the systemic exposure of 1’hydroxymidazolam, suggests a predominantly pre-systemic effect of istradefylline on
CYP3A4 activity and that istradefylline is a moderate inhibitor of CYP3A4 at a dose
which is 2- to 4-fold greater than the recommended therapeutic doses (20 to 40 mg/day).
The mean plasma concentration-time profiles of midazolam either administered alone
(Day 1) or co-administered with istradefylline (Day 17) are shown in the Figure below.
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The pharmacokinetic parameters of midazolam either administered alone (Day 1) or coadministered with istradefylline (Day 17) are summarized in the Table below.

The CYP3A4 inhibitory activity of istradefylline (40 mg/day at steady-state) was also
evaluated in a drug-drug interaction study with 40 mg of atorvastatin (Study 6002-US020), which showed a 53% increase in Cmax and a 54% increase in AUC0-∞ of
atorvastatin as shown in the following figure. This was not accompanied by a decrease in
either of its 2 metabolites.

The pharmacokinetic parameters of atorvastatin after administration of atorvastatin either
alone (Day 1) or when co-administered with istradefylline (Day 18) are summarized in
the Table below.
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These data suggest that istradefylline has modest inhibition for CYP3A4 at higher doses.
2.4.2.4 Is the drug a substrate and/or an inhibitor of P-glycoprotein transport
processes?
Membrane permeability and P-gp-mediated transport of istradefylline and inhibition of Pgp-mediated transport by istradefylline were investigated using Caco-2 cell monolayers.
The ratio of Papp from basolateral side (BL) to apical side (AP) to that from AP to BL
(efflux ratio) was determined to investigate P-gp-mediated transport of istradefylline and
inhibition of P-gp-mediated transport by istradefylline. The efflux ratio of istradefylline
was not higher than 1 and was not reduced by quinidine, suggesting that istradefylline is
not a substrate for P-gp.
Istradefylline decreased the efflux ratio of digoxin, suggesting that istradefylline inhibits
P-gp-mediated transport. The IC50 for inhibition of digoxin transport by istradefylline
was 1.74 µmol/L. However, a clinical drug-drug interaction study was not conducted.
The applicant made an argument that istradefylline peak plasma concentrations at doses
of 20 and 40 mg once daily average approximately 0.65 to 1.3 µM (ca. 250 to 500
ng/mL) (Studies PP15710, 6002-9703, 6002-0104, and 6002-US-024), which are below
the IC50. Moreover, istradefylline is extensively bound to plasma protein (> 97%), which
would minimize the interaction potential. Finally, istradefylline exhibits low solubility
across the pH range of 1.2 to 8.0 (solubility at pH 4.0 was 1.48 µM [ca. 0.00057
mg/mL]), which indicates that free istradefylline concentrations are lower than necessary
for inhibition of P-gp.
The inhibition potential for P-gp can not excluded by the above argument. It is necessary
for the applicant to conduct a study to examine the drug interaction between istradefylline
and digoxin as a phase 4 commitment.
2.4.2.5 Are there other metabolic/transporter pathways that may be important?
Other pathway has not been identified.
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2.4.2.6 Does the label specify co-administration of another drug (e.g., combination
therapy in oncology) and, if so, has the interaction potential between these drugs
been evaluated?
Yes. Use of levodopa/carbidopa combinations is standard therapy for Parkinson’s
disease, and the target indication for istradefylline is adjunctive therapy to
levodopa/carbidopa.
Although there is no metabolic basis to expect a drug interaction between istradefylline
and a levodopa/carbidopa combination, an interaction study conducted in rats suggested
the potential for a pharmacokinetic interaction. Further investigation indicated that this
effect in rats was most likely caused by levodopa delaying gastric emptying time, thereby
increasing the absorption of istradefylline following administration of istradefylline in an
aqueous suspension. Because of the interaction observed in rats, and the expected routine
use of this drug combination, two clinical studies were conducted and these studies
confirmed that there is no interaction between istradefylline and levodopa/carbidopa.
Study BP15748 was to investigate the tolerability of concomitant administration of
repeated doses of istradefylline together with repeated doses of levodopa/carbidopa, and
to investigate the pharmacokinetics of levodopa and carbidopa when administered alone
and in combination with istradefylline. Additionally, the pharmacokinetics of
istradefylline were also characterized after the first dose (Day 1) and last dose (Day 14)
of istradefylline. This was an open-label levodopa/carbidopa (100/25 mg three-times
daily) for 21 days (Days 1 to 21); double-blind istradefylline or placebo at doses of 20 mg
once daily (Group 1) and 40 mg once daily (Group 2) co-administered with
levodopa/carbidopa for 14 days (Days 8 to 21). In each group, 6 subjects per gender were
randomized to istradefylline and 2 subjects per gender to placebo.
The mean plasma concentration-time profiles of levodopa are shown by treatment group
in the Figure below.

The pharmacokinetic parameters of levodopa on Days 7 and 21 are summarized by
treatment group in the Table below.
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The pharmacokinetic parameters of istradefylline on Day 8 (single dose) and Day 21
(repeated doses for 14 days) in the presence of levodopa/carbidopa are summarized by
treatment group in the Table below. Istradefylline concentrations were measured for only
up to 24 hours after dosing on Day 8 and Day 14. Thus, estimates of istradefylline
elimination half-life were underestimated.
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The systemic exposure to istradefylline was higher after repeated doses than after a single
dose. Accumulation ratios of istradefylline in the presence of levodopa/carbidopa were
similar at both dose levels of istradefylline and between male and female subjects (4.0 to
4.1, based on AUC0-24). In the presence of levodopa/carbidopa, the rate and extent of
systemic exposure to istradefylline appeared to be characterized by dose-independent
(linear) kinetics over the dose range of 20 to 40 mg/day.
The pharmacokinetics of levodopa and carbidopa seem not significantly affected when
co-administered to steady-state with repeated doses of istradefylline.
2.5

General Biopharmaceutics

A summary of the formulations used in the development of istradefylline is shown in the
following table.
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Capsule formulations containing from 0.1 to 100 mg of istradefylline were used for Phase
1 and 2a studies. The capsule formulations were developed mainly for early development
activities in Europe and were not used in any of the pivotal efficacy and safety studies.
(b) (4)
The capsules contained
along with other
excipients.
The clinical program for istradefylline was started in Japan with Phase 1 studies using 10,
25, and 50 mg Tablet A formulations. These tablets were immediate-release, film-coated,
(b) (4)
solid oral dosage forms, with the film coat
. The quantitative composition of Tablet A is shown in the
following Table.

(b) (4)

(b) (4)

(b) (4)

The Tablet A formulation was subsequently optimized to
.
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(b) (4)

Tablet B (in strengths of 5, 10, 20, and 40 mg), which was used in later clinical studies,
has the same tablet core formulations as the intended Commercial Tablet formulation.
The quantitative compositions of these Tablet B formulations are shown in the following
Tables. Quantitative composition of Tablet B (5 and 10 mg Tablet) formulations is shown
below.
(b) (4)
(b) (4)
(b) (4)

(b) (4)

Quantitative Composition of Tablet B (20 mg Tablet) Formulations is shown below.
(b) (4)

(b) (4)

(b) (4)

Quantitative Composition of Tablet B (40 mg Tablet) Formulations is shown below.
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(b) (4)

(b) (4)

(b) (4)

The changes made to Tablet B formulations concerned the film coat
Originally,

(b) (4)

.

(b) (4)

This change also included a change in the shape of the
tablets to the commercial image. The 20 and 40 mg Tablet B formulations are
(b) (4)
compositionally proportional,
However, it is
(b)
relevant to note that the (4) 20, and 40 mg intended Commercial Tablets are similar to
those used in Phase 3 studies, with only minor differences in the shape and/or
composition of the film coat.
2.5.1 Based on the biopharmaceutics classification system (BCS) principles, in what
class is this drug and formulation? What solubility, permeability, and dissolution
data support this classification?
The solubility of istradefylline was determined across the pH range of 1.2 to 8.0. The
maximum solubility value of 0.88 µg/mL was observed at a pH value of 1.2, and the
minimum value of 0.32 to 0.33 µg/mL was observed at pH values of 7.2 to 8.0. Solubility
in water was about 0.64 µg/mL. These data indicate that istradefylline exhibits low
aqueous solubility across the pH range in the gastro-intestinal tract. In contrast, the
permeability of istradefylline across Caco-2 cell monolayers was high. The Papp value
for [14C]-istradefylline was 32.3×10-6 cm/s. The Papp value for propranolol (22.0×10-6
cm/s) was similar to that of istradefylline. These data indicate that istradefylline can be
classified as a Biopharmaceutics Classification System (BCS) Class II drug (low
solubility, high permeability).
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2.5.2 What is the relative bioavailability of the proposed to-be-marketed
formulation to the pivotal clinical trial?
During the development of istradefylline, tablet and capsule formulations of istradefylline
were used in early clinical studies. Four pivotal Phase 2b/3 studies (6002-US-005, 6002US-006, 6002-US-013, and 6002-US-018) employed a film-coated immediate-release
tablet that was designated as Tablet B. An international Phase 3 study, 6002-EU-007,
employed an encapsulated version of Tablet B. The core of the intended commercial
(b) (4)
formulation is compositionally identical to Tablet B
.
There are only minor differences in the film-coat composition and tablet shape compared
to Tablet B.
The Tablet B formulation used in Phase 2b studies 6002-US-005 and 6002-US-006 was
(b) (4)
manufactured on a (b)
, while the Tablet B formulation used
(4) -kg scale in
in Phase 3 studies (6002-US-013, 6002-US-018, and 6002-EU-007) was manufactured on
(b) (4)
a commercial scale (b) (4) kg) in
. Although Tablet B and the intended
commercial tablet have an identical core, due to the differences in coat composition, a
pivotal bioequivalence study was conducted (Study 6002-US-022) with these 2
formulations at the highest tablet strength, 40 mg. This study evaluated the intra-subject
variability of the intended commercial istradefylline 40-mg tablet, and the bioequivalence
(b) (4)
of the 40-mg Tablet B formulations manufactured on the (b)
) and (b)
(4) kg (
(4) -kg
(b) (4)
(
) scales versus the 40-mg intended commercial tablet, also manufactured on a
(b)
(4) -kg scale. The intended commercial istradefylline 40-mg tablet was bioequivalent to
formulations used in Phase 2b/3 studies as shown in the following table.

The 20-mg tablet is compositionally proportional to the 40-mg tablet, hence the
bioequivalence demonstrated with the 40-mg strength can be extrapolated to the 20-mg
(b) (4)
strength.
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(b) (4)

A between-study comparison of the AUC0-∞ of istradefylline indicated a relative
bioavailability of 112% for the 40-mg intended commercial tablet, compared to the oral
suspension.
2.5.3 What is the effect of food on the bioavailability (BA) of the drug from the
dosage form? What dosing recommendation should be made, if any, regarding
administration of the product in relation to meals or meal types?
The effect of food on the pharmacokinetics of istradefylline tablets was assessed in 2
separate studies. Study 6002-US-023 assessed the effect of a standardized high-fat meal
on istradefylline bioavailability from Tablet B.
In Study 6002-US-023, compared to fasted conditions, a high-fat meal increased the rate
of absorption, Cmax, by 64% and extent, AUC0-∞, by 25% of istradefylline absorption
after administration as a 40-mg tablet as shown in the following table.

This increase in the rate of istradefylline absorption is consistent with an increased
solubility/dissolution rate. While the aqueous solubility of istradefylline is low, it is
highly soluble in lipids (log P octanol/water is 3.5).
The applicant made an argument for the labeling statement that istradefylline can be
administered with or without a meal. A subgroup analysis of Phase 3 studies evaluating
those subjects who received istradefylline with or without a meal indicated that the
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increased Cmax and AUC under fed conditions was not associated with a greater
incidence of common treatment-emergent adverse events (TEAEs). The majority of
subjects in the clinical development program took study medication under fed conditions.
When istradefylline is administered under fasted conditions at doses of 20 to 40 mg/day,
the lower plasma concentrations are still predicted to be substantially greater than those
needed for efficacy. The administration of istradefylline in the fasted state is not
associated with a clinically meaningful increase in the number of subjects with the TEAE
of nausea. Based on above information, the applicant concludes that istradefylline can be
administered with or without a meal.
While this argument needs to be verified by the medical reviewer from safety
perspective, we compared the concentrations among different food intakes in five pivotal
clinical trials (Study 005, 006, 007, 013, and 018). Following figure shows that the
concentrations are comparable among three groups (1 = fed studies/periods; 2 = fasted
studies/periods; 3 = unknown food state).
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This comparison may be confounded by the differences at different time points.
Following figure takes this into consideration.
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The higher trend in group 3 (unknown food status) may be contributed by the higher dose
when the above figure is further sliced by the dose levels as shown below.
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As seen, the concentrations among the three groups are not considerably different. If
safety is not a concern, the argument would be acceptable.
A comparable increase in the Cmax and AUC of istradefylline was also observed with
Tablet A when administered under fed conditions (meal composition unspecified) in a
Japanese study (6002-9601).
2.5.5 How do the dissolution conditions and specifications ensure in vivo
performance and quality of the product?
Several dissolution studies were conducted to establish the optimal conditions for testing
the dissolution behavior of istradefylline formulations. After testing the solubility in
different solvent systems with and without surfactants to attain sink conditions and
compare dissolution profiles in these systems, the dissolution medium and conditions
chosen were 0.5% sodium lauryl sulfate (SLS) in 900 mL of deionized water at 37°C,
using the United States Pharmacopeia (USP) Apparatus 2 paddle method at 50
revolutions per minute (rpm) with a sinker. The discriminatory power of the dissolution
conditions was demonstrated by comparing the dissolution rates of modified tablet lots
against the normal tablet lots. Modified tablets were manufactured by either increasing
(b) (4)
(b) (4)
the amount of
increasing the amount of
or decreasing the amount of
(b) (4)
Differences in the dissolution rate were observed for the modified tablets
compared to the normal tablets. ONDQA will review this in detail.
2.6

Analytical Section

Bioanalytical methods for the quantitative determination of istradefylline and its main
metabolites in human plasma, as well as in human urine and feces, were developed and
validated in the course of the clinical development program for istradefylline. The
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international studies for the clinical development of istradefylline were managed in
Japan, Europe, and the United States (US). During the course of this program,
bioanalytical methods were established at these locations for the quantification of
istradefylline and its main metabolites. While the assay methods were established at
multiple locations and employed different techniques, the methods were validated to
ensure accuracy and precision. Although different bioanalytical methods were used,
pharmacokinetic parameters for istradefylline and analyzed metabolites were consistent
across the studies. An overview of the bioanalytical assay validation characteristics is
shown in the following Table.

(b) (4)

(b) (4)

(b) (4)
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(b) (4)

(b) (4)

(b) (4)

The long-term stability of istradefylline and its metabolites in analytical matrices (blood,
plasma, urine, and feces) was evaluated in several studies (Table 2.7.1-12). Istradefylline
is stable in plasma for up to 15 months at -70°C. Plasma samples collected from Phase 1,
2, and 3 studies were all analyzed within this period. Additional conditions evaluated
included autosampler stability for up to 135 hours, stability for up to 5 freeze-thaw
cycles, and room temperature stability for up to 24 hours.
2.6.1 LC/MS/MS Methods
2.6.1.1 Plasma
Method (b) (4) -2005-0726-BIO: The key Phase 1 and Phase 3 studies employed a highperformance liquid chromatography (HPLC) method with tandem mass-spectrometry
(b) (4)
detection (LC/MS/MS) that was conducted and validated by
This method was capable of quantifying
istradefylline and its metabolites, M1 (4’-O-demethyl istradefylline) and M8 (1-ßhydroxylated istradefylline). The rationale for developing this method was that the earlier
bioanalytical assays, which used methods based on either HPLC with ultraviolet (UV)
detection or MS, did not quantify M8. The majority of studies that support the product
labeling for istradefylline used an LC/MS/MS method for quantification of istradefylline
and metabolites.
(b) (4)
Istradefylline, M1, and M8, together with the internal standard
, were extracted
from human plasma using protein precipitation with acetonitrile and centrifugation. The
extracts were chromatographed on an HPLC column and quantified with MS/MS. The
linear dynamic range of the assay was 1 to 500 ng/mL for istradefylline, M1, and M8.
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(b) (4)
Method DZYI1005:
conducted the bioanalysis
for another Phase 1 study (6002-US-016). The LC/MS/MS method (b) (4) -2005-0726(b) (4)
(b) (4)
BIO was transferred from
and validated at the
facility
(DZYI1005). The linear dynamic range of the assay was also 1 to 500 ng/mL for
istradefylline, M1, and M8.

Method (b) (4) 06640: After the analysis of plasma samples from earlier studies had
indicated that M1 and M8 were minor components in plasma, there was an interest in
quantifying the other 4 metabolites of istradefylline identified in plasma: M4 (4’-Odemethyl istradefylline [M1] sulfate); M5 (4’-O-demethyl istradefylline [M1]
glucuronide); M11 (4’-O-demethyl-hydrogenated istradefylline glucuronide); and M12
(3’,4’-O-didemethyl-hydrogenated istradefylline monoglucuronide) in plasma samples
from a definitive repeated-dose study (6002-US-016) to determine their quantitative
(b) (4)
composition in plasma.
validated a method for their
(b) (4)
simultaneous quantification (
06640).
(b) (4)
M4, M5, M11, and M12, together with the internal standard
,
were extracted from human plasma by protein precipitation and centrifugation. The
extracts were chromatographed on an HPLC column and quantified with MS/MS
detection. The linear dynamic range of the assay was 0.5 to 50 ng/mL for all 4
metabolites.

Method KHK42/963422: The early clinical development of istradefylline was conducted
in Europe. Five earlier studies, together with an early levodopa/carbidopa interaction
study, a midazolam interaction study, and the analysis of sparse samples in the positron
emission tomography (PET) study, employed an LC/MS/MS method that was developed
(b) (4)
and validated by
. This method
was capable of quantifying istradefylline and M1 simultaneously.
(b) (4)
Istradefylline and M1, together with internal standards
, were
extracted from buffered human plasma using ethyl acetate. The extracts were
chromatographed on a short HPLC column and detected by MS/MS in the multiple
reaction monitoring mode. The linear dynamic range of the assay was 0.5 to 200 ng/mL
for istradefylline and 0.2 to 20 ng/mL for M1.
(b) (4)

Method
03091-M01: The mass-balance study (6002-US-010), which was
conducted before the key Phase 1 and Phase 3 studies, required the analysis of unlabeled
istradefylline in plasma samples. The bioanalysis for this study was conducted at (b) (4)
using a LC/MS/MS assay that was capable of quantifying only istradefylline.
(b) (4)
Istradefylline, together with internal standard
, was extracted from buffered
human plasma using methyl t-butyl ether. The extracts were chromatographed on an
HPLC column and detected by MS/MS in the multiple reaction monitoring mode. The
linear dynamic range of the assay was 0.5 to 200 ng/mL for istradefylline.

2.6.1.2 Protein Binding in Plasma
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Method DZYI1004: In Studies 6002-US-015 (effect of renal impairment) and 6002-US016 (effect of hepatic impairment), 3 plasma samples from each subject were subjected to
equilibrium dialysis to determine the extent of protein binding. The LC/MS/MS method
developed for measuring istradefylline in plasma was validated for the dialysate
(Phosphate Buffered Saline [PBS] diluted 1:1 with plasma) as well as for plasma diluted
1:1 with PBS.
(b) (4)
Istradefylline, together with the internal standard
, was extracted from human
plasma and PBS using protein precipitation with acetonitrile and centrifugation. The
extracts were chromatographed on an HPLC column and quantified with MS/MS. The
linear dynamic range of the assay was 0.1 to 100 ng/mL for istradefylline.

2.6.1.3 Urine
Method KHK41/994017: An LC/MS/MS method, which was used in studies conducted
in Europe, was developed by (b) (4) to quantify istradefylline and M1, M4 , and M5 in
urine.
(b) (4)
Istradefylline and M1, together with internal standards
, were
extracted from buffered human urine using ethyl acetate. M4 and M5, together with the
(b) (4)
internal standard
were extracted from buffered human urine after 24 hours of
incubation at 37°C with a buffer/enzyme mix (sulfatase and glucuronidase, respectively).
The extracts were chromatographed on an HPLC column and detected by MS/MS in the
multiple reaction monitoring mode. The linear dynamic ranges of the assay were 0.2 to
40 ng/mL for istradefylline and M1, and 1 to 200 ng/mL for M4 and M5.

2.6.2 LC-MS Method in Plasma
(b) (4)
Method B-169,502: Istradefylline was initially co-developed with
.
(b) (4)
For 2 of the studies conducted by
istradefylline was quantified in plasma samples
using a validated LC-MS method that was a modification of the LC/MS/MS method
developed by (b) (4) (KHK42/963422). Because plasma samples from these 2 studies were
analyzed for istradefylline using both methods, (b) (4) cross-validated the methods to
(b) (4)
confirm a lack of bias. Istradefylline, together with the internal standard
was
extracted from human plasma using ethylacetate/n-hexane and centrifugation. The
extracts were chromatographed on an HPLC column and quantified with single
quadrupole MS detection. The linear dynamic range of the assay was 1 to 200 ng/mL for
istradefylline. This range was later expanded to 1 to 300 ng/mL without reducing the
quality of the calibration.

2.6.3 HPLC-UV Methods
2.6.3.1 Plasma
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Method 96-486: The earliest assays for istradefylline in plasma employed HPLC-UV
methods for quantification of the parent drug. The early HPLC UV method 96-486 was
used for the quantification of istradefylline in one Japanese study. In this method,
(b) (4)
istradefylline and M1, together with the internal standard
were extracted from
human plasma using acetonitrile and centrifugation. The extracts were chromatographed
on an HPLC column and quantified with UV detection. The linear dynamic range of the
assay was 5 to 2000 ng/mL for istradefylline and M1.
(b) (4)

(b) (4)
98N049: This method was developed by
and was used to quantify istradefylline and M1 in 3 Japanese
studies (6002-0104, 6002-9703, 6002-0205). This method was also capable of
quantifying the cis isomer of istradefylline. The lack of conversion of istradefylline (trans
isomer) to the cis isomer was demonstrated in Study 6002-9703. Istradefylline, M1, and
(b) (4)
the cis isomer of istradefylline, together with the internal standard
were
extracted from human plasma using acetonitrile and centrifugation. The extracts were
chromatographed on an HPLC column and quantified with UV detection. The linear
dynamic range of the assay was 5 to 2000 ng/mL for istradefylline and M1, and 25 to
2000 ng/mL for cis isomer of istradefylline.

Method

(b) (4)
Method
-2000-0085-BIO: The early HPLC-UV method 96-486 was subsequently
(b) (4)
transferred to, and validated at,
.
This method was used in 8 Phase 1 and 2b studies. Istradefylline, together with the
(b) (4)
internal standard
was extracted from sodium heparin human plasma using
protein precipitation with acetonitrile, with further clean-up via column switching. The
extracts were chromatographed on an HPLC column and quantified with UV detection.
The linear dynamic range of the assay was 5 to 2000 ng/mL for istradefylline.

2.6.3.2 Urine
Method 97-334: For a study conducted in Japan (6002-9601), an HPLC-UV method was
developed to quantify istradefylline and M1 in urine. Istradefylline and M1, together with
(b) (4)
the internal standard
were extracted from human urine using ethyl acetate and
centrifugation. The extracts were chromatographed on an HPLC column and quantified
with UV detection. The linear dynamic range of the assay was 1 to 400 ng/mL for
istradefylline and M1.
(b) (4)

(b) (4)
98N180: A second HPLC-UV method was developed by
for quantification of istradefylline and M1 in urine,
which was used in Study 6002-9703. This method gave comparable results to Method 97334 for istradefylline and M1, and could also quantify the cis isomer of istradefylline.
Because the fraction of dose excreted in urine was extremely low, quantification of
istradefylline in urine was not conducted in later studies. Istradefylline, M1, and the cis
(b) (4)
isomer of istradefylline, together with the internal standard
were extracted
from human urine using ethyl acetate. The extracts were chromatographed on an HPLC
column and quantified with UV detection. The linear dynamic range of the assay was 1 to

Method
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400 ng/mL for istradefylline and M1, and 5 to 400 ng/mL for the cis isomer of
istradefylline.
2.6.3.3 Fecal Extracts
Method 2000-158A: An HPLC-UV method was developed for the quantification of
istradefylline and M1 in fecal extracts. This method was used only in Study 6002-9601.
(b) (4)
Istradefylline and M1, together with the internal standard
were extracted from
human feces using acetonitrile, homogenization, and centrifugation. The extracts were
chromatographed on an HPLC column and quantified with UV detection. The linear
dynamic range of the assay was 20 to 2000 µg/g for istradefylline and M1.
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3

Detailed Labeling Recommendations

The following labeling changes are recommended provided as track changes.
(b) (4)
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5 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this page

4. Appendices
4.1

Proposed labeling (Original and Annotated)
(b) (4)

22 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this page
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4.2

Individual Study Reviews

4.2.1 In Vitro Plasma Protein Binding of Istradefylline in Humans (99-159A)
Method: The in vitro protein binding of [3H]-istradefylline in human serum was
evaluated using equilibrium dialysis. The concentration range used was in the range of 10
to 1000 ng/mL. To investigate the binding site of Human serum albumin (HSA) protein,
0.067% w/v HSA, which is a much lower concentration than the normal concentration in
vivo, was used.
Results: The degree of binding in serum ranged from 95.0% to 96.6%. HSA was the
primary serum protein to which [3H]-istradefylline was bound (94.7%), followed by α1acid glycoprotein (AAG) (66.9%) and α-globulin (GG) (21.4%).
The binding of istradefylline in 4% w/v HSA was not affected in the presence of typical
ligands for 3 different binding sites of HSA: warfarin (30 µmol/L), diazepam (30
µmol/L), and digitoxin (10 µmol/L).
Under the conditions of lower concentrations of HSA, the unbound fraction of
istradefylline was markedly higher in the presence of digitoxin (10 µmol/L) than in its
absence. The main binding protein and binding site of istradefylline in human plasma are
therefore thought to be HSA and Site III (the digitoxin site), respectively.
Comments:
As the binding of istradefylline to 4% w/v HSA was not affected in the presence of
typical ligands for 3 different HSA sites to which istradefylline can bind, drug-drug
interactions due to protein binding are not expected to occur under normal physiological
conditions.
4.2.2 Protein Binding in Human Plasma from Subjects with Moderate Hepatic
Impairment (DZYI1002)
Method: The plasma protein binding of istradefylline was investigated using equilibrium
dialysis in human plasma from subjects with moderate hepatic impairment and healthy
subjects who had been administered istradefylline 40 mg once daily for 14 days. The
subjects had all participated in Study 6002-US-016, which investigated the effect of
moderate hepatic impairment on the repeated-dose pharmacokinetics of istradefylline.
Results: Protein binding in human plasma from subjects with moderate hepatic
impairment and from healthy subjects is summarized in the following Table.
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Table. Protein Binding in Human Plasma from Subjects with Moderate Hepatic
Impairment and from Healthy Subjects (DZYI1002)

Comments:
1. Plasma protein binding of istradefylline was similar in subjects with moderate hepatic
impairment and healthy subjects.
2. There were no significant differences in the extent of binding of istradefylline to the
plasma proteins of smokers or non-smokers.
4.2.3 Protein Binding in Human Plasma from Subjects with Severe Renal
Impairment (DZYI1003)
Method: The plasma protein binding of istradefylline was investigated using equilibrium
dialysis in human plasma from subjects with severe renal impairment, from healthy
subjects matched to the subjects with severe renal impairment for age, weight, and
gender, and from young healthy subjects, all of whom had been administered a 40-mg
dose of istradefylline. The subjects had all participated in Study 6002-US-015, which
investigated the effect of severe renal impairment on the single-dose pharmacokinetics of
istradefylline.
Results: The protein binding in human plasma from subjects with severe renal
impairment and from healthy subjects is summarized in the following Table.
Table. Protein Binding in Human Plasma from Subjects with Severe Renal
Impairment and from Healthy Subjects (DZYI1003)

Comments:
1. There were no significant differences or trends in the protein binding among the 3
groups.
2. Across the above three studies about protein binding, the binding was in the similar
range.
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The in vitro metabolism of istradefylline was investigated using several assay systems.
These included human liver microsomes (HLMs), hepatocytes, and recombinant systems
expressing pure CYP isoenzymes. Metabolism data obtained in HLMs tended to
overestimate the potential for drug interactions. In general, data obtained in hepatocytes
provided the most reliable estimates of metabolic turnover rates, and were the most
predictive of in vivo data obtained in clinical studies. The potential for hepatic enzyme
induction (Phase I and II) was evaluated in 2 separate multiple-dose studies in the rat.
The induction potential of istradefylline for CYP enzymes has not been investigated in
human. An in vivo drug interaction study with midazolam does not indicate any
possibility of induction, therefore CYP3A induction potential of istradefylline is not a
concern. However, induction potential on CYP1A2 is not known. In vitro study to
investigate this potential should be conducted first. If the induction potential is shown, in
vivo study may be necessary.

4.2.4 Investigation of CYP Species Involved in the Metabolism of Istradefylline (97015)
Method: The metabolism of istradefylline by human liver microsomes (HLMs) and the
CYP isoenzymes that were presumed to mediate istradefylline metabolism was
investigated using istradefylline at a concentration of 2.5 µmol/L and 7 selective
chemical inhibitors of CYP isoenzymes at concentrations of 0.5 and 2.5 µmol/L:
furafylline (CYP1A2), sulfaphenazole (CYP2C8, 2C9, and 2C18), S-mephenytoin
(CYP2C19), quinidine (CYP2D6), diethyldithiocarbamate (CYP2A6, 2E1),
troleandomycin (CYP3A4), and ketoconazole (CYP3A4).
Results: Following incubation of istradefylline with the microsomes in the absence of
inhibitors, 3 peaks were identified: M1 (4’-O-demethyl istradefylline), M3 (3’,4’-Odidemethyl istradefylline), and M8 (1-ß-hydroxylated istradefylline). Further information
on the nomenclature of istradefylline metabolites is provided in Table 2.7.2-11. The
formation of these peaks was selectively inhibited in a concentration-dependent manner
by the addition of sulfaphenazole, troleandomycin, or ketoconazole, suggesting that
istradefylline is a substrate for CYP2C8, 2C9, 2C18, and 3A4. Furafylline inhibited the
formation of these peaks, although to a much smaller extent, suggesting that CYP1A2
might play a secondary role in the metabolism of istradefylline.
4.2.5 Investigation of CYP Species Involved in the Metabolism of Istradefylline (97016)
Method: The CYP isoenzymes involved in istradefylline metabolism were investigated
using B-lymphocyte and yeast microsomes containing overexpressed human CYP
isoenzymes.
Results: Following incubation of istradefylline (2.5 µmol/L) with human CYP-expressed
cell microsomes, 3 peaks were identified: M1 was formed by CYP1A1, 2C9, 2C18, and
3A4; M8 was formed by CYP3A4; and M3 was formed by CYP1A1 and 3A4. Members
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of the CYP3A4, CYP1A1, and CYP2C subfamily account for approximately 30%, less
than 1%, and approximately 20%, respectively, of the total hepatic P450 isoenzymes,
Comments: CYP3A4 appeared to be the main CYP isoenzyme involved in istradefylline
metabolism, with CYP1A1, 2C9, and 2C18 contributing to a lesser extent.
4.2.6 CYP Isoenzymes Involved in the Formation of Istradefylline Metabolites and
In Vitro Drug-Drug Interaction Studies (B-168955)
Metabolism of Istradefylline by Human Liver Microsomes
An investigation of the oxidative metabolism of istradefylline (1 or 5 µmol/L) using
HLMs suggested that multiple enzyme systems were involved in the formation of M1.
One system catalyzed the formation of M1 initially, but was rapidly inhibited and
apparently inactive after 3 to 5 minutes. A different enzyme system was apparently
involved in the formation of M1 at a much lower, but constant, rate during the entire
incubation period (60 minutes).
Inhibition of Istradefylline Metabolism by CYP Isoenzyme-Specific Inhibitors
Inhibition of the oxidative metabolism of istradefylline (5 µmol/L) was studied using
HLMs in the presence of nicotinamide adenine dinucleotide phosphate, reduced form
(NADPH), and with CYP isoenzyme-specific inhibitors for 2A6 (coumarin), 2C8
(quercetin), 2C9 (sulfaphenazole), 2C19 (mephenytoin), 2D6 (quinidine), 3A4
(troleandomycin, ketoconazole), and 1A2 (furafylline). Based on the nonlinear formation
rate of M1, incubation times of 2 and 60 minutes were used. The largest inhibitory effect
(67% of activity) on the initial rapid metabolism of istradefylline (2-minute incubation)
was observed with troleandomycin, which induced an inhibition of only 19% in the 60minute incubation (Table below). This observation suggests that, in microsomes,
CYP3A4 is involved primarily in the initial formation of M1. Quercetin and mephenytoin
also inhibited M1 formation in the 2-minute incubation, suggesting some involvement of
CYP2C8 and 2C19 in the initial formation of M1. Based on the significant inhibition of
M1 formation by furafylline, coumarin, sulfaphenazole, and quinidine in the 60-minute
incubation, but not in the 2-minute incubation, CYP1A2, 2A6, 2C9, and 2D6 appeared to
contribute to the slow, linear formation of M1.
Table. Summary of the Effect of CYP Isoform Specific Inhibitors on Formation of
M1 (Study B-168.955)
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Metabolism of Istradefylline by Recombinant Human CYP Isoenzymes
The oxidative metabolism of istradefylline (5 µmol/L) was studied using recombinant
human CYP isoenzymes (CYP1A2, 2C9, 2D6, and 3A4) in the presence of NADPH. The
rate of M1 formation due to CYP3A4 remained linear only in the initial phase of the
incubation. After approximately 5 minutes, the recombinant CYP3A4 was catalytically
inactive and no further M1 formation was observed. The other CYP isoenzymes
CYP1A2, 2C9, and 2D6 all contributed to the slow formation of M1, with an almost
linear formation rate during the 40-minute incubation period.
Inhibition of CYP Isoenzymes by Istradefylline and its Main Metabolites or Related
Compounds
The inhibition of CYP isoenzymes by istradefylline and its main metabolites or related
compounds was investigated using HLMs and/or recombinant human CYP isoenzymes
incubated with isoform-specific substrates in the presence of NADPH, as shown in Table
below.
Table. Inhibition of CYP Isoenzymes by Istradefylline and its Main Metabolites or
Related Compounds (B-168.955)
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These in vitro studies using CYP isoenzymes indicated that istradefylline did not
significantly inhibit activities catalyzed by CYP1A2, 2C9, 2C19, or 2D6. Therefore, the
probability of in vivo drug-drug interactions with xenobiotics metabolized mainly by
these isoenzymes is low.
Using the HLM assay, CYP3A4 activity was inhibited by istradefylline with a
concentration resulting in 50% inhibition (IC50) of 22.6 µmol/L. The inhibitory effect
was enhanced by pre-incubation with the microsomal protein and NADPH, confirming
that CYP3A4 contributed to the early, rapidly inhibited demethylation of istradefylline to
M1, and suggesting a mechanism-based inhibition of CYP3A4 by istradefylline.
The inhibition of 2 CYP3A4-dependent activities, 6-ß-hydroxylation of testosterone and
1.-hydroxylation of midazolam, suggested that istradefylline and M1, but not M8,
specifically interfered with the CYP3A4 isoenzyme in an activation-dependent manner,
in agreement with the rapid inhibition of istradefylline demethylation described above.
Interaction of Istradefylline with CYP3A4
The kinetics of the activation-dependent inhibition of CYP3A4 by istradefylline were
studied using HLMs and midazolam as a specific CYP3A4 substrate in a 2-step process:
pre-incubation with NADPH, followed by incubation with midazolam in the presence of
NADPH. The inhibition of CYP3A4 was dependent upon the preincubation time and had
an apparent inhibition constant (Ki, app) of 22.7 µmol/L (approximately 8000 ng/mL) and
an inactivation rate constant (kinact) of 0.15/min, suggesting a mechanism-based inhibition
of CYP3A4 by istradefylline. This interaction with CYP3A4 was studied further using
radiolabeled istradefylline incubated with HLMs, recombinant human CYP3A4, or
recombinant human CYP2C9, with or without NADPH. The radiolabeled istradefylline
was covalently bound to the microsomal protein or recombinant human CYP3A4 (but not
CYP2C9) in an approximately equimolar ratio. These results suggest covalent binding of
istradefylline-related material to microsomal proteins.
4.2.7 Effects of Istradefylline and M1 on Human CYP Activities (d-04-044)
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Methods: The effects of istradefylline and M1 on the metabolic activities of
representative CYP subfamilies were evaluated using HLMs. Istradefylline and M1 were
both used in the concentration range of 0.75 to 30 µmol/L.
The effects of these test compounds were examined in 2 ways.
1. The substrate for metabolic reaction and the test compound were added simultaneously
to microsomes in the absence of NADPH (simultaneous addition method; SAM).
2. The test compound was incubated with NADPH and microsomes for 20 minutes prior
to the reaction being initiated by addition of the substrate (pretreatment method; PTM).
Testosterone 6α-hydroxylation and nifedipine oxidation, which are indices of CYP3A4
activity, were inhibited by addition of istradefylline or M1.
Results: The inhibition observed using PTM was more potent than that observed using
SAM. The IC50 values for istradefylline ranged from 6.24 to 30 µmol/L using SAM, but
were not more than 0.871 µmol/L using PTM. For M1, the IC50 values ranged from 1.51
to 1.76 µmol/L using SAM and were less than 0.75 µmol/L using PTM.The inhibitory
effect of istradefylline or M1 on the metabolic activities of other CYP subfamilies
(CYP1A1/2, 2A6, 2C9, 2C19, 2D6, and 2E1) was too weak to calculate IC50 values, and
no enhancement of inhibition was observed using PTM. Benzyloxyresorufin Odebenzylation, used as an index of CYP2B6 activity, was activated by the addition of
istradefylline. Stresser et al determined that benzyloxyresorufin O-debenzylation is
activated in HLMs by CYP3A4 substrates. Because istradefylline and M1 are inhibitors
of CYP3A4, the data on benzyloxyresorufin O-debenzylation should be viewed with
caution.
Comments: This study confirmed that istradefylline and M1 are both inhibitors of
CYP3A4 activity in liver microsomal systems, and that they produce no relevant
inhibition of CYP1A1/2, 2A6, 2C9, 2C19, 2D6, and 2E1 activities, concurring with the
results of Study B-168.955.
4.2.8 Effects of Istradefylline on the Metabolism of Testosterone in Isolated Human
Hepatocytes (2002-063A)
Methods: The irreversible, time-dependent inhibition of testosterone 6ß-hydroxylation
activity, an indicator of CYP3A4 activity, by istradefylline was investigated using
cryopreserved human hepatocytes.
Results: When testosterone and istradefylline were added to hepatocyte suspensions
simultaneously, little inhibition was observed within the istradefylline concentration
range of 0.1 to 10 µmol/L, indicating that istradefylline showed no competitive inhibition
under these conditions.
When testosterone was added to hepatocyte suspensions that had been exposed to
istradefylline for 60 minutes in advance, the testosterone 6ß-hydroxylation activity was
not prominently inhibited within the istradefylline (unbound) concentration range of 0.1
to 0.3 µmol/L (38.4 ng/mL to 115.2 ng/mL). At istradefylline (unbound) concentrations
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of 1, 3, and 10 µmol/L (384 ng/mL, 1152 ng/mL and 3840 ng/mL), the testosterone 6ßhydroxylation activity was inhibited by 24.1% to 94.3% of the control activity,
suggesting that a time-dependent, irreversible inhibition occurs in hepatocytes at these
concentrations. In human hepatocytes, the Ki,app of istradefylline to CYP3A4 ranged
from 7.27 to 18.0 µmol/L, and the maximum kinact ranged from 0.0327 to 0.0427/min.
Comparing these hepatocytes ( Ki,app in HLMs was 22.7 µmol/L), but kinact was oneeighth to one-eleventh of the values calculated for HLMs (Study B-168.955). Despite
limitations associated with comparing Ki,app values, it was considered that the inhibition
was lower in the hepatocytes compared to the liver microsomes because of a lower
kinact.
Comments:
These data suggest that the time-dependent, irreversible inhibition of CYP3A4 by
istradefylline may be less in the intact organism than in HLMs or hepatocytes. This may
be related to the results in clinical studies. Once-daily doses of istradefylline at 5 and 20
mg had no effect on midazolam pharmacokinetics, and no relevant inhibitory effects were
observed on atorvastatin metabolism when istradefylline at a once-daily dose of 40 mg
was co-administered with atorvastatin (Study 6002-US-020). On the other hand, a modest
effect on midazolam pharmacokinetics was observed when istradefylline was coadministered at a once daily dose of 80 mg (Study 6002-US-008).
4.2.9 Binding Affinity of Istradefylline to Human Hepatocytes (99-146)
Methods: Human hepatocytes were incubated with [14C]-istradefylline and metabolite
formation and binding were determined. In addition, HLM protein was incubated with
[14C]-istradefylline, and metabolite formation and binding to microsomal proteins were
determined.
Results: When microsomes prepared from the hepatocytes were incubated with [14C]istradefylline, the apparent partition ratio (metabolic production rate constant / metabolic
enzyme inhibition rate constant) was 2.48. The partition ratio when human hepatocytes
were incubated with [14C]-istradefylline was greater than 91.6. Almost complete
inhibition (Study B-168.955) of CYP3A4 activity occurred after 20 minutes when
istradefylline was incubated with the microsomes. In contrast, metabolite formation
continued for up to 60 minutes when istradefylline was incubated with hepatocytes.
Comments: This observation is in agreement with the results obtained in Study 2002063A.
4.2.10 In Vitro Metabolism of Istradefylline: Species Comparison of the Main
Metabolites Formed in Microsomes, Hepatocytes, and Liver Slices (B-168’953)
The metabolism of istradefylline was studied qualitatively in liver microsomes and liver
slices or hepatocytes from humans, marmosets, rats, dogs, and mice. The main pathways
of istradefylline metabolism included an initial oxidative O-demethylation. Oxidative
metabolites were conjugated with either glucuronic acid or sulfate and the corresponding
Phase II metabolites were the main products formed in all the cellular assays. All
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metabolites formed in human cell-based preparations were also detected in cell-based
preparations of rat, dog, and marmoset. M1, M8, M4 (4’-O-demethyl istradefylline [M1]
sulfate), M5 (4’-O-demethyl istradefylline [M1] glucuronide), which were shown to be
present in human plasma in the mass-balance study (6002-US-010, M 2.7.2.2.2.1.3), were
detected in cell-based preparations of rat, dog, and marmoset. The species comparison in
the metabolite patterns of istradefylline showed qualitatively the same metabolites in the
in vitro systems of all species. Quantitative differences between species were observed
mainly in the ratio of sulfate to glucuronide conjugates. While the sulfate of M1 was the
main conjugate in the in vitro incubations of man, marmoset, and dog, the glucuronide
prevailed in the incubations with rat liver cells. Quantitative differences were also
observed in the formation of some minor metabolites and unknown products. Further
details are available in the study report (B-168.953) Based on these results, qualitatively
similar metabolite patterns are expected to be formed in man, dog, rat, and mouse.
Therefore, the in vivo metabolic profiles in the rat and dog, the species used for toxicity
studies (see M 2.6.4.5.4), are anticipated to be qualitatively similar to the metabolic
profile expected in man.
4.2.11 In Vitro Transport Characteristics Membrane Permeability of Istradefylline,
P-Glycoprotein-Mediated Transport of Istradefylline, and Inhibition of PGlycoprotein by Istradefylline in Caco-2 Cells (d-05-194 and d-06-071)
Membrane permeability and P-gp-mediated transport of istradefylline and inhibition of Pgp-mediated transport by istradefylline were investigated using Caco-2 cell monolayers.
The apparent permeability coefficient (Papp) value for [14C]-istradefylline was 32.3×10-6
cm/s. The Papp of propranolol (22.0×10-6 cm/s) was similar to that of istradefylline.
Propranolol exhibits high permeability, suggesting that istradefylline is also a highly
permeable compound.
The ratio of Papp from basolateral side (BL) to apical side (AP) to that from AP to BL
(efflux ratio) was determined to investigate P-gp-mediated transport of istradefylline and
inhibition of P-gp-mediated transport by istradefylline. The efflux ratio of istradefylline
was not higher than 1 and was not reduced by quinidine, suggesting that istradefylline is
not a substrate for P-gp.
Istradefylline decreased the efflux ratio of digoxin, suggesting that istradefylline inhibits
P-gp-mediated transport. The IC50 for inhibition of digoxin transport by istradefylline
was 1.74 µmol/L.
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Single-Dose Pharmacokinetics
In the early studies (6002-EU01, 6002-9601, and 6002-0205), plasma samples were
collected for up to 72 to 168 hours after dosing. This sampling duration was subsequently
found to be insufficient for adequately characterizing istradefylline elimination, thereby
underestimating the elimination half-life (t1/2) and the area under the plasma
concentration vs. time curve from 0 to infinity (AUC0-∞).
The single-dose studies 6002-US-010, 6002-US-022, and 6002-US-023, in which
pharmacokinetic sampling occurred up to 336 hours (14 days) after dosing, are the
primary studies that define the single-dose pharmacokinetics of istradefylline in healthy
subjects. Studies 6002-EU01, 6002-9601, and 6002-0205 are considered as secondary
studies. The pharmacokinetics of M1 were also characterized in several studies. These
studies indicated that exposure to M1 ranged from approximately 1% to 3% of the
exposure to istradefylline, meaning that this metabolite is unlikely to contribute to the in
vivo pharmacologic effect.
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4.2.12 Study 6002-US-022
Study Title: A Phase 1, Open-Label, 2-Cohort Study to Evaluate the Intra-Subject
Variability After Administration of the Istradefylline 40-mg Intended Commercial Tablet
and Bioequivalence of Istradefylline 40-mg Tablets Used in Clinical Studies Compared
to the Istradefylline 40-mg Intended Commercial Tablet.
Objectives: To determine the intra-subject pharmacokinetic variability after
administration of the istradefylline 40-mg intended Commercial Tablet (Cohort 1), and to
evaluate the bioequivalence of istradefylline 40-mg tablet lots used in the Phase 2b/3
studies compared with the istradefylline 40-mg intended Commercial Tablet (Cohort 2).
Population: Non-smoking, healthy male subjects. For Cohort 1, 14 subjects were
planned and enrolled (12 completed, 2 withdrawn); for Cohort 2, 66 planned, 96 enrolled
(67 completed, 29 withdrawn).
Design: Open-label, sequential 2-cohort, pivotal bioequivalence study. In Cohort 1,
Treatment C (the istradefylline 40-mg intended Commercial Tablet, Batch No.C4J0261)
was administered in an open-label design in a replicate manner on Days 1 and 22. The
replicate administration of istradefylline was separated by a washout period of 21 days.
Following completion of this phase, subjects in Cohort 2 were randomly administered
Treatment A (40-mg tablet; Tablet B, Batch No. F0946001), Treatment B (40-mg tablet;
Tablet B, Batch No. C3K0019) or Treatment C (the 40-mg intended Commercial Tablet,
Lot No. C4J0261) in each of 3 treatment periods in a variance-balanced orthogonal, Latin
square design. Istradefylline was administered under fasted conditions. The 3 treatment
periods for Cohort 2 were separated by a washout period of 21 days.
Pharmacokinetic Sampling: Six (6) milliliters of blood for determination of the plasma
concentration of istradefylline were drawn per time point. Blood samples were collected
at the following time points on Days 1 and 22 for Cohort 1 and Days 1, 22, and 43 for
Cohort 2.
Predose and within 2 minutes of 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 16.0, 24.0,
30.0, 36.0, 42.0, 48.0, 72.0, 96.0, 120.0, and 168.0 hours postdose and within 1 hour of
time points 192, 240, 288, and 336 hours postdose.
Bioanalysis:
(b) (4)
Istradefylline plasma concentration analyses were performed by the
. The method used employed a protein
precipitation technique to extract istradefylline from plasma. Extracted plasma samples
were quantified using high performance liquid chromatography (HPLC) with tandem
mass spectrometric detection (LC-MS/MS, analytical method (b) (4) -2005-0726-BIO).
The procedure was validated and the results are shown below.
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Linearity range
(ng/mL)
validation
in assay

1.00-500
1.00-500

QC samples

Calibration standards

Accuracy (%error)

Precision (%CV)

Accuracy (%error)

Precision (%CV)

1.5 to 6.0
-4.0 to 0.2

3.1 to 14.3
7.6 to 26.3*

-5.4 to 2.4
-1.6 to 1.8

1.8 to 6.3
4.3 to 6.2

*High statistical values due to inclusion in statistical calculations of atypical result in Run 11

Pharmacokinetic and Statistical Analysis:
Intra-Subject Variability of Pharmacokinetic Parameters (Cohort 1)
Non-compartmental pharmacokinetic parameters such as AUC0-∞, Cmax, Tmax, and
t1/2 were estimated. The intra-subject variability of AUC0-∞ and Cmax was obtained
from an analysis of variance (ANOVA) with subject and period (Days 1 and 22) as
factors in the model.
The mean plasma concentration-time profiles of istradefylline after single-dose
administration of the istradefylline 40 mg intended Commercial Tablet (Treatment C) on
Days 1 and 22 are shown in the Figure below.

Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after SingleDose Administration of the Istradefylline 40 mg Intended Commercial Tablet
(Treatment C) on Days 1 and 22 (Study 6002-US-022).
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The pharmacokinetic parameters of istradefylline after single-dose oral administration of
the istradefylline 40 mg intended Commercial Tablet (Treatment C) on the 2 dosing days
in Cohort 1 are summarized in the Table below.
Table. Pharmacokinetic Parameters of Istradefylline after Single-Dose
Administration of the Istradefylline 40 mg Intended Commercial Tablet (Treatment
C) on Days 1 and 22 (Study 6002-US-022)

The intra-subject variability in Cohort 1 after administration of Treatment C is
summarized in the Table below.
Table. Estimation of Intra-Subject Variability in Pharmacokinetic Parameters of
Istradefylline after Single-Dose Administration of the Istradefylline 40 mg Intended
Commercial Tablet (Treatment C) on Days 1 and 22 (Study 6002-US-022)

The intra-subject coefficients of variation (CVs) for measures of systemic exposure were
14.1% for AUC0-∞ and 20.7% for Cmax, indicating that istradefylline exhibits low to
moderate intra-subject pharmacokinetic variability.
Bioequivalence of Istradefylline 40 mg Tablets (Cohort 2)
Non-compartmental pharmacokinetic parameters such as AUC0-∞, Cmax, Tmax, and
t1/2 were estimated. An ANOVA using a mixed effects model with sequence, period and
treatment as fixed effects, and subject within sequence as random effect, was used to test
the hypotheses of bioequivalence.
The mean plasma concentration-time profiles of istradefylline after single-dose
administration of the 3 different 40 mg istradefylline tablet treatments are shown in the
Figure below.
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Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after SingleDose Administration of 3 Different Istradefylline 40 mg Tablet Treatments (Study
6002-US-022).
The pharmacokinetic parameters of istradefylline after single-dose administration of the 3
different istradefylline 40 mg tablet treatments are summarized in the Table below.
Table. Pharmacokinetic Parameters of Istradefylline after Single-Dose
Administration of 3 Different Istradefylline 40 mg Tablet Treatments (Study 6002US-022)
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The total and peak exposures of istradefylline were comparable after administration of
the 3 different istradefylline 40 mg tablet treatments. In addition, similar mean
elimination half-lives of istradefylline were observed for the 3 treatments. All the CIs for
the comparison of pharmacokinetic parameters between Treatments C vs. A and between
Treatments C vs. B fell within the 80% to 125% bioequivalence limits. The median Tmax
for all 3 treatments occurred at 3 hours, and the Wilcoxon signed rank test indicated that
there were no significant differences in Tmax for the comparisons of Treatment C vs. A
(p = 0.340) and C vs. B (p = 0.935).
Istradefylline was absorbed with a median Tmax of 3 hours, and the mean elimination
half-life of istradefylline was approximately 70 hours.
Comments:
• Intra-subject CVs for istradefylline were 14.1% for AUC0-∞ and 20.7% for Cmax,
indicating that istradefylline exhibits low to moderate intra-subject pharmacokinetic
variability.
•

The istradefylline oral tablet formulation intended for commercial use is
bioequivalent to the oral tablet formulations used in Phase 2b/3 studies.

•

The metabolites should have been characterized in the study. However, Study 6002US-023 demonstrated the concentration of M1 was low compared to parent (2.7%3.3%).
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4.2.13 Study 6002-US-023
Study Title: Effect of a High-Fat Meal on the Pharmacokinetics of Istradefylline after
Single-Dose Administration of a 40-mg Istradefylline Tablet
Objective: To assess the effect of a standardized high-fat meal on the bioavailability of
istradefylline and M1 after a single dose of istradefylline administered as a tablet.
Population: Non-smoking, healthy male subjects (30 planned: 27 treated, 2 withdrawn).
Design: Open-label, randomized, 2-period crossover study. During each of 2 treatment
periods, subjects received a single oral dose of 40-mg istradefylline under fed conditions
(standardized FDA-recommended high-fat meal, Treatment A, test) and under fasted
conditions (Treatment B, reference). The 2 treatments were separated by a washout
period of at least 21 days. The standardized high-fat meal consisted of: 2 eggs fried in
butter, 2 strips of bacon, 2 slices of buttered toast or bread, 4 oz. hash brown potatoes,
and 8 oz. whole milk.
Pharmacokinetic Sampling: Plasma samples were collected predosing and within 2
minutes at 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 16.0, 24.0, 30.0, 36.0, 42.0,
48.0, 72.0, 96.0, 120.0, and 168.0 hours postdose and within 1 hour of time points 192,
240, 288, and 336 hours postdose.
Bioanalysis: Istradefylline and M1 plasma concentration analyses were performed by
(b) (4)
The method employed a protein precipitation technique
to extract istradefylline from plasma. Extracted plasma samples were quantified using
high performance liquid chromatography (HPLC) with tandem mass spectrometric
detection (LC-MS/MS, analytical method (b) (4) -2005-0726-BIO). The procedure was
validated and the results are shown below.
Linearity range
(ng/mL)
Istradefylline
M1

1.00-500
1.00-500

QC samples

Calibration standards

Accuracy (%error)

Precision (%CV)

Accuracy (%error)

Precision (%CV)

-1.0 to 4.0
-0.5 to 3.5

0.11 to 25 3*
5.4 to 6.3

-4.6 to 2.0
-3.4 to 2.4

0.056 to 15.3
0.062 to 21.4

*the value is above the limit for acceptance
Pharmacokinetic and Statistical Analysis: The pharmacokinetic analysis was
conducted using non-compartmental methods. An ANOVA appropriate for a 2-period, 2treatment, crossover design was used to evaluate the effect of food on the rate and extent
of istradefylline absorption.
Pharmacokinetics of Istradefylline and M1
The mean plasma concentration-time profiles of istradefylline after administration of a 40
mg istradefylline tablet under fasted and fed conditions are shown in the Figure below.
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Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after
Administration of an Istradefylline 40 mg Tablet under Fasted and Fed Conditions
(Study 6002-US-023).
The mean plasma concentration-time profiles of istradefylline and M1 after single-dose
administration of a 40-mg tablet under fasted conditions are shown in the Figure below.
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Inset shows plasma concentrations of M1 over 0-48 hours.
Figure. Mean Plasma Concentration-Time Profiles of Istradefylline and M1 after
Single-Dose Administration of a 40-mg Tablet under Fasted Conditions (Study
6002-US-023).
The pharmacokinetic parameters of istradefylline and M1 after oral administration of a
40-mg istradefylline tablet under fasted and fed conditions are summarized in the Table
below.
Table. Pharmacokinetic Parameters of Istradefylline and M1 after Single-Dose
Administration of a 40-mg Tablet under Fasted and Fed Conditions (Study 6002US-023)
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Pharmacokinetic parameters reported in this study under fasted conditions were similar to
those reported in Study 6002-US-022.
The elimination half-life of istradefylline was approximately 70 to 80 hours. After oral
administration, the median Tmax values of Istradefylline ranged from 3 to 4 hours, and
exhibited a large apparent volume of distribution (approximately 590 to 670 L). M1,
which has a similar binding affinity for A2A receptors to istradefylline, was present in
low concentrations. The elimination half-life of M1 was approximately 60 to 70 hours,
which was comparable to that for the parent compound. The AUC0-∞ for M1 under
fasted conditions was approximately 3.3% of that for istradefylline. Under fed conditions,
this ratio was also low (2.7%), suggesting that M1 is unlikely to contribute to the
pharmacologic activity of istradefylline under in vivo conditions.
Intake of the standardized high-fat meal immediately before administration of the
istradefylline 40-mg tablet resulted in statistically significant changes in the
pharmacokinetics of istradefylline and M1. The mean pharmacokinetic parameters for the
extent of exposure to istradefylline (AUC0-t and AUC0-∞) were increased when
istradefylline was administered after a high-fat meal, compared to administration under
fasted conditions. The AUC0-∞ for M1 did not change. Higher mean Cmax values were
observed for both istradefylline and M1 under fed conditions. The median Tmax values
were also slightly earlier under fed conditions, reflecting a faster appearance of both
analytes in plasma when istradefylline was administered under fed conditions. In
contrast, the mean elimination half-life of istradefylline and M1 were not affected by
food intake to a relevant degree. AUC0-∞ and Cmax were defined as the primary
pharmacokinetic parameters for interpreting bioequivalence. The 90% confidence
interval (CI) of the fed to fasted ratios for istradefylline were 114% to 138% for AUC0-∞
113

and 149% to 180% for Cmax. The corresponding values for M1 were 90% to 122% for
AUC0-∞ and 116% to 148% for Cmax. These results showed that the standardized highfat meal had a greater effect on the rate than on the extent of istradefylline absorption.
While food had a moderate effect on the AUC and Cmax values for istradefylline in
plasma, it had a lesser influence on the AUC and Cmax values for M1 in plasma.
Comments
• Co-administration of istradefylline with food significantly increased the rate of
istradefylline absorption, but had less effect on the extent of istradefylline absorption.
• Following oral administration, istradefylline was eliminated slowly.
• Istradefylline had a large volume of distribution, indicating that it is widely
distributed.
• M1 was present only in trace amounts in plasma.
• The M1 elimination rate was similar to that of istradefylline.
• While the primary objective of this study was to provide information of the effect of
food on the bioavailability of istradefylline, since the sampling duration (336 hours)
was long enough, this study provided single-dose pharmacokinetic data in nonsmoking, healthy adults under fed and fasted conditions. This study also provided
single-dose pharmacokinetic information on M1.
• The precision of the assay validation for high QC sample is not acceptable.
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4.2.14 Study 6002-US-010
Study Title: A Phase 1, Open-Label Study to Evaluate the Metabolism and Excretion of
Radiolabeled KW-6002 Following a Single, Ora1 Dose of 40 mg [14C]-KW-6002 in
Healthy Subjects.
Objective: To evaluate the pharmacokinetics, metabolism, and excretion of a single dose
of Istradefylline.
Population: Non-smoking, healthy male subjects (9 planned: 9 treated, none withdrawn).
Design: Open-label, single-dose, mass-balance study. Initially, 3 subjects received a
single dose of istradefylline as a capsule. Due to the low recovery of radioactivity, the
remaining dosing was conducted with 6 subjects who received a single dose of
istradefylline as an oral suspension. All data presented were derived from dosing with the
suspension, single dose of 40 mg istradefylline (containing approximately 100 µCi
[14C]-istradefylline) as an oral suspension (6 subjects).
Pharmacokinetic Sampling:
(a) Blood and Plasma
Blood samples (10 mL) for blood and plasma concentration of total radioactivity, blood
to plasma concentration ratio of total radioactivity, and KW-6002 pharmacokinetic
analysis were collected at the following time points starting on Day 1: predose, 0.5, 1.0,
2.0, 3.0, 4.0, 8.0, 12.0, 16.0, 24.0, 30.0, 36.0, 48.0, 72.0, 96.0, 120.0, 144.0, and 168.0 h
after Day l dosing. Additional 20-mL blood samples were collected at 2.0, 4.0, 8.0, 12.0,
24.0, and 36.0 h after Day 1 dosing for metabolite profiling and identification.
(b) Urine
Urine samples for the determination of urinary excretion of total radioactivity and
metabolite profiling were collected at predose, sampling periods of (0-2), (2-4), (4-8), (812), (12-24), (24-48), (48-72), (72-96), (96-120), (120-144), and (144-168) h after
dosing, and every 24 h until the radioactivity level of the total 24-h sample fell below 0.5
pCi. Urine was pooled for each sampling period for each subject. The weight and volume
of each sample collection was recorded. A small aliquot of urine was taken from each
timed sample for determination of total radioactivity.
(c) Feces
Fecal samples for the determination of excretion of total radioactivity and metabolite
profiling were collected daily, starting at Day 1, for at least 7 days or until the excreted
radioactivity level of the total daily sample fell below 0.5 pCi. Feces were pooled in
proportion to the weight of the feces in each sampling period. A small aliquot of feces
was taken for the determination of total radioactivity. Istradefylline in plasma was
analyzed using LC/MS/MS (analytical method (b) (4) 03091-M01). LC/MS/MS methods
were used to identify and characterize the metabolites of istradefylline in plasma, urine,
and fecal samples. Liquid scintillation counting was used to quantify radioactivity
concentrations in plasma, urine, and fecal samples.
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Pharmacokinetic and Statistical Analysis: Istradefylline and radioactivity in plasma
were analyzed using non-compartmental methods. Percentage recovery of istradefylline
and total radioactivity in urine and fecal samples as well as metabolic profiles for plasma,
urine and fecal samples were summarized.
Pharmacokinetics of Total Radioactivity and Istradefylline
The mean concentration-time profiles for total radioactivity and istradefylline in plasma
after single-dose administration of 40 mg istradefylline as a radiolabeled oral suspension
are shown in the Figure below.

Figure. Mean Plasma Concentration-Time Profiles of Total Radioactivity and
Istradefylline after Single-Dose Administration of 40 mg Istradefylline as a
Radiolabeled Oral Suspension (Study 6002-US-010).
The pharmacokinetic parameters for total radioactivity in whole blood and plasma and for
istradefylline in plasma after single-dose administration of 40 mg istradefylline as a
radiolabeled oral suspension are summarized in the Table below.
Table. Pharmacokinetic Parameters for Total Radioactivity and Istradefylline after
Single-Dose Administration of 40 mg Istradefylline as a Radiolabeled Oral
Suspension to Healthy Subjects (Study 6002-US-010)
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Greater than 60% of AUC0-∞ and 74% of Cmax of the radioactivity was represented by
istradefylline, indicating that this was the predominant species occurring in plasma. The
elimination half-life of istradefylline was consistent with that described in Studies 6002US-022 and 6002-US-023. The Cmax and AUC values for total radioactivity in whole
blood were lower than those in plasma, indicating that istradefylline and its metabolites
did not partition extensively in blood cells.
Mass Balance
An average of approximately 87% of the administered radioactivity was recovered in
urine and fecal samples after administration of [14C]-istradefylline as a suspension as
shown in the following Table.
Table. Cumulative Percentage Recovery of Administered Radioactivity in Urine and
Fecal Samples up to 432 Hours after Administration of Approximately 40 mg [14C]Istradefylline as a Suspension (Study 6002-US-010)

Metabolites and Metabolic Pathways
After administration of istradefylline as a suspension, 14 metabolites, in addition to
unchanged istradefylline, were isolated and identified in plasma, urine and fecal extracts.
The identities of the isolated istradefylline metabolites are summarized in Table below.
Table. Identities of Istradefylline Metabolites
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The proposed metabolic pathways and structures of the istradefylline metabolites are
shown in Figure below.
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Note: P = plasma; U = urine; F = fecal samples; B = bile; M = mouse; R = rat; D = dog; H = human.

Figure. Metabolic Pathways and Metabolites of Istradefylline in Humans and
Several Animal Species.
The major metabolic pathways for istradefylline included:
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•
•
•
•

Reduction of the aliphatic double bond;
3’- and/or 4’-O-demethylation, followed by sulfation or glucuronidation;
Oxidation on the 1-ethyl to form hydroxylated or carboxylated derivatives;
N-dealkylation to remove the 1-ethyl moiety.

In plasma extracts, unchanged istradefylline was the predominant radiolabeled
compound, accounting for approximately 68% of the plasma radioactivity. Six
metabolites (M1, M4, M5, M8, M11 [4’-O-demethyl-hydrogenated istradefylline
glucuronide], and M12 [3’,4’-O-didemethyl-hydrogenated istradefylline glucuronide])
were isolated and their structures identified. M11/M12 accounted for 5.24% of the
plasma radioactivity, M5 for 11.39%, M4 for 4.09%, M8 for 7.56%, and M1 for 1.75%.
Because M11 and M12 were chromatographically not fully resolved in this study, plasma
samples from Study 6002-US-016 were further profiled using a different separation
method to obtain the quantitative composition of M11 and M12 (as well as M4 and M5)
after repeated oral dosing with istradefylline 40 mg once daily.
In urine, 7 metabolites (M4, M5, M11, M12, M15 [1-ß-hydroxylated-3’,4’-Odidemethyl-hydrogenated istradefylline monosulfate], M16 [1-deethyl-4’-O-demethyl
istradefylline sulfate], and M19 [3’,4’-O-didemethyl-hydrogenated istradefylline
monosulfate]) were isolated and identified. Unchanged istradefylline was not detected in
urine. All of these metabolites were sulfate and glucuronide conjugates of Phase I
metabolites. While M4 and M16 were eluted separately, and on average represented
1.96% and 1.93% of the administered dose, respectively, the other metabolites were coeluted as M11/M12/M15 (15.7% of the dose) and M5/M9 (4.67% of the dose).
In fecal extracts, unchanged istradefylline was the predominant radiolabeled component,
accounting for 1.25% to 31.55% of the administered dose. Five metabolites (M10 [3’,4’O-didemethyl-hydrogenated istradefylline], M13 [1-deethyl-3’,4’-O-didemethylhydrogenated istradefylline], M14 [1-ß-hydroxylated-3’,4’-O-didemethyl-hydrogenated
istradefylline], M17 [1-ß-carboxylated istradefylline], and M18 [3.,4.-O-didemethyl-1-ßcarboxylated hydrogenated istradefylline]) were identified. Of these 5 metabolites, 4
(M10, M13, M14, M18) were reduced (hydrogenated) metabolites that were not observed
in plasma, suggesting that they were formed in the gastrointestinal tract, possibly by the
action of gut microflora. M13 and M18 were not seen in either plasma or urine,
suggesting that these metabolites were formed, and remained, in the gut. M17 was a
minor component in fecal samples, comprising only approximately 2.76% of the
administered dose, and was not observed in plasma.
Comments
•
•
•

Greater than 60% of the total radioactivity AUC was composed of istradefylline,
The blood to plasma AUC ratio for total radioactivity was less than 1, indicating that
istradefylline and its metabolites did not partition extensively in blood cells.
Metabolism of istradefylline occurred via reduction of the aliphatic double bond, 3’and/or 4’-O-demethylation, followed by sulfation or glucuronidation, oxidation on the
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•
•

1-ethyl moiety to form hydroxylated or carboxylated derivatives, and N-dealkylation
to remove the 1-ethyl moiety.
Fecal excretion of istradefylline and reductive metabolites accounted for most of the
excreted dose of istradefylline (47.99%).
Urinary excretion of predominantly conjugated metabolites (glucuronidate and
sulfate) accounted for the remainder of the excreted dose (38.90%). No istradefylline
was detected in urine.
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4.2.15 Study 6002-EU01
Study Title: A first administration into man, single rising dose tolerability study of KW6002 in 16 healthy human volunteers.
Objective: To determine the safety, tolerability, and pharmacokinetics of single
ascending doses of istradefylline.
Population: Healthy male subjects (16 planned: 18 treated, 2 withdrawals).
Design: Randomized, double-blind, placebo-controlled, 4-way crossover, single-dose
study. Two groups of 8 subjects each participated for 4 treatment periods. Each subject
was randomized to receive 1 placebo treatment and 3 active treatments. The washout
period between each treatment period was at least 14 days.
Treatment: Istradefylline: 5, 25, 100, and 300 mg for Group 1, and 10, 50, 200, and 400
mg for Group 2. At each dose level, 6 subjects were randomized to istradefylline and 2
subjects to placebo.
Pharmacokinetic Sampling: Serial plasma samples were collected from before dosing
through 72 hours after dosing. Urine samples were collected for 12 hours before dosing
through 36 hours after dosing.
Bioanalysis: Istradefylline and M1 in plasma (LC/MS/MS, analytical method
KHK42/963422), and istradefylline and M1, M4, and M5 in urine (LC/MS/MS,
analytical method KHK41/994017).
Pharmacokinetic and Statistical Analysis: Plasma concentrations of istradefylline and
M1 were analyzed using non-compartmental methods. Descriptive statistics were
calculated for pharmacokinetic parameters of istradefylline and M1. Dose proportionality
of Cmax and area under the plasma concentration vs. time curve from 0 to 72 hours
(AUC0-72) was assessed using a mixed-effects model on log-transformed
pharmacokinetic parameters. Descriptive statistics were calculated for the amount and
rate of istradefylline and metabolite excretion in urine, as well as for the renal clearance
of istradefylline. Further details on the study design and the results obtained are available
in the study report (Clinical Study Report 6002-EU01).
Pharmacokinetics of Istradefylline
The pharmacokinetic parameters of istradefylline are summarized by treatment group in
the Table below.
Table. Pharmacokinetic Parameters of Istradefylline after Administration of Single
Doses of Istradefylline (Study 6002-EU01)
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The median Tmax was between 2 and 5 hours after dosing. Mean Cmax was less than
dose-proportional at doses of 100 mg and higher. AUC0-72 also increased with
increasing dose, but appeared to increase in a less than proportional manner at the highest
dose as shown in the following table.
Table. Relationship between Istradefylline Dose and Mean Cmax and AUC0-72
Values for Istradefylline after Administration of Single Doses of Istradefylline in
Healthy Male Subjects (Study 6002-EU01)

Pharmacokinetics of M1
The M1 metabolite was present in plasma only at low concentrations (e.g., after the 100mg dose of istradefylline, the mean AUC0-72 of M1 was only 2.6% of the mean AUC072 of istradefylline).
Urinary Excretion of Istradefylline and Metabolites
Urinary concentrations of istradefylline and M1 were low, and the total urinary excretion
of istradefylline and the 3 metabolites analyzed (M1, M4, and M5) could not be
determined accurately. Peak excretion was observed between 0 and 6 hours after dosing
at the lower dose levels. The mean total urinary excretion of unchanged istradefylline
over the 36-hour collection interval after dosing was less than 0.02% of the administered
dose.
Comments
• Because this study was conducted early in the development of istradefylline, serial
plasma samples were collected only through 72 hours after dosing that represented
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only 1 half-life. Hence, elimination half-life and AUC0-∞ were underestimated and
this study is considered supportive only.
•

Increases in istradefylline Cmax were less than dose-proportional at doses greater
than 50 mg. Increases in AUC0-72 were dose-proportional at most doses except at the
highest dose, where the increase was less than dose-proportional.

•

Exposure to M1 was low and averaged only 2.6% of the istradefylline AUC after
administration of istradefylline at a dose of 100 mg.

•

Urinary excretion of istradefylline and the 3 metabolites analyzed (M1, M4, and M5)
averaged less than 0.02% over the 36-hour collection interval after dosing.
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4.2.16 Study 6002-0205
Study Title: Pharmacokinetics Study of KW-6002 in Elderly Subjects.
Objective: To investigate the single-dose safety and pharmacokinetics of istradefylline
and M1.
Population: Planned: 9 elderly (mean age of 73 years) and 9 non-elderly (mean age of 24
years) healthy male Japanese subjects (18 planned, 18 treated, none withdrawn).
Design: Open-label study. A single dose of 40 mg of istradefylline was administered to 9
subjects in both age groups under fasted conditions.
Pharmacokinetic Sampling: Serial plasma samples were collected from before dosing
and 0.5, 1, 2, 4, 6, 8, 12, 24, 36, 48, 60, 72, 120, 168, and 240 hours after administration
(total of 16 points) for determination of Istradefylline and M1 in plasma (highperformance liquid chromatography - ultraviolet [HPLC-UV], analytical method
(b) (4)
98N049).
Pharmacokinetic and Statistical Analysis: Pharmacokinetic analyses were conducted
using non-compartmental analysis and summarized by age group. In addition, 95% CIs
were calculated for the ratio of the parameters of the elderly group to those of the nonelderly group. Further details on the study design and the results obtained are available in
the study report (Clinical Study Report 6002-0205).
Pharmacokinetics of Istradefylline
The mean plasma concentration-time profiles of istradefylline after single-dose
administration of 40 mg istradefylline in healthy elderly and non-elderly male Japanese
subjects are shown by treatment group in the Figure below.
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Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after SingleDose Administration of 40 mg Istradefylline in Healthy Elderly and Non-Elderly
Male Japanese Subjects (Study 6002-0205).
The pharmacokinetic parameters of istradefylline are summarized by treatment group in
the Table below.
Table. Pharmacokinetic Parameters of Istradefylline after Single-Dose
Administration of 40 mg Istradefylline in Healthy Elderly and Non-Elderly Male
Japanese Subjects (Study 6002-0205)
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The Cmax of istradefylline reached at a median of 2 hours in both age groups. The Cmax
in plasma was comparable between the 2 groups, as were the AUC values through the
time of last quantifiable concentration.
Pharmacokinetics of M1
Plasma concentrations of M1 after the single 40-mg dose of istradefylline were extremely
low, and were below the lower LOQ (5.0 ng/mL) in all samples from 4 of the 9 elderly
subjects. In the remaining subjects in both groups, concentrations were close to the lower
LOQ. Therefore, pharmacokinetic analysis and descriptive statistics were deemed to be
of little value.
Comments
• Due to the limited number of samples in the terminal portion of the plasma
concentration-time profile, elimination half-life could not be reliably estimated. The
estimation of elimination half-life was based on concentrations obtained over less
than 2 half-lives. Thus, elimination half-life and AUC0-∞ were underestimated and
this study is not considered appropriate.
• Plasma concentrations of M1 were at or below the lower LOQ in most of the subjects.
• Based on a comparison of the parameters AUC0-t and Cmax, there appeared to be no
major age-related changes in the pharmacokinetics of istradefylline.
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4.2.17 Study 6002-9601
Study Title: Phase I Clinical Study of KW-6002, Single-Dose Administration Study.
Objective: To investigate the pharmacokinetics of single ascending doses of
istradefylline and the effect of meals on the pharmacokinetics of istradefylline.
Population: Healthy male Japanese subjects (60 planned, 60 treated, none withdrawn).
Design: Randomized, single-blind, placebo-controlled, parallel-group, single-dose study
conducted as one of the first studies for the initial clinical development of the compound.
The study population was divided into the following 7 treatment groups: 6 groups of 8
subjects each received a single dose of istradefylline or placebo under fasted conditions
(Stage 1) while 1 group of 12 subjects received a single dose of istradefylline under
fasted and fed (meal undefined) conditions (Stage 2). Single doses of istradefylline of 10,
25, 50, 100, 150, and 200 mg (6 subjects per dose level) or placebo (2 subjects per dose
level), were administered under fasted conditions (Stage 1); single doses of 50 mg
istradefylline (12 subjects) were administered under fasted and fed conditions (Stage 2).
Pharmacokinetic Sampling: Serial plasma samples were collected from before dosing
through 72 hours (15 and 30 min and 1, 2, 4, 6, 8, l2, 24, 32, 36, 48, and 72 hr after
dosing for 10-, 25-, 50-, and 100-mg dose groups), with an additional sample collected at
168 hours after dosing for the 150- and 200-mg groups as well as in the group in which
food effect was evaluated. Urine samples were collected at time intervals through 72
hours after dosing in all dose groups. All fecal samples were collected through 72 hours
after dosing in the 50 and 200-mg dose groups. Istradefylline and M1 in plasma, urine,
and fecal samples were measured using HPLC-UV (analytical methods 96-486 [plasma],
97-334 [urine], 2000-158A [fecal samples]).
Pharmacokinetic and Statistical Analysis: Pharmacokinetic analysis was conducted
using non-compartmental methods. Dose-proportionality for plasma pharmacokinetic
variables was assessed by comparing the dose-normalized AUC and Cmax values across
dose groups using an ANOVA. For the food-effect evaluation, AUC and Cmax values of
istradefylline were compared between fed and fasted conditions using a paired t-test in
the original study report. To comply with FDA guidance on evaluating food effects, these
data were subsequently reanalyzed using a CI analysis. The percent of dose excreted in
urine and fecal samples was calculated for istradefylline and M1.
Pharmacokinetics of Istradefylline
The mean plasma concentration-time profiles of istradefylline after administration under
fasted conditions are shown by treatment group in the Figure below.
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Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after
Administration of Single Doses of Istradefylline under Fasted Conditions in Healthy
Male Japanese Subjects (Study 6002-9601).
The pharmacokinetic parameters of istradefylline after administration under fasted
conditions are shown by treatment group in the Table below.
Table. Pharmacokinetic Parameters of Istradefylline after Administration of Single
Doses of Istradefylline under Fasted Conditions in Healthy Male Japanese Subjects
(Study 6002-9601)
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When administered under fasted conditions, istradefylline was absorbed at single doses of
10 to 200 mg, with mean Tmax values ranging between 2.5 and 3.5 hours. In general,
Cmax tended to be dose-proportional up to a dose of 50 mg, beyond which values
increased in a less than dose-proportional manner. In the presence of food, the mean
Cmax of istradefylline increased by approximately 40% and the mean AUC0-t increased
by approximately 17%.
Pharmacokinetics of M1
The pharmacokinetics of M1 could not be assessed because concentrations were below
the lower LOQ at most time points. At the mean Tmax of istradefylline, the mean plasma
concentrations of M1 were approximately 3% of the corresponding istradefylline
concentrations, and the concentration ratios of M1 to istradefylline were almost constant,
irrespective of the dose administered.
Urinary and Fecal Excretion of Istradefylline and M1
The urinary and fecal excretion of istradefylline and M1, together with the renal
clearance of istradefylline, after administration of single doses of istradefylline are
summarized by treatment group in the following table.
Table. Urinary and Fecal Excretion of Istradefylline and M1, and Renal Clearance
of Istradefylline, after Administration of Single Doses of Istradefylline in Healthy
Male Japanese Subjects (Study 6002-9601)
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There was little urinary or fecal excretion of M1 after single-dose administration of up to
200 mg istradefylline. Istradefylline was detected in the fecal samples of all subjects but
one in the 200-mg group, and fecal excretion ranged from 2.60% to 51.4% of the dose.
Comments
• The sampling duration in this study in relation to the half-life was short, thus
estimates of elimination half-life and AUC0-∞ are not reliable. However, data on
urinary and fecal excretion of M1 were collected in this study.
• Mean Cmax of istradefylline tended be dose-proportional up to a dose of 50 mg,
beyond which values increased in a less than dose-proportional manner.
• Plasma concentrations of M1 averaged approximately 3% of the corresponding
istradefylline concentrations, and the concentration ratios of M1 to istradefylline were
almost constant.
• There was little urinary excretion of either istradefylline or M1 after single-dose
administration of up to 200 mg istradefylline.
• Fecal excretion of istradefylline was highly variable.
• Administration with food caused a greater increase in the rate of istradefylline
absorption than in the extent of absorption, which is consistent with the final food
effect study (study US023).
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4.2.18 Study 6002-EU03
Study Title: A single rising dose safety and tolerability study of KW-6002 in 18 healthy
male and female elderly volunteers.
Objective: To determine the safety, tolerability and pharmacokinetics of istradefylline in
plasma and urine after single-dose administration of istradefylline.
Population: Smoking and non-smoking healthy, elderly subjects with a mean age of 68
years (18 planned [9 male, 9 female], 19 treated, 1 withdrawn).
Design: Randomized, double-blind, placebo-controlled, 3-way crossover, single
ascending dose study. Each subject attended for 3 study periods (2 with istradefylline
treatment, one with placebo treatment) separated by 28-day washout periods. Period I: 50
mg istradefylline or placebo; Period II: 100 mg istradefylline or placebo; Period III: 150
mg istradefylline or placebo. At each dose level, 6 subjects of each gender were
randomized to istradefylline and 3 subjects of each gender to placebo.
Pharmacokinetic Sampling: Serial plasma samples were collected at 0 hour (pre-dose)
and at 15 and 30 minutes and 1, 2, 3, 4, 5, 6, 8, 12, 24, 36, 48, 72, 96 and 120 hours after
dosing and on Days 8, 15, 22 for each study period to measure plasma concentration of
KW-6002 and its metabolite KF23325. Timed urine samples were taken for the periods: 12 to 0 hours (pre-dose), 0 to 6, 6 to 12, 12 to 24 and 24 to 36 hours post-dose.
Bioanalysis: Istradefylline and M1 (KF23325) in plasma were measured using
LC/MS/MS (analytical method KHK42/963422). All urine samples derived from active
doses were analysed to determine the urine concentrations of KW-6002, M1, M4
(KF23325 sulfate) and M5 (KF23325 glucuronide) using LC-MS/MS assay procedures.
The concentrations of KW-6002 and M1 in the clinical samples were measured
simultaneously in the same chromatographic run using the plasma analysis method and
Method 1 for urine respectively. The concentrations of M4 in the urine samples were
obtained by subtracting the corresponding M1 concentration (obtained using Method 1)
from the result obtained by Method 2a followed by application of a factor of 1.216141.
The concentrations of M5 in the urine samples were obtained by subtracting the
corresponding M1 concentration (obtained using Method 2a) from the result obtained by
Method 2b followed by application of a factor of 1.475490. The assay performances are
shown in the following table.
Metrics

Plasma
Urine
Urine method1
Urine method2a
Urine method2a

Linearity range
(ng/mL)
Istradefylline
M1
Istradefylline
M1
M1 for M4
M1 for M5

0 5-200
0 2-20.0
0 2-40
0.2-40
1.0-200
1.0-200

QC samples
Accuracy
(%error)
2.0 to 6.0
-6.0 to -1.0
-3.0 to -2.0
-3.0 to -1.0
-9.0 to -2.0
-.1 0to 2.0
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Precision
(%CV)
6.0 to 8.0
7.0 to 11.0
5.0 to 6.0
3.0 to 8.0
5.0 to 6.0
5.0 to 7.0

Calibration standards
Accuracy
(%error)
-2.0 to 1.0
-4.0 to 2.0
-1.0 to 2.0
-3.0 to 2.0
-8.0 to 5.0
-8.0 to 5.0

Precision
(%CV)
2.0 to 4.0
3.0 to 6.0
1.0 to 4.0
1.0 to 6.0
2.0 to 5.0
2.0 to 5.0

Pharmacokinetic and Statistical Analysis: Pharmacokinetic analysis was conducted
using non-compartmental methods. Summary statistics for Cmax and AUC were assessed
for evidence of dose non-proportionality using a mixed-effects model. The effects of
gender on these parameters and on the apparent terminal rate constant (λz) were
investigated, and the effects of smoking were analyzed for the male subjects using a
similar model. Urine concentrations of istradefylline and M1 were used to calculate
descriptive statistics for amount excreted over 24 hours (Ae), maximum rate of urinary
excretion (Rmax), time period of the maximum rate of urinary excretion (Rtmax), and
fraction of the dose excreted in urine over 24 hours (fe). In addition, the renal clearance
(CLr) of the parent compound, istradefylline, was calculated.
Pharmacokinetics of Istradefylline
The mean plasma concentration-time profiles of istradefylline are shown by treatment
group in the following Figure for male subjects.

Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after SingleDose Administration of Istradefylline in Elderly Male Subjects (Study 6002-EU03).
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Figure below shows mean plasma concentration-time profiles for female subjects.

Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after SingleDose Administration of Istradefylline in Elderly Female Subjects (Study 6002EU03).
The pharmacokinetic parameters of istradefylline are summarized by treatment group in
the following Table.
Table. Pharmacokinetic Parameters of Istradefylline after Single-Dose
Administration of Istradefylline in Elderly Subjects, by Gender (Study 6002-EU03)
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Mean Cmax and AUC0-∞ both increased with increase in istradefylline dose, but the
increase in Cmax was less than dose proportional.
While there was no statistically significant effect of dose on the elimination half-life, a
significant effect of gender was observed (longer elimination half-life in females).
However, of the 9 male subjects, 5 were smokers, while all female subjects were nonsmokers. When smoking habit was taken into account, there was no significant effect of
gender on the elimination half-life or on the AUC0-∞ of non-smokers, indicating that the
apparent gender effect was primarily due to the increased clearance in smokers, all of
whom were male. There was a significant effect of smoking on Cmax and AUC0-∞ in
male subjects.
Pharmacokinetics of M1
Exposure to M1 averaged less than 5% of the exposure to istradefylline, which was
consistent with the findings in other studies.
Urinary Excretion of Istradefylline and Metabolites
Urinary excretion of istradefylline over 36 hours after dosing averaged < 0.02% of the
administered istradefylline dose, indicating that urine was not the main route by which
istradefylline was excreted in elderly male and female subjects. The combined mean
urinary excretion of istradefylline and M1, M4 and M5 averaged < 2% of the
administered dose.
Comments
• Based on AUC0-∞, istradefylline pharmacokinetics followed linear kinetics in this
study. Cmax, however, did not appear to increase in a dose proportional manner.
• The gender differences noted appeared to result from the effect of smoking in males.
There was no significant effect of gender on elimination half-life or systemic
exposure in non-smokers.
• The combined mean urinary excretion of istradefylline and M1, M4, and M5
averaged < 2% of the administered dose of istradefylline.
• M1 was a minor component in plasma relative to istradefylline.
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4.2.19 Study 6002-US-002
Study Title: A Phase I, Single-Center, Blinded, Placebo- Controlled, Sequential Group
Study Evaluating the Safety and Tolerability of Multiple Ascending Doses of KW-6002
Given for 14 Days to Normal Male Volunteers.
Objective: To evaluate safety, tolerability, and pharmacokinetics of repeated ascending
doses of istradefylline.
Population: Non-smoking, healthy male subjects (50 planned: 50 treated, none
withdrawn).
Design: Randomized, third-party blinded, placebo-controlled, sequential-group study.
Sequential doses of 40, 60, 80, 120, and 160 mg/day istradefylline, were each
administered as once-daily doses on 14 consecutive days. Ten subjects were included in
each dose group (8 randomized to istradefylline and 2 to placebo).
Pharmacokinetic Sampling: Serial plasma samples were collected at the following time
points.
Days 1 and 14: Pre-dose and at 30 minutes and 1, 2, 3, 4, 5, 6, 8, and 12 hours after study
drug administration.
Days 2, 6, 10, 11, 12, and 13: Before study drug administration.
Days 15, 16, and 17: Before breakfast (24, 48, and 72 hours following the last dose of
study drug).
Days 21 and 28: Times not specified (4 and 11 days following discharge)
Bioanalysis: Istradefylline in plasma (HPLC, analytical method
BIO). The assay performance is shown in the following table.
Linearity range
(ng/mL)
Istradefylline

5.0-2000

QC samples

(b) (4)

-2000-0085-

Calibration standards

Accuracy (%error)

Precision (%CV)

Accuracy (%error)

Precision (%CV)

-7.5 to -2.9

6.4 to 20.3

-1.8 to 4.0

2.8 to 9.2

Pharmacokinetic and Statistical Analysis: Summary statistics were calculated for
istradefylline pharmacokinetic parameters.
Pharmacokinetics of Istradefylline
The mean plasma concentration-time profiles of istradefylline are shown by treatment
group in the Figure below.
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Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after
Administration of Repeated Doses of Istradefylline for 14 Days in Healthy Male
Subjects (Study 6002-US-002).
The pharmacokinetic parameters of istradefylline are summarized by treatment group in
the following Table.
Table. Pharmacokinetic Parameters of Istradefylline after Administration of
Repeated Doses of Istradefylline for 14 Days in Healthy Male Subjects (Study 6002US-002)
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The Cmax and area under the plasma concentration vs. time curve from 0 to 24 hours
(AUC0- 24) values for istradefylline were plotted to examine dose-proportionality on
Days 1 and 14 (see Figure below for Day 14 data).

Figure. Cmax and AUC0-24 of Istradefylline vs. Dose after Administration of
Repeated Doses of Istradefylline for 14 Days in Healthy Male Subjects (Study 6002US-002).
On Day 1, Cmax was reached at a median of approximately 2.5 to 3 hours after dosing at
all dose levels. Steady state was either attained or nearly attained by Day 14 of exposure
at all istradefylline dose levels. Mean accumulation ratios for AUC0-24 ranged between
approximately 3 and 5, and mean ratios for trough concentrations (C24) ranged between
approximately 3 and 7, and the ratios for both parameters were generally consistent
across the dose levels investigated. The mean elimination half-life ranged between
approximately 67 and 95 hours, indicating slow elimination of istradefylline. The volume
of distribution was dose-independent, and ranged from 448 to 557 L. A large intersubject variability was observed in the pharmacokinetic parameters.
Comments
• Istradefylline accumulated in plasma after once-daily oral dosing for 14 days, and
mean steady-state accumulation ratios ranged between approximately 3 and 5.
• Istradefylline exhibited dose-proportional increases in systemic exposure (AUC).
• The median Tmax was approximately 2.5 to 3 hours.
• After repeated dosing, the mean volume of distribution was approximately 500 L,
indicating extensive distribution.
• The mean elimination half-life ranged between approximately 67 and 95 hours,
indicating slow elimination of istradefylline.
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4.2.20 Study 6002-EU02
Study Title: A Multiple-Dose, Double-Blind, Placebo-Controlled Tolerability Study of
KW-6002 in Healthy Human Volunteers.
Comments:
Because this study enrolled smokers and non-smokers, the descriptive statistics represent
data obtained from both groups of subjects. As smoking has been demonstrated to
increase istradefylline clearance, which render the data from this study to be difficult to
interpret, the results of this study are not discussed further.
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4.2.21 Study 6002-9703
Study Title: A randomized, single-blind, placebo-controlled, multiple-dose Phase I study
of KW-6002 in Japanese healthy adult male subjects
Objective: To investigate the safety and pharmacokinetics of repeated doses of
istradefylline, and whether the pharmacologically active trans isomer (istradefylline) was
converted to the cis isomer, which has no affinity for the A2A receptor.
Population: Non-smoking, healthy male Japanese subjects (12 planned: 12 treated, none
discontinued).
Design: Randomized, single blind, placebo-controlled, repeated-dose study. Treatment of
20 mg istradefylline was given to 9 subjects or placebo was given to 3 subjects, once
daily for 14 days.
Pharmacokinetic Sampling: Serial plasma samples were collected at 35 time points in
total for pharmacokinetic analyses in plasma: before and 0.5, 1, 2, 4, 6, 8, and 12 hrs after
the initial administration; before daily administration from day 2 to 13; and before and
0.5, 1, 2, 4, 6, 8, 12, 24, 36, 48, 72, 96, 168, and 336 hrs after the final (14th)
administration. Twenty-four-hour urine was collected in a total of 18 samples for
pharmacokinetic analyses in urine from 24 hrs before the initial administration to 96
hours after the final administration.
Bioanalysis: Istradefylline, M1, and the cis isomer of istradefylline in plasma were
measured using HPLC-UV (analytical method (b) (4) 98N049) and urine samples were
analyzed using HPLC-UV (analytical method (b) (4) 98N180). The performance is shown
in the following table.
Linearity range
(ng/mL)
Istradefylline
5.0-2000
M1
5.0-2000
cis-Istradefylline
25.0-2000
n.d.*: not determined

QC samples

Calibration standards

Accuracy (%error)

Precision (%CV)

Accuracy (%error)

Precision (%CV)

-12.4 to 7.5
-11.0 to 11.0
-12.8 to 14 2

n.d.*
n.d.*
n.d.*

-13.0 to 12.7
-14.0 to 11.3
-11.2 to 14.4

n.d.*
n.d.*
n.d.*

Pharmacokinetic and Statistical Analysis: Pharmacokinetic analysis was conducted
using noncompartmental methods. Descriptive statistics were calculated for the
pharmacokinetic parameters of istradefylline and M1 on Days 1 and 14. The cumulative
urinary excretion of istradefylline and M1 were reported using descriptive statistics.
Pharmacokinetics of Istradefylline
The mean plasma concentration-time profile of istradefylline after dosing on Day 14 is
shown in the Figure below.
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Figure. Mean Plasma Concentration-Time Profile of Istradefylline after Repeated
Administration of Istradefylline 20 mg/day for 14 Days in Healthy Male Japanese
Subjects (Study 6002-9703).
The pharmacokinetic parameters of istradefylline are summarized in the following Table.
Table. Pharmacokinetic Parameters of Istradefylline on Days 1 and 14 after
Repeated Administration of Istradefylline 20 mg/day in Healthy Male Japanese
Subjects (Study 6002-9703)

Plasma Cmax of istradefylline after the first administration of istradefylline (Day 1)
reached after a mean time of 2.2 hours. Steady state was reached by Day 14. Cmax, C24,
and AUC0-24 were significantly higher on Day 14 than on Day 1, with mean
accumulation ratios of 2.62 for AUC0-24 and 4.12 for C24. The mean elimination halflife was 72.1 hours.
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Concentrations of M1 in Plasma
Plasma concentrations of M1 were below the lower LOQ (5.0 ng/mL) at all time-points
in 6 of the subjects treated with istradefylline and were quantifiable in the remaining 3
subjects, but with concentrations of below 10 ng/mL.
Urinary Excretion of Istradefylline and M1
Cumulative urinary excretion of istradefylline and M1 were both extremely low,
averaging approximately 0.01% of the total dose of istradefylline administered.
Plasma and Urinary Concentrations of the cis Isomer of Istradefylline
Plasma concentrations of the cis isomer of istradefylline were below the lower LOQ in
plasma (25 ng/mL) in all subjects. Urinary concentrations of the cis isomer were also
below the lower LOQ in urine (5.0 ng/mL) in all subjects. These results indicated that
there was no conversion of the native trans isomer of istradefylline to the cis isomer.
Comments
• Istradefylline accumulated in plasma after once-daily oral dosing with istradefylline
for 14 days, and mean steady-state accumulation ratios ranged between 2.6 and 4.1.
• Mean M1 concentrations in plasma were low.
• Plasma concentrations of the istradefylline cis isomer were below the lower LOQ at
all time-points, indicating no systemic conversion of the trans isomer to the cis
isomer.
• Urinary excretion of istradefylline and M1 were both extremely low.
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4.2.22 Study 6002-0104
Study Title: KW-6002 Phase I Clinical Study: Multiple Dose Study (2)
Objective: To investigate the safety and pharmacokinetics of repeated doses of
istradefylline.
Population: Non-smoking, healthy male Japanese subjects (36 planned: 36 treated, 1
withdrawn).
Design: This is a placebo-controlled, single-blind, repeated ascending-dose study.
Istradefylline 20, 40, and 80 mg once daily were administered for 14 days. At each dose
level, 9 subjects received istradefylline and 3 subjects received placebo. All treatments
were administered 30 minutes after breakfast.
Pharmacokinetic Sampling: Serial plasma samples were collected from before dosing
and 0.5, 1, 2, 4, 6, 8, and 12 h after the initial dose on Day 1; before administration on
Day 2 to 13; before and 0.5, 1, 2, 4, 6, 8, 12, 24, 36, 48, 72, 96 (Day 18), 120 (Day 19),
168 (Day 21) and 336 (Day 28) h after administration on Day 14 (for a total of 36
sampling points).
Bioanalysis: Istradefylline and M1 in plasma were measured using HPLC-UV (analytical
method (b) (4) 98N049). However, the study was not properly validated. Following table
shows the relevant information.
Linearity range
(ng/mL)
Istradefylline
5.0-2000
M1
5.0-2000
n.d.*: not determined.

QC samples

Calibration standards

Accuracy (%error)

Precision (%CV)

Accuracy (%error)

Precision (%CV)

-12.4 to 18.0
-7.5 to 21 9

n.d.*
n.d.*

n.d.*
n.d.*

n.d.*
n.d.*

Pharmacokinetic and Statistical Analysis:
Summary statistics for pharmacokinetic parameters of istradefylline and M1 were
presented. The dose proportionality for AUC0-24 of istradefylline and M1 on Days 1 and
14 was assessed using a power model. In addition, the accumulation ratios between Day
14 and Day 1 were calculated for istradefylline and M1.
Pharmacokinetics of Istradefylline
The mean plasma concentration-time profiles of istradefylline are shown by treatment
group in the following Figure.
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Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after Repeated
Administration of Ascending Doses of Istradefylline for 14 Days in Healthy Male
Japanese Subjects (Study 6002-0104).
The pharmacokinetic parameters of istradefylline are summarized by treatment group in
the following Table.
Table. Pharmacokinetic Parameters of Istradefylline after Repeated Administration
of Ascending Doses of Istradefylline for 14 Days in Healthy Male Japanese Subjects
(Study 6002-0104)
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On Days 1 and 14, Cmax of istradefylline was reached at a median of 2 to 4 hours after
dosing. Istradefylline concentrations were at, or near, steady state after 14 days.
On Day 1, Cmax and AUC0-24 generally increased with dose but the increase was less
than dose-proportional, especially between the 40-mg and 80-mg dose groups.
On Day 14, based on the inclusion of the value of 1.0 in the 95% CI for the slope
obtained from the power model, it was suggested that systemic exposure was doseproportional in the istradefylline dose range of 20 to 80 mg/day. A summary of the doseproportionality analysis (using the power model y = α · doseß) is presented in the
following Table.
Table. Dose-Proportionality Analysis (Power Model) of Istradefylline
Pharmacokinetic Parameters after Repeated Administration of Istradefylline for 14
Days at Doses of 20, 40, and 80 mg Once Daily in Healthy Male Japanese Subjects
(Study 6002-0104)

Accumulation after repeated dosing was observed at all dose levels, with mean
accumulation ratios (AUC0-24) ranging from 3.05 to 3.77. Accumulation ratios based on
trough concentrations ranged from 4.4 to 5.1.
Pharmacokinetics of M1
The pharmacokinetic parameters of M1 are summarized by treatment group in the
following Table.
Table. Pharmacokinetic Parameters of M1 after Repeated Administration of
Ascending Doses of Istradefylline for 14 Days in Healthy Male Japanese Subjects
(Study 6002-0104)
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The mean plasma concentrations of M1 gradually increased after administration on Day 1
through Day 14, and Cmax was reached at a median time of 4 hours at all dose levels on
both days. The M1 to istradefylline ratio for AUC0-24 after administration on Day 14
was approximately 3%.
Comments
• Istradefylline exhibited dose proportional systemic exposure across the 20 to 80 mg
once daily dosing range based on the power model in this study.
• The accumulation ratio for istradefylline across the 20 to 80 mg/day dose range was
similar.
• M1 was a minor component in plasma.

146

4.2.23 Study PP15710
Study Title: Double-blind, placebo-controlled, randomized, multiple ascending dose
study of KW-6002/Ro 64-4529 in healthy, elderly male and female volunteers.
Objective: To investigate the pharmacokinetics of istradefylline after repeated dosing for
14 days, the effect of gender and smoking on the pharmacokinetics of istradefylline, and
the tolerability of repeated doses of istradefylline for 14 days.
Population: Smoking and non-smoking healthy elderly subjects (56 planned: 32 males [8
of whom were smokers], 24 females [all of whom were non-smokers]; 56 treated, 2
withdrawn).
Design: This is a double-blind, placebo-controlled, randomized, parallel-group,
ascending-dose study. The study population was divided into 4 groups. Groups 1 to 3 (8
male and 8 female non-smoking subjects each) received 3 ascending doses of
istradefylline or placebo in sequential order, while Group 4 (8 male smoking subjects [at
least 5 cigarettes/day for at least 1 year]) received the highest tolerated dose established
in Groups 1 to 3.
Istradefylline as once-daily doses for 14 consecutive days: 10 mg/day (Group 1), 20
mg/day (Group 2), 40 mg/day (Group 3), highest tolerated dose of istradefylline from
Groups 1 to 3 (Group 4). In Groups 1 to 3, 12 subjects (6 male, 6 female) were
randomized to istradefylline and 4 subjects (2 male, 2 female) to placebo; in Group 4, 6
male subjects were randomized to istradefylline and 2 male subjects to placebo.
Pharmacokinetic Sampling:
On Days 1 and 14 of the study, blood samples for the analysis of plasma concentrations
of istradefylline and M1 were taken at pre–dose, 0.5, 1, 2, 3, 4, 5, 6, 8, 12 and 24 hours
post-dose in order to calculate Cmax, Tmax and AUC24 on the first day and at steady
state (Day 14) of treatment. Blood samples for analysis of istradefylline and M1 levels
were also taken on Days 3-13 inclusive (pre-dose) to evaluate the concentration before
drug administration (Cpredose) in order to verify that steady state was reached within the
2 weeks of treatment. On Days 16, 18, 20, 22, 24, 26 and 28 of the study, single blood
samples were taken at approximately 48-hour intervals to calculate the elimination half–
life of istradefylline after the last drug administration.
Bioanalysis: Istradefylline and M1 in plasma (LC/MS/MS, analytical method
KHK42/963422). Following table shows the performance of the assays.

147

Pharmacokinetic and Statistical Analysis:
Pharmacokinetic analysis was conducted using non-compartmental methods. The primary
pharmacokinetic parameters for the assessment of gender differences and the effect of
smoking were AUC and Cmax of istradefylline on Day 14. The relative effects of gender
and smoking were estimated, and 95% CIs calculated, on the log-transformed variables.
The CIs were used for a preliminary judgment of the clinical relevance of possible gender
and smoking effects. Other pharmacokinetic parameters were regarded as secondary.
Pharmacokinetics of Istradefylline
The pharmacokinetic parameters of istradefylline after administration of repeated doses
of istradefylline for 14 days are summarized by treatment group in the following Table.
Table. Pharmacokinetic Parameters of Istradefylline after Administration of
Repeated Doses of Istradefylline for 14 Days in Healthy Elderly Subjects, by Gender
and Smoking Status (Study PP15710)
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There was no evidence of gender-related differences in the Cmax and AUC0-24 values of
istradefylline in non-smokers (Cmax ratio of males to females [95% CI]: 0.98 [0.81,
1.18]; AUC0-24 ratio of males to females: 1.02 [0.82, 1.28], Groups 1, 2, and 3
combined), as shown in the following Figure.

Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after
Administration of Repeated Once-Daily Doses of Istradefylline 20 mg for 14 days in
Males and Females (Study PP15710).
The rate and extent of systemic exposure to istradefylline in elderly subjects was
characterized by linear kinetics over the dose range of 10 to 40 mg/day, as shown in the
following Figure and summarized in the following Table.

149

Figure. Dose-Normalized Mean Plasma Concentration-Time Profiles of
Istradefylline after Administration of Repeated Doses of Istradefylline for 14 days
(Males and Females Combined) (Study PP15710).
Table. Relationship between Istradefylline Dose Level and Cmax and AUC0-24 of
Istradefylline in Plasma after Administration of Repeated Doses of Istradefylline for
14 Days in Healthy Non-Smoking Elderly Subjects (Study PP15710)

On Day 14, the apparent clearance of istradefylline was higher in smokers (ca. 3.1-fold),
and consequently the systemic exposure was lower. The mean ratios for Cmax and
AUC0-24 (smokers vs. non-smokers) are summarized in the following Table.
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Table. Mean Ratios for Cmax and AUC0-24 of Istradefylline in Plasma (Smokers vs.
Non-Smokers) after Administration of 40 mg Istradefylline, Comparison of Group 3
Males and Group 4 (Study PP15710)

The systemic exposure of subjects to istradefylline was significantly higher after repeated
doses than after a single dose in all treatment groups. There were no statistically
significant differences in the accumulation ratios between males and females.
Pharmacokinetics of M1
Similar to other studies, the mean exposure to M1 was low (approximately 2%) compared
to the mean exposure to istradefylline.
Comments
• There was no evidence of gender-related differences in systemic exposure to
istradefylline.
• The apparent clearance of istradefylline was greater in smokers compared with nonsmokers.
• Exposure to M1 was less than 2% of that of istradefylline.
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Pharmacokinetics in Subjects with Parkinson’s Disease
The pharmacokinetics of istradefylline in subjects with Parkinson’s disease were
characterized using a sparse sampling approach in all Phase 2/3 studies. These data were
then analyzed using a population-based approach and exposure-response models were
developed. Spot plasma samples were collected in a pilot single-dose study in subjects
with Parkinson’s disease, and the results were presented in a descriptive manner (Study
6002-EU05). A rudimentary approach to correlating plasma concentrations at 3 hours
after (single) dosing or when a subject had switched to the ON phase (whichever was
sooner), and when the subject returned to the practically defined OFF phase vs. changes
in the Unified Parkinson’s Disease Rating Scale (UPDRS) Subscales II and III was
attempted. Given the single-dose design of the study, and the simplistic approach used to
evaluate the pharmacokinetic/pharmacodynamic relationship, a relationship could not be
established. A similar approach was attempted in a repeated-dose study (Study 6002EU04) in subjects with Parkinson’s disease, the results of which are summarized below.
A repeated-dose study (Study 6002-US-003) in which plasma samples were collected for
up to 14 days after the last dose of istradefylline is also summarized below.
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4.2.24 Study 6002-US-003
Study Title: A Phase I, Single-Center, Open-Label, Sequential Group Study Evaluating
the Safety and Tolerability of Multiple Ascending Doses of KW-6002 Given for 14 Days
to Inpatients with Parkinson’s Disease under Primary Treatment with
Levodopa/Carbidopa
Objective: Pilot study to investigate the safety and tolerability of repeated doses of
istradefylline in subjects with Parkinson’s disease under active primary treatment with
therapeutic doses of levodopa/carbidopa.
Population: Subjects with Parkinson’s disease under active primary treatment with
therapeutic doses of levodopa/carbidopa (10 planned: 10 treated, none withdrawn).
Design: This is a single-center, open-label, sequential group, pilot in-patient study.
Subjects already being treated with levodopa/carbidopa were co-administered
istradefylline, and other concomitant medications were allowed as medically necessary.
Subjects had to be on a stable levodopa/carbidopa regimen (with levodopa doses of
between 500 and 1500 mg/day) for at least 7 days before receiving the first
administration of istradefylline. Istradefylline once-daily doses of 60 or 80 mg were
sequentially administered for 14 consecutive days to 5 subjects each (Days 1 to 14).
Subjects returned for istradefylline pharmacokinetic follow-up assessments on Days 21
and 28.
Pharmacokinetic Sampling: Serial plasma samples were collected at the following time
points.
Days 1 and 14: Predose and at 30 minutes and 1, 2, 3, 4, 6, 8, and 12 hours after study
drug administration; Days 2, 6, 8, 10, 11, 12, and 13: Before study drug administration;
Days 15, 16, and 17: Before breakfast (24, 48, and 72 hours following the last dose of
study drug); Days 21 and 28: Times not specified (4 and 11 days following discharge).
(b) (4)
Bioanalysis: Istradefylline in plasma (HPLC-UV, analytical method
-2000-0085BIO), levodopa and carbidopa in plasma (HPLC, analytical method MEDTOX SOP316).
Validation reports are not available.

Pharmacokinetic and Statistical Analysis: Summary statistics were presented for the
pharmacokinetic parameters of istradefylline, levodopa, and carbidopa.
Pharmacokinetics of Istradefylline
The pharmacokinetic parameters of istradefylline on Days 1 and 14 are summarized by
treatment group in the following Table.
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Table. Pharmacokinetic Parameters of Istradefylline after Repeated Administration
of Istradefylline 60 and 80 mg Once Daily for 14 Days in Subjects with Parkinson’s
Disease under Primary Treatment with Levodopa/Carbidopa (Study 6002-US-003)

Plasma istradefylline concentrations measured at 24 hours after the previous dose (i.e.,
C24 values) appeared to increase with duration of treatment in both dose groups, as
reflected in mean Cmax and AUC0-24 values on Days 1 and 14. Steady state was
attained by Day 14 of exposure in both treatment groups. The mean Cmax and AUC0-24
values of istradefylline in subjects with Parkinson’s disease under primary treatment with
levodopa/carbidopa were comparable to the values obtained for healthy subjects in Study
6002-US-002. The mean elimination half-life was comparable in both treatment groups,
and also similar to that observed in healthy subjects.
Pharmacokinetics of Levodopa and Carbidopa
This study was not designed to evaluate the effect of istradefylline on levodopa/carbidopa
pharmacokinetics because each subject was on a different dose of levodopa/carbidopa,
and there were only 5 subjects in each dose group. The effect of istradefylline on
levodopa and carbidopa was inconclusive.
Comments
• The Cmax and AUC0-24 values of istradefylline in subjects with Parkinson’s disease
under primary treatment with levodopa/carbidopa were comparable to the values
obtained in healthy subjects.
• Evaluation of the effect of istradefylline on the pharmacokinetics of levodopa and
carbidopa was inconclusive.
• Assays were not properly validated.
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4.2.25 Study 6002-EU04
Study Title: A randomized, double-blind, parallel-group, placebo-controlled, multicenter, multiple dose ascending pilot Phase II study of KW-6002 in untreated (de novo)
Parkinsonian patients.
Objective: Pilot study to investigate the safety and efficacy of repeated doses of
istradefylline in untreated (de novo) subjects with Parkinson’s disease.
Population: Untreated (de novo) subjects with Parkinson’s disease (16 evaluable
planned: 19 treated [14 active, 5 placebo], 3 withdrawn).
Design: This is a randomized, double-blind, parallel-group, placebo-controlled,
ascending repeated-dose Phase 2 study. Three ascending dose levels (5, 10, and 20 mg
istradefylline, or matching placebo) were administered for 2 weeks each, i.e., the total
treatment duration was 6 weeks. The subjects received single daily doses of 5 mg
istradefylline (14 subjects) or matching placebo (5 subjects) during Weeks 1 and 2. The
daily dose was increased to 10 mg at Week 2, and to 20 mg at Week 4. If the investigator
considered that the dose increases at Weeks 2 or 4 were not beneficial to a subject, the
subject then continued to receive the lower dose for the rest of the study.
Pharmacokinetic Sampling: Plasma samples were collected at the same time as the
assessment of routine laboratory safety at Weeks 2, 4, 6, and 8 (follow-up), and in the
case of withdrawal.
Bioanalysis: Istradefylline and M1 in plasma (LC/MS/MS, analytical method
KHK42/963422). The performance of the assay is summarized in the following table.
Linearity range
(ng/mL)
Istradefylline
M1

5.0-2000
5.0-2000

QC samples

Calibration standards

Accuracy (%error)

Precision (%CV)

Accuracy (%error)

Precision (%CV)

-4.0 to -3.0
-4.0 to -2.0

6.0 to 8.0
5.0 to 11.0

-7.0 to 4.0
-4.0 to 4.0

1.0 to 7.0
2.0 to 5.0

Pharmacokinetic and Statistical Analysis: Correlation coefficients for plasma
concentration and change in UPDRS Subscales I, II, and III were calculated for each dose
level.
Plasma Concentrations of Istradefylline
All subjects but one had their istradefylline dosage up-titrated from 5 mg/day to 20
mg/day during the 6-week treatment period. The istradefylline plasma concentrations
(mean [SD]) increased with increasing dose of istradefylline as follows:
5 mg/day: 26.7 (17.94) ng/mL
10 mg/day: 48.8 (32.67) ng/mL
20 mg/day: 116.2 (78.38) ng/mL
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Comments
• After repeated administration of istradefylline at ascending, once-daily doses of 5, 10,
and 20 mg for 2 weeks each, istradefylline plasma concentrations increased with
increasing dose.
• No conclusions on the concentration-response relationship could be drawn for
UPDRS scores.
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4.2.26 Study 6002-US-015
Study Title: A Phase 1, Multicenter, Open-Label, Parallel-Group Study to Assess the
Effect of Severe Renal Impairment on the Single-Dose Pharmacokinetics and Safety of
40 mg KW-6002 (Istradefylline)
Objective: To investigate the effect of severe renal impairment on the single-dose
pharmacokinetics of istradefylline, M1, and M8, and to evaluate the safety of a single
dose of istradefylline in subjects with severe renal impairment.
Population: Male or female subjects between 18 and 80 years of age; 6 subjects with
severe renal impairment (creatinine clearance less than or equal to 30 mL/min) (Group 1),
6 healthy subjects matched for age, gender, and body weight (Group 2), and 6 young
healthy subjects (Group 3).
Design: Open-label, single-dose, parallel group study. Istradefylline single oral dose of
40 mg (tablet) was administered after an overnight fast.
Pharmacokinetic Sampling: Serial plasma samples were collected from before dosing
through 480 hours after dosing at the following time points: predose and 0.5, 1.0, 2.0, 3.0,
4.0, 8.0, 12.0, 16.0, 24.0, 30.0, 36.0, 48.0, 72, 96, 120, 144, 192, 240, 312, 384, and 480
hours postdose.
Bioanalysis: Istradefylline, M1, and M8 in plasma (LC/MS/MS, analytical method
(b) (4)
-2005-0726-BIO); free fraction of istradefylline in plasma (LC/MS/MS, analytical
method DZYI1004). The performances of these assays are shown in the following table.
Linearity
range
(ng/mL)
istradefylline
M1
M8

1.00-500
1.00-500
1.00-500

QC samples
Accuracy
(%error)
-8.3% to -3.0
-9.0 to -2.0
-10 5 to -5.0

Precision
(%CV)
6.3 to 7.5
5.8 to 6.6
5.1 to 6.3

Calibration standards
Accuracy
(%error)
-3.2 to 2.0
-2.8 to 1.2
-3.6 to 2.8

Precision
(%CV)
4.1 to 7.2
3.6 to 7 2
4.2% to 7.1

Pharmacokinetic and Statistical Analysis: Pharmacokinetic parameters were calculated
using non-compartmental methods and summarized using descriptive statistics. The 90%
CIs of the differences were constructed using a one-way ANOVA. For Tmax and
elimination half-life, the difference was estimated as the ratio using the original scale. For
the AUC parameters, Cmax, clearance, and volume of distribution, the differences were
estimated as the ratio of these pharmacokinetic parameters in the log scale. In addition,
linear regression analysis between AUC0-24, AUC0-t, AUC0-∞, Cmax, and elimination
half-life vs. creatinine clearance was performed for each of the analytes. Descriptive
statistics for the regression parameters, i.e., correlation coefficient, slope, and p-value for
the slope were provided. Further details on the study design and the results obtained are
available in the study report (Clinical Study Report 6002-US-015).
Pharmacokinetics of Istradefylline
The mean plasma concentration-time profiles of istradefylline were similar for the 3
treatment groups, as shown in the following Figure.
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Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after SingleDose Administration of 40 mg Istradefylline in Subjects with Severe Renal
Impairment, Matched Healthy Subjects, and Young Healthy Subjects (Study 6002US-015).
The pharmacokinetic parameters of istradefylline are summarized for the comparison of
subjects with severe renal impairment (Group 1) vs. matched healthy subjects (Group 2)
in the following Table.
Table. Pharmacokinetic Parameters of Istradefylline after Single-Dose
Administration of 40 mg Istradefylline in Subjects with Severe Renal Impairment
and in Matched Healthy Subjects (Study 6002-US-015)
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The pharmacokinetic parameters of istradefylline are summarized for the comparison of
subjects with severe renal impairment (Group 1) vs. young healthy subjects (Group 3) in
the following Table.
Table. Pharmacokinetic Parameters of Istradefylline after Single-Dose
Administration of 40 mg Istradefylline in Subjects with Severe Renal Impairment
and in Young Healthy Subjects (Study 6002-US-015)

After a single oral dose of 40 mg istradefylline, the median Tmax values of istradefylline
for the 3 groups ranged from 2.5 to 3.5 hours. There was no statistically significant
difference in Tmax of istradefylline between the subjects with renal impairment and the
healthy subjects. The differences in Cmax between the 3 groups were within the
variability observed in istradefylline pharmacokinetics from historical data. The mean
elimination half-life of istradefylline was 117 hours in subjects with renal impairment, 95
hours in matched healthy subjects, and 117 hours in young healthy subjects. The terminal
phases in the mean concentration-time profiles were parallel for the 3 groups. The mean
exposure (AUC0-∞) to istradefylline was approximately 16% lower in subjects with renal
impairment compared with matched healthy subjects (ratio of 0.84) and 10% lower
compared with young healthy subjects (ratio of 0.90). The values for istradefylline
exposure from all 3 groups were within the values observed for istradefylline from other
single-dose studies.
Pharmacokinetics of M1
The pharmacokinetic parameters of M1 are summarized for the comparison of subjects
with severe renal impairment (Group 1) vs. matched healthy subjects (Group 2) in the
following Table.
Table. Pharmacokinetic Parameters of M1 after Single-Dose Administration of 40
mg Istradefylline in Subjects with Severe Renal Impairment and in Matched
Healthy Subjects (Study 6002-US-015)
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The pharmacokinetic parameters of M1 are summarized for the comparison of subjects
with severe renal impairment (Group 1) vs. young healthy subjects (Group 3) in the
following Table.
Table. Pharmacokinetic Parameters of M1 after Single-Dose Administration of 40
mg Istradefylline in Subjects with Severe Renal Impairment and in Young Healthy
Subjects (Study 6002-US-015)

The median Tmax values of M1 for the 3 groups ranged from 2.5 to 3.5 hours. There was
no statistically significant difference in Tmax of M1 between subjects with renal
impairment and healthy subjects. Mean Cmax values for M1 ranged between 2% and 6%
of those for istradefylline. In all 3 groups, exposure to M1 was only 1% of the exposure
to istradefylline (based on the ratio of AUC0-t), indicating that M1 is a minor metabolite.
Pharmacokinetics of M8
The pharmacokinetic parameters of M8 are summarized for the comparison of subjects
with severe renal impairment (Group 1) vs. matched healthy subjects (Group 2) in the
following Table.
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Table. Pharmacokinetic Parameters of M8 after Single-Dose Administration of 40
mg Istradefylline in Subjects with Severe Renal Impairment and in Matched
Healthy Subjects (Study 6002-US-015)

The pharmacokinetic parameters of M8 are summarized for the comparison of subjects
with severe renal impairment (Group 1) vs. young healthy subjects (Group 3) in the
following Table.
Table. Pharmacokinetic Parameters of M8 after Single-Dose Administration of 40
mg Istradefylline in Subjects with Severe Renal Impairment and in Young Healthy
Subjects (Study 6002-US-015)

The median Tmax values of M8 for the 3 groups ranged from 3.5 to 6.0 hours. There was
no statistically significant difference in Tmax of M8 between subjects with renal
impairment and healthy subjects. Exposures to M8 in the 3 groups were less than 5% of
the exposure to istradefylline (AUC0-t), indicating that M8 is also not a major metabolite
of istradefylline.
Linear Regression between Pharmacokinetic Parameters and Creatinine Clearance
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The correlations between selected pharmacokinetic parameters (AUC0-t, AUC0-∞,
AUC0-24, Cmax, t1/2) and creatinine clearance were investigated by linear regression
analysis across the 3 groups for istradefylline, M1, and M8. No significant correlations
were found for any of the parameters or analytes (all p-values > 0.100) as shown in the
following table.

Comments
• The pharmacokinetics of istradefylline were minimally altered in subjects with severe
renal impairment.
• M1 and M8 were both minor metabolites of istradefylline (about 1% and 5% of the
parent drug, respectively), and their pharmacokinetics in subjects with severe renal
impairment were also only minimally affected.
• Measures of systemic exposure (AUC and Cmax) and elimination half-life of
istradefylline, M1, and M8 were not correlated with creatinine clearance.
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4.2.27 Study 6002-US-016
Study Title: A Phase I, Multicenter, Open-Label, Parallel-Group Study to Assess the
Effect of Moderate Hepatic Impairment (Child-Pugh B Classification) on the
Pharmacokinetics and Safety of KW-6002 (Istradefylline) in Cigarette Smokers and
Nonsmokers Following Administration of 40 mg Istradefylline Once Daily for 14 Days
Objective: To investigate the effect of moderate hepatic impairment on the
pharmacokinetics of istradefylline and selected metabolites in cigarette smokers and nonsmokers, the effect of smoking on the pharmacokinetics of istradefylline and selected
metabolites, and the safety of istradefylline in all treatment groups.
Population: Male or female subjects between 18 and 80 years of age; 7 subjects with
moderate hepatic impairment (Child-Pugh Class B) who smoked at least 20
cigarettes/day (Group 1), 7 matched healthy subjects with normal hepatic function who
smoked at least 20 cigarettes/day (Group 2), 7 subjects with moderate hepatic impairment
(Child-Pugh Class B) who were non-smokers (Group 3), and 7 matched healthy subjects
with normal hepatic function who were non-smokers (Group 4).
Design: Open-label, repeated-dose, parallel-group study. Repeated oral doses of 40 mg
istradefylline (tablet) were administered once daily for 14 days.
Pharmacokinetic Sampling: Trough plasma samples were collected prior to dosing on
Days 1 to 14, and through 480 hours after dosing on Day 14 at the following time points:
0.5, 1.0, 2.0, 3.0, 4.0, 8.0, 12.0, 16.0, 24.0, 30.0, 36.0, 48.0, 72.0, 96.0, 120.0 and at
approximately 144, 192, 240, 312, 384 and 480 hours after dosing.
Bioanalysis: Istradefylline and M1 and M8 in plasma (LC/MS/MS, analytical method
DZYI1005); M4, M5, M11, and M12 in plasma (LC/MS/MS, analytical method
(b) (4)
06640). The performances of these assays are shown in the following table.
Linearity
range
(ng/mL)
istradefylline (DZYI1005)
M1 (DZYI1005)
M8 (DZYI1005)
M4 (b) (4)06640)
M5
06640)
M11 (b) (4)06640)
M12
06640)

1.00-500
1.00-500
1.00-500
0.61-61.0
0.74-74.0
0.5-50.0
0.5-50.0

QC samples
Accuracy
(%error)
-3.4 to 1.0
-11 9 to 2.0
-2.8 to 6.0
-5.12 to 1.64
-1.35 to 6.76
1.25 to 3.00
0.00 to 3.00

Precision
(%CV)
2.97 to 8.04
2.58 to 8.35
8.99 to 12.7
4.84 to 10.08
5.41 to 8.67
3.98 to 7.16
3.57 to 5.80

Calibration standards
Accuracy
(%error)
-6.0 to 3.0
-8.2 to 6.0
-3.64to 2.0
-10.66 to 12.95
-3.38 to 6.76
-14.00 to 11.00
-4.00 to 9.00

Precision
(%CV)
1.93 to 5.19
1.47 to 5.62
1.42 to 11.8
nd*
1.54 to 8.27
nd*
0.81 to 8.53

*nd: not determined

Pharmacokinetic and Statistical Analysis: Pharmacokinetic analysis was conducted
using non-compartmental methods. Differences between subjects with hepatic
impairment and matched control subjects for smokers and non-smokers (Group 1 vs.
Group 2, Group 3 vs. Group 4) in istradefylline and M1 and M8 pharmacokinetic
parameters were estimated, and 90% CIs were constructed, using a one-way ANOVA.
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The model contained a term for Group and the respective contrasts were estimated.
Differences for elimination half-life were estimated using the original scale. Differences
for AUC0-24, AUC0-t, AUC0-∞, and Cmax were estimated using the log scale. A
Wilcoxon rank sum test was performed on Tmax on the original scale. In addition,
exploratory analyses comparing pharmacokinetic parameters between smoking and nonsmoking groups were conducted (Group 1 vs. Group 3, Group 2 vs. Group 4).
Differences between these groups were assessed in a similar manner as described above,
using 90% CIs.
Pharmacokinetics of Istradefylline
The mean plasma concentration-time profiles of istradefylline after repeated-dose
administration for 14 days in smokers and non-smokers with moderate hepatic
impairment and in matched healthy subjects are shown in Figure below.

Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after RepeatedDose Administration of 40 mg Istradefylline Once Daily in Smokers and NonSmokers with Moderate Hepatic Impairment and Matched Healthy Subjects (Study
6002-US-016).
The pharmacokinetic parameters of istradefylline after repeated-dose administration for
14 days in smokers and non-smokers with moderate hepatic impairment and matched
healthy subjects are summarized in Table below.
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Table. Arithmetic Mean Pharmacokinetic Parameters of Istradefylline RepeatedDose Administration of 40 mg Istradefylline Once Daily in Smokers and NonSmokers with Moderate Hepatic Impairment and Matched Healthy Subjects (Study
6002-US-016)

The comparisons of treatment groups to determine the effects of hepatic impairment and
smoking on the pharmacokinetics of istradefylline are summarized in Table below.
Table. Least-Squares Means and Least-Squares Mean Ratios for Pharmacokinetic
Parameters of Istradefylline after Repeated-Dose Administration of 40 mg
Istradefylline Once Daily in Smokers and Smokers with Moderate Hepatic
Impairment and Matched Healthy Subjects for Evaluation of Effects of Hepatic
Impairment and Smoking (Study 6002-US-016)
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Effect of Hepatic Impairment
The mean exposure to istradefylline over the dosing interval (AUC0-24) on Day 14 in
smokers with hepatic impairment (Group 1) was similar to that in matched healthy
smokers (Group 2), with a least squares (LS) mean ratio of 1.00 (90% CI: 64.25%,
154.32%). The mean AUC0-24 in non-smoking subjects with hepatic impairment (Group
3) was slightly lower than in matched healthy non-smokers (Group 4), with an LS mean
ratio of 0.91 (90% CI: 58.72%, 141.03%). The mean Cmax was similar for smokers or
non-smokers with hepatic impairment when compared to their respective matched
healthy controls. However, when comparisons were carried out for AUC0-∞, values in
subjects with hepatic impairment were greater compared to the matched control subjects,
which were mainly due to differences in clearance. The half-life averaged 99.6 hours in
smokers with hepatic impairment vs. 55.55 hours in the matched control subjects, and
287.6 hours in non-smoking subjects with hepatic impairment vs. 117.99 hours in the
matched control subjects. There was no significant difference in Tmax of istradefylline
between the subjects with hepatic impairment and the healthy control subjects.
The similarity of AUC0-24 values on Day 14 in subjects with hepatic impairment
compared to matched healthy control subjects (smokers and non-smokers) can be
attributed to the following factors. Ordinarily, the longer half-life should translate to
greater systemic exposure under conditions of hepatic impairment. However, nonsmokers with hepatic impairment were not at steady state by Day 14, while the other
groups were at, or near, steady-state conditions. Therefore, if dosing would be continued
in this group of subjects, a greater accumulation is to be expected when steady state was
achieved.
Effect of Smoking
The mean AUC0-24 of istradefylline was significantly decreased in smokers (Groups 1
and 2) compared with non-smokers (Groups 3 and 4) in subjects with hepatic impairment
and in the control healthy subjects, with an LS mean ratio of 0.64 (90%CI: 41.23%,
99.03%) in subjects with hepatic impairment and 0.58 (90%CI: 37.68%, 90.50%) in the
control subjects. The mean AUC0-∞ values in smokers were also substantially less than
in non-smokers, which was partly related to the shorter elimination half-life in smokers.
The elimination half-life in smokers was approximately one-third to half of the values in
non-smokers. The corresponding ratio of Cmax was 0.72 (90%CI: 48.63%, 106.24%) for
subjects with hepatic impairment, and 0.79 (90%CI: 53.62%, 117.14%) for healthy
control subjects. However, Tmax was not changed to a relevant degree by smoking.
Pharmacokinetics of M1 and M8
Similar to that observed in healthy subjects, mean AUC values for M1 and M8 in subjects
with hepatic impairment were less than 3% and 6%, respectively, compared with the
mean AUC values for istradefylline. Similar to the observations for istradefylline, mean
AUC values were lower in smokers than in non-smokers. The elimination half-lives of
M1 and M8 were longer in subjects with hepatic impairment than in matched control
subjects. These metabolites constitute a minor component in plasma and are not expected
to contribute to the activity of istradefylline.
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M4, M5, M11, and M12 Metabolites in Plasma
The mass-balance study 6002-US-010 indicated that istradefylline was the single largest
component in human plasma (approximately 68%). Six metabolites were identified in
plasma (M1, M4, M5, M8, M11 and M12). At the time the mass-balance study was
conducted, M11 and M12 co-eluted under the analytical conditions used. Therefore, it
was not possible to individually quantify these metabolites. An analytical method was
subsequently developed to separate M11 and M12. Because Study 6002-US-016 was
conducted as a multiple-dose study, the analysis of plasma samples enabled an evaluation
of whether any of these 6 metabolites could be considered major. Metabolites M4, M5,
M11 and M12 are sulfate or glucuronide conjugates, and are unlikely to have
pharmacologic activity. This analysis therefore indicated that none of these metabolites
could be considered major. Along with M1 and M8, each of these metabolites constituted
less than 8% of the total AUC of istradefylline and related metabolites in non-smoking
and smoking healthy subjects as shown in the following Tables.
Table. Mean Exposure to Istradefylline and Metabolites in Plasma in Healthy, NonSmoking Subjects after 14 Days of Istradefylline Administration at a Dose of 40 mg
Once Daily (Study 6002-US-016)

Table. Mean Exposure to Istradefylline and Metabolites in Plasma in Healthy,
Smoking (20 Cigarettes/Day) Subjects after 14 Days of Istradefylline Administration
at a Dose of 40 mg Once Daily (Study 6002-US-016)

Comments
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•
•
•
•
•

The elimination half-lives for istradefylline, M1, and M8 were prolonged in subjects
with hepatic impairment, compared to the matched healthy control subjects, following
14-day administration of istradefylline at a once-daily dose of 40 mg.
In all groups of subjects, M1, M4, M5, M8, M11, and M12 were minor components.
None of the metabolites of istradefylline in plasma were greater than 8% of the total
mass.
Estimated steady-state concentrations of istradefylline in non-smokers with moderate
hepatic impairment were projected to be greater than 3-fold higher than in nonsmoking healthy control subjects.
Regardless of hepatic function status, the steady-state AUC0-24 in smokers was 58%
to 64% of the value observed in non-smokers.
Dosing recommendations for subjects with hepatic impairment are provided.
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4.2.28 Study 6002-US-009
Study Title: A Phase I, Single-Center, Open-Label, Sequential KW-6002 Drug
Interaction Study to Evaluate the Effect on Levodopa/Carbidopa Pharmacokinetics After
Administration of 80 mg KW-6002 Once Daily for 14 Days in Healthy Subjects.
Objective: To evaluate the effects of 14 days of istradefylline administration on the
pharmacokinetics of a single dose of levodopa/carbidopa.
Population: Healthy male or female subjects (24 planned: 24 treated, none withdrawn).
Design: Open-label, sequential group, drug-drug interaction study. Single doses of
levodopa/carbidopa (200/50 mg) were administered on Days 1 and 15, and daily doses of
istradefylline (80 mg) for 14 days (Days 2 to 15). The dose of istradefylline was 2- to 4fold higher than the projected recommended dose.
Pharmacokinetic Sampling: On Days 1 and 15, serial plasma samples for analysis of
levodopa/carbidopa were collected at the following time points to assess plasma
concentrations of levodopa/carbidopa: 0 hours (predose), and 0.25, 0.5, 0.75, 1.0, 1.25,
1.5, 1.75, 2.0, 2.25, 2.5, 2.75, 3.0, 3.5, 4.0, 5.0, 6.0, 8.0, 10.0, and 12.0 hours postdose.
Plasma samples were collected on Day 15 (before dosing, and 2, 8, and 24 hours after
dosing) for analysis of istradefylline.
Bioanalysis: Istradefylline in plasma was analyzed using HPLC-UV (analytical method
(b) (4)
-2000-0085-BIO); levodopa and carbidopa in plasma was analyzed using HPLCFL [fluorescence detection] (analytical method LC-M-6131-00).
Linearity
range
(ng/mL)

QC samples
Accuracy
(%error)

levodopa
*
*
carbidopa
*
*
istradefylline
5.00 -2000
-4.4 to 3.7
*the validation results could not be found.

Calibration standards

Precision
(%CV)

Accuracy
(%error)

6.1-14.0

*
*
-14.5 to -1.2

*
*

Precision
(%CV)
*
*
3.0-7.9

Pharmacokinetic and Statistical Analysis: Pharmacokinetic parameters of levodopa
and carbidopa were calculated for Day 1 (without istradefylline) and Day 15 (with
istradefylline). An ANOVA model comparing the pharmacokinetics on Days 1 and 15
included dosing day as a fixed effect and subject as a random effect. The 90% CIs for the
difference between LS means were derived from the analyses of the natural logarithm
(ln)-transformed parameters AUC0-12, AUC0-∞ and Cmax as well the untransformed
parameters Tmax and t1/2.
Pharmacokinetics of Levodopa
The mean plasma concentration-time profiles of levodopa on Day 1 (single dose of
levodopa/carbidopa in the absence of istradefylline) and Day 15 (single dose of
levodopa/carbidopa after 14-day dosing with istradefylline) are shown in the Figure
below.
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Figure. Mean Plasma Concentration-Time Profiles of Levodopa after Single Doses
of Levodopa/Carbidopa in the Absence of Istradefylline (Day 1) and after Repeated
Doses of Istradefylline (Day 15) in Healthy Subjects (Study 6002-US-009).
The pharmacokinetic parameters of levodopa on Day 1 (single dose of
levodopa/carbidopa in the absence of istradefylline) and Day 15 (single dose of
levodopa/carbidopa after 14-day dosing with istradefylline) are summarized in the Table
below.
Table. Pharmacokinetic Parameters of Levodopa after Single Doses of
Levodopa/Carbidopa in the Absence of Istradefylline (Day 1) and after Repeated
Doses of Istradefylline (Day 15) in Healthy Subjects (Study 6002-US-009)
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The ratios of the LS mean and the 90% CIs of the AUC0-12, AUC0-∞ and Cmax for
levodopa in plasma were within the range of 80% to 125%, indicating that once-daily
dosing with 80 mg istradefylline for 14 days had no significant effect on the rate or extent
of levodopa exposure when administered as a single dose of 200/50 mg
levodopa/carbidopa. The LS mean difference for Tmax of levodopa between Days 1 and
15 was not statistically significant. The statistically significant 3-minute difference (p =
0.02) in t1/2 between Days 1 and 15 was not considered to be clinically relevant.
Pharmacokinetics of Carbidopa
The mean plasma concentration-time profiles of carbidopa on Day 1 (single dose of
levodopa/carbidopa in the absence of istradefylline) and Day 15 (single dose of
levodopa/carbidopa after 14-day dosing with istradefylline) are shown in the Figure
below.

Figure. Mean Plasma Concentration-Time Profiles of Carbidopa Following Single
Doses of Levodopa/Carbidopa in the Absence of Istradefylline and after Repeated
Doses of Istradefylline in Healthy Subjects (Study 6002-US-009).
The pharmacokinetic parameters of carbidopa on Day 1 (single dose of
levodopa/carbidopa in the absence of istradefylline) and Day 15 (single dose of
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levodopa/carbidopa after 14-day dosing with istradefylline) are summarized in the Table
below.
Table. Pharmacokinetic Parameters of Carbidopa Following Single Doses of
Levodopa/Carbidopa in the Absence of Istradefylline and after Repeated Doses of
Istradefylline in Healthy Subjects (Study 6002-US-009)

The ratios of the LS means and 90% CIs derived from the analyses of the ln-transformed
parameters AUC0-12, AUC0-∞ and Cmax for carbidopa in plasma were within the
equivalence range of 80% to 125%, indicating that once-daily dosing with 80 mg
istradefylline for 14 days had no significant effect on the rate and extent of carbidopa
exposure when administered as a single dose of 200/50 mg levodopa/carbidopa. The LS
mean differences for Tmax and elimination half-life of carbidopa between Days 1 and 15
were not statistically significant.
Concentrations of Istradefylline in Plasma
Istradefylline concentrations in plasma were determined on Day 15 before dosing and at
2, 8, and 24 hours after dosing. Bioanalysis of plasma samples confirmed adequate
exposure to istradefylline.
Comments
•
•

Administration of istradefylline 80 mg once daily for 14 days did not affect the
single-dose pharmacokinetics of 200/50 mg levodopa/carbidopa in healthy subjects.
However, the validation of the assay for levodopa and carbidopa could not be found.
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4.2.29 Study BP15748
Study Title: Double-blind, placebo-controlled, randomized drug-drug interaction study
between repeated doses of levodopa/carbidopa and repeated doses of KW-6002/Ro 644529.
Objective: To investigate the tolerability of concomitant administration of repeated doses
of istradefylline together with repeated doses of levodopa/carbidopa, and to investigate
the pharmacokinetics of levodopa and carbidopa when administered alone and in
combination with istradefylline. Additionally, the pharmacokinetics of istradefylline were
also characterized after the first dose (Day 1) and last dose (Day 14) of istradefylline.
Population: Healthy male or female subjects (32 [16 male, 16 female] planned: 32
treated, none withdrawn).
Design: Open-label levodopa/carbidopa (100/25 mg three-times daily) for 21 days (Days
1 to 21); double-blind istradefylline or placebo at doses of 20 mg once daily (Group 1)
and 40 mg once daily (Group 2) co-administered with levodopa/carbidopa for 14 days
(Days 8 to 21). In each group, 6 subjects per gender were randomized to istradefylline
and 2 subjects per gender to placebo.
Pharmacokinetic Sampling: Blood samples for the analysis of plasma concentrations of
levodopa and carbidopa were collected on Days 1, 3, 5, and 7 (pre–dose) to evaluate the
concentrations before drug administration (Cpredose) in order to verify that steady state
was reached within the week of pre–treatment. On Days 7, 8, and 21, blood samples were
collected at the following times; pre–dose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 6.5, 7, 7.5, 8, 8.5,
9, 10, 11 and 12 hours following the first dose in order to assess the pharmacokinetics of
the compounds. Blood samples for analysis of levodopa/carbidopa levels were also taken
on Days 9, 11, 13, 15, 17, 19 and 21 (pre–dose) to evaluate the concentrations before
drug administration (Cpredose) in order to evaluate the time course of any changes in the
pharmacokinetics during this period.
On Days 8 and 21, blood samples for the analysis of plasma concentrations of
istradefylline were taken at pre-dose, 0.5, 1, 2, 3, 4, 5, 6, 8, 12 and 24 hours post-dose in
order to calculate Cmax, Tmax and AUC0-24 on the first day and at steady state (Day 14)
of treatment with Ro 64–4529 during concomitant administration with
levodopa/carbidopa.
Blood samples for analysis of istradefylline levels were also taken on Days 11, 13, 15,
17, 19 and 21 (pre-dose) to evaluate the concentration before drug administration
(Cpredose) in order to verify that steady state was reached within the 2 weeks of
treatment.
On Days 23, 25, 27, 29, 31, 33 and 35 of the study, single blood samples were taken at
approximately 48-hour intervals to calculate the elimination half–life of istradefylline
after the last drug administration.
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Bioanalysis: Istradefylline in plasma (20-mg group: HPLC-MS, analytical method B169.502; 40-mg group: LC/MS/MS, analytical method KHK42/963422); levodopa and
carbidopa in plasma (HPLC-FL, analytical method LDPP0497). The performances of the
assays are shown in the following table.

Pharmacokinetic and Statistical Analysis: For the primary parameters (AUC0-12,
Cmax,0-6 and Cmax,6-12 of levodopa) and for the secondary parameters (AUC0-6 and
AUC6-12 of levodopa, AUC0-12 of carbidopa), the change from Day 7
(levodopa/carbidopa alone) to Day 21 (levodopa/carbidopa + istradefylline) was
estimated (ratios of the Day 21 vs. Day 7 values) and 95% CIs were calculated for these
ratios. These calculations were based on contrasts from main-effect ANOVAs on the logtransformed variables. The pharmacokinetics of istradefylline were analyzed using noncompartmental methods.
Pharmacokinetics of Levodopa
The mean plasma concentration-time profiles of levodopa are shown by treatment group
in the Figure below.
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Figure. Mean Plasma Concentration-Time Profiles of Levodopa after
Administration of Levodopa/Carbidopa either Alone for 7 Days or Co-Administered
with Istradefylline for 14 Days in Healthy Subjects (Study BP15748).
The pharmacokinetic parameters of levodopa on Days 7 and 21 are summarized by
treatment group in the Table below.
Table. Pharmacokinetic Parameters of Levodopa after Administration of
Levodopa/Carbidopa either Alone for 7 Days or Co-Administered with
Istradefylline for 14 Days in Healthy Subjects (Study BP15748)
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The Cmax,0-6, Cmax,6-12, AUC0-6, AUC6-12 and AUC0-12 values of levodopa on Day
21, after 14 days of treatment with istradefylline, were generally similar to the indices of
exposure on Day 7 (i.e., in the absence of istradefylline), and there were no statistically
significant differences in the rate or extent of exposure to levodopa between Days 7 and
21 with the 20 or 40-mg doses of istradefylline. The mean AUC0-12 ratios (Day 21 vs.
Day 7) did not differ significantly from 1 with either the 20 mg istradefylline dose (1.07
[95% CI: 0.97, 1.17]) or the 40 mg istradefylline dose (0.93 [95% CI: 0.85, 1.02]). On
Day 21, the pharmacokinetic values for levodopa in the placebo group were generally
similar to the values in the istradefylline group.
Pharmacokinetics of Carbidopa
The pharmacokinetic parameters of carbidopa on Days 7 and 21 are summarized by
treatment group in the Table below.
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Table. Pharmacokinetic Parameters of Carbidopa after Administration of
Levodopa/Carbidopa either Alone for 7 Days or Co-Administered with
Istradefylline for 14 Days in Healthy Subjects (Study BP15748)

Mean Cmax values of carbidopa were observed between 1.5 and 5 hours after the first of
the 3 daily doses of levodopa/carbidopa (100/25 mg). After the second of the 3 daily
doses, the maximum mean concentrations were observed earlier, between 0.5 and 1.5
hours after dosing. Statistical analysis conducted on AUC0-12 values indicated no
statistically significant differences between males and females (p = 0.481). For the
primary pharmacokinetic parameter (AUC0-12) the differences between Day 21 and Day
7 were not significant (p = 0.337) and the 95% CI for the Day 21 vs. Day 7 ratio included
1. Statistical comparisons of several other secondary pharmacokinetic parameters, such as
Cmax,0-6, Cmax,6-12, AUC0-6, and AUC6-12, were also in general agreement with the
results obtained for the primary pharmacokinetic parameter.
Pharmacokinetics of Istradefylline
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The pharmacokinetic parameters of istradefylline on Day 8 (single dose) and Day 21
(repeated doses for 14 days) in the presence of levodopa/carbidopa are summarized by
treatment group in the Table below. Istradefylline concentrations were measured for only
up to 24 hours after dosing on Day 8 and Day 14. Thus, estimates of istradefylline
elimination half-life were underestimated.
Table. Pharmacokinetic Parameters of Istradefylline in the Presence of
Levodopa/Carbidopa in Healthy Subjects, after Administration of a Single Dose of
Istradefylline and Repeated Doses of Istradefylline for 14 Days (Study BP15748)

Steady-state concentrations of istradefylline were attained by Days 8 to 10 of treatment in
males and females receiving 20 or 40 mg istradefylline once daily. The systemic
exposure to istradefylline was higher after repeated doses than after a single dose.
Accumulation ratios of istradefylline in the presence of levodopa/carbidopa were similar
at both dose levels of istradefylline and between male and female subjects (4.0 to 4.1,
based on AUC0-24). In the presence of levodopa/carbidopa, the rate and extent of
systemic exposure to istradefylline appeared to be characterized by dose-independent
(linear) kinetics over the dose range of 20 to 40 mg/day. There was no evidence of
gender-related differences in the rate and exposure to istradefylline.

Comments
• When the ratios between with and without concomitant medication were presented,
the 90% confidence interval should have been used, instead of 95% confidence
interval, which would be narrower.
• The pharmacokinetics of levodopa and carbidopa seem not significantly affected
when co-administered to steady-state with repeated doses of istradefylline.
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4.2.30 Study BP15809
Study Title: Effect of KW-6002/Ro 64-4529 on the pharmacokinetics of the cytochrome
P450 3A substrate midazolam.
Objective: To investigate the effect of istradefylline on the pharmacokinetics of
midazolam. Secondary objectives were to characterize the pharmacokinetics of
istradefylline after repeated doses with the tablet formulation.
Population: Non-smoking, healthy male subjects (24 planned: 25 treated, one
withdrawn).
Design: Open-label, repeated-dose study with 2 doses of istradefylline administered in
sequential order. The study population was divided into 2 groups of 12 subjects each. A
single dose of 7.5mg midazolam was administered on Day 1. After a washout period of
48 hours, on Day 3, treatment with istradefylline 5 mg (Group 1) or 20 mg (Group 2)
once daily for 14 days was started. On Day 16, a single dose of 7.5mg midazolam was
administered.
Pharmacokinetic Sampling: Serial plasma samples for analysis of midazolam were
collected on Days 1 (midazolam alone) and 16 (midazolam in the presence of steady-state
istradefylline) at the following times; pre–dose, 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 17 and 24
hours post-dose, and additional samples after the dose on Day 16 were taken at 36 and 48
hours post-dose, in order to assess the pharmacokinetics of midazolam. Serial plasma
samples for analysis of istradefylline were collected on Day 15 at pre–dose, 0.5, 1, 2, 3,
4, 5, 6, 8, 12 and 24 hours post-dose in order to calculate Cmax, Tmax and AUC0–24
prior to administration of midazolam on Day 16.
Bioanalysis: Midazolam in plasma was analyzed using gas chromatography GC-MS,
(analytical method B-1394); istradefylline in plasma was analyzed using HPLC-MS
(analytical method B-169.502) and LC-MS/MS. The performances of the assays for the
measurement of midazolam and istradefylline are presented in the following table.
Parameter

Analyte
Midazolam

BLQ

<0.500 ng/mL

istradefylline
(HPLC-MS)
1 ng/mL

istradefylline
(LC-MS/MS)
<0.5 ng/mL

Inaccuracy

≤2.9%

≤10.83%

≤12.9%

Precision

≤8.7%

≤12.33%

≤8.1%

Pharmacokinetic and Statistical Analysis: Summary statistics for pharmacokinetic
parameters. Log-transformed values of Cmax and AUC0-24 of midazolam were analyzed
by ANOVA, with day of sampling, istradefylline dose and their interactions as factors.
For midazolam, 90% CIs were constructed for the ratio of the Day 16 vs. Day 1 values of
Cmax and AUC0-24.
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Pharmacokinetics of Midazolam
The mean plasma concentration-time profiles of midazolam on Days 1 and 16 are shown
in the Figure below.

Figure. Mean Plasma Concentration-Time Profiles of Midazolam after a Single
Dose of 7.5 mg Midazolam either Alone (Day 1) or Co-administered with
Istradefylline 5 or 20 mg Once Daily for 14 Days in Healthy Subjects (Day 16)
(Study BP15809).
The pharmacokinetic parameters of midazolam on Days 1 and 16 are summarized by
treatment group in the Table below.
Table. Pharmacokinetic Parameters of Midazolam after a Single Dose of 7.5 mg
Midazolam either Alone (Day 1) or Co-administered with Istradefylline 5 or 20 mg
Once Daily for 14 Days (Day 16) in Healthy Subjects (Study BP15809)
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Treatment with istradefylline at once daily doses of 5 or 20 mg for 14 days had little
effect on the mean AUC0-24 of midazolam. Statistical comparisons were not conducted
on AUC0-∞ because a clearly defined log-linear terminal phase of the plasma
concentration time profile was not discernible in a number of subjects.
Pharmacokinetics of Istradefylline
The pharmacokinetic parameters of istradefylline on Day 15 are summarized by
treatment group in the Table below.
Table. Pharmacokinetic Parameters of Istradefylline on Day 15 after Repeated
Administration of Istradefylline 5 or 20 mg Once Daily for 13 Days in Healthy
Subjects (Study BP15809)

Comments
• The co-administration of repeated doses of istradefylline at once daily doses of 5 or
20 mg with a single 7.5-mg dose of midazolam had no effect on midazolam exposure
in this study, which is not consistent with the results from another study involving
midazolam (US-008).
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4.2.31 Study 6002-US-020
Study Title: A Phase I, Single-Center, Double-Blind, Placebo- Controlled, Randomized
Study to Evaluate the Effect of 14-Day Treatment with KW-6002 (Istradefylline) on the
Single-Dose Pharmacokinetics (PK) of Atorvastatin, a Substrate for Cytochrome P450
3A4 (CYP3A4).
Objective: To evaluate the effect of istradefylline at steady state on the single-dose
pharmacokinetics of atorvastatin and its ortho- and para-hydroxy metabolites.
Population: Non-smoking, healthy male subjects (15 planned: 20 treated, none
withdrawn).
Design: Double-blind, placebo-controlled, randomized study. Subjects received a single
dose of 40 mg atorvastatin on Day 1. Starting on Day 5, all subjects were dosed with
once-daily doses of 40mg istradefylline or matching placebo for 17 days (Days 5 to 21).
Istradefylline was administered for an additional 3 days after the 14-day treatment period
to sustain steady-state conditions during the second atorvastatin pharmacokinetic
sampling period. A single dose of 40mg atorvastatin was administered again on Day 18.
Pharmacokinetic Sampling: Serial plasma samples for analysis of atorvastatin
concentrations (including its ortho- and para-hydroxy metabolites) were collected on
Days 1 and 18 at predose and within 3 minutes of the following time points: 0.5, 1.0, 2.0,
3.0, 4.0, 6.0, 8.0, 12.0, 16.0, 24.0, 36.0, 48.0, 72.0 and 96.0 hours after atorvastatin
administration. Single plasma samples were collected before dosing on Days 6, 11, and
18 only to confirm trough concentrations of istradefylline.
Bioanalysis: Atorvastatin, ortho-hydroxy and para-hydroxy atorvastatin in plasma was
(b) (4)
analyzed using LC/MS/MS (analytical method 45016FRV) by
.; istradefylline in plasma was analyzed using HPLC-UV (analytical
(b) (4)
method
-2000-0085-BIO). The performances of the assays are summarized in the
following table.
Linearity
range
(ng/mL)
Atorvastatin
ortho-hydroxy atorvastatin
para-hydroxy atorvastatin
istradefylline

0.25-100
0.25-100
0.25-100
5.00-2000

QC samples
Accuracy
(%error)
-2.43 to 1.69
0.78 to 2.85
1.40 to 3.79
-2.9 to 1.7

Precision
(%CV)
1.07 to 3.34
2.21 to 7.29
1.95 to 7.29
4.4 to 7.7

Calibration standards
Accuracy
(%error)
-2.15 to 1.80
-1.91 to 2.32
-1.57 to 4.02
-4.0 to 10.6

Precision
(%CV)
1.05 to 2.05
2.01 to 6 12
1.43 to 5.65
0.1 to 3.1

Pharmacokinetic and Statistical Analysis:
Pharmacokinetic parameters for atorvastatin, ortho-hydroxy and para-hydroxy
atorvastatin plasma concentrations were estimated using non-compartmental
pharmacokinetic methods and summarized using descriptive statistics. An ANOVA
model including effects for subject and treatment was used to compare pharmacokinetic
parameters between the atorvastatin + istradefylline treatment and the atorvastatin alone
treatment. 90% CIs were calculated after logarithmic transformations of Cmax, AUC0-t,
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and AUC0-∞ for the ratio of atorvastatin + istradefylline (Day 18) to atorvastatin alone
(Day 1). Elimination half-life was compared using non-transformed parameters. An exact
Wilcoxon rank sum test was used to test the hypothesis that Tmax was the same in the
absence and presence of istradefylline. Further details on the design and results of this
study are available in the study report (Clinical Study Report 6002-US-020).
Pharmacokinetics of Atorvastatin
The mean plasma concentration-time profiles of atorvastatin after administration of
atorvastatin either alone (Day 1) or when co-administered with istradefylline (Day 18) are
shown in the Figure below.

Figure. Mean Plasma Concentration-Time Profiles of Atorvastatin after a Single
Dose of 40 mg Atorvastatin either Alone (Day 1) or Co-administered with
Istradefylline 40 mg Once Daily for 14 Days (Day 18) in Healthy Subjects (Study
6002-US-020).
The pharmacokinetic parameters of atorvastatin after administration of atorvastatin either
alone (Day 1) or when co-administered with istradefylline (Day 18) are summarized in
the Table below.
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Table. Pharmacokinetic Parameters of Atorvastatin after a Single Dose of 40 mg
Atorvastatin either Alone (Day 1) or Co-administered with Istradefylline 40 mg
Once Daily for 14 Days (Day 18) in Healthy Subjects (Study 6002-US-020)

The 90% CIs for the ratios of atorvastatin co-administered with istradefylline compared
with atorvastatin alone for the log-transformed parameters Cmax, AUC0-t, and AUC0-∞
of atorvastatin were outside the predetermined limits of 80% to 125%. The LS mean for
Cmax increased by 53% and the LS mean for AUC0-∞ increased by 54%. The mean
elimination half-life of atorvastatin increased by 27% (2.5 hours) in the presence of
istradefylline.
Pharmacokinetics of Ortho-hydroxy Atorvastatin
The mean plasma concentration-time profiles of ortho-hydroxy atorvastatin after
administration of atorvastatin either alone (Day 1) or when co-administered with
istradefylline (Day 18) are shown in the Figure below.

Figure. Mean Plasma Concentration-Time Profiles of Ortho-hydroxy Atorvastatin
after a Single Dose of 40 mg Atorvastatin either Alone (Day 1) or Co-administered
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with Istradefylline 40 mg Once Daily for 14 Days (Day 18) in Healthy Subjects
(Study 6002-US-020).
The pharmacokinetic parameters of ortho-hydroxy atorvastatin after administration of
atorvastatin either alone (Day 1) or when co-administered with istradefylline (Day 18) are
summarized in the Table below.
Table. Pharmacokinetic Parameters of Ortho-hydroxy Atorvastatin after a Single
Dose of 40 mg Atorvastatin either Alone (Day 1) or Co-administered with
Istradefylline 40 mg Once Daily for 14 Days (Day 18) in Healthy Subjects (Study
6002-US-020)

The 90% CI of the log-transformed Cmax ratio was within the 80% to 125% range,
indicating no significant difference in Cmax in the absence and presence of istradefylline.
The median Tmax of ortho-hydroxy atorvastatin was identical in the absence and
presence of istradefylline. The presence of istradefylline did not alter the elimination
half-life of ortho-hydroxy atorvastatin. The LS mean AUC0-t and AUC0-∞ values of
ortho-hydroxy atorvastatin were higher (approximately 20%) in the presence of
istradefylline. The upper bounds of the 90% CI of the log-transformed ratios of AUC0-t
and AUC0-∞ for atorvastatin co-administered with istradefylline compared with
atorvastatin alone were slightly outside the 125% interval. Overall, the data suggest that
istradefylline has limited effect on the pharmacokinetics of the ortho-hydroxy metabolite
of atorvastatin.
Pharmacokinetics of Para-hydroxy Atorvastatin
The mean plasma concentration-time profiles of para-hydroxy atorvastatin after
administration of atorvastatin either alone (Day 1) or when co-administered with
istradefylline (Day 18) are shown in the Figure below.
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Figure. Mean Plasma Concentration-Time Profiles of Para-hydroxy Atorvastatin
after a Single Dose of 40 mg Atorvastatin either Alone (Day 1) or Co-administered
with Istradefylline 40 mg Once Daily for 14 Days (Day 18) in Healthy Subjects
(Study 6002-US-020).
The pharmacokinetic parameters of para-hydroxy atorvastatin after administration of
atorvastatin either alone (Day 1) or when co-administered with istradefylline (Day 18) are
summarized in the Table below.
Table. Pharmacokinetic Parameters of Para-hydroxy Atorvastatin after a Single
Dose of 40 mg Atorvastatin either Alone (Day 1) or Co-administered with
Istradefylline 40 mg Once Daily for 14 Days (Day 18) in Healthy Subjects (Study
6002-US-020)
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The LS mean Cmax and AUC0-∞ values for para-hydroxy atorvastatin were 18% less
and 6% greater, respectively, when atorvastatin was co-administered with istradefylline.
Overall, these data suggest that istradefylline has limited effect on the pharmacokinetics
of the para-hydroxy metabolite of atorvastatin. The increase in atorvastatin systemic
exposure in the presence of istradefylline, which was not accompanied by significant
changes in the exposure of ortho- or para-hydroxy atorvastatin, suggests a predominant
presystemic effect of istradefylline.
Comments
• Co-administration of 40 mg atorvastatin with istradefylline at a once-daily dose of 40
mg led to a 54% increase in atorvastatin AUC0-∞, a 53% increase in Cmax, and a
27% (2.5 hours) increase in elimination half-life, compared to atorvastatin coadministered with placebo.
• Istradefylline had no significant effect on the pharmacokinetics of ortho-hydroxy
atorvastatin or para-hydroxy atorvastatin.
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4.2.32 Study 6002-US-008
Study Title: A Phase I, Open-Label, Sequential, 2-Period, 2-Part Study to Evaluate the
Potential for Interactions Involving KW-6002 (istradefylline) as an Inhibitor and/or as a
Substrate of the Cytochrome P450 3A4 (CYP3A4).
Objective: Part 1 (Cohort 1): To determine the effect of istradefylline on the
pharmacokinetics of midazolam, a CYP 3A4 substrate. Part 2 (Cohort 2): To determine
the effect of ketoconazole, a potent CYP 3A4 inhibitor, on the pharmacokinetics of
istradefylline.
Population: Number of Subjects Planned: 32 (16 subjects per cohort) Number of
Subjects Dosed: 35 (Cohort 1, 17 subjects; Cohort 2, 18 subjects) Number of Subjects
Who Completed the Study: 32 (Cohort 1, 16 subjects; Cohort 2, 16 subjects) Number of
Subjects Analyzed for Safety: 35 (Cohort 1, 17 subjects; Cohort 2, 18 subjects) Number
of Subjects Analyzed for Pharmacokinetics: 33 (Cohort 1, 16 subjects; Cohort 2, 17
subjects)
Design: This was a Phase I, open-label, sequential, 2-period study consisting of 2 parts:
Part 1 (Cohort 1) - Midazolam Interaction: 30 minutes following a standardized meal, 17
subjects received a single oral dose of midazolam (10 mg) on Day 1 (Period 1), followed
by pharmacokinetic (PK) sampling. Starting on Day 4, all subjects received daily oral
doses of istradefylline (80 mg QD for 15 days [Days 4 to 18], 30 minutes after receiving
a standardized meal). Steady-state with respect to istradefylline plasma concentrations
was achieved by Day 14. A single dose of midazolam (10 mg) was administered again on
Day 17 (Period 2) followed by PK sampling.
Part 2 (Cohort 2) - Ketoconazole Interaction: 30 minutes following a standardized meal,
18 subjects received a single oral 40-mg dose of istradefylline on Day 1 (Period 1),
followed by PK sampling for 168 hours. On Day 15, all subjects were administered
ketoconazole orally, 200 mg, twice daily (BID) for 4 days (Day 15 to Day 18, 30 minutes
following a standardized meal). A single dose of istradefylline (40 mg) was administered
again on Day 19 (Period 2) followed by administration of 200 mg once daily (QD) of
ketoconazole for 7 days (Day 19 to Day 25). PK samples were collected on Day 19
through Day 25 (0-168 hours post Day 19).
Pharmacokinetic Sampling:
Part 1 (Cohort 1):
Plasma samples for analysis of midazolam concentration were collected (within 3 to 5
minutes) at the following time points: Days 1 and 17: predose, and 0.5, 1.0, 2.0, 3.0, 4.0,
6.0, 8.0, 10.0, 12.0, 16.0, 24.0, 30.0, 36.0, 42.0, and 48.0 hours following administration
of midazolam.
Plasma samples for analysis of istradefylline concentration were collected at the
following time points: Day 17: predose, and 2.0, 8.0, and 24.0 hours following the
administration of istradefylline.
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Part 2 (Cohort 2):
Plasma samples for analysis of istradefylline concentrations were collected (within 3 to 5
minutes) at the following time points: Days 1 and 19: predose, and 0.5, 1.0, 2.0, 3.0, 4.0,
6.0, 8.0, 10.0, 12.0, 16.0, 24.0, 30.0, 36.0, 42.0, 48.0, 54.0, 60.0, 66.0, 72.0, 96.0, and
168.0 hours following the administration of istradefylline.
(b) (4)
Bioanalysis: Istradefylline in plasma (HPLC-UV, analytical method
-2000-0085(b) (4)
BIO) were analyzed at the
. Analysis occurred from
(b) (4)
02-Dec-2002 to 08-Apr-2003, and
was the principal investigator
responsible for the assay. A proprietary bioanalytical method, LC/MS/MS Analysis of
Midazolam and 2 '-hydroxymidazolam in Human Plasma, was developed and validated
(b) (4)
by
. The performances of these assays are
shown in the following table.

Linearity range
(ng/mL)
Istradefylline
Midazolam
1'-Hydroxymidazolam

5.00-2000
0.100-100
0.100-100

QC samples
Accuracy
(%error)
-4.4 to -0.7
-6.09 to -1.24
-6.27 to 3.79

Precision
(%CV)
6.6 to 11.7
2.54 to 12.2
2.13 to 9.64

Calibration standards
Accuracy
(%error)
-1 5 to 2.2
-4.67 to 2.92
-0.535 to 7.92

Precision
(%CV)
3.1 to 10.0
1.18 to 5.69
3.39 to 18.4

Pharmacokinetic and Statistical Analysis:
Istradefylline pharmacokinetic analysis was conducted using non-compartmental
methods, and summarized using descriptive statistics. The pharmacokinetic parameters
were compared between Day 1 (single dose of istradefylline) and Day 19 (single dose of
istradefylline after ketoconazole treatment) using ANOVA, with terms for day and
subject. AUC values (AUC0-∞, AUC0-t, and AUC0-24), CL/F, and Cmax were logtransformed for analysis. Analyses of Tmax and elimination half-life were performed on
untransformed data. To compare the effect of ketoconazole co-administration on the
pharmacokinetics of istradefylline, 90% CIs of the ratios for AUC and Cmax, and mean
differences for Tmax and elimination half-life, were computed using Day 1 (istradefylline
alone) as the reference.
Pharmacokinetics of Istradefylline
The mean plasma concentration-time profiles of istradefylline either administered alone
(Day 1) or co-administered with ketoconazole (Day 19) are shown in the Figure below.
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Figure. Mean Plasma Concentration-Time Profiles of Istradefylline after a Single
Dose of 40 mg Istradefylline either Alone (Day 1) or Co-administered with
Ketoconazole 200 mg Twice Daily for 4 Days (Day 19) in Healthy Subjects (Study
6002-US-008).
The pharmacokinetic parameters of istradefylline either administered alone (Day 1) or
co-administered with ketoconazole (Day 19) are summarized in the Table below.
Table. Pharmacokinetic Parameters of Istradefylline after a Single Dose of 40 mg
Istradefylline either Alone (Day 1) or Co-administered with Ketoconazole 200 mg
Twice Daily for 4 Days (Day 19) in Healthy Subjects (Study 6002-US-008)
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The 90% CI for the ratio of the LS means for the Cmax of istradefylline in the absence
and presence of ketoconazole was within the 80% to 125% interval (ratio of the LS mean
was 98.6%). Tmax was also comparable in the absence and presence of ketoconazole.
Evaluation of the LS means of AUC0-∞ indicated that there was an approximately 2.5fold increase in AUC0-∞ in the presence of ketoconazole, and the mean elimination halflife of istradefylline increased from almost 100 hours to 276 hours. However, because the
sampling duration was only 168 hours (i.e., less than the half-life of istradefylline when
co-administered with ketoconazole), some subjects had extrapolated areas that constituted
more than 60% of the AUC0-∞.
Pharmacokinetics of Midazolam
The mean plasma concentration-time profiles of midazolam either administered alone
(Day 1) or co-administered with istradefylline (Day 17) are shown in the Figure below.

Figure. Mean Plasma Concentration-Time Profiles of Midazolam after a Single
Dose of 10 mg Midazolam either Alone (Day 1) or Co-administered with
Istradefylline 80 mg Once Daily for 15 Days (Day 17) in Healthy Subjects (Study
6002-US-008).
The pharmacokinetic parameters of midazolam either administered alone (Day 1) or coadministered with istradefylline (Day 17) are summarized in the Table below.
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Table. Pharmacokinetic Parameters of Midazolam after a Single Dose of 10 mg
Midazolam either Alone (Day 1) or Co-administered with Istradefylline 80 mg Once
Daily for 15 Days (Day 17) in Healthy Subjects (Study 6002-US-008)

When co-administered with istradefylline at a once-daily dose of 80 mg, the mean peak
exposure of midazolam was 1.6-fold greater, and AUC0-inf was 2.4-fold greater,
compared to values when midazolam was administered alone. Cmax, AUC0-24, AUC048, and AUC0-∞ for midazolam were all significantly different in the presence of
istradefylline (p < 0.05). The 90% CIs for the ratios of the log-transformed parameters
were also outside the 80% to 125% limits. The median Tmax was identical for both
treatment groups (1 hour). The elimination half-life of midazolam was comparable
between the 2 treatment groups, suggesting predominant presystemic inhibition of
midazolam metabolism.
Pharmacokinetics of 1’-Hydroxymidazolam The pharmacokinetic parameters of 1’hydroxymidazolam after midazolam was either administered alone (Day 1) or coadministered with istradefylline (Day 17) are summarized in the Table below.
Table. Pharmacokinetic Parameters of 1.-Hydroxymidazolam after a Single Dose of
10 mg Midazolam either Alone (Day 1) or Co-administered with Istradefylline 80
mg Once Daily for 15 Days (Day 17) in Healthy Subjects (Study 6002-US-008)
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The pharmacokinetics of 1’-hydroxymidazolam were not affected by istradefylline to the
same extent as the pharmacokinetics of midazolam. The elimination half-life of the
metabolite when midazolam was administered alone (6.49 hours) was comparable to that
for the parent compound (6.63 hours), indicating that elimination of 1.hydroxymidazolam was formation-rate limited. While the mean Cmax was lower (22%)
and the mean elimination half-life was slightly longer (23%) in the presence of
istradefylline, no relevant differences were noted in the AUC values, indicating no
change in the systemic exposure of the metabolite due to the co-administration of
istradefylline.
Comments
•
•
•
•
•

•
•

Co-administration of 10 mg midazolam with steady-state administration of
istradefylline at a once daily dose of 80 mg increased systemic exposure to
midazolam, compared to administration of midazolam alone.
Midazolam elimination half-life was comparable between the two treatment groups.
The systemic exposure to 1.-hydroxymidazolam was only minimally affected by
istradefylline.
These data suggest that istradefylline predominantly inhibits the presystemic
elimination of midazolam.
The co-administration of ketoconazole 200 mg twice daily with istradefylline
increased the mean systemic exposure of istradefylline (AUC0-t and AUC0-∞) by
approximately 1.5-fold and 2.5-fold, respectively, compared to administration of
istradefylline alone.
The mean elimination half-life increased by approximately 87%, compared to
administration of istradefylline alone, while the peak exposure of istradefylline was
not affected.
The dosing regimen of ketoconazole was chosen to ensure complete inhibition of
CYP3A4. The IC50 of ketoconazole for CYP3A4 inhibition ranges from 0.0037 to
0.18 µM. These concentrations equate to 2.0 to 95 ng/mL. A single dose of 200 mg
ketoconazole provides peak plasma concentrations of approximately 3500 ng/mL.
Assuming an accumulation factor of 1.5 after repeated dosing (based on a dosing
interval of 12 hours and terminal half-life of 8 hours), peak steady-state
concentrations are predicted to be approximately 5250 ng/mL, while trough
concentrations are predicted to be approximately 1800 ng/mL. These predicted peak
and trough concentrations are 55- to 18-fold greater than the IC50 (0.18 µM) for
CYP3A4 inhibition, and an additional 50-fold higher if using the IC50 value of
0.0037 µM. This indicates that the 200 mg twice daily dosing regimen yields plasma
concentrations of ketoconazole that are more than adequate to ensure complete
inhibition of CYP3A4 activity. To ensure continued inhibition of CYP3A4 activity, a
once daily dose of 200 mg ketoconazole was continued for an additional 7 days after
administration of istradefylline.
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4.2.33 Study 6002-EU06
Study Title: Positron Emission Tomography (PET) study using [11C]KW-6002 to
determine adenosine A2A receptor occupancy in human brain.
Objectives: Primary: To investigate adenosine A2A receptor occupancy by KW-6002 in
the human brain in healthy men, using [11C]KW-6002. Secondary: To investigate the
pharmacokinetics of [11C]KW-6002 and KW-6002 in healthy volunteers; To investigate
the rate of metabolism of the parent compound in plasma, as demonstrated by HPLC with
detection of 11C activity attributable to parent compound and metabolites.
Population: Planned: 16 healthy male volunteers (Ten according to original protocol.
Amendment 1 removed two and added eight.) Enrolled: 15 healthy male volunteers
Analysed: 12 healthy male volunteers. Healthy male volunteers, aged 35 to 65 years
inclusive.
Design: PET scan for receptor occupancy after injection of [11C]KW-6002 with and
without previous oral dosing with KW-6002 40, 20, 5, 1.5, 0.5, and 0.1 mg as a single
oral daily dose for 14 days (administered as 20 and 5 mg tablets and 0.5 and 0.1 mg
capsules; Batch numbers: tablets: 20 mg 41807; 5 mg 41803 capsules: 0.5 mg 0323T; 0.1
mg 0322T). [11C]KW-6002 total dose of radioactivity was 300 MEq, in 5 to 10 mL in
ethanol solution of not more than 10% strength v:v (ethanol:water = 10:90) as
intravenous injection. Group 1: Single injection of [11C]KW-6002 prior to PET scan
Group 2 - 8: Single oral daily dose for 14 days (two subjects had an additional five days
of dosing), with the final oral dose three hours before the single injection of [11C]KW6002 for PET scanning. PET scan receptor occupancy VD, BP and ED50 were
investigated. Plasma concentrations of KW-6002 and metabolite KF23325 were
measured at steady-state. Adverse events, physical examination, vital signs, ECG, MRI,
safety laboratory variables were measured.
Statistical methods:
PET methods: Regions of interest were anatomically defined on Magnetic Resonance
Imaging (MRI) scan and applied to the dynamic PET data to provide time activity curves
for individual scans. Plasma metabolite input function was determined. A model to
describe kinetic behaviour of [11C]KW-6002 was fitted. The kinetic model allowed for
the determination of parameters of interest such as VD, BP, and ED50. Data were
summarized by descriptive statistics (mean, median, SD).
A 2-parameter model to describe the saturation kinetics of [11C]-istradefylline was fitted
to the data using a model of the form:
BP(Istradefylline Dose) = BPmax x ED50/(ED50 + Istradefylline Dose)
where BP is binding potential and ED50 is half-saturation dose.
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The total volume of distribution (VD) is a distribution measure that includes free, nonspecific, and specific binding. An additional parameter was introduced to account for free
and non-specific volume of distribution (VDF+NS), i.e. VD = VDF+NS+VDSP. This parameter
was also fitted to a single-site saturation kinetic model of the form:

Pharmacodynamic results:
PET showed that over 90% receptor occupancy was achieved with daily oral doses of
greater than 5 mg KW-6002 for 14 days, which did not allow the construction of a doseoccupancy curve. At doses of 0.1 to 1.5 mg, receptor occupancy decreased proportionally
and construction of a dose-occupancy curve was possible. Although overall the receptor
occupancy decreased proportionally with doses of 1.5 mg and below, the results of one
subject differed markedly. Subject 602, who received a 0.5 mg daily dose, had plasma
concentrations of KW-6002 similar to those of Subject 601, who also received the 0.5 mg
dose. The PET scan data however, indicated little binding of unlabelled compound had
occurred in Subject 602, and thus the estimates of Binding Potential (BP) and Volume of
Distribution (VD) were similar to those in subjects not treated with oral KW-6002.
The [11C]KW-6002 kinetic PET data were well described by a two-tissue compartmental
model with a blood volume component, and reversible binding was evident during the
scanning period. This conclusion was supported by results from spectral analysis, which
also indicated a two-tissue compartmental model and blood volume component. While
the direct estimation of BP is susceptible to noise, the estimation of the VD is more
robust. Thus, by applying an appropriate saturation kinetic model, which included a term
for non-specific binding, it was possible to estimate the half saturation dose (ED50) for
KW-6002 from VD, at 0.55 mg for caudate, 1.28 mg for cerebellum, 0.49 mg for
putamen, 0.47 mg for thalamus, and 0.30 mg for nucleus accumbens. The following table
shows the parameter estimates for istradefylline from fitting saturation kinetics for
binding potential and volume of distribution: 2-compartment model

Pharmacokinetic results: Of 10 subjects undergoing a PET scan after pre-dosing with
unlabelled KW-6002, pharmacokinetic samples were obtained in nine. The plasma
concentrations of KW-6002 were above the lower limit of quantification of the assay (0.5
ng/mL) at all dose levels and plasma concentrations of KW-6002 were proportional to
total dose. Measured plasma concentrations of KW-6002 ranged from 0.92 to 293.21
ng/mL following repeated oral dosing with 0.1 and 40 mg respectively. KF23325
concentrations were above the lower limit of quantification (0.2 ng/mL) when KW-6002
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was administered at doses of 1.5 to 40 mg/day. Over the measurable dose range there was
a dose-related trend in plasma concentration of KF23325. Measured plasma
concentrations of KF23325 ranged from 0.32 to 9.84 ng/mL following repeated oral
dosing with 1.5 and 40 mg KW-6002 respectively.
Safety results: Overall, KW-6002 was well tolerated. There was one serious adverse
event considered possibly related to study medication; a three-day episode of atrial
fibrillation following seven days of dosing with 20 mg KW-6002. The subject was
withdrawn from the study and the event resolved following three days treatment with
atenolol and aspirin. In total, 44 adverse events were reported in 11 subjects; four prior to
the start of the study, 31 during the oral administration phase and nine following the
injection of [11C]KW-6002. Of those reported during oral dosing, 18 were considered
possibly related to study medication, although ten were episodes of headache, occurring
in four subjects. Only one subject experienced gastrointestinal side effects, which was the
most reported adverse event in other human studies of KW-6002. Three of the nine
events reported following the injection of [11C]KW-6002 were considered possibly
related to KW- 6002. All adverse events thought possibly related to KW-6002 were mild
to moderate in severity. There were no other changes in ECG, vital signs, laboratory
results, neurological or physical examination that could reasonably be attributed to KW6002.
Comments:
• PET showed that over 90% receptor occupancy was achieved with daily oral doses of
greater than 5 mg KW-6002 for 14 days. A dose-occupancy curve could, however, be
constructed following 0.1 to 5 mg daily for 14 days.
• The [11C]KW-6002 kinetic PET data were described by a two-tissue compartmental
model with a blood volume component, and reversible binding was evident during the
scanning period.
• The ED50 (derived from VD) for each region of interest was 0.55 mg for caudate,
1.28 mg for cerebellum, 0.49 mg for putamen, 0.47 mg for thalamus, and 0.30 mg for
nucleus accumbens.
• KW-6002 was above the lower limit of quantification following all doses while the
metabolite KF23325 could be detected following doses of 1.5 to 40 mg/day. There
was a dose-related trend in plasma concentrations of KW-6002 and KF23325 over the
measurable ranges.
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4.3

Consult Review (including Pharmacometric Review)

PM review will be DFS’d separately.
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Office of Clinical Pharmacology and Biopharmaceutics
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Information

Information

NDA Number

22075

Brand Name

TBD

OCPB Division (I, II, III)

DCP-1

Generic Name

Istradefylline

Medical Division

HFD-120

Drug Class

Anti-Parkinson’s disease

OCPB Reviewer

John Duan

Indication(s)

Adjunctive therapy for
Parkinson's disease

OCPB Team Leader

Ramana Uppoor

Dosage Form
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Route of Administration

Oral

PDUFA Due Date

1/29/2008

Sponsor

Kyowa Pharmaceuticals

Division Due Date

12/29/2007

Priority Classification

S

Clin. Pharm. and Biopharm. Information
Summary: This submission includes safety data from 38 completed Phase 1 to 3 studies and 3 ongoing
studies and the efficacy data from 9 Phase 2 and 3 studies in subjects with Parkinson’s disease. A
summary table of clinical pharmacology studies is included in the Appendix. A tabular listing of all clinical
studies is also presented in Appendix.
1. Three out of five Phase 2/3 studies showed effectiveness for the primary end point (the percentage of
awake time per day spent in the OFF state). The other two failed.
2. These five Phase 2/3 studies had PK sample collections.
3. Clinical pharmacology studies conducted cover the major aspects, including mass balance, enzyme
characterization, protein binding, single and multiple dose pharmacokinetics, dose proportionality, drug
interaction, special population, food effect, BA and BE studies.
4. A population PK/PD analysis was performed.
5. A PET study determining receptor occupancy was conducted.
6. Issues raised in preNDA meeting such as summary of metabolism, ketoconazole dose, drug interaction
with digoxin and clinical pharmacology summary have been addressed. Whether they are adequate is a
review issue.
The submission is filable from clinical pharmacology perspective. However, certain datasets are missing
and are requested.
“X” if included
at filing

Number of
studies
submitted

Number of
studies
reviewed

STUDY TYPE
Table of Contents present and
sufficient to locate reports, tables, data,
etc.

X

Tabular Listing of All Human Studies

X

HPK Summary

X

Labeling

X

Reference Bioanalytical and Analytical
Methods

X

3

3

X

1

1

I. Clinical Pharmacology
Mass balance:
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Critical Comments If any

Formatted: Italian (Italy)

Isozyme characterization:

3

X

3

3 enzyme identification
5 inhibition potential
2 transportor studies
induction potential studied in
animal in vivo

Blood/plasma ratio:

X

Plasma protein binding:

X

in mass balance study
3

3

Pharmacokinetics (e.g., Phase I) Healthy Volunteerssingle dose:
multiple dose:

X

3

3

X

5

5

Patientssingle dose:

X

1

1

multiple dose:

X

2

2

In-vivo effects on primary drug:

2

2

In-vivo effects of primary drug:

4

4

Dose proportionality fasting / non-fasting single dose:
fasting / non-fas ing multiple dose:
Drug-drug interaction studies -

X

In-vitro:
Subpopulation studies ethnicity:

X

gender:
pediatrics:
geriatrics:

X

renal impairment:

X

1

1

hepatic impairment:

X

1

1

Phase 2:

X

2

2

1

1

X

1

1

Food-drug interaction studies:

X

2

2

Dissolution:

X

1

PD:
Phase 3:
PK/PD:
Phase 1 and/or 2, proof of concept:
Phase 3 clinical trial:
Population Analyses Data rich:
Data sparse:
II. Biopharmaceutics
Absolute bioavailability:
Relative bioavailability solution as reference:
alternate formulation as reference:

X

Bioequivalence studies traditional design; single / multi dose:
replicate design; single / multi dose:

Formatted: Italian (Italy)
Formatted: Italian (Italy)

(IVIVC):
Bio-waiver request based on BCS
BCS class
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III. Other CPB Studies
Genotype/phenotype studies:
Chronopharmacokinetics
Pediatric development plan
Literature References
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Total Number of Studies
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Filability and QBR comments
“X” if yes

Application filable?

Comments
Reasons if the application is not filable (or an attachment if applicable)

X

For example, is clinical formulation the same as the to-be-marketed one?
Comments have been sent to firm (or attachment included) FDA letter date
if applicable

Comments sent to firm?

1.

It is noted that several assay methods have been used in
the development. Please clarify whether a cross validation
among different assays has been conducted.

2.

Please clarify the differences of NONMEM files submitted
on 3/29/07 and 5/8/07.

3.

Please clarify the relationship between the datasets located
in \m5\datasets\6002-pop-pk-analysis and those located in
separate NONMEM folders.

4.

A number of dataset corresponding to the control streams
listed in NONMEM folder could not be found. Following are
some examples from NONMEM\PK folder.
ten_studies_PK.csv used by control stream 10.
ModDevel_PKv2log.csv used by control steam 100
ModDevel_PK_031706.csv used by control stream 368
ModDevel_PK_013006.csv used by control stream 300

5.

Please check the control streams and datasets and provide
the corresponding data files (csv files) in csv format.

The datasets showing key information (such as the
concentrations and radioactivity) in studies 6002-us-010 and
6002-eu-006 could not be found. Please direct us to find them or
otherwise provide the datasets.
QBR questions (key issues to be
considered)

1.

Is there any reason for the failed trials from exposure response relationship
perspective?

2.

Is the proposed dosing regimen reasonable?

3.

Are the assays comparable cross studies?

Other comments or information not
included above

Primary reviewer Signature and Date
Secondary reviewer Signature and Date

CC: NDA 22075 HFD-850 (Electronic Entry), HFD-120, HFD-860 (John Duan, Ramana
Uppoor, Mehul Mehta)
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