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MEMORANDUM 
    DEPARTMENT OF HEALTH & HUMAN SERVICES 

                      Public Health Service 
                Food and Drug Administration 

______________________________________________________________________________ 
 
Division of Neurology Products (HFD-120) 
Center for Drug Evaluation and Research 
 
Date: August 26, 2019 
 
From: Lois M. Freed, Ph.D. 
 Supervisory Pharmacologist 
 
Subject: NDA 22-075, Class 2 Resubmission (istradefylline, KW-6002) 
_____________________________________________________________________________ 
 
The original NDA submission (received March 29, 2007) was determined to be not approvable, 
based on clinical and nonclinical deficiencies (Not Approvable letter, dated February 25, 2008). 
The nonclinical deficiency was an inadequate evaluation of brain in the pivotal toxicity studies in 
dog, a concern raised by the finding of brain mineralization in rat. In the Class 2 Resubmission 
(received February 27, 2019), the sponsor has provided reports for additional evaluations of 
brain sections from the 26- and 52-week toxicity studies in dog and a White Paper entitled, 
“Brain Vascular Mineralization Data Summary and Risk Assessment.” The sponsor has also 
provided the following: 
 

• A new pharmacology study, an in vitro binding assay to assess the affinity of KW-6002 
(1 µM) to selected serotonin (5HT1B and 5HT1D) and signa (σ1 and σ2) receptors. 

• Amended reports for four PK/ADME studies submitted in the original NDA. 
• A 13-week oral dose-ranging study of levodopa/carbidopa in non-pregnant rabbit (Study 

033-009; final report signed on April 12, 2007, but not included in the original 
NDA). 

• A TK study in pregnant rabbits administered LD/CD in combination with KW-6002 
(Study d-07-006; final report signed on July 11, 2007, but not included in the original 
NDA; plasma samples were from Study 033-016, a dose-ranging embryofetal 
development study in rabbit, which was submitted in the original NDA). 

 
Only the new information submitted to address the nonclinical deficiency will be discussed in 
this memo; the other reports do not alter the conclusions of the original review and evaluation. 
 
Brain mineralization 
  
The brain mineralization findings reported in the original NDA submission have previously been 
described in detail and discussed (Pharmacology/Toxicology Review and Evaluation, NDA 
22075, Terry S. Peters, D.V.M, February 22, 2008; Memorandum, NDA 22-075, Lois M. Freed, 
Ph.D., February 25, 2008). 
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Dog: Re-analysis of brain sections from the 26- and 52-week studies in dog (26-week: 0, 0 
(vehicle), 16, 80, or 400 mg/kg/day; 52-week: 0, 10, 30, or 100 mg/kg/day) did not reveal 
evidence of brain mineralization, according to the sponsor. Dr. McKinney agrees with the 
sponsor’s conclusion.  
 
White Paper: The sponsor’s White Paper summarizes the brain mineralization findings in mouse 
and rat, which were provided in the original NDA submission, the results of the re-analysis of 
brain samples from the 26- and 52-week toxicity studies in dog, and human experience, which 
the sponsor believes supports the lack of human relevance of the rat finding. 
 
In characterizing the vascular mineralization in rat brain, the sponsor indicated that the 
mineralization was “located primarily in the basal ganglia” and was “primarily a vessel wall 
phenomenon,” with no evidence of neuronal injury or reactive gliosis, and “silent,” in that there 
was no evidence of accompanying “altered behavior or convulsions.” The sponsor also stated 
that the localization and characteristics of the istradefylline-induced brain mineralization are 
different than that observed “…across experimental models,” noting, “…it is difficult to find a 
model that is characterized uniquely by foci of vascular mineralization, concentrated in the basal 
ganglia, as observed in the istradefylline treated rats.” As noted during the original review, the 
sponsor has not identified a possible mechanism responsible for the finding but has ruled out 
hypoparathyroidism or renal toxicity. 
 
Published literature cited by the sponsor indicate that brain vascular mineralization is observed in 
brain of multiple species (e.g., mouse, rat, horse, monkey, and human) and appears to increase 
with age in animals and humans. Although acknowledging that ruling out a possible increase in 
mineralization in human brain “would require confirmatory imaging studies,” which have not 
been conducted, the sponsor states that the substantial safety database in humans (“nearly 50,000 
clinical trial subjects and patients as of 31 Mar 2018”) “produced no evidence suggesting the 
development of brain vascular mineralization during 12 or 16 weeks of…treatment.” In addition, 
the post-marketing experience (in Japan) has not identified an increase in symptoms (e.g., “motor 
and possibly cognitive function”) suggestive of increased vascular mineralization. The sponsor 
concludes that “…it is not possible to rule out the occurrence of brain vascular mineralization. 
Nevertheless, the findings from the post-marketing safety database did not indicate the 
occurrence of istradefylline-associated brain vascular mineralization that was serious enough to 
be symptomatic.” 
 
Conclusions and Recommendations 
 
The sponsor has adequately addressed the nonclinical deficiency included in the division’s 
February 25, 2008, letter by providing a reanalysis of brain sections from the 26- and 52-week 
toxicity studies in dog. Overall, the nonclinical data demonstrate a dose-related increase in 
vascular mineralization in brain of rat but not mouse or dog. Brain mineralization has been 
reported to be a spontaneous finding in multiple species, including human; however, in the 2-
year Wistar rat carcinogenicity study, in which the finding was originally observed, foci of 
mineralization was detected in only 2 control animals (summary table from the February 25, 
2008, memorandum, below).   
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A no-effect dose for brain mineralization was not identified; at the lowest dose tested (30 
mg/kg/day), plasma AUC(0-12 hr) at Week 26 was 17787 and 19957 ng*hr/mL in males and 
females, respectively. These values are approximately 2 times that in humans at the maximum 
recommended human dose of 40 mg (AUC(0-24 hr) of 9832 ng*hr/mL) but may be slight 
underestimates because they represent exposures only up to 12 hrs post dose. 
 
(Brain mineralization was also detected in the 13-week study in Wistar rat (0, 40, 80, 160, or 320 
mg/kg/day) at all but the lowest dose tested and in the 26-week toxicity study in Sprague-Dawley 
rat (0, 3, 6, 30, or 160 mg/kg/day) at the highest dose tested, based on a re-examination of brain 
sections from these studies.) 
 
Brain mineralization was not detected in beagle dog in the 26- or 52-week toxicity studies, based 
on the original evaluation and a focused re-evaluation of selected brain sections from these 
studies. The data from the 26-week study is not particularly informative because of the 
substantially lower exposures achieved even at the highest dose tested (400 mg/kg/day, Day 176: 
AUC(0-t) of 660 and 1220 ng*hr/mL in males and females, respectively). Higher exposures were 
achieved in the 52-week study; however, plasma exposures (at Week 52, AUC(0-24 hr) of 37485 
and 34760 ng* hr/mL) at the highest dose tested (100 mg/kg/day) were only approximately 2 
times the AUC(0-12 hr) values at the lowest dose tested in the 2-year rat carcinogenicity study. 
Therefore, whether mineralization would have been detected at higher doses in dog is unknown. 
 
In the 2-year carcinogenicity study in CD-1 mouse, brain mineralization was detected in all 
groups, including control (45/69 and 39/69 in control males and females, respectively), with no 
dose-related incidence or severity. At the highest dose tested (250 mg/kg/day), plasma  
AUC(0-24 hr) was 203404 and 189773 ng*hr/mL in males and females, respectively, based on data 
from the 13-week dose-ranging study in CD-1 mouse; these values are higher than those at 
which brain mineralization was reported in rat.  
 
Overall, the available data demonstrate an increase in incidence and severity of brain 
mineralization only in rat. However, whether this finding is species-specific or not of relevance 
to humans is unclear, particularly without an identified mechanism of action. Because of this 
uncertainty and the inadequacy of the available clinical data to rule out a similar finding in 
humans (based on feedback from the clinical team), it is recommended that a description of the 
finding be included in labeling (Section 13.2). 
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PUBLIC HEALTH SERVICE 
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CENTER FOR DRUG EVALUATION AND RESEARCH 

 
 

PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION 
 

Application number: 22075 

Supporting document: 0047 (61) 

Applicant’s letter date: 02/27/2019 

CDER stamp date: 02/27/2019 

Product: Nourianz® (KW-6002/istradefylline) 

Indication: Parkinson’s disease 

Applicant: Kyowa Kirin Pharmaceutical Development, Inc.  

Review Division: DNP 

Reviewer: LuAnn McKinney, DVM, DACVP 

Supervisor: Lois M. Freed, PhD 

Acting Division Director: Eric Bastings, MD 

Project Manager: Stacy M. Metz, PharmD 

Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 22075 are owned by Kyowa Kirin or are data for which 
Kyowa Kirin has obtained a written right of reference. 
Any information or data necessary for approval of NDA 22075 that Kyowa Kirin does not 
own or have a written right to reference constitute one of the following: (1) published 
literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, as 
described in the drug’s approved labeling.  Any data or information described or 
referenced below from a previously approved application that Kyowa Kirin does not own 
(or from FDA reviews or summaries of a previously approved application) are for 
descriptive purposes only and are not relied upon for approval of NDA 22075. 
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1 Executive Summary 
This is a resubmission of NDA 22075, originally submitted on April 29, 2007.  A 
complete review of the nonclinical studies submitted in the original NDA was completed 
on February 25, 2008 (Terry Peters, DVM), and a supervisory nonclinical review was 
also filed on February 25, 2008 (Lois M. Freed, PhD).   The application was found by 
Dr. Peters to be approvable from a nonclinical perspective; however, the supervisory 
review cited deficiencies in the histopathologic assessment of dogs administered KW-
6002.     
 
In this resubmission, the sponsor submitted a detailed discussion and additional 
histopathologic evaluations, to include special stains, of sections of the brains of dogs.  
Upon review, in contrast to studies in rat, a detailed histopathologic examination of the 
brains of dogs administered KW-6002 found no drug-related mineralization or 
degenerative changes.   
 
The sponsor also provided a number of individual studies, including an additional in vitro 
binding study, toxicokinetic data in suckling rat pups, toxicokinetic data for a previously 
submitted non-pivotal study, and corrections of minor errors in several previously 
reviewed studies.  These additional submissions were reviewed and have been found to 
have no impact on the final study results.  All other studies are covered in the complete 
nonclinical review by Dr. Terry Peters, DVM (February 25, 2008).  
  

1.1 Recommendations 

1.1.1 Approvability Approvable 

From a nonclinical perspective, this application is approvable. 

1.1.3 Labeling:  

Labeling was not addressed after the non-approval of the original submission; however, 
Dr. Peters’ review recommended the following: 
 
Section 7.1:  
“Istradefylline showed in vitro evidence of inhibition of CYP3A4 activity on 14C-
testosterone and 14C-midazolam.” 
 
Section 8.1:  
That the skeletal variations in rat be cited as “specifically splitting of the vertebral arch 
ossification centers.”   
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Further, that “As no TK parameters were assessed in this study, "systemic exposures" 
should not be ascribed to this study. Additionally, although human data show linearity 
for TK exposures, the animal data do not.” 
 
That when teratogenicity of istradefylline in combination with CD/LD, was “assessed in 
animals. The results showed an increase in membranous septal defects in cardiac 
ventricles.” 
 
And “When istradefylline was administered to pregnant rats, the fetal plasma levels 
were higher than in the dams and the drug persisted for longer periods of time in the 
fetus.” 
 
Section 12.2:  
In 52- and 26-week studies in dog, in addition to the information about mineralization,  
“Pneumonitis with septal thickening was appreciated after oral dosing (both gavage and 
capsular administrations) in rats and dogs. This effect is considered to be treatment-
related.” 
 
In her supervisory review, Dr. Freed commented that for labelling purposes: “the 
teratogenic effects in rabbit are greater, both quantitatively and qualitatively, when 
istradefylline is given in combination with levodopa/carbidopa than when administered 
alone.” 
 

Concur with Dr. Freed that there is clear teratogenicity and with Dr. Peters that, when 
there are inadequate exposure data in the nonclinical studies, relationships to clinical 
doses should be as multiples of the maximum recommended dose of 40 mg/day.  

1.2 Brief Discussion of Nonclinical Findings 

Binding affinity of KW-6002 to 5HT1B (human), 5HT1D (human), Sigma 1, and Sigma 2 
receptors was weak (≤ 8.66 %).   
 
A single dose of radiolabeled KW-6002, administered to lactating dams on PND 9, 
distributed rapidly to milk at levels 7-fold those detected in blood and plasma and was 
eliminated by 24 hours, with a half-life of approximately 50% that of blood and plasma.   
Radioactivity was detected in the blood of suckling rat pups at the first time-point (4 
hours post-dose) and reached peak concentration at ~12 hours at circulating levels less 
than those in dams. Elimination from the suckling pups was slower than that in lactating 
dams, and at 48 hours (the last timepoint) radioactivity in the blood of suckling rat pups 
was 3 times that of the dam. 
 
In a pilot (non-GLP) study, CD/LD was administered PO to non-pregnant Kbl:JW 
rabbits.  No adverse clinical signs or effects on body weight, body weight gain, and food 
consumption were observed. Oral dosing of CD/LD at 20/80 mg/kg QD was found to be 
suitable for subsequent embryofetal development studies in rabbit.  
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The toxicokinetics of levodopa, when administered as CD/LD in combination with KW-
2006 to pregnant rabbits on Gestation Days (GD) 6 through 18 demonstrated that KW-
6002 had minimal-to-no effect on systemic exposure to LD in plasma samples drawn on 
GD 6 and 18. 
 
Histopathologic evaluation of PAS, H&E, and GFAP-stained sections of brain from the 
26- and 52-week dog studies showed no evidence of neuro-degeneration, necrosis, or a 
glial response.  No mineralization was detected in brain sections from the 52-week 
study. Minimal PAS-positive mineral deposits were detected in C and HD groups in the 
26-week study.  These deposits were random and, in contrast with the findings in rat, 
not associated with vessels.   
 

2 Drug Information 

2.1 Drug 

CAS Registry Number 155270-99-8 
Generic Name Istradefylline 
Code Name KW6002 
Chemical Name (IUPAC) (E)-8-(3,4-Dimethoxystyryl)-1,3-diethyl-7-

methyl-3,7-dihydro-1H-purine-2,6-dione 
Molecular Formula/Molecular 
Weight 

C20H24N4O4 / 384.43 

Structure or Biochemical 
Description 

Sponsor’s figure: 

 
Pharmacologic Class Selective adenosine A2A receptor 

antagonist 
 

2.2 Relevant INDs, NDAs, and DMFs 

IND 58356 (for Parkinson’s disease) 

2.3 Clinical Formulation 

Norianz® is formulated in 10, 20, and 40 mg tablets, as described in the sponsor’s table 
below. 
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2.4 Proposed Clinical Population and Dosing Regimen 

The recommended initial daily dose is 20 mg, and the maximum recommended human 
dose is 40 mg/day, once daily as adjunctive treatment to Parkinson’s disease patients 
experiencing “off” episodes.  
 

2.5 Regulatory Background 
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IND 58356 was received on May 20, 1999. NDA 22075 was received on April 25, 2007.  
The nonclinical review (Terry S. Peters, DVM), the supervisory review (Lois M. Freed, 
PhD), were entered in DARRTS on February 25, 2008. For reasons of lack of efficacy, a 
Not Approvable letter was sent to the Sponsor on February 25, 2008. 
 
A Complete Response was received on February 27, 2019.    

3 Studies Submitted  

3.1 Studies Reviewed  

• Several submitted errata documents  
• An in vitro neurotransmitter binding study 
• A report of labeled-drug levels in lactating dams and suckling rat pups 
• Additional TK data for a previously reviewed embryofetal development study in 

rabbit 
• An investigation into the optimal dosing of CD/LD in rabbits 
• A report of additional brain investigations and a White Paper addressed concerns 

of the pharmacology supervisor from the original review.  
 
 

3.2 Studies Not Reviewed  

Nonclinical dependency studies, with separately submitted toxicokinetics and dose 
ranging studies, were reviewed by the controlled substances staff. (Katherine Bonson, 
PhD, August 7, 2019)  

3.3 Previous Reviews Referenced 

Nonclinical review of IND  58356 (Paul L. Roney, PhD - MAY 31, 2006) 
Original nonclinical review of NDA 22075 (Terry S. Peters, DVM, February 25, 2008) 
Secondary review of NDA 22075(Lois M. Freed, PhD, February 25, 2008)  
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 4     Pharmacology 

Pharmacodynamic studies:  
 
Study no. AL6796: Binding study of KW-6002 on various receptors  

 
 
Binding affinity of KW-6002, at a concentration of 1×10-6 mol/L to 5HT1B (human), 
5HT1D (human), Sigma 1, and Sigma 2 receptors was weak (≤ 8.66%).  Inhibition by 
positive controls was ≥ 98% (see Sponsor’s table below).  
 

 
 
5     PK/ADME 

Excretion studies: 

Study number 98-645A-10114:  
Disposition of KW-6002(49). Transfer of 14C-KW-6002 into milk after oral administration 
to lactating rats.   
 
Three lactating rats were administered 3 mg/kg on postnatal day 9 by oral gavage. 
Seven suckling rat pups were placed with each dam from 2 hours post-dose.  
 
Dams were bled from the tail vein at 0.25, 2, 3, 6, 8,12, 24, 36, 48, 72, and 96 hours 
post-dose. Pups were removed from the dam 1 hour prior to sampling the milk; oxytocin 
was administered IP to the dam 5 minutes before milk collection. Neither milk, blood nor 
plasma levels were assayed beyond 48 hours post-dose. 
 
One pup per litter was euthanized at 4, 8, 12, 24,72, and 96 hours post-dose, and blood 
samples were taken from severed carotid/jugular vessels. Each sampled pup was 
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replaced with a pup that was naïve to KW-6002, thereby assuring similar feeding 
conditions throughout the sampling period. Due to limited timepoints, AUC values were 
not determined in the suckling rats. 
 
Distribution to milk was rapid, and levels in milk exceeded blood (7-fold) and plasma 
exposures 5 to 7-fold, with a shorter half-life (one half that in blood and plasma).   
 
Radioactivity was detected in blood of pups at 4 hours post-dose (within 2 hours of 
nursing). The Tmax in pups was ~12 hours; Cmax was less than that in the dams.  
Elimination from the pups was slower than that reported in dams and at 48 hours (the 
last timepoint) radioactivity in the blood of pups was 3 times that of the dam. 
 
Sponsor’s table: radioactivity in blood, plasma, and milk in lactating dams and blood and 
plasma of suckling pups.  

 
 
Sponsor’s table: Radioactivity in milk, plasma, and blood in lactating dams.  
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Sponsor’s figure: Radioactivity in milk, plasma, and blood in lactating dams 
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Sponsor’s figure: Radioactivity in lactating dams and suckling rat pups.  
 

 

6  General Toxicology 
Study No. 033-009    Final Report: A 13-day Repeated Oral Dose Preliminary 
Toxicity Study of Levodopa/Carbidopa in Non-Pregnant Rabbits (Non-GLP). 
 
Carbidopa/Levodopa (CD/LD) was administered PO to 3 non-pregnant Kbl:JW rabbits 
per group at 0, 20/80 mg/kg QD, or 10/40 mg/kg BID for 13 days. Observations were 
limited to clinical signs, body weight, and food consumption. 
 
No adverse clinical signs were reported, and no differences were reported among 
groups for body weight, body weight gain, or food consumption. The sponsor concluded 
that once daily oral administration of 20/80 mg/kg CD/LD was suitable for the 
subsequent embryofetal development studies in rabbit.  
 

9      Toxicokinetics 
Study No. d-07-006 Measurement of KW-6002 and Levodopa Concentrations 

Reference ID: 4482768Reference ID: 4484018

(b) (4)



NDA # 22075  LuAnn McKinney, DVM, DACVP 
 

12 

in Plasma Samples Originating from a Study Titled “Preliminary Study for Effects of KW-
6002 and Levodopa/Carbidopa on Embryo-Fetal Development by Oral Administration in 
Rabbits” (performed at the ) 
 
KW-6002 (KW), and carbidopa/levodopa (CD/LD) were administered orally from 
gestation days (GD) 6 through 18 to 7 pregnant rabbits per group at KW/LD/CD doses 
of 0/0/0, 0/80/20, 200/80/20, 400/80/20, 600/80/20, and 800/80/20 mg/kg/day. Blood 
samples were drawn on GDs 6 and 18.  
 
Exposures (Cmax and AUC) to KW-6002 increased with dose in a less than dose-
proportional manner, and there was modest accumulation of KW-6002 at higher doses. 
When administered in combination with LD/CD, KW-6002 had minimal effect on 
systemic exposure to LD; CD levels were not reported. 
 
Sponsor’s tables:  
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10    Special Toxicology Studies 
Study No. 0921 
Additional brain investigation to a completed toxicity study by oral administration of KW-
6002 to beagle dogs for 52 weeks: integrated summary and safety evaluation performed 
at ). 
 
This study assessed specimens from the original Study No. KHK/45: KW-6002 Toxicity 
to dogs by repeated oral administration for 52 weeks with a 12-week recovery period, 
(performed at ).  The pathology 
peer-review was conducted by a pathologist both board-certified by the JCVP and a 
fellow of the International Academy of Toxicologic Pathology. 
 
The study design included 4/sex/group (0, 10, 30, or 100 mg/kg) main study animals 
and 1/sex/group recovery animals.  Five serial sections were cut from archived paraffin 
blocks of each of the animals in all groups (6-8 per animal, from cerebrum, cerebellum, 
midbrain, and medulla oblongata) and mounted on glass slides.    
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One section was stained with hematoxylin and eosin (H&E), one with periodic acid 
Schiff (PAS), and one with an immunohistochemical stain for glial fibrillary acidic protein 
(GFAP).  Any additional sections were archived.  
 
No histologic evidence of mineral, degeneration, or necrosis was observed in PAS or 
H&E-stained sections, and no evidence of a glial response were seen in sections 
stained for GFAP. 
 
Study No. 0902: Additional brain investigation to a completed toxicity study by oral 
administration of KW-6002 to beagle dogs for 26 weeks, (performed at  

.)  
 
This study assessed specimens from the original Study No. 95-303: Repeated dose 
toxicity study of KW-6002 administered orally to dogs for 26 weeks (performed at 
Toxicological Research Laboratories, Yamaguchi, Japan.) The pathology peer-review 
was conducted by a pathologist both board-certified by the JCVP and a fellow of the 
International Academy of Toxicologic Pathology. 
 
The original study design included 4/sex/group (0-HPMC, 0-gelatin capsule, 16, 80, or 
400 mg/kg) main study animals only (there was no recovery group). Five serial sections 
were cut from archived paraffin blocks of each of the animals in all groups (6-8 per 
animal, from cerebrum, cerebellum, midbrain, and medulla oblongata) and mounted on 
glass slides.    
 
One section was stained with hematoxylin and eosin (H&E), one with periodic acid 
Schiff (PAS), and one with an immunohistochemical stain for glial fibrillary acidic protein 
(GFAP).  Any additional sections were archived. 
 
Minimal PAS-positive mineral deposits were seen in the pia mater and choroid fissure in 
one HDM and one CF: the deposits were random and not associated with vessels.   
Focal perivascular mononuclear cells were seen in the thalamus of one MDM and in the 
meninges of one LDM and one CF.  No histologic evidence of neurodegeneration or 
necrosis was observed in PAS or H&E-stained sections, and no evidence of a glial 
response was observed in sections stained for GFAP.   

11    Integrated Summary and evaluation 
KW-6002 (Istradefylline) is an adenosine A2A receptor antagonist developed as 
adjunctive therapy to carbidopa/levodopa (CD/LD) for the treatment of “off” episodes in 
patients with Parkinson’s disease. The NDA was submitted on April 29, 2007 and based 
on a lack of clinical efficacy, the application was found to be not approvable on February 
25, 2008.  At that time the application was found to be approvable from a nonclinical 
perspective; however, inadequate nonclinical assessment of the mineralization in brain 
was cited in the non-approval letter. On February 27, 2019, the sponsor submitted a 
complete response with additional clinical and nonclinical studies.  
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The primary, secondary, and safety pharmacology, PK, ADME, toxicology, reproductive 
and developmental, and carcinogenicity studies were reviewed in the original nonclinical 
review by Terry Peters, DVM (February 25, 2008).   
 
In the review of the two-year bioassay in rat, Dr. Peters cited foci of sub-endothelial 
vascular mineralization seen in the thalamus and mid-brain in 2 CF and in all dosed 
groups in males and in mid-dose and high dose group females.  The foci increased in 
incidence and severity in a dose-related manner and were reported as early as 24 
weeks in a male and a female that had been terminated for poor physical conditions 
attributed to pulmonary pathology.  Absent clinical signs or histologic evidence of 
neurodegenerative changes, the vascular changes are thought to have developed 
gradually and thus allowed compensation for any vascular compromise. Mineralization 
was also detected in brains of rats administered KW-6002 for 13 weeks, but not for 
shorter durations. Mineral was seen in the two-year bioassay in mouse but the 
incidence and severity were compatible with spontaneous background changes. No 
brain mineralization was reported in the dog studies of up to 52 weeks in duration or in 
the 13 week mouse study.  
  
The mineralization was further addressed in the supervisory review by Lois M. Freed, 
Ph.D. (February 25, 2008).  Dr. Freed found the histopathologic evaluation of the brains 
of dogs from the 26- and 52-week studies to be inadequate and recommended that the 
sponsor conduct a detailed histopathologic evaluation of the brains of the dogs and 
provide a summary and evaluation of the mineralization of the brains in the rat.   
 
The sponsor addressed the concerns discussed in the supervisory review in two 
submitted reports in dog and a summary White Paper. Upon re-examination of H&E, 
PAS, and GFAP-stained brain tissues from all animals from the 26- and 52-week dog 
studies, no histologic evidence of mineralization, neuronal degenerative or necrotic 
changes, or of a glial response were seen brains from the 52-week study.  In the 26-
week dog study, minimal mineralized foci were seen in the meninges of one CF and one 
HDM, and minimal inflammatory cells were seen in the thalamus of one MDM and in the 
meninges of a CF and a LDM.  In contrast to observed marked vessel-associated 
mineral seen in the brains of rat, the findings in dog brain are spontaneous random 
changes unrelated to the administration of istradefylline.  
 
In the submitted White Paper, the sponsor suggested the vascular mineralized PAS-
positive material noted in the brains of mice in the two-year study were compatible with 
vascular age-related lamellar mineralization reported in the literature.  In the absence of 
similar changes in dog or in mouse, the sponsor proposes that the istradefylline-related 
changes in rat are species-specific. Vascular mineralization is a background change 
seen in the laboratory rat; however, as was seen in the female control rats in the two-
year study, the change is usually minimal.  There was a clear dose- and duration-
related increase in both severity and incidence in istradefylline-dosed rats.    
 
The sponsor cited extensive clinical experience with istradefylline and a post-marketing 
review and analysis that did not find neurologic abnormalities attributable to vascular 
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mineralization.  Although limited to the conditions of this NDA, the data show that the 
dose-responsive incidence and severity of the finding are limited to long-term 
administration in rat.   Given the extensive clinical experience and absence of a similar 
dose-relationship in mouse or dog, the finding is likely not relevant to humans.  
However, the mechanism of the istradefylline-associated mineralization in rat brain is 
not explained and, because of the increased severity with dose and duration, the finding 
should be noted in labeling. 
 
CD/LD is known to cause fetal defects in animals and istradefylline caused fetal death 
and malformations in rabbits. In embryo-fetal studies in rabbit, Dr. Peters found that 
when istradefylline was co-administered with CD/LD at 20/80 mg/kg/day, “there is an 
increase in membranous septal defects in cardiac ventricles” compared to that seen 
with CD/LD alone.  
 
The CD/LD doses of 20/80 were far below that which are routinely administered 
clinically and the lowest istradefylline dose administered (200 mg/kg/day) far exceeds 
that which is recommended clinically. Clearly, when administered as directed, 
istradefylline may cause fetal harm and this should be addressed in labeling with 
appropriate dose margins.  If exposure data in embryofetal development studies are 
inadequate, relationships to clinical doses should be expressed as multiples of the 
maximum recommended human dose of 40 mg/day in labeling.  
 
Clearance of istradefylline in rat offspring is slower than in their dosed dams.  In two 
studies of radiolabeled istradefylline in pregnant or nursing rats, the radioactivity 
persisted for a longer time and at higher levels in both fetuses and neonates than in 
dams.  In a study of nursing rat pups, a single PND-9 dose of istradefylline to lactating 
rats was rapidly distributed to milk at levels greater than in plasma and blood and was 
found in blood and plasma of the rat pups. The radioactivity was cleared from milk 
within 24 hours and was at negligible levels in the blood and plasma of the dams at 48 
hours post-dose.  Circulating levels in the pups persisted through 48 hours (the last 
sample tested) and at that time exceeded circulating levels in the dams.  It is 
recommended that labeling note that administration of istradefylline to nursing mothers 
may need to take into consideration possible effects on breast-fed infants. 
 
Recommendation: 
The primary and supervisory reviewers of NDA 22075 had expressed concerns about 
the mineralization in brains of animals administered KW-6002 in chronic studies.  The 
submitted complete response included additional assessment of the brains of dogs from 
chronic studies and an integrated discussion of the findings of clinical and nonclinical 
studies.  The Sponsor has adequately addressed those concerns and, from a 
nonclinical perspective, this application is approvable.  
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2.6  PHARMACOLOGY/TOXICOLOGY REVIEW 
  

2.6.1 INTRODUCTION AND DRUG HISTORY 
 
NDA number:  22075 
 
Review number:  1 
 
Sequence number/date/type of submission:  N000; 4/29/07; Original NDA 
 
Information to sponsor: Yes  
 
Sponsor and/or agent:    Kyowa Pharmaceutical, Inc., Princeton, N.J. 
 
Manufacturer for drug substance: Kyowa Hakko Kogyo Co., Ltd., Sakai Plant- 
Facility No. 1, Sakai-shi, Osaka, Japan 
 
Reviewer name:  Terry S. Peters, D.V.M.  
  
Division name:  Neurology Products 
   
Review completion date:   11/15/07   
 
Drug: 
 Trade name:  Istradefylline Tablets 
 Generic name:  Istradefylline Tablets 
 Code name:  KW-6002   
 Chemical name:  (E)-8-(3,4- Dimethyoxystyryl)- 1,3- dimethyl-7-methyl-3,7- 
dihydro-1H-purine-2, 6-dione 
 CAS registry number:    155270-99-8 
 Molecular formula/molecular weight:  C20H24N4O4 
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Structure:   

 
 
Relevant INDs/NDAs/DMFs:  IND 58356, ; DMF  
 
Drug class:  Selective adenosine A2A receptor antagonist 
 
Intended clinical population:  Adjunctive therapy for patients with Parkinson’s disease 
 
Clinical formulation:   Tablet 
 
Route of administration: Oral 
  
Disclaimer:  Tabular and graphical information are constructed by the reviewer unless 
cited otherwise. 
 
 

 

(b) (4)(b) (4)
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EXECUTIVE SUMMARY 
 
I. Recommendations 
 

A. Recommendation on approvability 
There are no objections to approval from a pharmacology/toxicology 
perspective. 

B. Recommendation for nonclinical studies 
No additional studies are necessary at this time. 

C. Recommendations on labeling  
In section 7.1,line 333:  

 

 
 

8.1 Pregnancy 

 

(b) (4)

(b) (4)
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13.2 Animal Toxicology and/or Pharmacology 

II. Summary of nonclinical findings 
A. Brief overview of nonclinical findings 

 
CYP 3A4 is the primary isozyme involved in istradefylline metabolism and istradefylline 
inhibits CYP3A4 activity on 14C- testosterone and 14C-midazolam.  Protein binding was 
high in all species (rat, pregnant rabbit, dog, human) tested, with binding ~95% in all 
samples.  The binding was predominantly to albumin in the human samples. No novel 
metabolites were identified in humans when compared to the animal data.  
 

(b) (4)

(b) (4)
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The target organs for istradefylline in rats and dogs are consistent and are the adrenal 
gland (hypertrophy/hyperplasia) and lung (pneumonitis with septal thickening). 
 
The 2 year mouse bioassay appears to have been adequately conducted and assessed but 
the doses do not appear to have been significantly high enough to elicit even a minor 
level of toxicity at the highest dose of 250 mg/kg/d. No increases in any pre-neoplastic or 
neoplastic lesions were found in this study. Foci of mineralization were noted in the 
brains of some treated animals but no reactive lesions were detected. The exposures 
appear reasonable when compared on the basis of Cmax for mice vs. humans.  
 
In the rat 2 year bioassay, foci of mineralization were reported in the brains, primarily in 
the males from all dose groups and high dose females but also in 4/sex/controls. In the 
rat, the incidence was greater in treated groups. No reactive lesions were described.  
Lesions were described in the thalamus/mid brain primarily in the vasculature either 
covered by basal lamina or endothelium. The finding was seen by Week 24 in the high 
dose groups and Week 39 in the 30 mg/kg/d groups. When the shorter term rat repeat 
dose studies were re-evaluated, mineralization was detected in the brains of rats treated 
for 13 weeks but not for shorter periods of time. No brain mineralization was found in the 
dog studies of up to 52 week duration or the 13 week mouse study. 
 
In the 2 year rat study, exposure increases were less than dose proportional (Cmax and 
AUC were 61% and 54% lower, respectively) by Week 104 at the 320 mg/kg/d dose.  
Accumulation was evident by Week 13 and remained essentially constant for the 
remainder of the study for all but the 320 mg/kg/d males where the accumulation ratio 
was highest at Week 13. 
 
There were no significant treatment-attributable neoplastic findings in this 2 year oral 
gavage study in rats with istradefylline. 
 
 

See final section of the review 
B. Pharmacologic activity 
See final section of the review 
C. Nonclinical safety issues relevant to clinical use 
See final section of the review 

2.6.2 PHARMACOLOGY 
  
2.6.2.1 Brief summary   
In vitro binding assays show that istradefylline is a selective ligand of the adenosine A2A 
receptor subtype with selectivity over the A1 receptor higher in humans than other 
species. The Ki for the adenosine A2A receptor subtype= 2.2- 65 nmol/L in animals. 
 
Receptor subtype Species Source Ki (nmol/L) [Mean 

±SE] 
Adenosine A1 Mouse  Forebrain 220± 35 
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 Rat Rat recombinant 116± 4.18 
 Dog Forebrain 220± 38 
 Marmoset Forebrain 950± 98 
 Human Human recombinant >1000 
Adenosine A2A Mouse Striatum 2.2± 0.058 
 Rat Rat recombinant 8.18± 0.232 
 Dog  Striatum 65± 2.9 
 Marmoset Human recombinant 11± 2.1 
 Human Human recombinant 12.4± 0.60 
A2B Human Human recombinant 150± 59 
A3 Rat Rat recombinant >10000 
 Human Human recombinant >10000 
 
Little or no interaction was found with dopamine D1 or D2 receptors, noradrenaline α1, α2 
or β receptors, serotonin 5-HT receptors, muscarinic M1 or nicotinic receptors, histamine 
H1, 2 or 3 receptors, benzodiazepine or bradykinin B 2 receptors. 
 
2.6.2.2 Primary pharmacodynamics   
  
Mechanism of action:  Adenosine A2A receptor activation appears to increase the activity 
of the indirect (striatopallidal) pathway via receptors in the striatum and the globus 
pallidus.  Autoradiography in mice, rats, dogs, marmosets and humans demonstrated the 
highest density of the A2A receptors to be in the caudate-putamen, striatum, olfactory 
tubercle, and the nucleus accumbens.  However, no A2A receptor mRNA was detected in 
the globus pallidus. Immunohistochemistry showed similar localization patterns, except 
that A2A receptors were detected in the globus pallidus.  Istradefylline showed similar 
high affinity for the A2A receptor with Ki values of 12.4 nmol/L in human, 11 nmol/L in 
marmosets, 8.18 nmol/L in rats but higher affinity in the mouse (Ki of 2.2 nmol/L) and 
lower affinity in the dog (Ki of 65 nmol/L). 
 
Drug activity related to proposed indication:  Functional A2A receptor antagonism was 
shown by the effect of istradefylline on cAMP induced by an A2A agonist. The receptor 
couples with G-proteins and receptor stimulation elicited increased cAMP.  Istradefylline 
competitively inhibited accumulation of cAMP by CGS21690, a selective A2A receptor 
agonist, in a concentration-dependent manner (KB= 0.74± 0.23 nmol/L).  The drug was 
active in the MPTP-treated mouse model shown by improvement in motor function.  It 
antagonized haloperidol-induced catalepsy in mice and rats.  Istradefylline potentiated 
apomorphine’s effects in a 6-OHDA-lesioned rat model of Parkinson’s disease.  In the 
MPTP-treated primate model of Parkinson’s disease, the symptoms improved and no 
increase in dyskinesias was found at the ED50. Administration of 2-[(2-aminoethyl-
aminocarbonylethyl) phenylethylamino]-5’-N-ethyl-carboxamidoadenosine (APEC), a 
selective adenosine A2A agonist, decreased locomotor activity at 2.5 mg/kg administered 
i.p.  No effect was noted at 0.625 mg/kg i.p. of APEC.  However, APEC at 0.625 mg/kg 
i.p. completely blocked the locomotor increase noted at 10 mg/kg p.o. of KW-6002. 
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2.6.2.3 Secondary pharmacodynamics   
The sponsor suggested that the effects of istradefylline are beneficial (cardioprotective) in 
dogs given on Day 2 after coronary artery-ligation as there was no increase in ventricular 
tachycardia.  Lidocaine maintained its effectiveness when co-administered with 
istradefylline. Istradefylline also had no effect on the incidence of ventricular arrhythmias 
induced by repeated episodes of myocardial reactive hyperemia. 
 
Istradefylline had anti-inflammatory effects in the carrageenan-induced paw model of 
edema at doses of 1-100 mg/kg. 
 
Istradefylline did not demonstrate any meaningful binding to any other receptor, binding 
site or ligand.  
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2.6.2.4 Safety pharmacology   
 
Neurological effects:   
Mice treated with 0, 30, 100 or 300 mg/kg istradefylline as a single gavage dose showed 
a slight- moderate increased sensitivity to touch and increased vocalization within 
minutes of dosing. These signs reversed by 24 hrs post-dosing. 
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In mice treated with single oral doses of ≥0.16 mg/kg, increased locomotor activity was 
observed. 
 
EEGs were performed on rats treated with 0.1- 300 mg/kg as a single gavage dose. No 
significant adverse effects were appreciated. 
 
Cardiovascular effects:   
Single gavage doses (0.3- 10 mg/kg) in the conscious rat elicited increased blood pressure 
(≤15 mm Hg) and increased heart rates (≤80 bpm).  These animals demonstrated 
increased locomotor activity that was probably the basis of these changes. 
 
No significant EKG changes were seen in conscious beagles treated with ≤400 mg/kg 
p.o. in a cross-over study.  No changes were noted in respiratory parameters in the same 
study.  The mean Cmax (2350 ng/mL) in these animals treated with 400 mg/kg p.o. was 
significantly higher than that found in humans treated with 20 mg/day (255 ng/mL) or 40 
mg/day (599 ng/mL) p.o.  In a later study, telemeterized dogs were treated for 6 weeks at 
1000 mg/kg p.o. daily and no significant effects were reported on the QT interval or 
respiratory parameters. 
 
The in vitro hERG assay showed no inhibition of the Ikr current at concentrations up to 2 
µmol/L. 
 
Renal effects: A mild diuretic effect was reported for saline-treated rats dosed orally with 
3 mg/kg istradefylline but this effect was less evident after doses of 100 or 300 mg/kg. 
 
Gastrointestinal effects:  No effect on gastrointestinal propulsion was observed in mice 
after oral doses of 10, 30, 100 or 300 mg/kg with a charcoal meal. 
 
Abuse liability:  Study PRL-134A entitled “Physical Dependence Study on KW-6002 in 
Rats” was conducted to assess physical dependency. KW-6002 was administered to male 
Sprague-Dawley rats as a single dose by oral gavage at 1, 4, 16, 64 or 256 mg/kg to 
establish the potential for locomotor effects of the test article.  KW-6002 was then 
administered to male Sprague-Dawley rats at 0.01 to 1 mg/g of food and diazepam was 
administered at 2 to 8 mg/g of food. 
 
Results: Continual movement was noted in the KW-6002-treated animals for up to 8 hrs 
post-dosing and increasingly agitated animals were noted as the dose increased.  During 
the withdrawal period, no evidence of dependency was shown as all parameters were 
comparable to control values. 
 
When the animals were also treated with diazepam, the mean feed intake was higher than 
in controls so the mean actual diazepam intake was 191.4- 571.2 mg/kg.  During the 
withdrawal period, the diazepam-treated animals showed hyperreactivity and decreased 
feed intake. Thus evidence of dependency was demonstrated.  
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2.6.2.5  Pharmacodynamic drug interactions   
In the Caco-2 system, istradefylline was shown to be an inhibitor of P-glycoprotein and 
to be highly permeable. 

2.6.3 PHARMACOLOGY TABULATED SUMMARY  

 

 
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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2.6.4 PHARMACOKINETICS/TOXICOKINETICS 
 
2.6.4.1 Brief summary   
Absolute oral bioavailability of istradefylline in nonclinical species is low (~20% in rats 
at doses ≤30 mg/kg/d and ~7% in rats at 100 mg/kg/d) and metabolism of the parent 
compound via oxidative pathways is significant. Although the M1 metabolite binds to the 
same receptor as the parent compound, it appears to have no pharmacological activity. In 
human studies, MI was the primary metabolite and no novel metabolites were identified 
when compared to the rat and dog data. 
 
After gavage administration in rats, the plasma levels of istradefylline were ~1.3x lower 
than the levels in the brain. Excretion is primarily fecal in the species tested. When 
istradefylline was administered to pregnant rats, the fetal levels were significantly higher 
than those of the dam and the drug persisted for longer periods of time in the feti. 
 
Istradefylline is highly protein bound in all species evaluated. 
 
CYP 3A4 is the primary isozyme involved in istradefylline metabolism and istradefylline 
inhibits CYP3A4 activity measured using 14C- testosterone and 14C-midazolam. These 
findings suggest accumulation of istradefylline and/or metabolites with repeated dosing 
and raise a concern for an inhibitory effect of istradefylline on CYP3A4-metabolized 
pharmaceuticals.   
 
2.6.4.3 Absorption   
The absolute oral bioavailability in the rat was ~20% at low doses and decreased as the 
dose increased.  In the dog and the rat, the parent compound was significantly 
metabolized prior to excretion. 
 
 
 
 
 
 
 

(b) (4)



Reviewer: Terry S. Peters, D.V.M.   NDA No. 22-075 
 
 

 18 
 

 
 
PK in humans (from the NDA submission): (maximum recommended clinical dose is 40 
mg/day) 
 

 
 
2.6.4.4 Distribution   
After gavage administration of 3 mg/kg 14C-labeled istradefylline to rats, the radiolabel in 
brain was distributed primarily to the striatum, olfactory tubercle, nucleus accumbens, 
and globus pallidus.  Levels in the brain (primarily in the striatum) were slightly higher 
than in plasma (1.3x) at 2 hrs but were less than plasma levels at all other time points.  
The small intestine had the highest levels at 2 and 6 hrs post-dosing. At 48 hrs post-
dosing, tissue levels were significantly higher in liver (~30x), thyroid (~12x), and kidney, 
pancreas than in plasma, and testes had levels ≤4x plasma concentrations. When 
radiolabeled istradefylline was administered to pregnant rats, fetal levels of radioactivity  
were ≤3.3x higher than in the dams and the levels decreased more slowly than in the 
dams. 
 
2.6.4.5 Metabolism   
Metabolism is extensive by oxidative pathways and then conjugation to sulfate or 
glucuronic acid in all species tested. No unique human metabolites were identified in 
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vitro.  The plasma metabolites included: M1 (4’-O-desmethyl-istradefylline), M8 (1-β-
hydroxylated istradefylline), and M5 (4’-O-demethyl-istradefylline conjugated to 
glucuronic acid).  Similar metabolites were found in urine; M3 (3’,4’-O-didesmethyl-
istradefylline) (detected in plasma) and M1 were the primary metabolites in rat urine and 
M4, M5 and M11 (hydrogenated M1) (detected in plasma) were the primary metabolites 
in dog urine.  Parent compound was not detected in rat bile. 
 
In the rat brain, parent compound was detected at ≤88%, M1 at ~8% and M3 at 
approximately 3% of the parent level. Although M1 has similar binding to the A2A 
receptor as the parent, it has weak pharmacologic activity in vivo. 
 
2.6.4.6 Excretion   
Excretion of drug-related material in the rat was ~70% fecal and 30% urinary.  In the 
dog, the test article was almost exclusively fecally excreted.  In bile duct-cannulated rats, 
77% was excreted in bile, 7% in urine and 13% in feces after a single gavage dose.  
 
2.6.4.7 Pharmacokinetic drug interactions   
The ability of istradefylline to serve as a substrate for CYP P450 enzymes was assessed.  
CYP 3A4 was the primary isozyme involved in istradefylline metabolism; istradefylline 
inhibited CYP3A4 activity measured using 14C- testosterone and 14C-midazolam as 
substrates. These findings suggest accumulation of istradefylline and/or metabolites with 
repeated dosing and raise a concern for an inhibitory effect of istradefylline on CYP3A4 
metabolized pharmaceuticals.  Additional isozymes involved in metabolism included 
CYP1A1, 2C9 and 2C18.  
 
2.6.4.8 Other Pharmacokinetic Studies 
Protein binding was high in all species (rat, pregnant rabbit, dog, human) tested, with 
binding ~95% in all samples.  The binding was predominantly to albumin in the human 
samples. 
 
2.6.4.9 Discussion and Conclusions  
 
CYP 3A4 is the primary isozyme involved in istradefylline metabolism and istradefylline 
inhibits CYP3A4 activity on 14C- testosterone and 14C-midazolam. These findings 
(comments as above) raise a concern for an inhibitory effect of istradefylline on 
CYP3A4-metabolized pharmaceuticals 
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2.6.4.10 Tables and figures to include comparative TK summary   
 
 
PK of Istradefylline in Rats, Dogs and Monkeys 
Species and 
regimen 

Dose 
(mg/kg) 

N Tmax (hr) Cmax 
(ng/mL) 

T1/2 (hr) AUC 0-inf 
(ng.h/mL) 

Rat p.o. 14C-
istradefylline 

3 5 2.2± 1.1 525.3± 
122.4 

6.75±2.13 4640± 850 

Rat single 
p.o. 

0.3 5 2.0± 0.0 20.3± 3.5 3.10± 0.82 119± 31 

 1.0 5 1.8± 0.4 65.1± 20.4 1.96± 0.47 294± 125 
 3.0 5 1.3± 0.7 221.0± 43.2 1.89± 0.41 1078± 331 
 10 5 2.0± 1.2 500.9± 

169.3 
2.58± 1.04 3046± 920 

 30 5 2.8± 1.1 1000.8± 
244.1 

4.10± 1.51 9549± 
3923 

 100 5 3.0± 3.2 1061.3± 
231.7 

5.83± 1.4 11480± 
1587 

Rat single 
i.v. 

0.3 3 0.167 169.1± 52.2 3.07± 0.69 ?? 

Dog single 
p.o. 14C-
istradefylline 

3.0 3 0.8± 0.3 506.6±122.9 148± 50 5906± 725 

Dog single 
p.o.  

0.3 3 0.6± 0.4 37.8± 29.5 4.24 186 

 3.0 3 1.5± 0.9 82.0± 25.0 22.57± 
4.58 

921±319 

 30 3 2.0± 0.0 274.1± 88.2 8.19± 0.83 4925± 
3468 

 100 3 8.7± 13.3 594.2± 29.7 9.29± 1.07 10897± 
4140 

Dog single 
i.v. 

0.1 3 Not detect. Not detect. 1.43± 1.05 58± 17 

Female cyno 
single p.o.  

10 3 6.7± 4.2 100.5± 25.7 _ _ 

 30 3 4.7± 3.1 137.6± 
125.3 

5.88± 2.65 2468± 
2524 
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2.6.5 PHARMACOKINETICS TABULATED SUMMARY  

(b) 
( )

(b) 

(b) (4)

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

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

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

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

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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2.6.6 TOXICOLOGY 
 
2.6.6.1 Overall toxicology summary   
 
See final section of the review 
 
2.6.6.2 Single-dose toxicity   
These studies were not evaluated in this review.  
 

(b) (4)

(b) 
(4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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2.6.6.3 Repeat-dose toxicity   
 
Study title:  Four-week repeated dose oral toxicity study of KW-6002 in telemetered 
rats- Examination for premortal ECG changes  
 
Key study findings: 2 TK males and 2 main study males and 1 main study female died 
prematurely.  These animals had “irregular respirations” prior to death.  Histologic 
evaluation revealed diffuse pulmonary congestion, alveolar hemorrhage/edema, as well 
as perivascular and alveolar inflammatory cell infiltrates.  In the 2 TK animals with 
premortal EKGs, 2˚ AV block was recognized concurrently with the respiratory signs as 
was decreased heart rates prior to other abnormalities.  The arrhythmia progressed to 
ventricular extrasystoles with increased incidence and eventually to bradycardia just prior 
to death.  One of these animals had no histologic cardiac lesions; the other had moderate 
myocardial necrosis with inflammatory cell infiltrates in the endocardium of the left 
ventricular wall.   
 
Study no.:  D-04-091 
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  10/2/00 
GLP compliance:  No 
QA report:  No 
Drug, lot #, and % purity:  980001M01 
 
Methods 
 Doses:  2000 mg/kg once/day for 28 days 
 Species/strain:  Telemeterized rats 
 Number/sex/group or time point (main study):  4 for EKG, 6 for PK 
 Route, formulation, volume, and infusion rate:  Oral gavage in 1% 
methylcellulose at 2 mL/100 gms 
 Sampling times:  Day 1 and 12 at pre-dosing, 1, 4, 8, and 24 hrs post-dosing   
 Unique study design or methodology: The hard drive suffered “irreparable  
damage” so only data for up to 24 hrs after dosing on Day 12 were evaluable. 
 
Results 
Mortality:  2 TK males and 2 main study males and 1 main study female died 
prematurely.  These animals had “irregular respirations” prior to death.  Histologic 
evaluation revealed diffuse pulmonary congestion, alveolar hemorrhage/edema, as well 
as perivascular and alveolar inflammatory cell infiltrates. 
 
Signs:  Irregular respirations were noted on several occasions for most animals on study. 
 
EKG:  In the 2 TK animals with premortal EKGs, 2˚ AV block was recognized 
concurrently with the respiratory signs as was decreased heart rates prior to other 
abnormalities.  The arrhythmia progressed to ventricular extrasystoles with increased 
incidence and eventually to bradycardia just prior to death.  One of these animals had no 
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histologic cardiac lesions; the other had moderate myocardial necrosis with inflammatory 
cell infiltrates in the endocardium of the left ventricular wall.  This lack of consistent 
lesions caused the sponsor to consider these animals’ deaths to be of respiratory origin 
rather than cardiac origin.  
 
Gross pathology:  Adrenal glands were bilaterally enlarged for most animals on study. No 
histologic correlates were reported. 
 
Histopathology: No consistent lesions were reported. 
 
Toxicokinetics:   
Mean PK Parameters for Rats Treated for 28 Days with KW-6002 
Sex Dose 

(mg/kg/d) 
Tmax (hr) Cmax 

(ng/mL) 
AUC 0-24 (ng.h/mL) 

Male 2000 (Day 1) 12 8966.1 149022 
          (Day 28) 8 10986.9 166465 
Female 2000  (Day 1) 13 9297.4 176288 
           (Day 28) 8 11792.7 216243 
 
 
Study title: Repeated Dose Toxicity Study of KW-6002 Administered Orally to Rats 
for 4 Weeks  and  Histopathologic Re-evaluation of Brain Sections from Additional 
Brain Investigations to a Completed Toxicity Study by Oral Administration of KW-
6002 to CD Rats for 4 Weeks (Study 94-210) 
 
Key study findings:  The NOAEL for this study is determined to be 30 mg/kg/d on the 
basis of the consistent adrenal hypertrophy of the zona fasciculata seen in females at 
≥160 mg/kg/d and males at 800 mg/kg/d. However, it is clear that 800 mg/kg/d does not 
approach a MTD. 
 
Study no.:  0434 or 94-210 or A-95-133 
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  2/16/95 
GLP compliance:  Yes 
QA report:  yes  
Drug, lot #, and % purity:  Lot 9406 
 
Methods 
 Doses:  0, 6, 30, 160 and 800 mg/kg/d 
 Species/strain:  Crj:CD(SD) rats 
 Number/sex/group or time point (main study):  15 
 Route, formulation, volume, and infusion rate:  Oral gavage in 0.5% 
methylcellulose at 1 mL/100 gms 
 Satellite groups used for toxicokinetics or recovery:  5/sex/group for a 4 week 
recovery 
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 Age:  7 weeks at study initiation 
 Weight: Males: 187- 209 gms; females: 147- 173 gms 
 Sampling times:  No PK sampling was done. 
 Unique study design or methodology:  Sample preparation was under “red light” 
conditions.   
 
Observations and times:  
Mortality and Clinical signs:  3x/day 
Body weights:  Weekly 
Food consumption:  Weekly 
Ophthalmoscopy:  Prior to dosing, and 1 week before the end of dosing and recovery 
periods from all high dose and 5/dose/group from other groups 
EKG:  Not performed  
Hematology:  End of dosing or recovery period 
Clinical chemistry:  As for hematology 
Urinalysis:  As for hematology from cage pan samples 
Gross pathology:  All animals 
Organ weights: Brain, pituitary, thyroid, thymus, heart, lungs, liver, spleen, kidneys, 
adrenals, testes, seminal vesicles, prostate, ovaries, uterus   
Histopathology: Adequate Battery:   yes for control, 6 and 800 mg/kg/d; cerebrum, 
cerebellum, medulla oblongata, liver, kidneys, adrenals, testes and pancreas from all 
treated animals. EM was performed on liver and kidney from 1/sex from control and high 
dose groups. 
  Peer review:   yes  
 
Results 
Mortality:  There were no premature decedents. 
 
Clinical signs:  Hyperactivity was observed in all dosed animals except the control and 
800 mg/kg males during the first 2 weeks on study for 5 to 24 hrs post-dosing but was not 
seen thereafter. 
  
Body weights:  Females at ≥30 mg/kg/d tended to gain more weight than other dose 
groups. 
 
Food consumption:  At ≥30 mg/kg/d, the rats tended to eat more than controls. 
 
Ophthalmoscopy:  No significant treatment-attributable lesions were described. 
 
Hematology:  At the end of dosing, the 6 mg/kg/d males had increased hematocrits but 
this was not seen in other dose groups so is of questionable toxicologic significance. 
 
Clinical chemistry:  Statistically significant increases in SGOT levels were reported in the 
800 mg/kg/d males (≤25% increase) and females (≤45%) at ≥160 mg/kg/d.  Females at 
≥30 mg/kg/d also had increased SGPT levels (≤1.4x). No histologic correlates were 
conveyed. 
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Total bilirubin was increased in the high dose females (0.138 ng/dL vs 0.106 ng/dL for 
controls) only so the toxicologic significance is unclear as there were no effects on red 
cell counts or hemoglobin and no splenic lesions were described.   
 
The high dose animals and 6 mg/kg/d males had significantly increased cholesterol levels 
and only males had increased serum phospholipid levels.  
 
No intergroup differences were appreciated at the end of the recovery period. 
 
Urinalysis:  Although increased pH was reported for the high dose males, the toxicologic 
significance is uncertain.  
 
Gross pathology:  “Pale” kidneys were reported for the high dose group (2 males, 1 
female) and the histologic correlate was vacuolation (no gradation so presumed slight) of 
the proximal convoluted tubules seen in most high dose animals.  EM revealed 
autophagosomes suggesting disruption of cellular organelles.  Only 3 animals were 
affected so this finding is not considered toxicologically significant. 
 
Organ weights:  Kidney, adrenal and liver weights were significantly increased (<30%) 
for the high dose animals. Adrenal weights were also increased for the 160 mg/kg/d 
females.  
Kidney weights were increased in the high dose recovery animals. 
 
Histopathology: Adequate Battery:   yes  
  Peer review:   yes (2) 
 
In addition to the renal lesions noted above, slight to moderate vacuolation of the 
pancreatic acinar cells was recorded at 800 mg/kg/d in both sexes.  Sudan III black 
staining did not show any reactivity. 
 
A peer review of the brain sections from 10/sex was performed  

.  No treatment-attributable lesions were discerned. 
A specialized peer review was conducted . He reviewed whole brain 
slides from rats treated at 0 or 800 mg/kg/d for 4 weeks. In his review, he stated that there 
were no light microscopic findings attributable to treatment with KW-6002 in slides 
stained with PAS, H&E, or GFAP methodologies.  His results supported those of the 
study and peer review pathologists. 
 
 
 
 
 
 
 

(b) (4)

(b) (4)

(b) (4)
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Study title:  KW-6002: Toxicity to Rats by Repeated Oral Administration for 4 
Weeks and  
Pathological Peer Review on Additional Brain Investigations to a Completed 
Toxicity Study by Oral Administration of KW-6002 to CD Rats for 4 Weeks 
 
Histopathologic Re-evaluation of Foci of Mineralization in Brain Slides from a 
Completed Study by Oral Administration of KW-6002 to CD Rats for 4 Weeks 
(KHK/33) 
 
Key study findings:  The NOAEL for this study is determined to be 25 mg/kg/d on the 
basis of the increased adrenal and lung weights, as well as the histologic findings of 
increased alveolar macrophages and pancreatic acinar apoptosis/vacuolation in the 100 
and 400 mg/kg/d groups.  
 
Study no.:  KHK/083 or KHK/33 or KHK33/960498  
Conducting laboratory and location:   

 
Date of study initiation:  12/13/95 
GLP compliance:  Yes 
QA report:  yes  
Drug, lot #, and % purity:  Lot 9502 or 9507 (discrepancy with the TK report) at 99% 
purity 
 
Methods 
 Doses:  0, 25, 100 or 400 mg/kg/d 
 Species/strain:  Crl:CD BR rats 
 Number/sex/group or time point (main study):  10 
 Route, formulation, volume, and infusion rate:  Oral gavage in 1% 
methylcellulose at 5 mL/kg 
 Satellite groups used for toxicokinetics or recovery:  9/sex/group for TK 
 Age:  6 weeks of age at study initiation. Animals were group housed 5/cage. 
 Weight: Males: 179- 209 gms; females: 133- 171 gms 
 Sampling times:   PK samples were taken from 3/sex/group at pre-dosing, 0.5, 1, 
2, 4, 8, 12, 18 and 24 hrs post-dosing on Days 1 and 28.  
 Unique study design or methodology:  Test article was prepared and administered 
under “yellow light” conditions.  Blood samples were drawn into foil-wrapped 
containers. 
 
Observations and times:  
Mortality:  At least once daily 
Clinical signs:  At least 5x/day 
Body weights:  Weekly 
Food consumption:  Weekly/ cage 
Ophthalmoscopy:  Prior to dosing (all animals) and Week 4 (control and high dose only) 
Hematology:  Week 4 
Clinical chemistry:  As for hematology to include γGT and leucine aminopeptidase 

(b) (4)

(b) (4)
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Urinalysis:  Week 4 
Gross pathology:  All animals 
Organ weights: Adrenals, brain, epididymides, heart, kidneys, liver, lungs, ovaries, 
pituitary, prostate, seminal vesicles, spleen, testes, thyroid, uterus 
Histopathology: Adequate Battery:   yes but from control and high dose groups only.  
Liver, kidney, adrenal, pancreas, lungs, prostate, and heart as well as all gross lesions 
were examined from all dose groups.  
  Peer review:   yes  
Frozen liver sections were stained with Oil Red O and kidneys were stained with Oil Red 
O and/or PAS. 
 
Results 
Mortality:  There were no premature decedents reported other than one control animal 
(#43) that died without prodromal signs during Week 4. 
 
Clinical signs:  There was “yellow-green” staining of the cage papers throughout the 
study duration beginning on D 3.  As the test material is green, it seems reasonable to 
conclude that it is responsible for the staining. 
 
Body weights:  A slight weight gain decrement (<10%) was observed in the 400 mg/kg/d 
females. 
 
Food consumption:  No treatment-related intergroup differences were discovered. 
 
Ophthalmoscopy:  No treatment-attributable lesions were described. 
 
Hematology:  No significant treatment-attributable differences were discerned between 
groups.  There were increased reticulocyte counts in the mid and high dose females at 
study termination but the biologic significance is unknown. 
 
Clinical chemistry:  Increased (≤45%) SGOT (aka AST) (males and females) and SGPT 
(aka ALT) (females) levels were determined for the high dose animals. Although 
increased cholesterol and phospholipids were found in the mid and high dose animals, the 
significance is unknown. 
 
Urinalysis:  Increased urinary output was detailed for the high dose animals but the 
significance is uncertain. 
 
Gross pathology:  Alopecia was noted “regionally” in the mid (5/10) and high dose (6/10) 
female rats.  Enlarged adrenals were appreciated only in the high dose (3/10) females.  
 
Organ weights: Increased kidney weights were noted for the high dose animals but the 
only histologic correlates were “fine” vacuolation of the renal cortical tubular epithelium.  
Increased adrenal weights (<26%) were seen in the mid dose females and both sexes at 
400 mg/kg/d.  The histologic correlate was hypertrophy of the zona fasciculata.    
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Prostatic weights were decreased for mid and high dose males. 
 
Lung weights were increased in males from the 100 and 400 mg/kg/d groups.  Histologic 
correlates were found. 
 
Histopathology: Adequate Battery:   yes  
  Peer review:   yes (3) 
 
In addition to the renal tubular vacuolation and adrenal zona fasciculata hypertrophy 
noted above, increased alveolar macrophages were recorded in the mid and high dose 
rats.  Additional findings in the lungs included pneumonitis with septal thickening in the 
400 mg/kg/d animals.  This finding was found in other oral gavage studies in rats and 
dogs so may be a drug-related adverse effect. 
 
A unique finding in this study was pancreatic acinar apoptosis and/or vacuolation of the 
exocrine cells in some of the 100 and 400 mg/kg/d animals.  
 
Minimal centrilobular hypertrophy of hepatocytes was noted in 4 high dose males but not 
in any other animals on study.  While this lesion may, in part, have a relationship to the 
increased SGOT and SGPT, it was inconsistently found in animals with increased 
enzyme levels. 
 
No brain lesions were reported in the final study report (KHK/33, KHK22/060498). Re-
evaluation of additional brain sections (using H & E, PAS, and GFAP) from 10/sex/grp 
(control, HD) by the study pathologist, and peer reviewed by a KHK pathologist 
(Katsumi Takaba, DVM, PhD), revealed no treatment-attributable lesions. 
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Lesions in Rats Treated with KW-6002 for 4 Weeks (N=10) 
  Males     Females  
Dose 
(mg/kg/d) 

0 25 100 400 0 25 100 400 

Lung         
Increased 
alveolar MΦ 
(trace/minimal) 

0 0 7** 8** 0 0 1 6** 

Pneumonitis 
with septal 
thickening 

2 0 3 6 (3 
mod, 1 
mkd) 

0 0 0 5*  (1 
mod, 1 
mkd) 

Exocrine 
Pancreas 

        

Apoptosis 
(trace/minimal) 

0 0 3 5* 0 0 0 4 

Vacuolation  0 0 3 8** (1 
mod) 

0 0 1 8** (2 
mod, 1 
mkd) 

Adrenal         
Hypertrophy 
zona 
fasciculata 
(minimal) 

0 0 1 4* 0 0 0 3 

* = p<0.05 (Fisher’s Exact Test), ** = p<0.01 (Fisher’s Exact Test) 
#= unless otherwise noted, lesions graded as trace/minimal and usually focal 
 
A specialized peer review was conducted . He reviewed whole brain 
slides from rats treated at 0 or 400 mg/kg/d for 4 weeks. In his review, he stated that there 
were no light microscopic findings attributable to treatment with KW-6002 in slides 
stained with PAS, H&E, or GFAP methodologies.  His results supported those of the 
study and peer review pathologists. 
 
Toxicokinetics:  Overall, systemic exposures increased in a less than dose-proportional 
fashion and non-linearly. At the high dose, both Cmax and AUC were lower than 
expected from a linear relationship.  Cmax was lower on Day 28 than on Day 1 (p= 
0.014). Tmax ranged from 2- 12 hrs with longer times for higher doses. 
 
 
 
 
 
 
 
 
 

(b) (4)
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Mean PK Parameters for Rats Treated with KW-6002 for 4 Weeks 
Dose 
(mg/kg/d) 

Cmax 
(ng/mL) 
Day 1 
M 

 
 
 
F 

 
Day 
28 
M 

 
 
 
F 

AUC 24 
(ng.h/mL)
Day 1 
M 

 
 
 
F 

 
Day 
28 
M 

 
 
 
F 

25 1246 1496 1030 901 10528 14052 8266 5384 
100 2421 2744 3898 2424 38509 39991 51800 29105 
400 6506 7234 4302 4307 96953 96030 75761 66219 
 
Study title:  KW- 6002:  Toxicity Study by Oral Gavage Administration to CD Rats 
for 4 Weeks 
  
Key study findings: The NOAEL for this 4 week study in CD rats is determined to be 
100/50/5 mg/kg/d for KW-6002/levodopa/carbidopa combination therapy.  
Unfortunately, this designation is made only on clinical signs as no histopathology was 
performed on this group. 
 
Study no.:  KHK 073/002275 
Conducting laboratory and location:   

 
Date of study initiation:  6/20/00 
GLP compliance:  Yes 
QA report:  yes  
Drug, lot #, and % purity:  KW-6002 batch #9817 at 100.3% purity; levodopa batch 
29H1046 at >99% purity and carbidopa batch 118H4671 at >98% purity 
 
Methods 
 Doses:  0 (1% methylcellulose)[Group1], 10/1 [Group 2], 50/5 [Group 3] or 
250/25 [Group 4] mg/kg/d levodopa/carbidopa (L/C) or 100/10/1 [Group 5], 100/50/5 
[Group 6] or 100/250/25 [Group 7] mg/kg/d KW-6002/L/C or 100 mg/kg/d KW-6002 
alone [Group 8] 
 Species/strain:  Crl: CD® BR rats group housed 3-5/cage 
 Number/sex/group or time point (main study):  10 
 Route, formulation, volume, and infusion rate:  Oral gavage at 5 mL/kg. Dose 
administration was done under illumination <400 LUX. 
 Satellite groups used for toxicokinetics or recovery:  18/dose/sex 
 Age:  6 weeks of age at study initiation 
 Weight:  136-218 gms 
 Sampling times:  TK samples were taken from the Satellite animals (3/sex/dose) 
on Days 1 and 28 at 0, 0.5, 1, 2, 4, 8, 12, 18 and 24 hrs post-dosing. 
   
Observation and Times:  
Clinical signs:  Twice daily 
Body weights:  Weekly 
Food consumption:  Weekly 
Ophthalmoscopy:  Pre-dosing and Week 4 (Groups 1, 4, 7 and 8 only) 

(b) (4)

(b) (4)
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EKG:  Not performed  
Hematology:  Week 4 
Clinical chemistry:  Week 4 
Urinalysis:  Week 4 
Gross pathology:  All main study animals and premature decedents from TK groups 
Organ weights: Adrenals, brain, epididymides, heart, kidneys, liver, lungs, ovaries, 
pituitary, prostate, salivary glands, seminal vesicles, spleen, testes, thymus, 
thyroid/parathyroids, uterus/cervix   
Histopathology:  Main study groups 1, 4, 7 and 8 and any premature decedents from the 
main study groups were examined histologically in their entirety. Any abnormal tissues 
from main study groups 2, 3, 5 and 6 found at terminal sacrifice were also examined. 
  Adequate Battery:   yes from groups specified above   
  Peer review:   Not specified 
 
Results: 
Mortality:  There were 7 premature decedents from the 100/250/25 mg/kg/d KW-
6002/L/C group starting on Day 3.  These deaths are considered related to treatment. 
Prodromal signs included convulsions (Day 3 decedent male), hyperactivity (most of the 
premature decedents), ataxia and abnormal respirations (histologically determined to be 
prominent alveolar macrophages with alveolitis with/without congestion in the lungs).  
Histologic evaluation was performed only on the main study decedents.  
 
Clinical signs:  Pink-red or yellow-green staining of the cage liners was reported for 
treated animals. 
 
Other signs, considered related to dosing, were reported in the 250/25 mg/kg/d L/C and 
100/250/25 mg/kg/d KW-6002/L/C groups and included ataxia (primarily at the 1-2 hr 
post-dosing check starting in Week 2), hypersalivation, hyper/hypoactivity, “partially 
closed eyelids” and staining of the fur. 
 
Body weights:  During the first week of dosing, lower body weight gains (≤24%) were 
noted in the 250/25 mg/kg/d L/C and high dose combination males only.  
 
Food consumption:  Decreased feed consumption was noted during Week 1 for the males 
that showed decreased body weight gains at the same time point. While the same groups 
of females had slightly decreased intake, the values did not reach biological or statistical 
significance (≤10%). 
 
Ophthalmoscopy:  No treatment-related lesions were described. 
 
Hematology:  No treatment-engendered differences from controls were appreciated 
although slightly decreased hematocrits (≤-4% compared to controls) were noted in the 
high dose combination males.  These animals had decreased feed intake and decreased 
weight gains compared to controls so the biological significance of the hematologic 
findings is uncertain. 
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Clinical chemistry:  No significant treatment-related differences were found other than 
increased group mean glucose levels in the high dose combination animals (≤1.4x control 
values) and the females receiving 100 mg/kg/d KW-6002.  The significance of this 
finding is uncertain. 
 
While 2/sex from the 100/250/25 mg/kg/d group had increased ALT values, no histologic 
lesions were discovered in these animals and the values were ≤2x control values so no 
toxicologic significance is assigned. 
 
Urinalysis:  No significant differences from controls were found in any of the treated 
animals.  
 
Gross pathology:  Hair loss was found in most of the treated females and some males at 
most doses of combination treatment but this is a common finding in rodent studies and 
of uncertain significance in this instance especially as no loss was noted in the 
intermediate dose group. 
 
Decreased adipose tissues were noted in females at 250/25 mg/kg/d L/C (3/10) and both 
sexes at 100/250/25 mg/kg/d KW-6002/L/C (8/10 males, 4/6 females) when compared to 
controls. 
 
Organ weights:  Increased adrenal weights (≤138% of control values) were recorded for 
the females at 100 mg/kg/d KW-6002 and the animals receiving the combination of KW-
6002/L/C. 
 
Increased kidney weights were recorded for animals treated with 100/250/25 mg/kg/d 
KW-6002/L/C. 
 
Histopathology: Adequate Battery:   yes but only Groups 1, 4, 7 and 8 were examined in 
entirety.  This appears to be insufficient to fully determine the potential toxic effects of 
drug co-administration. 
   
As in other rodent studies with KW-6002, increased alveolar macrophages with/without 
alveolitis were described in the lungs of the 100/ 250/25 mg/kg/d KW-6002/L/C (8/10 
males, 3/10 females) and 100 mg/kg/d KW-6002 (2/10 males, 3/10 females) treated 
animals. The findings were most significant in the premature decedents (1 moderate 
male, 1 marked male, 1 moderate female). By terminal sacrifice, the severity was 
minimal or none. 
 
Hypertrophy of the adrenal zona fasciculata with acinar cell vacuolation was noted in the 
100/250/25 KW-6002/L/C.  Hypertrophy alone was reported in the 100 mg/kg/d KW-
6002 females only (1 premature decedent, 5 terminal sacrifices). 
 
Of interest was the finding of increased apoptosis/lymphocytolysis in the mandibular 
lymph node medullary regions (4/10 males, 6/10 females for combination groups; 6/10 
males, 4/10 females for KW-6002 alone) and thymic cortex from the 100/250/25 mg/kg/d 
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KW-6002/L/C (4/10 males, 4/10 females) and 100 mg/kg/d KW-6002-treated animals of 
both sexes (2/10 males, 2/10 females).  
 
 
Toxicokinetics:  Cmax and AUC in rats treated with KW-6002 were higher for the groups 
receiving just KW-6002.  Cmax for levodopa increased in a less than dose proportional 
fashion while KW-6002 levels increased dose-proportionally.  AUCs for levodopa 
increased in a more than dose-proportional fashion whether KW-6002 was co-
administered or not. Exposure to carbidopa increased with increasing dose in a greater 
than dose-proportional fashion with evidence of non-proportionality (p≤0.028) for males, 
but not for females.  Overall, systemic exposure to KW-6002 was higher in groups that 
also received L/C than in groups administered only KW-6002 on Days 1 and 28 (≤2.5x 
on Day 1; ≤3.4x on Day 28 when compared to 100 mg/kg/d KW-6002). 
 
Mean KW-6002 Levels in Rats Treated for 28 Days 
Dose  Cmax  (ng/ml)  AUC24 (ng.h/ml)  
level  Day 1  Day 28  Day 1  Day 28  
(mg/kg/day)  

Males  
Females  Males Females Males Females Males  Females 

100/10/1  5474  5669  3881 4607  68191 72793  65063  67921 
100/50/5  5241  5393  5159 5718  71255 73517  79027  95373 
100/250/25  5858  8658  6990 8684  93628 129873  127537  173649 
100  3385  4046  4479 3985  48587 50074  55913  51015 
 
Mean Levodopa Levels in Rats Treated for 28 Days 
Absence of KW-6002    

Dose  Cmax  (ng/ml)  AUC24 (ng.h/ml)  
level  Day 1  Day 28  Day 1  Day 28  

(mg/kg/day)  Males  Females Males  Females Males Females  Males  Females 
10/1  614.2  602.6  1168.4  910.1  1317  1961  2527  953  
50/5  3882.2  2438.0  5135.0  3930.0  7944  5408  17130  8177  

250/25  9264.3  5766.0  21610.5 13985.8 51558 35138  173875  95435  

Presence of KW-6002     
Dose  Cmax  (ng/ml)  AUC24 (ng.h/ml)  

level  Day 1  Day 28  Day 1  Day 28  
(mg/kg/day)  Males  Females Males  Females Males Females  Males  Females 

100/10/1  548.0  710.7  1854.6  1521.4  982  1010  5774  1889  
100/50/5  4777.0  3702.6  3438.4  2784.4  13639 6662  18158  9150  

100/250/25  15797.5  20378.8 16557.4 13042.3 87769 94685  117053  65553  
 
 
 
 
 
 
 
 
 
 



Reviewer: Terry S. Peters, D.V.M.   NDA No. 22-075 
 
 

 35 
 

Mean Carbidopa Levels in Rats Treated for 28 Days 
Absence of KW-

6002  
  

Dose  Cmax  (ng/ml)  AUC24 (ng.h/ml)  
level  Day 1  Day 28  Day 1  Day 28  

(mg/kg/day)  Males  Females  Males Females Males Females  Males  Females 
50/5  81.4  96.8  55.8  523.9  282  333  268  1880  

250/25  267.0  394.6  669.8 534.1  1988  2075  4087  2371  

Presence of KW-
6002  

   

Dose  Cmax  
(ng/ml) 

 AUC24 (ng.h/ml)  
level  Day 1  Day 28  Day 1  Day 28  

(mg/kg/day)  
Males  

Females  Males Females Males Females Males  Females 

100/50/5  128.2  114.2  54.1  64.5  230  250  285  302  
100/250/25  326.7  399.3  457.0  270.1  2268  2420  3071  1757  

 
 
Study title:  KW-6002: Toxicity by Oral Gavage to HANIBM Wistar Rats for 13 
Weeks 
 
Key study findings:  Although the sponsor determined a NOTEL of 80 mg/kg/d, 
alopecia and adrenal cortical hypertrophy were noted in all dose groups.  While neither of 
these findings appears to have affected the quality of life for the animals, they are 
interpreted as adverse findings in this rat study.  However, the intent of this study was to 
“set” the doses for the 2 year carcinogenicity study in rats and it did not reveal any 
preneoplastic lesions at any of the doses or any dose-limiting toxicities. 
 
Study no.:  315/983326 
Conducting laboratory and location:   

 
Date of study initiation:  5/19/98 
GLP compliance:  Yes 
QA report:  yes  
Drug, lot #, and % purity:  As 64-4529/002 or KW-6002, batch 9816 at 100.6% purity 
Methods 
 Doses:  0 (1% methylcellulose), 40, 80, 160 and 320 mg/kg/d 
 Species/strain:  HanIbm Wistar rats 
 Number/sex/group or time point (main study):  10 
 Route, formulation, volume, and infusion rate:  Oral gavage at 5 mL/kg 
 Satellite groups used for toxicokinetics or recovery:  15/sex/dose for TK 
 Age:  6 weeks of age at study initiation; gang-housed 5/cage 
 Weight: Males: 103- 155 gms; females: 92- 125 gms 
 Sampling times:    PK samples were taken on Day 1 and Weeks 4 and 13 at pre-
dose, 0.5, 1, 2, 4, 8, 12, 18 and 24 hrs post-dosing with samples from controls at pre-dose 
only. 

(b) (4)

(b) (4)

(b) (4)
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 Unique study design or methodology: At the Week 13 endpoint, all controls and 
5/sex from the high dose group were euthanized, perfused and their organs were removed 
for evaluation by electron microscopy.  All procedures involving test article were 
performed under “yellow light conditions”. 
 
Observations and times:  
Mortality:  Twice/day 
Clinical signs:  Twice/day 
Body weights:  Weekly 
Food consumption:  Weekly/cage 
Ophthalmoscopy:  Prior to dosing and Week 13 
EKG:  Not performed 
Hematology:  Week 13 
Clinical chemistry:  Week 13 
Urinalysis:  Week 11 
Gross pathology:  All animals at study termination 
Organ weights: Adrenals, brain, epididymides, heart, kidneys, liver, ovaries, spleen, 
testes, thyroids/parathyroids   
Histopathology: Adequate Battery:   yes from control and high dose groups and alopecic 
skin, lung, liver, pancreas, adrenals, kidneys, thymus and gross lesions from all study 
animals and mammary glands from all dosed males, spleens from all dosed females.  
Electron microscopy was conducted on lung, liver, eye, pancreas and popliteal lymph 
nodes from control PK animals and 5/sex/high dose satellite animals (Report RCH 
315/984060).  
  Peer review:   Not specified 
 
Results 
Mortality:  There were 2 premature decedents at 320 mg/kg/d.  One of the deaths (#49M) 
was attributed to aspiration of the test article. The cause of death of the 2nd animal was 
not determined.  
 
A pregnant dam from the 320 mg/kg/d group was euthanized after delivering 1 pup, and 
one low dose female died after blood sampling on Day 1. 
 
Clinical signs:  Hair loss was reported in all treated female groups (1/10, 6/10, 8/10, 9/10 
and 9/10 for respective groups) and all treated males (2/10, 0/10, 7/10, 7/10 and 5/9 for 
respective groups) except the low dose. 
 
Body weights:  No significant treatment-related effects were conveyed. 
 
Food consumption:  No treatment-attributable effects were reported. 
 
Ophthalmoscopy:  No treatment-associated lesions were found in the high dose animals. 
 
Hematology:  No consistent treatment-related effects were discerned. 
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Clinical chemistry:  Higher ALT and AST levels (≤3x) were found at 160 and 320 
mg/kg/d doses.  All 320 mg/kg/d KW-6002-treated animals showed increased cholesterol 
and phospholipid levels.  There were no correlative histopathologic findings. 
 
Urinalysis:  No consistent intergroup differences were determined. 
 
Gross pathology:  “Pale” subpleural foci were described for high dose males (6/9) and 
mid (4/10) and high dose (9/10) females.  As described under clinical signs, alopecia was 
increased in males at ≥80 mg/kg/d and in all treated females. 
 
Organ weights: Absolute kidney weights were increased for high dose males and mid and 
high dose females.  Relative adrenal weights were increased for the same groups.  
Adrenal lesions included hypertrophy of the zonae glomerulosa and/or fasciculata in all 
KW-6002-dosed animals. 
 
Histopathology: Adequate Battery:   yes  
  Peer review:   not specified 
The adrenal lesions noted under “organ weights” did not show a NOAEL and were 
considered a “secondary” effect by the sponsor. It is possible that the alopecia noted in 
most of the animals on study was hormonally mediated, especially as the lesions were 
described as epidermal hyperplasia, focal distention of hair follicles with decreased 
numbers of follicles and a prominence of telogen phase follicles. None of these lesions 
appears to have affected the quality of life of these animals so the biological/toxicological 
significance is uncertain.  
 
Increased foamy macrophages were noted in the lungs with accompanying alveolitis and 
Type II pneumocyte proliferation in animals treated at ≥160 mg/kg/d. 
 
The pancreases of mid and high dose animals showed acinar cell apoptosis and 
vacuolation. 
 
The renal cortical tubules had fine intracellular vacuolation (minimal to slight) but there 
were no concurrent lesions. 
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Histologic Lesions in Rats Treated for 13 Weeks with KW-6002 
Tissue 1M 2M 3M 4M 5M 1F 2F 3F 4F 5F 
Lung 
↑ Mф 

 
0 

 
1 

 
2 

 
6 

 
8 

 
2 

 
1 

 
2 

 
7 

 
8 

 Minimal 0 1 2 5 3 2 1 2 4 2 
Slight 0 0 0 1 5 0 0 0 3 2 
Moderate 0 0 0 0 0 0 0 0 0 4 
Type II 
pneumocyte 
proliferation 
Minimal 

 
 
 
0 

 
 
 
0 

 
 
 
0 

 
 
 
1 

 
 
 
4 

 
 
 
0 

 
 
 
0 

 
 
 
0 

 
 
 
0 

 
 
 
4 

Slight 0 0 0 0 1 0 0 0 1 4 
Alveolitis 0 0 0 1 5 0 0 0 1 8 
 Minimal 0 0 0 1 4 0 0 0 1 4 
Slight 0 0 0 0 1 0 0 0 1 4 
Pancreas 
Acinar cell 
vacuol.  

 
 
0 

 
 
0 

 
 
0 

 
 
2 

 
 
9 

 
 
0 

 
 
0 

 
 
0 

 
 
4 

 
 
10 

 Minimal 0 0 0 1 3 0 0 0 1 2 
Slight 0 0 0 0 2 0 0 0 2 2 
Moderate 0 0 0 1 4 0 0 0 1 4 
Marked 0 0 0 0 0 0 0 0 0 2 
Acinar cell 
apoptosis 
Minimal 

 
 
0 

 
 
0 

 
 
0 

 
 
2 

 
 
7 

 
 
0 

 
 
0 

 
 
0 

 
 
3 

 
 
4 

Slight 0 0 0 0 1 0 0 0 1 4 
 
Electron microscopy showed Type II pneumocyte hyperplasia and increased alveolar 
macrophages with multi-lamellar inclusions.  Similar inclusions were found in the 
pancreatic acinar cells. 
 
Toxicokinetics: Levels of the parent compound were consistently higher than those of the 
only identified metabolite KF23325.  At the 40 and 80 mg/kg/d doses, the AUCs were 
dose proportional but at the higher doses, they were less than dose proportional.  A slight 
accumulation occurred between Days 1 and 27 but was not evident thereafter.  
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Mean TK Parameters for Rats Treated for Up to 13 Weeks with KW-6002 
Dose 
(mg/kg/d) 

40  
M 

 
F 

80 
M 

 
F 

160 
M 

 
F 

320 
M 

 
F 

Day 1 
Cmax 
(ng/mL) 

 
1730 

 
2200 

 
1890 

 
2760 

 
5150 

 
4560 

 
3500 

 
6800 

Tmax (hr) 8 8 8 8 8 8 8 12 
AUC last 
(ng.h/mL) 

17700 20100 26400 35200 64300 55900 53100 80200 

C (24h) 14.1 103 321 118 410 1910 371 1870 
Day 27 
Cmax 
(ng/mL) 

 
2060 

 
2110 

 
3980 

 
5680 

 
5900 

 
5710 

 
7690 

 
10500 

Tmax (hr) 4 2 12 12 12 8 12 12 
AUC last 
(ng.h/mL) 

24900 32200 59700 62300 84000 10200 145000 179000 

C (24h) 207 240 807 727 3610 5060 4280 5080 
Day 90 
Cmax 
(ng/mL) 

 
1790 

 
2300 

 
3330 

 
2870 

 
4020 

 
4160 

 
5690 

 
7270 

Tmax (hr) 2 2 2 1 12 8 12 12 
AUC last 
(ng.h/mL) 

 
21500 

 
25200 

 
39500 

 
41700 

 
68500 

 
85800 

 
106000 

 
132000 

C (24h) 419 417 826 738 2190 3600 3380 3350 
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Study title:  Repeated dose toxicity study of KW-6002 administered orally to rats for 
26 weeks 
 
Key study findings:  The NOAEL for this 26 week rat study is determined to be 30 
mg/kg/d on the basis of increased bilirubins (both sexes, high dose), increased gastric 
erosions (both sexes, high dose), fatty change in hepatocytes in high dose males and the 
adrenal cell swelling in the high dose females.  However, hyperactivity and 
hypersensitivity to sound and/or handling were reported in all treated dose groups. No 
effects on body weight, feed consumption, clinical parameters or histopathology were 
associated with the increased activity. 
 
Study no.:  P160 or A-97-34 or 95-302 
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  10/4/95 
GLP compliance:  Japanese GLP compliance 
QA report:  Yes 
Drug, lot #, and % purity:  Lot 9407 at 100.1% purity 
Methods 
 Doses:  0 (0.5% methylcellulose), 3, 6, 30 and 160 mg/kg/d 
 Species/strain:  Crj:CD(SD)(SPF) rats 
 Number/sex/group or time point (main study):  15 
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 Route, formulation, volume, and infusion rate:  Oral gavage at 1 mL/100 g in 
0.5% methylcellulose (prepared and conducted under red light conditions). 
 Satellite groups used for toxicokinetics: 9   
 Age:  6 weeks at study initiation 
 Weight: Males: 179-211 gms; females: 137- 160 gms 
 Sampling times:  TK samples were taken from the satellite animals at 4 and 24 hrs 
post-dosing during Weeks 13 and 26.  Samples were evaluated for parent compound and 
M1 (O-desmethyl compound at the 4’-position of the dimethoxyphenyl moiety) 
   
Observations and times:  
Mortality:  Daily 
Clinical signs:  Three times/day 
Body weights:  Weekly 
Food consumption:  Weekly 
Ophthalmoscopy:  Prior to study initiation and Week 25 (all high dose and 5/sex/dose) 
EKG:  Not performed  
Hematology:  Study termination 
Clinical chemistry:  As for hematology 
Urinalysis:  10/sex/dose during Week 13 from cage pan samples and at study termination 
Gross pathology:  All animals at study termination 
Organ weights: Brain, pituitary, thyroid/parathyroids, thymus, heart, lungs, liver, spleen, 
kidneys, adrenals, testes, epididymides, seminal vesicles, prostate, ovaries, uterus   
Histopathology: Adequate Battery:   yes but only from control and high dose animals plus 
gross changes, adrenals, liver and the glandular portion of the stomach from all animals.  
Liver samples from 2/sex/control and high dose groups were examined using electron 
microscopy.  At a later date, samples of cerebrum, cerebellum and medulla oblongata 
were evaluated (Study 95-302) due to the “treatment-related brain mineralization” seen in 
the rat carcinogenicity study. 
Peer review:   Not specified 
 
Results 
Mortality:  There were no premature decedents. 
Clinical signs:  Clinical signs included hyperactivity at doses ≥3 mg/kg from Days 1-3 
(most pronounced) at 2 hrs post-dosing. By D 21, treated males were comparable to 
controls. Treated females continued to have a higher level of activity than controls 
throughout the dosing period.  Hypersensitivity to sound and handling was reported for 
some animals at ≥6 mg/kg/d.  These signs were attributed by the sponsor to the adenosine 
A2 receptor antagonist effect of the test article. 
Body weights:  Weights increased significantly in the high dose males (≤10%) and all 
treated females (≤28%) when compared to controls. 
Food consumption:  Feed consumption correlated well with the increased body weights 
especially in animals treated at ≥6 mg/kg/d. 
Ophthalmoscopy: Corneal opacity and vascularization were noted in 2 high dose males 
early in the study and persisted.  Additional ophthalmic findings included hemorrhage 
from the iris but not in a dose-dependent fashion.  These lesions were considered 
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incidental by the sponsor as they did not occur in any other studies in rats with KW-6002 
and were only seen in 2 high dose males.  The relationship to treatment is unclear. 
Hematology:  Decreased platelet counts were reported for 3 and 160 mg/kg/d females but 
this is not considered toxicologically significant. 
Clinical chemistry:  Total and direct bilirubins increased significantly in the high dose 
group animals. No changes compatible with hemolysis were found so it is possible that 
the test article interferes with synthesis and/or excretion of bilirubins.  Increased serum 
lipids were also reported.  
Urinalysis:  No toxicologically significant findings were discussed. 
Gross pathology:  “Pale” livers were described for several high dose males. Histologic 
correlates of “enhanced fatty change of hepatocytes” were appreciated.  “Black patches” 
on the glandular mucosa of the stomach were found in 1 male from each group, 1 female 
from each group except 4 from the high dose group. 
Organ weights: Adrenal weights were markedly increased in females treated at ≥30 
mg/kg/d.  Minor histologic correlates were discussed.  Liver weights were increased in 
the high dose females. Absolute and relative kidney weights were increased in the high 
dose males. 
Histopathology: Adequate Battery:   yes  
  Peer review:   Not specified 
 
Upon re-evaluation of the cerebrum, cerebellum and medulla oblongata from control and 
all treated animals, slight mineralization of the thalamus was reported in 2 males and 1 
female from the high dose group. In one high dose male, mineralization was also 
observed in the vascular wall (in thalamus). 
 
Moderate hepatocyte “fatty change” was observed in the high dose males showing pale 
livers at necropsy.  On EM, many fatty droplets were seen in the hepatocytes but no 
organelle changes were found. No increase in SER was observed. 
 
The “black patches” in the stomach glandular mucosa observed at necropsy were 
determined to be erosions. 
 
Slight swelling of the zona fasciculata cells of the adrenals was noted in 4 high dose 
females. 
 
Additional information: The mineral deposits noted in the brains of animals treated at 160 
mg/kg/d were analyzed with elemental microanalysis using an energy dispersive X-ray 
analyzer mounted on a SEM.  They took sections from 3 animals and serially sectioned 
them to create 10/animal for evaluation.  Two mineral deposits were seen in only 1 
animal (#16581) and these were shown to be primarily Ca and P. 
 
Toxicokinetics:  Both parent and major metabolite (M1, KF23325) were measured.  
Parent compound at 4 hrs post-dosing increased in a less than dose-proportional fashion.  
Concentrations of M1 increased dose-proportionally up to 30 mg/kg and less than 
proportionally thereafter.  No significant accumulation was noted over the duration of the 
study, but plasma levels of parent and M1 increased with repeated administration.  This 
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may have been due to decreased clearance.  While there were no gender differences in 
plasma levels of parent compound, plasma M1 levels in females were consistently higher 
than in males. 
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The sponsor considered the NOAEL for this 26 week rat study to be 30 mg/kg/d on the 
basis of fatty change in hepatocytes in high dose males and the adrenal cell swelling in 
the high dose females. 
 
Study title:  Toxicity to Dogs by Repeated Oral Administration for 4 Weeks 
(KHK/32) 
 
Key study findings:  Under the conditions of this study, the NOAEL was determined to 
be 30 mg/kg/d on the basis of increased liver weights in the mid and high dose males, 
increased liver enzymes in the high dose males, pneumonitis and hypertrophy of the 
adrenal zona fasciculata in the 100 and/or 300 mg/kg/d animals. Minimal pneumonitis 
with minimal septal thickening and increased alveolar macrophages were reported in the 
mid (1-2/3) and high dose (3/3) females and high dose (3/3) males. While the severity is 
minimal, it is an unusual incidence of pneumonitis with increased alveolar macrophages 
after capsule administration. 
 
 
Study no.:  KHK32/961196 
Conducting laboratory and location:  

 
Date of study initiation:  12/20/95 
GLP compliance:  Yes 
QA report:  Yes 
Drug, lot #, and % purity:  Batch 9407 at 100% purity 
Methods 
 Doses:  0 (empty gelatin capsules), 30, 100 or 300 mg/kg/d 
 Species/strain:  Beagle dogs 
 Number/sex/group or time point (main study):  3 
 Route, formulation, volume, and infusion rate: Micronized test article in gelatin 
capsules 
 Age:  21-24 weeks of age at study initiation 
 Weight: 6.3- 10.3 kg 
 Sampling times:    Days 1 and 28 and at terminal sacrifice at 0, 0.5, 1, 2, 4, 8, 12 
and 24 hrs post-dosing 
 Unique methodology: As for other studies, all manipulations of test article were 
done under “yellow light” conditions.  
Observations and times:  
Mortality:  Three times/day 
Clinical signs:  Three times/day at 2 hrs prior to dosing and 2 and 6 hrs post-dosing 
Body weights:  Weekly 
Food consumption:  Daily 
Ophthalmoscopy:  Pre-dosing and Week 4 
EKG:  Pre-dosing and Week 4 prior to daily dosing 
Hematology:  Pre-dosing and Week 4 
Clinical chemistry:  As for hematology 
Urinalysis:  As for hematology, from cage pan samples 

(b) (4)

(b) (4)
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Gross pathology:  All animals at study termination 
Organ weights:  Adrenals, brain, heart, kidneys, liver, lung, pancreas, pituitary, spleen, 
thymus, thyroids, uterus, prostate, testes with epididymides, ovaries, submandibular 
salivary glands 
Histopathology: Adequate Battery:   yes to include liver with Oil Red O stain and PAS 
  Peer review:   yes  
 
Results 
Mortality:  There were no premature decedents.  
 
Clinical signs:  Pale and/or liquid feces were noted in 1 animal at 100 mg/kg/d and with 
increasing frequency with prolonged dosing in the 300 mg/kg/d animals. 
 
Body weights:  Body weight gains were slightly decreased for mid and high dose males. 
 
Food consumption:  No treatment-attributable effects were noted. 
 
Ophthalmoscopy:  No treatment-attributable lesions were engendered. 
 
EKG:  No treatment-related differences from baseline values were appreciated. 
 
Hematology:  No intergroup differences were seen on blood analysis or bone marrow 
evaluation. 
 
Clinical chemistry:  While ALT and AST were increased statistically significantly for 
high dose males only (2-3 x), cholesterol levels were increased for both sexes at the high 
dose. 
 
Urinalysis:  No treatment-related effects were observed. 
 
Gross pathology:  No treatment-attributable gross lesions were perceived. 
 
Organ weights:  Group mean relative liver weights were significantly increased for mid 
and high dose males and for adrenals from both sexes at the 300 mg/kg/d level.  
Pancreatic weights were decreased for mid dose males and for both sexes at 300 mg/kg/d. 
 
Histopathology: Adequate Battery:   yes  
  Peer review:   yes  
 
Minimal pneumonitis with minimal septal thickening and increased alveolar 
macrophages were reported in the mid (1-2/3) and high dose (3/3) females and high dose 
(3/3) males. While the severity is minimal, it is another incidence of pneumonitis with 
increased alveolar macrophages after capsule administration. 
 
Hypertrophy of the zona fasciculata of the adrenal was described for high dose animals. 
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In the high dose females, increased pancreatic interstitial cellularity and atrophy of the 
exocrine acini were observed. 
 
Hepatic centrilobular hypertrophy/rarefaction was noted in the high dose animals (6/6) 
but was considered minimal to slight in severity. 
 
Toxicokinetics:  The exposures were dose dependent. 
 
Mean PK Parameters for Dogs Treated for 28 Days P.O. 
  Cmax (ng/mL)    AUC 24 (ng.h/mL) 
Dose 
(mg/kg/d) 

Day 1 
 
M 

 
 
F 

Day 28
M 

 
 
F 

Day 1  
 
M 

 
 
F 

Day 28  
M 

 
 
F 

30 553 
(253) 

337 
(276) 

658 
(472) 

922 
(253) 

4910 
(1981) 

4155 
(3760) 

8129 
(6255) 

8662 
(1750) 

100 1712 
(504) 

1624 
(777) 

3497 
(1115) 

1727 
(929) 

22172 
(6168) 

22085 
(18995)

54956 
(35328) 

25426 
(20014)

300 2491 
(386) 

2113 
(430) 

5153 
(1516) 

3739 
(677) 

36753 
(12449)

35035 
(12426)

94304 
(26304) 

67852 
(8517) 

(S.D.) 
 
Study title:  KW-6002: Toxicity to Dogs by Repeated Oral Administration for 4 
Weeks Followed by A 4-Week Recovery Period 
 
Key study findings:  The study was designed to further assess the histopathologic 
findings in study KHK/32 (4 week study in dogs) where histologic lesions were found in 
the lungs, liver, adrenals and pancreas of animals treated with 100 or 300 mg/kg/d of 
KW-6002. This study had an insufficient number of animals (2/sex/dose) and only 1 dose 
group (300 mg/kg/d). It does not provide significant or meaningful information.   
 
Study no.:  KHK 44/971671 
Conducting laboratory and location:   

 
Date of study initiation:  1/16/97 
GLP compliance:  Yes 
QA report:  Yes 
Drug, lot #, and % purity:  Batch 9612 at 100.1% purity 
Methods 
 Doses:  0 (empty gelatin capsules) or 300 mg/kg/d 
 Species/strain:  Beagle dogs 
 Number/sex/group or time point:  2 for main study, 2 for recovery 
 Route, formulation, volume, and infusion rate:  Oral capsule  

(b) (4)

(b) (4)
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 Age:  21-24 weeks of age 
 Weight: 6.4- 9.7 kg 
 Sampling times:   As in other studies with this test article, the samples were 
collected into vials covered with foil and the procedures were performed under “yellow 
light” conditions.  Samples were taken on Days 1 and 28 at pre-dose, 0.5, 1, 2, 4, 8, 12, 
18 and 24 hrs post-dosing.  
  
Results 
Mortality:  There were no premature decedents. 
 
Clinical signs:  “Pale feces” were reported for the KW-6002-treated animals. 
 
Body weights:  Body weight gains were decreased for the treated animals during the 
dosing period but they rebounded during the 4 week recovery period. 
 
Food consumption:  There were no treatment-related differences between the groups. 
 
Ophthalmoscopy:  Not performed  
 
EKG:  Not performed  
 
Hematology:  No treatment-attributable differences were noted. 
 
Clinical chemistry:  Cholesterol and phospholipid levels were increased in treated 
animals but levels were comparable between groups after the recovery period. 
 
Urinalysis:  No treatment-related effects were observed. 
 
Gross pathology:   While small thymuses were observed in some animals, no differences 
were found in organ weights and there were no significant histologic correlates. 
 
Organ weights: Absolute adrenal weights were increased and the livers of treated animals 
were slightly higher than controls at the end of the dosing period but values were 
comparable by the end of the recovery period.  
 
Histopathology: Adequate Battery:   yes  
  Peer review:   yes 
 
Hypertrophy of the zona fasciculata was seen in the adrenal cortices of treated dogs at the 
end of the dosing period but not at the end of the recovery period.  No other treatment-
related lesions were discussed.  
 
While there was some focal pneumonitis and the cytoplasm of some alveolar 
macrophages in one of the treated males contained neutral lipid, it is unclear whether 
these findings are significant in this animal. 
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 Electron microscopy addendum (Study KHK44/970465: Addendum to 
KHK44/971671.  This addendum addressed the lung lesions found on light microscopy in 
the 300 mg/kg to include increased alveolar macrophages, some with increased numbers 
of lipid droplets.  Similar lesions were not found at the end of the recovery period. 
 
Toxicokinetics:  With such limited sampling and few animals tested, it is difficult to 
determine the significance of these data, but Tmax was usually 4-8 hrs post-dosing and 
no gender differences were appreciated.  Systemic exposures were slightly higher on Day 
28 than on Day 1 indicating drug accumulation. 
 
 
Study title:  Toxicological Study of KW-6002 in Dogs after Repeated Oral 
Administration for 4 Weeks 
 
Key study findings:  The NOAEL for this 4 week dog study is 100 mg/kg/d on the basis 
of the increased liver enzymes and decreased feed consumption and body weight gains at 
400 mg/kg/d. 
 
Study no.:  A-96-29 or 95-201 or A-96-83 
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  5/18/95 
GLP compliance:  Yes 
QA report:  yes  
Drug, lot #, and % purity:  Lot 9508 at 99% purity 
Methods 
 Doses:  Untreated, 0 (vehicle only), 25, 100 and 400 mg/kg/d; 400 mg/kg/d was 
the maximum feasible dose due to the formulation of 1:2 with 
hydroxypropylmethylcellulose 
 Species/strain:  Beagle dogs 
 Number/sex/group or time point (main study):  4 
 Route, formulation, volume, and infusion rate:  Orally in gelatin capsules 
 Satellite groups used for toxicokinetics or recovery:  1/sex from control and high 
dose groups only for TK 
 Age:  10 months at study initiation 
 Weight: 8.8- 12.9 kg 
 Sampling times:   TK samples were taken on Days 1 and 23 at 0, 0.5, 1, 2, 4, 8, 
and 24 hrs post-dosing.   
 Unique study design or methodology: KW-6002 (33.3% of the mixture) was 
prepared by “co-grinding” with hydroxypropylmethylcellulose.   
 
 
Observations and times:  
Clinical signs:  3x/day 
Body weights:  Weekly 
Food consumption:  Weekly 
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Ophthalmoscopy:  Prior to dosing, at the end of the dosing and recovery periods 
EKG:  Prior to dosing and from high dose animals during the 3rd week of dosing (pre-
dose and 2 hrs post-dose) and during the final week of the recovery period.  
Hematology:  Prior to dosing, and at the end of the dosing and recovery periods 
Clinical chemistry:  As for hematology 
Urinalysis:  As for hematology, from cage pan samples 
Gross pathology:  All animals at study termination 
Organ weights:  Adrenals, brain, heart, kidneys, liver, lung, pancreas, pituitary, spleen, 
thymus, thyroids, uterus, prostate, testes with epididymides, ovaries, submandibular 
salivary glands 
Histopathology: Adequate Battery:   yes  
  Peer review:   not specified 
 
Results 
Mortality:  There were no premature decedents in this study. 
 
Clinical signs:  No treatment-attributable signs were observed although “grey or white 
feces” were commonly noted in treated animals in a dose-related manner.  The high dose 
females vomited the sample admixed with food on many occasions. 
 
Body weights:  One 400 mg/kg/d male lost a minimal (0.1 kg) weight during the study 
and the high dose females did not gain as well as the other dose groups.  However, as the 
animals were 10 months of age, one would not expect significant weight changes without 
other toxicologically significant findings.  
 
Food consumption:  Consumption was decreased (~50 gms/week) in the high dose 
females when compared to other groups.  
 
Ophthalmoscopy:  No treatment-related lesions developed during the study. 
 
EKG:  No treatment-related intergroup differences were recorded. 
 
Hematology:  No treatment-related effects were discussed. 
 
Clinical chemistry:  SGOT increased in all high dose animals but 1 high dose female had 
a 5x increase when compared to controls.  SGPT was increased in two of the high dose 
males compared to controls. 
 
Urinalysis:  No intergroup differences were conveyed. 
 
Gross pathology:  No treatment-attributable gross lesions were reported. 
 
Organ weights:  Absolute and relative adrenal gland weights were increased ≤ 25% in all 
dosed animals ≥25 mg/kg/d.  No histologic correlates were found.   
 
Histopathology: Adequate Battery:   yes  
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  Peer review:   yes  
No significant treatment-attributable lesions were recognized. 
 
Toxicokinetics:  There was significant variability between animals. The Tmax was 2-4 
hrs and no significant gender differences were reported.  The sponsor claimed that, due to 
coprophagia, the plasma concentrations increased at 24 hrs post-dosing and that finding 
was the reason for the bimodal time course. 
 
Plasma concentrations increased with repeated exposure (males: 1.2- 10.1x; females: 
0.96- 4.46x), indicating accumulation.  Mean Cmax and AUC plateaued in females at 100 
mg/kg/d and did not plateau in males at doses up to 400 mg/kg/d. 
 
Mean PK Parameters for Dogs Treated for 4 Weeks 
Day Dose 

(mg/kg) 
Tmax (hr) Cmax 

(ng/mL) 
AUC 0-24 
(ng.h/mL) 

T ½ (hr) 

Males     1 25 13.0 ± 12.7 314± 91 3116± 1809 8.8 
 100 2.0± 0.0 536± 117 5707± 2542 11.5± 2.8 
 400 4.5± 2.5 1117± 259 17474±  

2487 
35.4 

23 25 7.3±  11.2 654± 379 7817± 4990 - 
 100 2.0±  0.0 1506±  1131 26649±  

25381 
- 

 400 4.0 ± 3.3 4515±  1858 88921±  
40428 

- 

Females     1 25 2.5± 1.0 519±  215 5467±  1922 9.2±  1.0 
 100 4.5± 2.5 881±  148 11211±  

4699 
16.4±  5.1 

 400 2.0±  0.0 992± 147 12249±  483 14.7±  4.0 
23 25 3.5±  1.0 702± 259 9497±  3995 - 
 100 9.5±  10.0 2324±  750 38294±  

15862 
- 

 400 8.0 ± 10.7 2595± 710 45367±  
12111 

- 

 
- = Not calculated 
 
Study title:  Repeated Dose Toxicity Study of KW-6002 Administered Orally to 
Beagle Dogs for 6 Weeks 
  
Key study findings:  No meaningful information was provided by this very limited study 
in dogs treated for 6 weeks with KW-6002 with/without levodopa/carbidopa. 
 
Study no.:  00-088 or A-01-071 
Conducting laboratory and location:  Toxicological Research Laboratories, Kyowa 
Hakko Kogyo Co., Ltd., Yamaguchi, Japan 
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Date of study initiation:  11/7/00 
GLP compliance:  “Not in strict accordance with the GLP regulations” 
QA report:  no  
Drug, lot #, and % purity:  Lot #980001M01 
 
Methods 
 Doses:  0 (1% methylcellulose), 1000 mg/kg/d istradefylline or 
levodopa/carbidopa (L/C) at 10/1 mg/kg/d. 
 Species/strain:  Beagle dog 
 Number/sex/group or time point (main study):  One 
 Route, formulation, volume, and infusion rate:  Oral capsules (L/C) or oral gavage 
(KW-6002) at 5 mL/kg 
 Satellite groups used for toxicokinetics or recovery:  None 
 Age:  Males: 14 months of age; females: 20 months of age 
 Weight:  9.7- 11.7 kg 
 Sampling times:  TK samples were taken at 1, 2, 4, 6 and 24 hrs post-dosing for 
L/C and at 2, 4, 6, 8, 12, 22 or 23 and 24 hrs post-dosing for KW-6002 after the first 
dose.  After the 7th , 21st and last doses, samples were taken at the same times. On the 
dose days 14, 28 and 35, samples were taken for L/C at 1 and 2 hrs post-dosing and for 
KW-6002 at 4 and 24 hrs post-dosing. 
   
 
Results: 
Mortality:  There were no premature decedents. 
 
Clinical signs:  “Grayish stools” were noted in all KW-6002-treated animals and 
vomition was noted in all treated animals, especially frequent in the combination 
regimen-treated female. 
 
Body weights:  No effects of treatment were reported.  
 
Food consumption:  No significant findings 
 
Ophthalmoscopy:  Not performed  
 
EKG:  Not performed  
 
Hematology:  A decrease in red cell counts was reported in the L/C-treated female.  
 
Clinical chemistry:  An increased AST level was determined for the KW-6002-treated 
female. 
 
Gross pathology:  No treatment-associated lesions were described in any animal on study. 
 
Organ weights:  Weighed: brain, lung, heart, spleen, pancreas, kidney, adrenals, liver, 
thymus, testes, ovaries, uterus, pituitary, prostate, submandibular gland, 
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thyroid/parathyroids.  Increased adrenal gland weights (<50% different than control) 
were recorded for the female treated with KW-6002 and the combination regimen female.   
 
Histopathology: Adequate Battery:   yes  
  Peer review:   not specified 
 
Multifocal alveolar macrophages were found in the lungs of animals treated with KW-
6002 while mild, focal, perivascular infiltration with inflammatory cells was noted in the 
combination regimen animals. 
 
Toxicokinetics:  Increased AUC and Cmax were found in the KW-6002-treated female 
and the combination regimen animals. In the combination animals, repeated dosing 
elicited increased Cmax and AUC of L/C.  However, with only one animal/sex/group, it 
is difficult to determine the significance of the findings.  
 
Study title:  A 13-Week Repeated Dose Oral Toxicity Study of KW-6002 in 
Combination with Levodopa/Carbidopa in Beagle Dogs with a 4-Week Recovery 
Period 
 
Key study findings:  The animals were 11-12 months of age at study initiation.  In 
general toxicology studies intended to support regulatory submissions, the dogs are aged 
5-7 months of age at study initiation to help evaluate effects on growth and sexual 
development. No new target tissues were identified in the drug combination groups. 
Increased vomition was reported in all groups that received levodopa whether alone or in 
combination. Significant effects on heart rate and QT interval were found in the KW-
6002 groups in combination or in the L/C group, but not in the KW-6002 alone group.  
Mean QT intervals were significantly increased in the combination groups.  While there 
were no significant QTc changes, this is not relevant as the population correction does 
not apply for such small treatment groups.  Males from the L/C group had longer QT 
intervals than the control males. There was good correlation between the animals with 
decreased heart rates and increased QT intervals, an expected biologic phenomenon.  
 
Significantly decreased heart rates (<60 bpm, therefore bradycardia) were found in males 
from the KW-6003/L/C groups at 100/80/20 and 300/80/20.  A similar “trend” was noted 
in the 30/80/20 males, the L/C males and the females from the 100/80/20 group but the 
values did not reach statistical significance. In the one animal evaluated at 2 hrs after L/C 
dosing, the maximal decrease was found but when this animal was further evaluated at 4 
hrs post-dosing, the values were comparable to controls.  Therefore the sponsor attributed 
the bradycardia to levodopa. While this is a possibility, many more time points and 
animals would need to be analyzed to support this contention. 
One KW-6002-treated animal showed right bundle branch block during Week 13.  The 
significance of this finding in a single animal is unclear. 
 
Study no.:  B- 5759 
Conducting laboratory and location:   
Date of study initiation:  7/5/06 

(b) (4)
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GLP compliance:  Japanese GLP compliance 
QA report:  Yes 
Drug, lot #, and % purity:  KW-6002: Lot 040011; KW-6002 and levodopa 
(L)/carbidopa (C): Lot 422978; levodopa/carbidopa: Lot 422975.  All were considered at 
least 98% pure. 
Methods 
 Doses:  0 (empty gelatin capsules), 300 mg/kg/d KW-6002, and 30/80/20 or 
100/80/20 or 300/80/20 KW-6002/L/C or L/C at 80/20 (Total of 7 separate groups) 
 Species/strain:  Beagle dogs 
 Number/sex/group or time point (main study):  4 or 5 
 Route, formulation, volume, and infusion rate:  Capsules 
 Satellite groups used for toxicokinetics or recovery:  Control and KW-6002/L/C 
at 300/80/20 for recovery 
 Age:  11-12 months of age at study initiation 
 Weight: Males: 7.12- 11.12 kg; females: 6.08- 9.57 kg 
 Sampling times:  TK samples were taken on Days 1, 14, 28, and 91 at 0, 2, 4, 4.5, 
5, 6, 8, 12 and 24 hrs after KW-6002 dosing. Samples were analyzed by HPLC.   
 Unique study design or methodology:  Dosing was staggered with KW-6002 
(followed immediately by a gelatin capsule with 5 mL of tap water) given 4 hrs prior to 
L/C administration.  The animals were fed 1.5- 2 hrs post-L/C administration. 
 
Observations and times:  
Mortality and Clinical signs: 4x/day during the dosing period, 1x/day other periods 
Body weights:  Weekly 
Food consumption:  Daily 
Ophthalmoscopy:  Prior to dosing and Weeks 12 and 17 
EKG:  Prior to dosing, twice during Weeks 4 and 13 and once during Week 17 
Hematology:  Prior to dosing and Weeks 4, 13 and 17 
Clinical chemistry:  As for hematology 
Urinalysis:  As for hematology 
Gross pathology:  All animals 
Organ weights:  Adrenals, brain, epididymides, heart, kidneys, liver, lungs, ovaries, 
pituitary, prostate, spleen, submandibular glands, testes, thymus, thyroids, uterus   
Histopathology: Adequate Battery:   yes. Bone marrow smears were made, but not 
evaluated.   
  Peer review:  yes of target organs and all tissues from 1/sex/group.  
 
Results 
Mortality:  One L/C animal (Male #6002) died on Day 59 with prodromal signs of ataxia, 
prostration and coma within 3 hrs of dosing on Day 58.  Clinical chemistries revealed 
very high LDH and CPK levels as well as leukopenia and dehydration and significant 
gross lesions were reported in the heart or skeletal muscle included “dark red foci” in 
several areas of the heart.  These were later shown to be acute hemorrhage on histologic 
examination. TK analysis showed L/C levels comparable to other animals from this 
treatment group. No cause of death was identified. 
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Clinical signs:  Vomition was frequent throughout the study in the KW-6002/L/C and 
L/C groups, usually within an hour of L/C dosing.  The level of KW-6002 in the 
administered dose did not appear to influence the frequency of vomition.  The clinical 
adverse signs may be partially responsible for the significant variability in the TK 
parameters. Increased salivation was observed in the L/C animals just prior to dosing and 
was considered a “conditioned reflex”. 
 
Feces containing KW-6002 were seen in all animals treated with it throughout the dosing 
period whether alone or in combination. “Soft feces containing K-like material” were 
seen in a dose-dependent fashion. The sponsor interpreted this to mean unabsorbed drug 
was present. This is a reasonable conclusion.  
 
No adverse clinical signs were reported during the recovery period.   
 
Body weights:  Some body weight losses were found in all groups but at <10% overall 
for any group. Body weight gains for the all treatment groups were comparable to 
controls except for the KW-6002/L/C at 100/80/20 and 300/80/20 where significantly 
decreased body weight gains (≤17%) were found in a few animals. 
 
A slight “rebound” was seen during the recovery period. 
 
Food consumption:  Feed consumption was significantly higher in the L/C group, 
probably due to the frequent vomition. 
 
A slight “rebound” in feed consumption and body weight was found in the KW-6002/L/C 
group during the recovery period. 
 
Ophthalmoscopy:  No treatment-related lesions developed during the study. 
 
EKG:  Mean QT intervals were significantly increased in the combination groups.  While 
there were no significant QTc changes, this is not relevant as the population correction 
does not apply for such small treatment groups.  Males from the L/C group had longer 
QT intervals than the control males. There was good correlation between the animals 
with decreased heart rates and increased QT intervals, an expected biologic phenomenon.  
 
Significantly decreased heart rates (<60 bpm, therefore bradycardia) were found in males 
from the KW-6003/L/C groups at 100/80/20 and 300/80/20.  A similar “trend” was noted 
in the 30/80/20 males, the L/C males and the females from the 100/80/20 group but the 
values did not reach statistical significance. In the one animal evaluated at 2 hrs after L/C 
dosing, the maximal decrease was found but when this animal was further evaluated at 4 
hrs post-dosing, the values were comparable to controls.  Therefore, the sponsor 
attributed the bradycardia to levodopa. While this is a possibility, many more time points 
and animals would need to be analyzed to support this contention. 
 
Right bundle branch block was recorded in female #2102 (what dose group?) during 
Week 13 on repeated readings. 
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Hematology:  No significant consistent intergroup differences were found. 
 
Clinical chemistry:  Although decreased ALT values were reported in combination and 
L/C groups, this finding is not considered toxicologically significant.  
 
Urinalysis:  No significant treatment-related differences from controls were reported, 
other than an inconsistent increase in urine volume possibly due to the vomition and 
increased water intake. 
 
Gross pathology:  No significant gross lesions were reported. 
 
Organ weights:  Adrenal weights were significantly increased in the mid and high dose 
combination females. A similar “trend” was seen in other treated females but no 
histologic correlates were found.  The significance of the finding is uncertain. 
 
While submandibular gland weights were increased in many females, no histologic 
correlates were perceived.  In males, there was minimal hypertrophy of acinar cells, but 
the finding is not considered toxicologically significant.  
 
Histopathology: Adequate Battery:   yes  
  Peer review:   yes  
 
No significant treatment-attributable lesions were discussed. 
 
Toxicokinetics:  KW-6002 elimination was slow with drug detectable at 24 hrs post-dose 
while L/C elimination occurred within 2 hrs of dosing.  There were no obvious drug 
interactions as the AUCs were comparable when individual entities or combination 
therapeutics were given concomitantly.  
 
Overall, systemic exposure to KW-6002 increased with increasing doses but in a less than 
dose-proportional fashion and the variability between animals was large. This was 
especially true in the male KW-6002 alone group.  One/sex had AUC levels that were 
consistently 4-5x higher than their cohorts.   
 
The mean exposures to L/C were highly variable between groups and were consistently 
higher with time on study.  Overall, although the inter-animal variability was high, no 
significant differences in AUC to L and/or C were found whether KW-6002 was present 
or not.  
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Mean TK Parameters for KW-6002 in  Dogs Treated for 13 Weeks  
    Males    Females 
Dose 
(mg/kg/d) 
KW-6002 

 
 
L 

 
 
C 

 
Tmax  
(hr) 

 
Cmax 
(ng/mL)

 
AUC 0-24 
(ng.h/mL)

 
Tmax 
(hr) 

 
Cmax 
(ng/mL) 

 
AUC 0-24 
(ng.h/mL)

Day 1 
300 

 
0 

 
0 

 
11 

 
482 

 
5520 

 
16 

 
708 

 
8370 

30 80 20 2.5 187 1470 2.5 158 1690 
100 80 20 3.0 241 2230 3.0 229 2450 
300 80 20 6.0 474 4410 7.0 400 4340 
Day 14 
300 

 
0 

 
0 

 
3.5 

 
836 

 
12900 

 
2.5 

 
846 

 
12400 

30 80 20 3.0 352 3030 3.5 513 6570 
100 80 20 3.5 417 4140 4.0 868 11100 
300 80 20 6.3 798 11200 8.3 1080 17300 
Week 4 
300 

 
0 

 
0 

 
9.0 

 
481 

 
6550 

 
6.5 

 
2400 

 
32900 

30 80 20 3.0 385 3530 11 673 8810 
100 80 20 3.0 716 7550 3.5 1010 13500 
300 80 20 6.3 1610 21200 3.3 1430 20700 
Week 13 
300 

 
0 

 
0 

 
13 

 
764 

 
9610 

 
1.5 

 
1030 

 
15400 

30 80 20 3.0 580 5270 6.0 811 11100 
100 80 20 3.5 1050 11000 6.0 1370 20600 
300 80 20 12 1710 29200 5.3 1700 25400 
 
 
Study title:  Repeated Dose Toxicity Study of KW-6002 Administered Orally to Dogs 
for 26 Weeks 
 
Key study findings:  The dogs were aged 11-12 months at study initiation.  This is not 
usual for studies intended for regulatory safety assessment as the dogs are most often 
started on study at 5-7 months of age to assess potential compound-related effects on 
development in growing animals.  
The sponsor considered the bile plugs in the liver, the hyperplasia of the adrenal zona 
fasciculata and prostatitis found at ≥80 mg/kg/d to be significant adverse effects of 
istradefylline and determined the NOTEL for this study to be 16 mg/kg/d. 
 
Study no.:  95-303 or A-97-40 
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  12/6/95 
GLP compliance:  Japanese GLP compliance 
QA report:  yes  
Drug, lot #, and % purity:  Lot 9508 at >97% purity 
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Methods 
 Doses:  0, 16, 80 or 400 mg/kg/d; 400 mg/kg/d was considered to be the 
maximum feasible dose 
 Species/strain:  Beagle dogs 
 Number/sex/group or time point (main study):  4 
 Route, formulation, volume, and infusion rate:  Test article admixed with 
hydroxypropylmethylcellulose at 1:2 w/w into gelatin capsules. Following this capsule 
administration, another capsule with 10 mL water was given to each animal to ensure the 
animals received their appropriate dose. 
 Satellite groups used for toxicokinetics or recovery:  None 
 Age:  11-12 months at study initiation 
 Weight: Males: 9.2- 13.1 kg; females: 8.0- 10.6 kg 
 Sampling times:    Day 1, Weeks 12 and 25 at 1, 2, 4, 8 and 24 hrs post-dosing 
 Unique study design or methodology:  Body temperatures were taken prior to 
dosing, at 1 and 4 hrs post-dosing in Week 25 in the control and high dose animals. 
 
The 400 mg/kg/d dose was set on the basis of the large amount of 
hydroxypropylmethylcellulose (~1200 mg/kg of the mixture) providing a MFD. 
 
Observations and times:  
Mortality and clinical signs: Three times/day 
Body weights:  Weekly 
Food consumption:  Weekly 
Ophthalmoscopy:  Prior to dosing and Weeks 13 and 25 
EKG:  Prior to dosing (all animals) and Weeks 13 and 25 for high dose animals only at 
pre-dosing and 2 hrs post-dosing 
Hematology:  Prior to dosing and Weeks 13 and 25 
Clinical chemistry:  As for hematology 
Urinalysis:  As for hematology, from cage pan samples 
Gross pathology:  All animals at study termination after exsanguination 
Organ weights:  Adrenals, brain, heart, kidneys, liver, lungs, pituitary, spleen, thymus, 
thyroids, uterus/prostate, testes with epididymides, ovaries   
 
Histopathology: Adequate Battery:   yes to include PAS and Sudan III stain on liver from 
high dose male (1) and females (2).   
  Peer review:   yes  
 
Results 
Mortality:  There were no premature decedents. 
 
Clinical signs:  No significant treatment-related signs were described. Grey-white 
material in feces was reported in all treated groups with increased incidence with 
increased dose.  This was considered to be unabsorbed test article from the “massive 
dose” of vehicle administered.   
 
Body weights:  No treatment-related effects on body weight were denoted. 



Reviewer: Terry S. Peters, D.V.M.   NDA No. 22-075 
 
 

 60 
 

 
Food consumption:  No treatment-related effects on feed consumption were conveyed. 
 
Ophthalmoscopy:  No treatment-attributable lesions were determined. 
 
EKG:  No treatment-attributable changes from baseline were discovered. 
 
Hematology:  No treatment-related differences from pre-study values were discussed. 
 
Clinical chemistry:  Significantly increased ALT and AST were reported in Week 13 for 
2 high dose females and increased total bilirubin was reported from 1/sex at this dose.  At 
study termination, AST and ALT were increased in most of the high dose animals 
(females > males) and increased total bilirubin was noted in 1 male and 2 females from 
the 400 mg/kg/d group.  
 
Urinalysis:  No treatment-related effects were found. 
 
Gross pathology:  No treatment-related gross lesions were determined other than enlarged 
adrenal glands in 2 mid dose females and 1 male and 3 females from the 400 mg/kg/d 
groups. 
 
Organ weights:  Adrenal gland weights (absolute and relative [≤2.2x]) were increased at 
≥80 mg/kg/d. 
 
Histopathology: Adequate Battery:   yes  
  Peer review:   yes  
 
“Bile plugs” were noted in the liver of 2 mid dose and 4 high dose females.  Electron 
microscopy was performed on liver and adrenals from 1/sex/group and one of these 
animals (#16764) showed decreased microvilli in the bile canaliculi and vacuoles in 
hepatocytes with amorphous substance within them. 
 
While adrenal zona fasciculata hyperplasia (slight to severe) was described in 2 mid dose 
and 3 high dose females and 1 high dose male, later peer review discounted this finding 
and called it “thickening” rather than hyperplasia. No significant electron microscopic 
findings were noted. 
 
Increased alveolar macrophages were found in 1 male and 3 females from the 400 
mg/kg/d group but no reactive responses were found in the respiratory epithelium. 
 
Prostatitis was found in 1 80 mg/kg/d male and 2 males from the high dose group. The 
significance of this finding is uncertain in sexually mature beagle dogs that are not 
reproductively active. 
 
The brains from these animals were examined several times for the presence of 
mineralization. 
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Toxicokinetics:   The Tmax for parent and the M1 metabolite was between 2- 4 hrs.  As 
the dose increased, Cmax and AUC of the parent compound increased in a less than dose 
proportional fashion.  Exposures were greater in females compared to males, but 
variability was quite high.  Accumulation occurred over the dosing duration with 
approximately a 3x increase in parent compound and 1.8x increase in the M1 metabolite 
during Week 25 compared to Day 1. 
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The sponsor considered the NOAEL for this study to be 16 mg/kg/d on the basis of the 
bile plugs in the liver, and hyperplasia of the adrenal zona fasciculata in the animals 
dosed at ≥80 mg/kg/d. 
 
Study title:  KW-6002: Toxicity to Dogs by Repeated Oral Administration for 52 
Weeks with a 12-Week Recovery Period 
 
Key study findings:  None of the findings in this study was considered to be dose-
limiting. EKGs were performed prior to dosing during Weeks 13, 26, 52 and 64. This 
timing for evaluation of test article effects would not allow determination of potential 
effects at Cmax and/or Tmax.  QT intervals were measured for control and high dose 
animals only. 
 
The NOAEL for this study is determined to be 10 mg/kg/d (low dose) on the basis of 
increased adrenal weights and changes in the zona fasciculata at the 30 and 100 mg/kg/d 
level.   
 
Study no.:  KHK045/983028 or 982101 
Conducting laboratory and location:   

 
Date of study initiation:  1/28/97 
GLP compliance:  Yes 

(b) (4)

(b) (4)
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QA report:  yes  
Drug, lot #, and % purity:  Lots 9612 and 9613 at 100.1% purity 
Methods 
 Doses:  0, 10, 30 or 100 mg/kg/d 
 Species/strain:  Beagle dogs 
 Number/sex/group or time point (main study):  4 
 Route, formulation, volume, and infusion rate:  Oral capsule 
 Satellite groups used for toxicokinetics or recovery:  1/sex/group for TK 
 Age:  23- 29 weeks of age 
 Weight: 6.3- 9.9 kg 
 Sampling times:    TK samples: Day 1, Weeks 13, 26, 39 and 52 at 0, 0.5, 1, 2, 4, 
8, 12 and 24 hrs post-dosing 
 Unique study design or methodology:  All activities associated with test article 
were performed under “yellow light” conditions- a portable light source with wavelength 
>500 nm, lux <18 and at least 2 meters from the light source. Blood sampling was 
collected into foil wrapped vials and the analyses were performed under the same 
conditions.   
 
Observations and times:  
Mortality:  Twice daily 
Clinical signs:  Daily 
Body weights:  Weekly 
Food consumption:  Daily 
Ophthalmoscopy:  Prior to dosing and Weeks 13, 26, 52 and 64 
EKG: As for ophthalmoscopy prior to daily dosing.  This timing would not allow for 
determination of potential effects at Cmax or Tmax.  QT intervals were measured for 
control and high dose animals only. 
Hematology:  As for ophthalmoscopy 
Clinical chemistry:  As for ophthalmoscopy 
Urinalysis:  As for ophthalmoscopy 
Gross pathology:  All animals at termination 
Organ weights: Adrenals, brain, heart, kidneys, liver, lungs, pancreas, pituitary, spleen, 
thymus, thyroids, uterus//prostate, testes with epididymides, ovaries, submandibular 
salivary glands   
Histopathology: Adequate Battery:   yes  
  Peer review:   yes  
 
Results 
Mortality:  There was one premature decedent (#643M from the 30 mg/kg/d group) 
sacrificed for humane reasons during Week 42. He was unable to stand, had severe neck 
spasms and was febrile. The histologic diagnosis was “beagle pain syndrome” after the 
finding of a blood clot in the spinal column and intramuscular hemorrhages. 
 
Clinical signs:  No treatment-attributable clinical signs were observed.  One recovery 
female from the 100 mg/kg/d dose group had poor condition and various morbidities 
starting in recovery week 6. 
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Body weights:  The 100 mg/kg/d females had slightly reduced body weight gains when 
compared to controls.  
 
Food consumption:  No treatment-related effects on feed consumption were reported. 
 
Ophthalmoscopy:  No treatment-related lesions were engendered. 
 
EKG:  No treatment-related differences from baseline were measured. 
 
Hematology:  Increased white cell counts (all cell lineages) were higher in the 100 
mg/kg/d animals when compared to controls at all time points except the end of the 
recovery period.  No bone marrow effects of dosing were relayed. 
 
Although lowered mean reticulocyte counts were seen in the treated animals, several 
controls had higher than expected counts.  Therefore, it is unclear if this is a treatment-
related effect or not. 
 
Clinical chemistry:  Neither consistent nor significant intergroup differences were related.  
Mean cholesterol levels were higher in mid and high dose animals during the early parts 
of the study but they normalized by mid-study. 
 
Urinalysis:  No significant findings were described. 
 
Gross pathology:  Enlarged adrenals were found in most of the high dose animals at 
terminal sacrifice and mid and high dose females at the end of the recovery period. 
 
Organ weights: Adrenal weights (absolute) were higher (≤1.48x) for mid dose females 
and both sexes at 100 mg/kg/d both at terminal sacrifice and the end of the recovery 
periods.    
 
Absolute (1.7x) and relative thymic weights were increased for the high dose males when 
compared to controls. No histologic correlates were detected in these animals but the 
control thymuses were “markedly” atrophic.  Therefore, no toxicologic significance is 
attached to this finding. 
 
Histopathology: Adequate Battery:   yes  
  Peer review:   yes  
 
Slightly increased alveolar macrophages were determined in the lungs at the high dose (3 
males, 2 females).  This is unusual as the test article was administered by capsule. Similar 
findings were reported in the rat oral gavage studies so this lesion should be considered a 
potential compound-related adverse effect. 
 
“Thickening” or hypertrophy of the adrenal zona fasciculata was described at 30 and 100 
mg/kg/d at the end of the dosing period.  The significance of the finding is unknown.  
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Electron microscopy was performed on the lung and liver. No lesions were reported in 
the livers but evaluation of the lung (4/4 males, 2/4 females) from the high dose (100 
mg/kg/d) animals revealed Type II pneumocyte proliferation with prominent multi-
lamellar inclusions.  An additional finding was increased tubular myelin in these animals.  
No changes were found in the recovery animals. These findings were consistent with the 
report of the light microscopic evaluation. 
 
Toxicokinetics:  Accumulation was apparent after repeated dosing in most animals on 
study.  The exposure appeared to increase in a dose-independent fashion.  The standard 
deviations were high.  The time to Tmax was also variable- usually within 4-8 hrs at the 
low and mid doses and 8-12 hrs at the 100 mg/kg/d dose.  
 
Mean TK Parameters for Dogs Treated for 52 Weeks with KW-6002 
Dose 
(mg/kg/d) 

Cmax 
(ng/mL) 
Day 1 
M 

 
 
 
F 

 
Week 26 
 
M 

 
 
 
F 

 
Week 52 
 
M 

 
 
 
M 

10 338 346 372 444 501 411 
30 846  

(2.5x)* 
901  
(2.6x) 

1482 
(4.0x) 

1168 
(2.6x) 

1319 
(2.6x) 

967 
(2.4x) 

100 1974 
(5.8x) 

1665 
(4.8x) 

2890 
(7.8x) 

3104 
(7.0x) 

2219 
(4.4x) 

2160 
(5.3x) 

 AUC 0-24 
(ng.h/mL) 
M 

 
 
F 

 
 
M 

 
 
F 

 
 
M 

 
 
F 

10 619 2886 4104 5908 6556 6284 
30 8221 

(3.1x) 
8481 
(2.9x) 

18362 
(4.5x) 

14664 
(2.5x) 

16545 
(2.5x) 

11998 
(1.9x) 

100 30778 
(11.8x) 

21633 
(7.5x) 

50487 
(12.3x) 

50261 
(8.5x) 

37485 
(5.7x) 

34760 
(5.5x) 

* () Relationship of Cmax or AUC and dose level 
 
 
None of the findings in this study was considered to be dose-limiting.  
The NOAEL for this study is determined to be 10 mg/kg/d (low dose) on the basis of 
increased adrenal weights and changes in the zona fasciculata at the 30 mg/kg/d level.   
 
 
Study title:  KW-6002: 13 Week Oral (Gavage Administration) Toxicity Study in the 
Mouse 
 
Key study findings:  Increased ALT and AST were noted at 250 mg/kg in males and 
both sexes at 500 mg/kg/d.  Increased bilirubin was found at doses ≥125 mg/kg. A dose-
related increase in hepatocellular centrilobular hypertrophy/basophilia was appreciated in 
at doses ≥125 mg/kg. In these same animals, pancreatic acinar cell vacuolation/atrophy 
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was recorded.  Of interest is the sponsor’s conclusion that the liver lesions were 
prohibitive for the use of the 500 mg/kg/d dose in chronic/carcinogenicity studies. 
Overall, the histologic lesions, the clinical chemistry intergroup differences and the 
increased liver weights imply enzyme induction.  No increases in the numbers of hepatic 
foci or other pre-neoplastic lesions were found at any dose group after 13 weeks of daily 
dosing.  
 
The sponsor considered the NOAEL for this 13 week study in mice to be 60 mg/kg/d.  
Unfortunately, it does not appear that their rationale for 500 mg/kg/d as a MTD dose does 
not appear to be supported by the data. 
 
Study no.:  1471/3- D6154 
Conducting laboratory and location:   
Date of study initiation: November 16, 1998 
GLP compliance:  Yes 
QA report:  Yes 
Drug, lot #, and % purity:  Batch 9816 
Methods 
 Doses:  0, 60, 125, 250 and 500 mg/kg/d 
 Species/strain:  Crl:CD-1(ICR) BR mice 
 Number/sex/group or time point (main study):  12 
 Route, formulation, volume, and infusion rate:  Oral gavage at 10 mL/kg 
 Satellite groups used for toxicokinetics or recovery:  6/sex/control, 18/sex/dose 
group 
 Age:  6 weeks of age at study initiation housed 3/cage 
 Weight: 18-22 gms 
 Sampling times:   PK samples were taken on Day 1 and Week 13 under controlled 
lighting from 2/sex/timepoint at 0.5, 1, 2, 4, 8, 12 and 24 hrs post-dosing.  
 Unique study design or methodology:  The sponsor chose 500 mg/kg/d as the high 
dose in this mouse study as this dose was found to be the MTD in rats.  In rats at this 
dose, the AUC0-24 was 89 µg.h/mL and in mice it was 178 µg.h/mL.   
 
Observations and times:  
Mortality and Clinical signs:  Twice daily 
Body weights:  Weekly 
Food consumption:  Weekly/cage 
Ophthalmoscopy:  Not performed  
EKG:  Not performed  
Hematology:  Week 13 from 6/sex 
Clinical chemistry:  Week 14 from 6/sex 
Urinalysis:  Not performed  
Gross pathology:  All animals 
Organ weights: Heart, kidney, liver, spleen, testes/epididymides,    
Histopathology: Adequate Battery:   yes but only from control and high dose animals and 
premature decedents except liver, lung, pancreas, thymus and skeletal muscle were 
examined from all dose groups   

(b) (4)
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  Peer review:   yes  
 
Results 
Mortality:  Although 11 premature decedents were reported, their deaths were considered 
procedure-related (gavage accidents or blood sampling problems). 
 
Clinical signs:  No compound-attributable adverse clinical signs were observed. 
 
Body weights:  For the first week of the study, either poor weight gain or weight loss was 
discovered in a few high dose males but, by Week 4, their weights were comparable to 
other groups’ weights.  Females from that group gained significantly more than controls 
during the same time period. 
 
Food consumption:  Intergroup variability was noted with mid-high and high dose 
females and mid-high dose males ingesting more than controls but no dose relationship 
was seen. 
 
Hematology:  No treatment-attributable intergroup differences were discerned. 
 
Clinical chemistry:  Mid-high dose males and both sexes from the high dose group had 
increased ALT (up to 8x increase over controls for high dose- higher for males than 
females) and AST (up to 10x increase over controls for high dose- higher for females 
than males) values when compared to controls.  
 
Increased bilirubin levels were noted in the low-mid (<2x controls), high-mid (≤4x 
controls but one animal with 15 µmol/L) and high dose (≤4x controls) groups when 
compared to controls. 
 
Gross pathology:  “Large” livers were noted in some of the high dose animals. Histologic 
correlates were found. 
 
Organ weights: Relative liver weights were increased for the 250 and 500 mg/kg/d 
(p<0.001) animals.    
 
Histopathology: Adequate Battery:   yes  
  Peer review:   yes  
A dose-related increase in incidence and severity in hepatocellular centrilobular 
hypertrophy/basophilia was appreciated in the low mid, high mid and high (moderate 
severity in most of these animals) dose animals. In these same animals, pancreatic acinar 
cell vacuolation/atrophy (mostly moderate severity) was recorded.  Of interest is the 
sponsor’s conclusion that the liver lesions were prohibitive for the use of the 500 mg/kg/d 
dose in chronic/carcinogenicity studies. Overall, the histologic lesions, the clinical 
chemistry intergroup differences and the increased liver weights imply enzyme induction.  
No increases in the numbers of hepatic foci or other pre-neoplastic lesions were found at 
any dose group after 13 weeks of daily dosing.  
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Alveolar histiocytosis was seen in the high mid and high dose animals (severity increased 
in males compared to females) and there was a slight increase in the occurrence of foamy 
histiocytes in high dose females only.  These lesions are not unexpected with oral gavage 
in mice but the dose relationship implies some level of synergistic test compound effect. 
 
Thymic atrophy and skeletal muscle vacuolation were noted in high mid dose males and 
high dose (2 moderate severity/sex in this group) animals of both sexes. Again, the 
severity was increased in males compared to females. 
 
Histologic Lesions in Mice Treated for 13 Weeks with KW-6002 
Tissue  1M 2M 3M 4M 5M 1F 2F 3F 4F 5F 
Liver # ex 11 11 11 11 12 11 12 12 8 10 
Hypertrophy/ 
basophilia 

 0 0 6 10 12 0 0 4 6 9 

Single cell 
necrosis 

 0 0 0 1 4 0 0 0 0 2 

Pancreas            
Acinar 
vacuolat./atrophy 

 0 0 10 11 12 0 0 5 7 10 

Lung            
Alveolitis  0 0 0 6 9 0 0 0 2 4 
Thymus            
Atrophy  0 0 0 4 7 1 2 2 1 4 
Muscle            
Vacuolation  0 0 0 4 8 0 0 0 0 7 
 
 
Toxicokinetics:  Measurement of KW-6002 and its primary metabolite, KF23325 (M1), 
was evaluated by LC-MS/MS methodology.  Plasma exposures increased in a less than 
dose proportional fashion and some accumulation was evident after 13 weeks of dosing.  
There were no significant gender effects. 
 
Additional studies:   
1) Histopathologic Review on Adrenal Gland Slides from a Completed Toxicity 
Studies by Oral Administration of KW-6002 to Beagle Dogs for 4, 26, and 52 Weeks 
(Study Numbers 95-201, 95-303, KHK/32, KHK/44 and KHK/45) 
This was a description of the peer review process performed on the repeat dose dog 
studies by Katsumi Takaba, Kyowa Kakko Kogyo Co., Ltd., Shizuoka, Japan.  In the 4 
week studies, the study pathologist interpreted “hypertrophy of the zona fasciculata” of 
the adrenal glands.  Similar lesions were noted in the 52 week study (KHK/045).  In the 
26 week study, the pathologist noted “hyperplasia of the zona fasciculata”. 
 The peer review pathologist saw no adrenal lesions in the 4 week study (95-201), 
“thickening of the zona fasciculata in females at 80 mg/kg/d and both sexes at 400 
mg/kg/d” in the 26 week study (95-303), similar findings in the additional 4 week studies 
(KHK/32 and KHK/44).  The pathologist based his interpretation on the lack of cortical 
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cellular hypertrophy and lack of mitotic figures. It would appear that the distinction is a 
subtle one in either instance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Toxicology Studies with Istradefylline 

 

(b) (4)

(b) (4)

(b) (4)
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Study type Study # Species Dosing  (mg/kg) 
Single dose Acute Oral Toxicity to the 

Mouse; KHK28/952861/AC 
Mouse 2000 

 Acute Oral Toxicity to the 
Rat; KHK29/952862/AC; 
Single Dose Toxicity Study 
of KW-6002 Administered 
Orally to Rats; A-96-35 

Rat 2000 

 Single Dose Toxicity Study 
of KW-6002 Administered 
Orally to Dogs; A-96-78 

Dog 1200 

 Oral Escalating Acute 
Toxicity Study of KW-6002 
in Rhesus Monkeys; 

25-58 

Monkey 100-2700 

14 day repeat dose Single Dose and 14 Day 
Repeat Dose Study in Rats, 
including Toxicokinetic 
Monitoring; 
KHK30/960014 

Rat 250- 1000 

28 day repeat dose Toxicity to Rats by 
Repeated Oral 
Administration for 4 
Weeks; KHK33/960498 

Rat 25- 400 

 Repeated Dose Toxicity 
Study of KW-6002 
Administered Orally to 
Rats for 4 Weeks; A-95-133 

Rat 6- 800 

 Toxicity to Dogs by 
Repeated Oral 
Administration for 4 
Weeks; KHK32/961196 

Dog 30- 300 

 Toxicity to Dogs by Dog 300 

(b) (4)

(b) (4)
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Repeated Oral 
Administration for 4 
Weeks Followed by a 4 
Week Recovery Period; 
KHK44/971671 

 Repeated Dose Toxicity 
Study of KW-6002 
Administered Orally to 
Dogs for 4 Weeks; A-96-83 

Dog 25- 400 

 Repeated Dose Toxicity 
Study in Rats Treated with 
The High Dose of KW-6002 
for 4 Weeks; A-01-047; 
Histopathologic Re-
Evaluation Report; author: 

 

Rat 500- 2000 

6 mo repeat dose Repeated Dose Toxicity 
Study of KW-6002 
Administered Orally to 
Rats for 26 Weeks; A-97-34 

Rat  3- 160 

 Repeated Dose Toxicity 
Study of KW-6002 
Administered Orally to 
Dogs for 26 Weeks; A-97-
40 

Dog 16- 400 

52 week repeat 
dose 

Toxicity to Dogs by 
Repeated Oral 
Administration for 52 
Weeks with a 12 Week 
Recovery Period; 
KHK45/982101 

Dog 10- 100 

Repro- Seg I Fertility Study of KW-6002 
Administered Orally to 
Rats; A-96-38; Fertility 
Study of KW-6002 
Administered Orally to 
Rats at High Doses; A-96-
153 

Rat 1-30; 160- 800 

Repro- Seg II Teratogenicity Study of 
KW-6002 Administered 
Orally in Rats; A-96-31 

Rat 40- 1000 

 Teratogenicity Study of 
KW-6002 Administered 
Orally in Rabbits; A-96-44 

Rabbit 50- 800 

Repro- Seg III Preliminary Study for Rat 125- 1000 

(b) (4)
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Effects of KW-6002 on Pre- 
and Post-Natal 
Development including 
Maternal Function in Rats 
by Oral Administration; 

26-57 
 A Study for Effects of KW-

6002 on Pre- and Post-
Natal Development, 
Including Maternal 
Function in Rats by Oral 
Administration; 26-72 

Rat 6- 400 

Antigenicity Toxicological Study of 
KW-6002: Antigenicity 
Test in Mice; A-96-154 

Mouse PCA 0.01 and 0.1 
mg/mouse 

 Toxicological Study of 
KW-6002: Antigenicity 
Study in the Guinea Pig; A-
95-101 

Guinea pig  0.1 and 1.0 
mg/pig 

 Toxicological Study of 
KW-6002: Antigenicity 
Study in the Guinea Pig; A-
95-101 

Guinea pig 
PCA 

0.1 and 1.0 
mg/pig 

Genotoxicity Bacterial Mutation Assay; 
KHK22/952795; Reverse 
Mutation Test with 
Bacteria; A-95-55 

Ames Assay 156- 5000 
µg/plate 

 Chromosomal Aberration 
Test with Mammalian Cells 
in Culture; A-96-61 

Chromosomal 
aberration 

0.18- 5 mg/mL 

 Micronucleus Test on Bone 
Marrow in Mice; A-95-112 

Micronucleus 500- 2000  

 Measurement of 
Unscheduled DNA 
Synthesis in Rat Liver 
Using an In Vitro/In Vivo 
Procedure; 161/333-D5140 

UDS 500- 2000 

Carcinogenicity KW-6002: 13 Week Oral 
(Gavage Administration) 
Toxicity Study in the 
Mouse; 1471/3-D6154 

Mouse- 
prelim. 

60- 500 

 KW-6002: 104 Week Oral 
(Gavage Administration) 
Carcinogenicity Study in 
the Mouse; 1471/24 

Mouse 25- 250 

(b) (4)

(b) (4)
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 KW-6002: Toxicity by Oral 
Gavage to HANIBM 
Wistar Rats for 13 Weeks; 

315/983326 

Rat prelim 40- 320 

 KW-6002: Carcinogenicity 
Study by Oral Gavage 
Adminstration to Han 
Wistar Rats for 104 Weeks; 
KHK075/024386  

Rat 30- 320 

Phototoxicity Photoirritation Study (in 
vitro); 035 D 98 

3T3 cell line 0.69- 14.0 µg/mL 

 Study of acute 
phototoxicity in the 
RORO-n hairless rat; 
064D98 

Hairless rat 400 

 Three day test article 
administration and single 
simulated sunlight 
exposure phototoxicity 
study to determine the 
effects of oral (gavage) 
administration of KW-6002 
on eyes and skin in 
pigmented rats; QUK00023 

Pigmented rat 25- 400 

Interaction with 
levodopa/carbidopa 

KW-6002: toxicity study by 
oral gavage to CD rats for 
4 weeks; KHK065/992927 

Rat 25- 400 with 
250/25 L/C 

 KW-6002: toxicity study by 
oral gavage administration 
to CD rats for 4 weeks; 
KHK073/002275 

Rat 100 with 1/10- 
250/25 L/C 

 A 13-week repeated dose 
oral toxicity study of KW-
6002 in combination with 
Levodopa/Carbidopa in 
beagle dogs with a 4-week 
recovery period; B-5759 

Dog 30- 300 with 
80/20 L/C 

 
 
 
 
2.6.6.5 Carcinogenicity   
Study title:  KW-6002: 104 Week Oral (Gavage Administration) Carcinogenicity 
Study in the Mouse  
 

(b) (4)
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Key study findings:  No increased incidence of any tumor type was found in this 2 yr 
mouse carcinogenicity study.  While decreased survival was reported for the 25 mg/kg/d 
males early in the study, this was attributed to increased fighting.  Once the animals were 
housed separately (Wk 26), the survival was comparable to other groups. During the 
second year on study, the 250 mg/kg/d males had decreased survival compared to other 
groups. No etiology was provided. 
 
Although increased liver weights were recorded for mid and high dose males and a 
histologic correlate of hepatocyte hypertrophy was found, there was no increase in either 
pre-neoplastic or neoplastic liver lesions so these findings are not considered 
toxicologically significant.  
 
Adequacy of the carcinogenicity study and appropriateness of the test model:  The study 
appears to have been adequately conducted and assessed but the doses do not appear to 
have been significantly high enough to elicit even a minor level of toxicity at the highest 
dose of 250 mg/kg/d. The exposures appear reasonable when compared on the basis of 
Cmax for mice vs. humans.  
 
Evaluation of tumor findings:  There were no increases in any tumor type elicited by 
treatment. 
 
Study no.:  1471/024 
Conducting laboratory and location:   
Date of study initiation:  11/13/00 
GLP compliance:  Yes 
QA report:  yes  
Drug, lot #, and % purity:  Batch #980001M01 and 000002M01 at 99.9% purity 
CAC concurrence:  Yes in 2000 
Methods 
 Doses:  0, 25, 125 and 250 mg/kg/d 
 Basis of dose selection: Doses were based on the findings from  study 
1471/3 (13 week dose-range finding study) where they determined organ toxicity in the 
pancreas, lung, liver, thymus and muscle at 500 mg/kg/d with minor effects at 250 
mg/kg/d.  
 Species/strain:  Crl:CD-1(ICR)BR mice 
 Number/sex/group (main study):  69 
 Route, formulation, volume: The vehicle was Metolose SM-100 (methylcellulose) 
at 0.5% (w/v).  As in other studies with this test compound, they used controlled lighting 
(<20 Lux and wavelength of >450 nm) during dose preparation and administration.  Dose 
volume was 10 mL/kg. 
 Frequency of dosing:  Daily 
 Satellite groups used for toxicokinetics or special groups:  30/sex/dose for TK 
 Age:  6 weeks at study initiation 
 Animal housing:  Initially 3/cage but due to fighting, male mice were housed 
individually from Week 25 
 Restriction paradigm for dietary restriction studies:  Not applicable 

(b) (4)

(b) (4)
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 Drug stability/homogeneity:  Stable for 14 days under refrigeration 
 Dual controls employed:  No 
 Interim sacrifices:  None 
 Deviations from original study protocol:  Brain sections from all animals on study 
were evaluated for mineralization and some (7/control and high dose groups) were 
stained with PAS, Alizarin Red and Von Kossa stains.  “Adjacent” sections were 
demineralized with formic acid and stained concurrently.  These sections were evaluated 
by the Study Pathologist and sent to the sponsor for an “informal “review. 
  
Observation times 
Mortality:  Twice daily 
Clinical signs:  Twice daily 
Body weights:  Prior to dosing, weekly for the first 16 weeks and monthly thereafter 
Food consumption:  As for body weights 
Hematology: Samples were taken at terminal sacrifice from all animals. 
Organ weights: Brain, adrenals, heart, kidney, liver, lungs, ovaries, pituitary, spleen, 
thymus 
Histopathology:  Peer review:  yes by an internal pathologist of pancreas, adrenals, liver, 
skeletal muscle, lung, salivary gland, lacrimal gland and skin/subcutis from all animals 
on study as well as all tumors.  Samples were taken from main study animals and 
premature decedents from the TK groups. 
Toxicokinetics:  Samples were taken from 3 mice/sex/dose on Day 1, Weeks 13, 26, 52, 
78 and 104 at 4 and 12 hrs post-dosing.  After the Day 1 sampling, the sampled animals 
were sacrificed and discarded.  The samples were handled under controlled lighting and 
sent frozen  for analysis.  
 
Results 
Mortality:  Increased mortality was reported in males from the 25 mg/kg/d group.  This 
increase was attributed by the sponsor to increased fighting during the first 6 months on 
study. These animals had increased “sores and lesions” “indicated as a cause of death, 
although any direct relationship to treatment is considered questionable.”  The animals 
were then individually housed and the mortality ceased.  
 
During the second 52 weeks, there was increased mortality in the males from the 250 
mg/kg/d group.  No cause was determined. 
 
Mortality for Mice Treated for 104 Weeks with KW-6002 
  Males    Females 
Group Mortality % Mortality % 
1 43 62 42 61 
2 50 72* 47 68 
3 38 55 50 72 
4 49 71 51 74 
*p= 0.016 on pairwise comparison 
 
  

(b) (4)
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Clinical signs:  Hair loss was noted in the low and mid dose groups early in the study 
when compared to controls but this lesion was not seen in the high dose group. 
 
Body weights:  Body weight gains were increased for the mid and high dose animals for 
the first 3 (females) or 6 (males) months on study. Final body weights were similar 
among groups.  
 
Food consumption:  Treated animals consumed more food than controls throughout the 
study but the difference/mouse/week was <5 gms so this finding is not considered 
toxicologically significant.  
 
Hematology:  There were no significant treatment-attributable differences between 
groups. 
 
Organ weights:  Liver weights were increased for the mid and high dose males in a dose-
related fashion (≤25% increase) but similar increases were not found in the females. 
 
Gross pathology:  Dark pancreases were reported in the mid and high dose groups (~1/3 
of the animals).  Additional lesions in these groups included large livers and “dark 
discoloration” of the lungs. 
 
All treated groups had increased “sores” and hair loss when compared to controls.  
 
Histopathology:  Peer review was performed by the Head of Pathology at the testing 
institution. 
 Non-neoplastic:  Pancreatic acinar cell vacuolation with accompanying pigmented 
macrophages was described in the mid and high dose animals. Increased pigmentation 
was also seen at the corticomedullary junction of the adrenals of these same animals. 
 
Hepatocyte hypertrophy with accompanying pigmented macrophage aggregates (large 
histiocytes filled with brown pigment, primarily in the sinusoidal spaces) were seen in the 
mid and high dose animals.   Similar histiocyte/macrophage aggregates were noted in the 
lungs of the same dose groups.  Pneumonia was reported in the 125 and 250 mg/kg/d 
groups, primarily in premature decedents.  The sponsor attributed this finding to terminal 
aspiration. This seems reasonable as plant material was detected within alveolar spaces. 
 
Myocyte vacuolation was determined in the skeletal musculature of 125 and 250 mg/kg/d 
animals (Males: 0, 0, 5, 18; females: 0, 0, 7, 23, respectively) but the significance is 
unknown. 
 
Dermatis/folliculitis with acanthosis was a prominent finding in the low dose animals, 
especially the males during the first 6 months on study.  Increased hematopoiesis was 
reported in these animals, probably as a response to the dermatitis/folliculitis. 
 
In the 250 mg/kg/d males, there was increased mature fibrosis in the salivary glands.  The 
etiology is uncertain.  Increased adenitis and mineralization was noted in the mid and 
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high dose males with cholesterol cleft formation. The significance of this finding is 
unclear. 
  
Non- Neoplastic Histologic Lesions in Mice Treated for 104 Weeks with KW-6002 
Tissue Dose 

(mg/kg/d) 
0 25 125 250 0 25 125 250 

Pancreas # exam. 69 68 69 69 69 68 69 69 
Vacuolation  7 7 54 63 7 7 45 66 
Pigmented 
MΦ 

 0 0 47 65 0 0 54 65 

Adrenal          
Pigment at 
CM junct. 

 12 4 22 36 12 15 25 43 

Liver          
Hypertrophy  7 9 20 24 5 4 8 12 
Pigmented 
MΦ 

 4 5 7 4 7 8 12 16 

Skeletal 
muscle 

         

Vacuolation  0 0 5 18 0 0 7 23 
Lung          
Pigmented 
MΦ 

 6 5 9 18 7 4 5 20 

Foamy MΦ  14 15 12 16 14 17 19 33 
Pneumonitis  1 3 8 9 4 3 9 9 
 
  
Neoplastic Histologic Lesions in Mice Treated for 104 Weeks with KW-6002 
Tissue Dose 

(mg/kg/d) 
0 25 125 250 0 25 125 250 

Mammary gland # exam     69 67 69 68 
Adenoma      0 0 0 3 
Adenocarcinoma      2 5 3 4 
Liver          
Adenoma  17 12 11 12 0 0 1 1 
Hemangioma  1 1 3 2 0 0 1 2 
Hemangiosarcoma  0 0 0 1 0 0 0 0 
 
 
Electron microscopy of 4 mice/sex/control and high dose groups was performed to 
further assess the foci of mineralization seen in brain under light microscopy. (???) 
Evaluation showed the foci to be within vascular walls in both groups with no significant 
inter-group differences.  X-ray element microanalysis of the brain mineralization showed 
the mineral deposits from one/sex from control and high dose groups to be calcium and 
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phosphorus with no significant differences between the groups.  Unfortunately, it was not 
possible to determine the incidence of mineralization from the tables provided. 
 
Toxicokinetics:  The mean (N= 3/sex/time point) plasma concentrations of parent 
compound increased with increasing dose in a less than dose proportional fashion.  Non-
proportionality was evident as the 250 mg/kg/d animals at 4 hrs post-dosing had levels 
that were 20-80% lower than linear proportionality would have predicted.  By the 12 hr 
time point, there was still evidence of non-proportionality with the increases greater than 
expected at 1.9- 14.5 xs higher than predicted on a linear model. These differences may 
indicate a variable absorption but definitive conclusions cannot be drawn.  Significant 
inter-animal variability (30-50%) was evident at all time points and all doses. 
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Relationship between Plasma Concentrations and Dose at 4 and 12 Hours Post-
Dosing 
Dose 
(mg/kg/d) 

Dose 
ratio 

Day 1 Week 
13 

Week 
26 

Week 
52 

Week 
78 

Week 
104 

4 hr- 
Males 
25 

 
 
1 

 
 
1 

 
 
1 

 
 
1 

 
 
1 

 
 
1 

 
 
1 

125 5 2.4 2.1 4.2 3.6 2.7 5.6 
250 10 2.1 4.1 7.2 2.8 3.7 8.0 
Females 
25 

 
1 

 
1 

 
1 

 
1 

 
1 

 
1 

 
1 

125 5 3.5 2.0 3.5 5.0 3.4 3.7 
250 10 2.5 3.8 3.4 5.8 4.4 4.5 
12 hr 
Males 
25 

 
 
1 

 
 
1 

 
 
1 

 
 
1 

 
 
1 

 
 
1 

 
 
1 

125 5 6.0 32.7 49.3 38.3 59.4 34.4 
250 10 2.5 64.0 49.8 132.9 88.1 34.7 
Females 
25 

 
1 

 
1 

 
1 

 
1 

 
1 

 
1 

 
1 

125 5 6.6 3.4 16.3 47.9 18.6 202.7 
250 10 4.3 19.1 25.6 43.1 20.6 144.8 
 
 
Study title:   KW-6002: Carcinogenicity Study by Oral Gavage Adminstration to 
Han Wistar Rats for 104 Weeks  
 
Key study findings:  Increased numbers of premature decedents were seen in the 320 
mg/kg/d groups. Mortality was primarily attributed to pulmonic lesions (Males: 0, 0, 1, 
16; females: 0, 0, 0, 9, respectively). 
As in the mouse carcinogenicity study, foci of mineralization were reported in the brains, 
primarily in the males from all dose groups and high dose females. In the rat, the 
incidence was greater in treated groups. No reactive lesions were described.  No increase 
in GFAP staining was reported. The brains from 3/sex/control and high dose groups were 
stained with von Kossa, alizarin red and PAS stains.  Lesions were described in the 
thalamus/mid brain primarily in the vasculature. The finding was seen by Week 24 in the 
high dose groups and Week 39 in the 30 mg/kg/d groups. 
Pharmacokinetic evaluation on Day 1 showed that Cmax and AUC increased 
proportionately with increasing dose but at the later time points, increases were less than 
dose proportional (Cmax and AUC were 61% and 54% lower, respectively) by Week 104 
at the 320 mg/kg/d dose.  Accumulation was evident by Week 13 and remained 
essentially constant for the remainder of the study for all but the 320 mg/kg/d males 
where the accumulation ratio was highest at Week 13. 
 
Adequacy of the carcinogenicity study and appropriateness of the test model:   
Exec CAC conclusions on the study protocol are appended to this review. 
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Evaluation of tumor findings:  There were no significant treatment-attributable neoplastic 
findings in this 2 year oral gavage study in rats with istradefylline. 
 
Study no.:  KHK 075/024386 
Conducting laboratory and location:   

 
Date of study initiation:  9/27/2000 
GLP compliance:  Yes 
QA report:  Yes 
Drug, lot #, and % purity: Micronized material lots: 980001M01 (Weeks 1-37) and 
000002M01 (Weeks 38-105) at 99.9% purity. 
CAC concurrence:  Yes 8/1/00 
Methods 
 Doses:  0 (1% methylcellulose), 30, 100 or 320 mg/kg/d 
 Basis of dose selection:  The doses were based up the results from the 13 week 
study where “possible” organ toxicity was noted in the lungs, pancreas, kidney, adrenals 
and mammary glands of the males (per sponsor).  The low dose was set to approximate 
the AUC equivalent to that seen in humans treated at 80 mg/dose.  
 Species/strain:  Han Wistar rats 
 Number/sex/group (main study):  52 
 Route, formulation, volume:  Oral gavage at 5 mL/kg in 1% methylcellulose 
prepared under yellow light conditions 
 Frequency of dosing:  Daily 
 Satellite groups used for toxicokinetics or special groups:  4/sex/group 
 Age:  6 weeks of age at study initiation 
 Animal housing:  4/same sex/cage 
 Restriction paradigm for dietary restriction studies:  N/A 
 Drug stability/homogeneity:  Provided by the sponsor  
 Dual controls employed: No  
 Interim sacrifices:  None 
 Deviations from original study protocol:  The histologic evaluation of premature 
decedents was performed by  and for 
the terminal sacrifice animals in . 
  
Observation times 
Mortality:  Twice daily 
Clinical signs:  Twice daily to include video footage of 4 cages/dose due to convulsive 
activity in some high dose animals during Weeks 77-78 
Body weights:  Weekly for first 16 weeks, then every 4 weeks thereafter 
Food consumption:  Weekly/cage for first 16 weeks, then every 4 weeks thereafter 
Hematology: All rats at terminal sacrifice 
Histopathology:  Peer review:  Not specified. In the analysis for tumor incidence the 
following statement was provided: “Only data for main groups, for which all animals 
have been examined, were included in the analysis.” This implies that the premature 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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decedents were not included in the tumor incidence analyses.  This is not appropriate but 
no increases in tumor incidences were found in these animals. 
 
Toxicokinetics:  Samples were taken from satellite animals on Day 1, Weeks 13, 26, 52 
 
Results 
Mortality:  Increased numbers of premature decedents were seen in the 320 mg/kg/d 
groups. Mortality was primarily attributed to pulmonic lesions (Males: 0, 0, 1, 16; 
females: 0, 0, 0, 9, respectively).  Although many pulmonic findings were described, the 
aggregations of alveolar macrophages and/or foamy alveolar macrophages and 
congestion were the most significant lesions described. 
 
Group Dose 

(mg/kg/d) 
Initial size # of deaths p value 

(pairwise) 
p value 
(trend test) 

Males    
1 

 
0 

 
52 

 
9 

  

2 30 52 11 0.863  
3 100 52 10 0.985 0.463 
4 320 52 28 ≤0.001 <0.001 
Females 
1 

 
0 

 
52 

 
13 

 
 

 

2 30 52 26 0.018  
3 100 52 16 0.761 0.583 
4 320 52 35 <0.001 <0.001 
 
  
Clinical signs:  Convulsive “episodes” were noted after Week 12 in the mid dose males 
and high dose females but were not associated with mortality.  Hyperactivity (in “bursts”) 
and convulsions was recorded for mid dose females and high dose males only. The onset 
of events was earlier in the high dose animals than in the mid dose animals. 
 
Selective CNS Signs in Rats Treated with Istradefylline for Up to 104 Weeks 
  Males    Females 
Dose 
(mg/kg/d) & 
Sign 

0 30 100 320 0 30 100 320 

Convulsions         
# of rats 0 0 2 6 0 0 1 5 
# of instances   2 6   5 6 
Hyperactivity         
# of rats 0 0 0 4 0 0 1 0 
# of instances    7   1  
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Yellow/green staining of cage pan liners was observed early in the study in all treated 
groups but an additional red/brown staining was reported for the 100 and 320 mg/kg/d 
animals as well on occasion. 
 
Body weights:  Weight gains were generally greater for treated animals (Males: 114%, 
107% and 95%; females: 135%, 121% and 107%, respectively over the study duration) 
than for controls but neither biological nor statistical significance was shown.  
 
Food consumption:  Food consumption was greater for treated animals than for controls 
but neither biological nor statistical significance was shown. 
 
Hematology: Although samples were taken at termination, there were no biologically 
significant intergroup differences found. 
 
Clinical chemistry:  Plasma evaluation for calcium, phosphorus, magnesium and albumin 
did not reveal any treatment-attributable effects.  The samples had been frozen prior to 
analysis and were normalized so it is uncertain how valid these analyses are. 
 
Organ weights: Absolute organ weight differences (increases) reached statistical 
significance for adrenals, hearts, kidneys, livers, lungs, salivary glands (males only) and 
testes when compared to controls. Correlated findings were seen at necropsy. 
 
Gross pathology:  Adrenal glands appeared enlarged in the low dose females, mid dose 
males and both sexes at 320 mg/kg/d.  Hearts appeared enlarged, as did kidneys and 
spleens in the mid and high dose groups.  The lungs appeared “pale” especially 
prominently in the same dose groups. 
 
Histopathology:   
 Non-neoplastic:  As in the mouse carcinogenicity study, foci of mineralization 
were reported in the brains, primarily in the males from all dose groups and high dose 
females.  No reactive lesions were described.  No increase in GFAP staining was 
reported. The brains from 3/sex/control and high dose groups were stained with von 
Kossa, alizarin red and PAS stains.  Lesions were described in the thalamus/mid brain 
primarily in vasculature. The finding was seen by Week 24 in the high dose groups and 
Week 39 in the 30 mg/kg/d groups. 
 
Myocardial fibrosis was described in males and females from control and all dose groups. 
The dose-related increase in severity was considered an exacerbation of an age-related 
finding.  Myofiber degeneration/necrosis (minimal to slight) of skeletal muscle was noted 
in the 100 mg/kg/d females and both sexes at 320 mg/kg/d.  The etiology of this lesion is 
uncertain. 
 
An odd finding was an increased incidence of chronic progressive nephropathy in the mid 
and high dose females.  A related change was diffuse parathyroid hyperplasia but it was 
noted in a very few (6 males, 9 females) from the 320 mg/kg/d groups. 
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Pulmonic lesions (inflammatory changes) were attributed to “incidental inhalation of the 
test formulations” in the 100 and 320 mg/kg/d groups. It is unusual to find such lesions 
only in the higher dose groups if there is no compound-related effect.  An additional 
respiratory lesion was increased eosinophilic inclusions in the olfactory epithelium in all 
female dose groups.  
 
Adrenal cortical vacuolation was increased in incidence and severity with increasing 
doses but the vast majority was of only minimal to slight degrees of severity (marked in 
12 males and 7 females from the 320 mg/kg/d groups).  Pancreatic acinar cells also 
showed vacuolation in the 100 and 320 mg/kg/d animals and there was minimal to slight 
acinar cell apoptosis in the high dose females only. 
 
Bone marrow myeloid hyperplasia was discovered in the high dose animals but most 
were of only minimal to slight severity and only 1 control female had “marked” 
hyperplasia.  
 
Apparent effects on estrus cyclicity were associated with changes in the ovaries (absent 
corpora lutea; N= 13, 9, 23 and 31, respectively) and uteri (adenomyosis; n=2 and 8, 
respectively) in the 100 and 320 mg/kg/d females.  No effects on testicular parenchyma 
were reported. 
Non-Neoplastic Findings in Rats Treated for Up to 104 Weeks with Istradefylline 
  Male    Female 
Dose (mg/kg/d) 0 30 100 320 0 30 100 320 
Focal 
mineralization, 
white matter 

        

Total 0 30* 51* 50* 2 6 40* 52* 
   Minimal 0 19 20 4 2 5 21 5 
   Slight 0 1 13 12 0 1 12 19 
   Moderate 0 0 7 4 0 0 5 13 
   Marked 0 0 11 30 0 0 2 15 
Myocardial 
fibrosis 

        

Total 42 47 48 44 25 44* 43* 38 
   Minimal 23 25 25 20 22 31 29 17 
   Slight 18 20 18 16 3 11 13 13 
   Moderate 1 2 5 7 0 2 2 8 
   Marked 0 0 0 1 0 0 0 0 
Kidney- CPN         
Total 17 22 20 24 6 11 24* 37* 
   Minimal 12 13 14 6 5 7 21 14 
   Slight 3 7 3 9 0 4 3 9 
   Moderate 2 1 3 5 0 0 0 7 
   Marked 0 0 0 3 0 0 0 4 
   Severe 0 1 0 2 1 0 0 3 
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* p<0.001, Fisher’s Exact test on totals 
 
 Neoplastic:  Thyroid adenomas and/or carcinomas were numerically increased in 
the 320 mg/kg/d males but reached significance only using the trend test (p=0.005), not 
for the pairwise test (p=0.027).  Neither numerical nor statistical significance was reached 
in females, regardless of the statistical test applied.  As this is a relatively common tumor 
type in rats, the numerical increase alone is not considered to be indicative of 
carcinogenic potential for thyroid neoplasia. 
 
Mammary adenocarcinomas were increased in the high dose females (p=0.024 using 
pairwise comparison but p<0.001 using the trend test).  The incidences were 3, 0, 3 and 6 
for the respective female dose groups.  However, neither statistical test showed a 
statistical significance when adenoma, fibroadenoma and carcinoma were combined 
(sponsor analysis).  However, it is not appropriate to combine these tumor types. It is 
appropriate to combine adenomas and adenocarcinomas/carcinomas but not 
fibromas/fibroadenomas.   
 
Endometrial adenocarcinomas were within the historical control range for the testing 
laboratory so they were not considered indicative of a neoplastic response in the uterus. 
 
Neoplastic Lesions in Rats Treated with Istradefylline for Up to 104 Weeks 
  Males     Females 
Dose (mg/kg/d) 0 30 100 320 0 30 100 320 
Mammary 
gland 
Adenoma 

 
- 

 
- 

 
- 

 
- 

 
1 

 
0 

 
3 

 
1 

Adenocarcinoma     5 1 7 10*** 
Adenoma + CA     6 1 10 11 
Thyroid gland 
Follicular 
adenoma 

 
 
5 

 
 
5 

 
 
8 

 
 
9** 

 
 
1 

 
 
0 

 
 
4 

 
 
4* 

Follicular CA 0 0 2 0 1 1 1 1 
Adenoma + CA 5 5 10 9** 2 1 5 5* 
Uterus 
Adenoma 

 
 

    
0 

 
0 

 
1 

 
0 

Adenocarcinoma     2 0 0 3* 
Adenoma+ CA     2 0 1 3* 
*p< 0.05 (trend test); **p< 0.01 (trend test); ***p<0.001 (trend test) 
 
Toxicokinetics:  Tmax was generally sooner for the lower doses (~4 hrs at 30 and 100 
mg/kg/d and 12 hrs for the 320 mg/kg/d group). 
 
On Day 1, the Cmax and AUC increased proportionately with increasing dose but at the 
later time points, increases were less than dose proportional (Cmax and AUC were 61% 
and 54% lower, respectively) by Week 104 at the 320 mg/kg/d dose.  Accumulation was 
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evident by Week 13 and remained essentially constant for the remainder of the study for 
all but the 320 mg/kg/d males in which the accumulation ratio was highest at Week 13. 
 
 
 
Mean PK Parameters for Rats Treated for Up to 104 Weeks with Istradefylline 
Dose 
(mg/kg/d) 

Day 1 Week 13 Week 26 Week 52 Week 78 Week 104

Cmax 
(ng/mL) 

      

Males 
30 

805.4 ± 390 2629.8± 
638.5 

2097.5± 
447.2 

2382.7± 678.5 2313.5± 
301.1 

1632.0* 

100 1951.1±482.6 6300.2± 
897.5 

4492.1± 
385.3 

4339.4± 374.1 5960.7± 
1333.4 

6123.9** 

320 9450.4± 
2924.0 

15299.9± 
2397.2 

9541.4± 
2772.9 

10913.9± 
2094.8*** 

6404.9* 5482.9* 

Females 
30 

931.2±469.6 3166.9± 
1086 

2453.6± 
781.3 

3039.8±927 3165.8± 
515.8 

4650.1***

100 2220.7± 
981.5 

6412.3± 
780.3 

6277.9± 
1749.4 

6714.0±1780.2 5575.8± 
553.1 

5697.2** 

320 9391.9± 
2513.6 

10879.5± 
2850.3 

11743.5± 
2112.5 

12762.6± 
3419.4 

11384.1± 
1917.1 

- 

AUC12 
(ng.h/mL) 

      

 
Males 
30 

 
 
5421± 2918 

 
 
20793±3847
 

 
 
17787± 
3701 

 
 
20618± 4976 
 

 
 
22796± 
3025 

 
 
17044* 

100 16683± 5053 59977± 
11758 

39468± 
2445 

43322± 5467 60640± 
12992 

56060** 

320 65715± 
10122 

138436± 
19680 

99085± 
28612 

104168± 
22889*** 

65171* 59706* 

Females 
30 

6152+ 3208 24543± 
7791 

19957± 
5937 

24647± 5963 27882± 
3095 

37406± 
22978*** 

100 18698± 
6895*** 

61750± 
11441 

58811± 
20319 

60428± 11716 56990± 
6531 

34322** 

320 74135± 
19368 

105718± 
20910 

109331± 
22279 

118796± 
23067 

117030± 
15741*** 

- 

 * N= 1; ** N= 2; ***N= 3 
 
Overall, non-linear kinetics were seen by Week 13 and persisted for the rest of the study.  
A lower systemic exposure at >100 mg/kg/d appears to result after repeated 
administration than predicted from a linear model. 
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2.6.6.4 Genetic toxicology   
 
Study title:  Reverse mutation test of KF23546 with bacteria 
 
Key findings:  No increased mutations were noted at any dose. Precipitation was found 
at ≥1000 µg/plate. No bacterial growth inhibition was found at any dose. 
 
Study no.:  A-99-046 or 99-701 
 
Conducting laboratory and location:  Kyowa Hakko Kogyo Co., Ltd., Yamaguchi, 
Japan 
Date of study initiation:  3/24/99 
GLP compliance:  Japanese GLP compliance 
QA reports:  yes  
Drug, lot #, and % purity:  KF23546- a cis-isomer of KW-6002, lot #990160-6 at 
99.45% purity 
 
Methods 
Strains/species/cell line:   Salmonella typhimurium (TA98, TA100, TA1535, TA1537) 
and Escherichia coli WP2 uvrA 
  
Doses used in definitive study:  0, 62.5, 125, 250, 500, 1000 and 2000 µg/plate 
 
Basis of dose selection:  Dose range finding assays at 0-5000 µg/plate 
 
Negative controls:   DMSO 
 
Positive controls:  9-aminoacridine, sodium azide, 2-(2-furyl)-3-(5- nitro-2-furyl) 
acrylamide, 2-aminoanthracene 
 
Incubation and sampling times:  Standard Ames methodology. Rat S9 fraction was used 
for metabolic activation. 
 
Results 
 
Study validity:  The positive and negative controls performed as expected so this study is 
considered valid for regulatory purposes. The criteria for positive mutagenicity were the 
number of revertants increased in a dose-dependent fashion and >2x the negative control 
values and the results were reproducible. 
 
Study outcome:  Precipitation was found at ≥1000 µg/plate. No growth inhibition was 
described. No increase in mutation frequency was found at any dose. 
 
 
 
Study title:  Reverse mutation test of KF66275 with bacteria 
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Key findings: No increased mutations were noted at any dose. Precipitation was found at 
≥250 µg/plate. No bacterial growth inhibition was found at any dose. 
 
Study no.:  A-99-047 
 
Conducting laboratory and location:  Kyowa Hakko Kogyo Co., Ltd., Yamaguchi, 
Japan 
Date of study initiation:  3/24/99 
GLP compliance:  Japanese GLP compliance 
QA reports:  yes  
Drug, lot #, and % purity:  KF66275, a dimer of KW-6002, (produced upon light 
exposure), lot #980146-36 at 99.95% purity 
 
Methods 
Strains/species/cell line:   Salmonella typhimurium (TA98, TA100, TA1535, TA1537) 
and Escherichia coli WP2 uvrA 
  
Doses used in definitive study:  0, 16, 31, 63, 125, 250 and 500 µg/plate 
 
Basis of dose selection: Range-finding assay at 0-5000 µg/plate with precipitation at 
≥500 µg/plate.  
 
Negative controls:   DMSO 
 
Positive controls:  9-aminoacridine, sodium azide, 2-(2-furyl)-3-(5- nitro-2-furyl) 
acrylamide, 2-aminoanthracene 
Incubation and sampling times: Standard Ames methodology. Rat S9 fraction was used 
for metabolic activation. 
 
Results 
Study validity:  The positive and negative controls performed as expected so this study is 
considered valid for regulatory purposes. The criteria for positive mutagenicity were the 
number of revertants increased in a dose-dependent fashion and >2x the negative control 
values and the results were reproducible. 
 
Study outcome:  Precipitation was found at ≥250 µg/plate. No growth inhibition was 
described. No increase in mutation frequency was found at any dose. 
 
Study title:  Toxicological study of KW-6002: Reverse mutation test with bacteria 
 
Key findings:  No growth inhibition was noted at any dose. No precipitation was seen at 
doses ≤625 µg/plate. No increase in the mutation frequency was found at any dose with 
or without S9 metabolic activation. 
 
Study no.:  A-95-55 or KA-FI-484 or 95-706 
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Conducting laboratory and location:  Kyowa Hakko Kogyo Co., Ltd., Yamaguchi, 
Japan 
Date of study initiation:  3/13/95 
GLP compliance:  Yes 
QA reports:  yes  
Drug, lot #, and % purity:  KW-6002, lot 9406 at 99.0% purity 
 
Methods 
Strains/species/cell line:   Salmonella typhimurium (TA98, TA100, TA1535, TA1537) 
and Escherichia coli WP2 uvrA 
  
Doses used in definitive study:  156-5000 µg/plate with or without rat liver S9 fraction 
for metabolic activation 
 
Basis of dose selection:  Range-finding assay at 15-5000 µg/plate 
 
Negative controls:   DMSO 
 
Positive controls:  9-aminoacridine, sodium azide, 2-(2-furyl)-3-(5- nitro-2-furyl) 
acrylamide, 2-aminoanthracene 
 
Incubation and sampling times:  Standard Ames methodology 
 
Results 
Study validity: The positive and negative controls performed as expected so this study is 
considered valid for regulatory purposes. The criteria for positive mutagenicity were the 
number of revertants increased in a dose-dependent fashion and >2x the negative control 
values and the results were reproducible.   
 
Study outcome:  No growth inhibition was discussed, no precipitation was seen at ≤625 
µg/plate and no increase in the number of mutants was appreciated under the conditions 
of this study. 
 
Study title:  KW-6002: Bacterial Mutation Assay 
 
Key findings:  No increase in the mutation frequency was found at any dose tested. 
 
Study no.:  KHK 22/952795 
 
Conducting laboratory and location:   

 
Date of study initiation:  9/29/1995 
GLP compliance:  Yes 
QA reports:  yes – “process-based” inspections 
Drug, lot #, and % purity:  Lot 9407 at 100.4% purity 
Methods 

(b) (4)

(b) (4)
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Strains/species/cell line:   Salmonella typhimurium (TA98, TA100, TA1535, TA1537) 
and Escherichia coli WP2 uvrA 
  
Doses used in definitive study:  312.5, 625, 1250, 2500 or 5000 µg/plate with or without 
rat liver S9 fraction for metabolic activation 
 
Basis of dose selection:  Range-finding assay at 0-5000 µg/plate 
 
Negative controls:   DMSO 
 
Positive controls:  9-aminoacridine, 2-nitrofluorene, 2-aminoanthracene, N-ethyl-N’-
nitro-N-nitrosoguanidine 
 
Incubation and sampling times:  Standard Ames methodology 
 
Results 
Study validity: The positive and negative controls performed as expected so this study is 
considered valid for regulatory purposes. The criteria for positive mutagenicity were the 
number of revertants increased in a dose-dependent fashion and >2x the negative control 
values and the results were reproducible.   
 
Study outcome:  No growth inhibition was discussed, no precipitation was seen at any 
dose tested and no increase in the number of mutants was appreciated under the 
conditions of this study. 
 
Study title:  Toxicological study of KW-6002: Chromosomal aberration test with 
mammalian cells in culture 
 
Key findings:  No significant increases in aberrations were determined at any dose level, 
with or without activation. 
 
Study no.:  A-96-61 or KA-FI-499 
Conducting laboratory and location:  Kyowa Hakko Kogyo Co., Ltd., Yamaguchi, 
Japan 
Date of study initiation:  Not specified 
GLP compliance:  Yes 
QA reports:  yes  
Drug, lot #, and % purity:  Lot 9406 
 
Methods 
 
Strains/species/cell line:   Chinese hamster lung cells 
  
Doses used in definitive study:  Non-activated test: 0.1, 0.2 or 0.4 mg/mL for 24 or 48 
hrs. 
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Activated test: 1.25, 2.5, or 5.0 mg/mL without S9 and 0.18, 0.36, or 0.72 mg/mL with S9 
for 6 hrs. Rat liver S9 fraction was used for metabolic activation. 
 
Basis of dose selection:  Dose-range finding assay 
 
Negative controls:   0.5% carboxymethylcellulose 
 
Positive controls:  Benzo (a) pyrene or mitomycin C 
 
Incubation and sampling times:  Standard in vitro CHL methodology 
 
Results 
Study validity:  The positive and negative controls performed as expected so this study is 
considered valid for regulatory purposes.  The number of cells with chromosomal 
aberrations were counted with 100 metaphases/plate scored for each dose. A total of 200 
cells /dose were scored to determine the incidence of cells with aberrations. 
 
Study outcome:  In the non-activated system, the incidence of cells with aberrations was 
<5% at all doses of KW-6002.  While the incidences were <5%, polyploidy increased 
(2.5-4% from 1.25- 5.0 mg/mL).  This was possibly due to the “considerable amounts of 
needle crystals observed in the culture medium.” Therefore the sponsor considered the 
non-activated test system to be negative. This is a reasonable conclusion. 
In the activated system, the incidence of cells with aberrations was <5% at all doses of 
KW-6002.    
 
Study title:  Mouse Lymphoma Cell Mutation Test with Ro 64—4529/000 (KW-
6002) 
 
Key findings:  The sponsor was unable to find a solvent for KW-6002 that was 
compatible with the test system and did not elicit precipitation.  The testing laboratory 
concluded that the mouse lymphoma assay was not appropriate for this compound as 
sufficiently high doses were not able to be tested. 
 
Study no.:  026 M 98 
 
Conducting laboratory and location:   
Date of study initiation:  2/1998 
Drug, lot #, and % purity:  Lot 9613 at 100% purity 
 
Methods 
Strains/species/cell line:   Mouse lymphoma cell line L5178Y tk± 
  
Negative controls:   Of interest is the fact that this laboratory could not dissolve KW-
6002 in DMSO or ethanol. Thereafter, they dissolved it in benzyl alcohol (0.1%) and 
added 0.5% carboxymethylcellulose. 
 

(b) (4)
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Results 
Study validity:  The definitive study was not performed due to problems with compound 
precipitation. 
 
Study title:  Toxicological study of KW-6002: Micronucleus test on bone marrow in 
mice 
 
Key findings:  No increase in the number of micronuclei at any istradefylline dose was 
found in this study. 
 
Study no.:  A-95-112 or KA-FI- 484 or 95-708 
 
Conducting laboratory and location:  Kyowa Hakko Kogyo Co., Ltd., Yamaguchi, 
Japan 
Date of study initiation:  5/16/95 
GLP compliance:  Yes 
QA reports:  yes  
Drug, lot #, and % purity:  Lot 9406 at 99% purity 
Methods 
Strains/species/cell line:   5 male Crj: CD-1 mice/group 
  
Doses used in definitive study:  0, 500, 1000 or 2000 mg/kg as a single dose by oral 
gavage 
 
Basis of dose selection:  Pilot study at 500, 1000 or 2000 mg/kg 
 
Negative controls:   0.5% methylcellulose solution 
 
Positive controls:  Mitomycin C at 2 mg/kg administered i.p. 
 
Incubation and sampling times:  Animals were dosed and sacrificed 24 hrs later.  Bone 
marrow cells were taken from the femurs and smeared onto slides (2/animal) for 
evaluation. 1000 cells/animals were evaluated and PCEs were counted.   
 
An additional experiment (A-98-062) was conducted at the same doses to get TK 
samples. In that study, they found that Cmax and AUC increased in a dose-proportional 
fashion and that “systemic exposure of KW-6002 was achieved in a previous bone 
marrow micronucleus test conducted in mice.” This seems to be an odd conclusion. 
 
Results 
Study validity:  The positive and negative controls performed as expected so this study is 
considered valid for regulatory purposes.   
 
Study outcome:  The animals dosed at ≥1000 mg/kg showed significant weight loss        
(-1.22 or 1.54 gms in the 24 hrs post-dosing). The frequency of MNPCE was ≤0.2% in all 
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KW-6002-treated animals. Under the conditions of this experiment, no increase in 
chromosomal aberrations was found.  
 
Study title: Ro 64-4529/000 (KW-6002): Measurement of Unscheduled DNA 
Synthesis in Rat Liver Using an in vivo/in vitro Procedure  
 
Key findings:  No increase in the group mean net grain count was found in any of the 
KW-6002-treated animals. KW-6002 did not induce UDS under the conditions of this 
study.  
 
Study no.:  161/333-D5140 or 922M98 
Conducting laboratory and location:   
TK analyses performed by  
Date of study initiation:  5/1/98 
GLP compliance:  Yes 
QA reports:  yes  
Drug, lot #, and % purity: Batch 9613 at 100.2% purity  
Methods 
Strains/species/cell line:   Five male Han Wistar rats/group.  The animals were treated in 
“subdued” lighting due to the light sensitive nature of the test article. 
  
Doses used in definitive study:  0, 500, 1000 and 2000 mg/kg 
 
Basis of dose selection:  Not specified- no range-finding assay was performed. 
 
Negative controls:   1.0% methylcellulose 
 
Positive controls:  75 mg/kg 2-acetamidofluorene in corn oil (12-14 hr expt.) or 
dimethylnitrosamine in water (2-4 hr expt.) 
 
Incubation and sampling times:  At 14 or 4 hrs post-dosing, the animals were euthanized 
and livers perfused with collagenase.  Cultures were made from hepatocytes from 3 
animals/group and were treated with tritiated thymidine.  Six slides from each animal 
were prepared and autoradiographs were created from 3 of them.  Of these, the number of 
grains present in the nucleus vs. those in 3 areas of the cytoplasm were counted for 2 of 
the 3 slides/animal. 
 
Results 
Study validity:  The positive and negative controls performed as anticipated so this study 
is considered valid for regulatory purposes. 
 
Study outcome:  No clinical signs of toxicity were described. No increase in the group 
mean net grain count was found in any of the KW-6002-treated animals. KW-6002 did 
not induce UDS under the conditions of this study.  
 
 

(b) (4)

(b) (4)
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2.6.6.6 Reproductive and developmental toxicology   
 

Fertility and early embryonic development 
 
Study title:  Fertility Study of KW-6002 Administered Orally in Rats 
 
Key study findings: There were no premature decedents.  Increased activity levels were 
reported for females at ≥1 mg/kg/d and males at ≥ 6 mg/kg/d.  Increased feed 
consumption was noted in animals at ≥6 mg/kg/d and increased body weights were seen 
at 30 mg/kg/d.  No significant effects were found on estrous cyclicity, fertility indices, 
fetal parameters or adult male parameters.  The NOAEL for this fertility study in rats is 
determined to be 30 mg/kg/d. 
 
Study no.:  A-96-38 or KA-FI-500 
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  6/23/95 
GLP compliance:  Yes 
QA reports:  yes  
Drug, lot #, and % purity:  Lot 9406 at 99.0% purity 
Methods 
 Doses:  0, 1, 6, or 30 mg/kg/d 
 Species/strain:  SPF Crj:CD (SD) rats 
 Number/sex/group:  20 
 Route, formulation, volume, and infusion rate:  Oral gavage suspended in 0.5% 
methylcellulose at 1 mL/100 gms.  The suspensions were prepared under “red light lamp 
in the dark”. 
 Satellite groups used for toxicokinetics:  Not applicable 
 Study design:  Males were treated prior to mating and during the mating period 
after which they were euthanized. Females were similarly dosed but dosing continued 
from copulation through to necropsy on Day 7; females were euthanized on Day 15. 
 Parameters and endpoints evaluated:  Morbidity and mortality, clinical signs, 
body weight, feed consumption, estrous cyclicity, mating, C-section parameters, 
measurement of testicular and epididymal weights, sperm parameters 
 
Results 
Mortality:   There were no premature decedents. 
  
Clinical signs:  Increased spontaneous activity was reported in all treated females at ≥1 
mg/kg and males at ≥6 mg/kg. This difference was not appreciated after D 14 of dosing 
except in the 1 mg/kg/d group where it persisted throughout the dosing period. 
 
Body weight: Increased body weights were noted in all animals at 30 mg/kg when 
compared to controls.  However, weight gains were decreased in the ≥6 mg/kg/d groups 
during the later part of the gestation period.  
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Food consumption:  Increased feed consumption was observed in all animals at ≥6 
mg/kg/d. 
 
Necropsy:  No significant treatment-related lesions were perceived. 
 
Fertility parameters:  No treatment-related intergroup differences were appreciated in 
estrous cyclicity, copulation indices, or fertility indices in naïve females mated to treated 
males or treated females mated to treated males. 
 
There were no intergroup differences in numbers of corpora lutea, implantations, live feti, 
implantation indices or viability of any treated groups when compared to controls. No 
male effects were noted.  
 
Although significant decreases in body weight gain, feed consumption and testicular 
weights were found in the 4-week rat toxicity study, similar findings were not recorded in 
this study. 
 
Study title:  Fertility Study of KW-6002 Administered Orally in Rats at High Doses 
 
Key study findings:  Decreased implantations/implantation ratios in females and 
decreased sperm motility were described at the mid (360 mg/kg/d) and high (800 
mg/kg/d) dose levels which were the purpose of this study.  The NOAEL is 160 mg/kg/d 
for this rat fertility study. 
 
Study no.:  A-96-153 
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  1/31/96 
GLP compliance:  Japanese GLP compliance 
QA reports:  Yes  
Drug, lot #, and % purity:  Lot 9406 at 98.2% purity. The suspensions were prepared 
“under red light lamp in the dark.” 
 
Methods 
 Doses:  0, 160, 360 or 800 mg/kg/d 
 Species/strain: SPF Crj:CD(SD) rats 
 Number/sex/group:  16 
 Route, formulation, volume, and infusion rate:  Oral gavage in 0.5% 
methylcellulose administered at 1 mL/100 gms b.w. 
 Satellite groups used for toxicokinetics: None  
 Study design:  Males were treated starting 4 weeks prior to mating and throughout 
the mating period.  Females were treated starting 2 weeks prior to mating through D 7 or 
gestation.  Males were euthanized after 10 weeks of dosing, females after D 15 of 
gestation. 
 Parameters and endpoints evaluated:  Morbidity and mortality, clinical signs, 
body weight, feed consumption, estrous cyclicity, initial mating, C-section-generated data 
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(pregnancy, fertility indices, corpora lutea, live: dead fetal ratio, uterine and ovarian 
weights), adrenal, testes and epididymal weights. Gross necropsies were performed. 
 
Results 
Mortality:  There were no premature decedents attributable to test article. One/sex died in 
the high dose group but no prodromal signs on the day prior to death were reported.  
They were considered gavage accidents. 
  
Clinical signs:  Increases in spontaneous motor activity (walking/rearing/grooming) were 
observed in all treated animals. Activity returned to normal by the second dose in males 
but continued to be increased in treated females. 
 
Body weight: Increased weights were noted in all treated groups compared to controls but 
body weight gains were decreased in all treated animals during the gestation period. 
 
Food consumption:  Increased in all treated groups compared to controls early in the 
study  
 
Necropsy:  Increased adrenal weights were found in all KW-6002 treated animals. 
 
Fertility parameters:  Female parameters: No treatment-related effects were noted in 
estrous cyclicity at any dose.   
After the initial mating, there was a decreased implantation ratio, decreased number of 
implantations and live feti in the 800 mg/kg/d group.  A trend for decreased implantations 
was also noted in the 360 mg/kg/d group.  The % implantations with respect to corpora 
lutea were 85.5, 82.2, 73.6 and 60.2% for the respective groups. 
 
After the second mating (if needed), a decreased implantation ratio was present in the 
high dose females. 
 
Male parameters: Decreased sperm motility was visualized in the 800 mg/kg/d animals.  
This was possibly the etiology of the decreased fertility indices in this group.  Males from 
the KW-6002 groups were remated with naïve females and 1/low and mid dose groups 
and 3 from the high dose group were infertile. 
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The sponsor considered some dose <160 mg/kg/d to be the NOTEL for the parental 
generation due to increased adrenal weights at 160 mg/kg/d.  This is an unreasonable 
conclusion since the purpose of this study was to assess reproductive parameters.  The 
NOAEL is 160 mg/kg/d for this rat fertility study, based upon decreased 
implantations/implantation ratios at the mid and high dose levels. 
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Embryofetal development   
 
Study title:  Effects of Istradefylline Co-Administered with Levodopa/Carbidopa on 
Embryo-Fetal Development in Rabbits 
 
Key study findings:  Dams: No significant intergroup differences were found on 
numbers of corpora lutea, number of implantations/litter, number of live feti/litter, 
placental weights or sex ratios. 
 
Offspring:  Preliminary study: Membranous ventricular septal defects were found in 8 feti 
from the combination group.  Fetal body weight was reduced in the 600/80/20 mg/kg/d 
group when compared to all other groups.  In this group, digital malformations were 
found in 1/5 litters.  These findings included adactyly, brachydactyly and ectrodactyly 
among other digital malformations. Two feti from the mid dose combination group had 
ectrodactyly, absent claw, absent metacarpal and phalanx) and 1 fetus (only live fetus 
from this dam) from the low dose group had similar lesions. 
 
Definitive study:  No significant differences between groups were found for fetal 
viability.  Fetal body weights were significantly decreased in the istradefylline alone, and 
mid and high dose combinations.  
 
External abnormalities were found in 7/18 high dose combination litters with 3 with 
absent claws, 2 with adactyly, and 3 with brachydactyly. Most other doses had no or only 
1 with 1 of these anomalies. 
Visceral abnormalities were found in 7/18 high dose combination litters with 8 feti 
having membranous ventricular septal defects, 2 feti with persistent truncus arteriosus, 
and 1 with a right sided aortic arch. Most other doses had no or only 1 with 1 of these 
anomalies. 
Skeletal abnormalities were found in 6/18 high dose combination litters but statistical 
significance was only found where 5/18 litters had absent phalanx (10/124 feti) and 2/18 
litters (4/124 feti) had small phalanx. 
 
Study no.:  033-017 
Conducting laboratory and location:   

 
Date of study initiation:  3/25/07 
GLP compliance:  Japanese GLP compliance 
QA reports:  yes  
Drug, lot #, and % purity:  Lot 9406 at 98.2% purity 
Methods 
 Doses:  0, or 400 mg istradefylline/kg/d or levodopa/carbidopa (L/C) at 80/20 
mg/kg/d or combinations of istradefylline/L/C at 50/80/20, 200/80/20 or 400/80/20 
mg/kg/d 

(b) (4)

(b) (4)

(b) (4)
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 Species/strain:  Pregnant Kbl:JW 
 Number/sex/group:  17 or 20 
 Route, formulation, volume, and infusion rate: Oral gavage at 10 mL/kg 
 Satellite groups used for toxicokinetics: Main study animals with sampling at pre-
dose, and 1, 4, 8, 12 and 24 hrs after dosing on Days 6 and 18 only. 
 Study design:  In the pilot study, increased terata were found at 800 mg/kg/d to 
include microphthalmia and oligodactyly as well as maternal toxicity and decreased fetal 
viability. In this definitive study, pregnant does were treated from Days 6-18 of gestation. 
 Parameters and endpoints evaluated:  Mortality, clinical signs, toxicokinetics, 
body weight, feed consumption,  
 
Results 
Mortality (dams):  Neither morbidity nor mortality attributable to treatment was found at 
any dose level. 
 
Clinical signs (dams):  No clinical signs attributable to dosing were determined. 
 
Body weight (dams):  Cumulative body weight gains were significantly lower (72%, 
p<0.01) in the 400/80/20 mg/kg/d dams compared to the control or L/C groups. In the 
mid dose combination, the body weight gains were decreased by 11%. 
 
Food consumption (dams):  Feed consumption was lower in the 400/80/20 mg/kg/d dams 
compared to the control or L/C groups. 
 
Toxicokinetics:   
TK Parameters of KW-6002 and L/C in Pregnant Rabbits (N=6/time point)) 
Dose (mg/kg) 0/0/0 400/0/0 50/80/20 200/80/20 400/80/20 0/80/20 
Istradefylline 
AUC 0-24 
(ng.h/mL) 

      

Day 6 Not ex 55000 14300 36900 59000 Not ex 
Day 18 Not ex 50500 12000 45200 73900 Not ex 
Cmax 
(ng/mL) 

      

Day 6 Not ex 3490 1460 2850 3680 Not ex 
Day 18 Not ex 3330 1440 3100 4140 Not ex 
Levodopa 
AUC 0-24 
(ng.h/mL) 

      

Day 6 Not ex Not ex 18300 17100 20000 17500 
Day 18 Not ex Not ex 28800 23700 31200 26900 
Levodopa 
Cmax 
(ng/mL) 

      

Day 6 Not ex Not ex 10400 7080 16500 9430 
Day 18 Not ex Not ex 28400 15100 25800 22700 
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Terminal and necroscopic evaluations: C-section data (implantation sites, pre- and post-
implantation loss, etc.):  No significant intergroup differences were found on numbers of 
corpora lutea, number of implantations/litter, number of live feti/litter, placental weights 
or sex ratios. 
 
Offspring (malformations, variations, etc.):  Preliminary study: Fetal body weight was 
reduced in the 600/80/20 mg/kg/d group when compared to all other groups.  In this 
group, digital malformations were found in 1/5 litters.  These findings included adactyly, 
brachydactyly and ectrodactyly among other digital malformations. Two feti from the 
mid dose combination group had ectrodactyly, absent claw, absent metacarpal and 
phalanx) and 1 fetus (only live fetus from this dam) from the low dose group had similar 
lesions. 
 
Membranous ventricular septal defects were found in 8 feti (18 litters) from the 
combination group.  
 
Definitive study:  No significant differences between groups were found for fetal 
viability.  Fetal body weights were significantly decreased in the istradefylline alone, and 
mid and high dose combinations.  
 
External abnormalities were found in 7/18 high dose combination litters with 3 with 
absent claws, 2 with adactyly, and 3 with brachydactyly. Most other doses had no or only 
1 with 1 of these anomalies. 
Visceral abnormalities were found in 7/18 high dose combination litters with 8 feti 
having membranous ventricular septal defects, 2 feti with persistent truncus arteriosus, 
and 1 with a right sided aortic arch. Most other doses had no or only 1 with 1 of these 
anomalies. 
Skeletal abnormalities were found in 6/18 high dose combination litters but significance 
was only found where 5/18 litters had absent phalanx (10/124 feti) and 2/18 litters (4/124 
feti) had small phalanx. 
 
Study title:  Teratogenicity Study of KW-6002 Administered Orally in Rats 
 
Key study findings:  The NOAEL was <40 mg/kg/d for the dams on the basis of the 
increased activity and 200 mg/kg/d for the feti as the only significant differences from 
controls were found in the 1000 mg/kg/d group.  In that group, splitting of the cervical 
vertebral arch ossification centers, found in 29% of the feti at the high dose, is considered 
a fetal variation and there is a significant dose-related increased incidence in this study. 
 
Study no.:  A-96-31  
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  4/25/95 
GLP compliance:  Japanese GLP compliance 
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QA reports:  Yes  
Drug, lot #, and % purity:  Lot 9406 at 98.2% purity 
Methods 
 Doses:  0, 40, 200 or 1000 mg/kg/d 
 Species/strain:  SPF Crj:CD (SD) rats 
 Number/sex/group:  20 females 
 Route, formulation, volume, and infusion rate:  Oral gavage with test article 
suspended in 0.5% methylcellulose 
 Study design:  Females that had copulatory plugs after breeding were considered 
pregnant and were dosed from Days 7-17 of gestation. 
 Parameters and endpoints evaluated:  Morbidity, mortality, clinical signs, body 
weight, feed consumption, C-section (Day 20) data (number of corpora lutea, 
implantations, early/late resorptions), gross necropsy of the dams, fetal parameters 
(live:dead ratio, external (all) and visceral/skeletal examinations [50% of feti for each 
type of exam]) 
 
Results 
Mortality:  There were no premature decedents. 
  
Clinical signs:  As found in previous rat studies, a significant increase in spontaneous 
motor activity was observed in all treated groups early in the study. Signs persisted (up to 
D 12) in females, thus longer than in males in other studies.  Hypersensitivity to sound 
and/or handling was found in 1 high dose female.   
 
Body weight: Body weight gains were decreased in the mid and high dose animals early 
in the study but rebounded thereafter. 
 
Food consumption:  Feed intake was significantly increased in all treated groups. 
 
Necropsy:  No treatment-associated lesions were described. 
 
Fertility parameters:  No significant treatment-related effects were observed in numbers 
of corpora lutea or number of implantations between groups. 
 
Terminal and necroscopic evaluations: C-section data:  There were no intergroup 
differences in dams attributable to treatment with KW-6002.   
 
Offspring: Decreased fetal body weights in both male and female fetuses (≈3.3 gms for 
controls, 3.19, 3.17 and 2.96 gms for the respective dose groups) and delayed ossification 
were observed at 1000 mg/kg/d in the feti.  The only significant anomaly was splitting of 
the cervical vertebral arch ossification centers (4, 12, 19 and 44 for the respective groups) 
(29% of the feti at the high dose).   This is considered a fetal variation and there is a dose-
related increased incidence in this study. 
 
From the sponsor’s report amendment: 
“With the exception of this change no increases in frequency of external, 
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visceral or skeletal abnormalities attributable to the test article were observed. In another 
study, “A preliminary study for effects of KW-6002 on pre- and postnatal development, 
including maternal function in rats by oral administration” (treatment period: Day 7 of 
gestation to Day 21 after delivery), no splitting of the ossification center of the cervical 
vertebral arch was observed in the pups of the 1000 mg/kg group at Days 4 and 21. In 
addition, neither external, visceral nor skeletal abnormalities were observed. So, the test 
article was not considered to affect the incidence of skeletal abnormality. Based on 
those results, the splitting of the ossification center of the cervical vertebral arch observed 
in this study was considered to be suggestive of a delay of ossification and change which 
might disappear after the birth. 
KW-6002 was concluded not to have teratogenic potential.” This is not a reasonable 
conclusion as the increased number of variations is clearly dose-related. 
 
 
They concluded that the NOTEL was <40 mg/kg/d for the dams on the basis of the 
increased activity and 200 mg/kg/d for the feti as the only significant differences from 
controls were found in the 1000 mg/kg/d group.  In that group, splitting of the cervical 
vertebral arch ossification centers, found in 29% of the feti at the high dose, is considered 
a fetal variation and there is a significant dose-related increased incidence in this study. 
 

 



Reviewer: Terry S. Peters, D.V.M.   NDA No. 22-075 
 
 

 103 
 

 
 

 
 
Study title:  Teratogenicity study of KW-6002 administered orally in rabbits 
 
Key study findings:  The number of external abnormalities increased significantly in the 
800 mg/kg/d dose group along with slightly decreased fetal body weights. Five feti from 
4 litters in the high dose group had abnormalities (microphthalmia [2], oligodactyly of the 
forelimb “thumb” [3]).  Similar findings were noted in the preliminary study in feti from 
rabbits dosed at 800 mg/kg/d. The reported historical levels from this laboratory are <1 
with microphthalmia or oligodactyly/ study. Overall, this study did not show conclusive 
evidence of teratogenicity for KW-6002 in rabbits. 
 
Study no.:  A-96-44  
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  6/9/95 
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GLP compliance: Japanese GLP compliance   
QA reports:  Yes 
Drug, lot #, and % purity:  Lot 9406 at 98.2% purity 
 
Methods 
 Doses:  0, 50, 200 or 800 mg/kg/d 
 Species/strain:  Kbl:JW (SPF) rabbits 
 Number/sex/group:  18 
 Route, formulation, volume, and infusion rate: Oral gavage suspended in 0.5% 
methylcellulose at 10 mL/kg   
 Study design:  Pregnant does were treated from D 7-18.  C-sections were 
performed on Day 28. 
 Parameters and endpoints evaluated:  Morbidity, mortality, clinical signs, body 
weight, feed consumption, C-section data and morphologic evaluations of the feti. 
 
Results 
Mortality (dams):  No treatment-related mortalities were reported. One dam died from the 
50 mg/kg/d group on Day 17 with scant feces noted for 2 days prior to death. Her death 
was apparently due to a gavage accident. 
 
Clinical signs (dams):  No significant treatment-related clinical signs were described. 
“Brown” feces were noted in the 800 mg/kg/d group. 
 
Body weight (dams):  Decreased body weight gain was seen in the 800 mg/kg/d dams, 
especially prominent after D 14.  Suppression of body weight gain was found in all KW-
6002-treated does especially towards the end of the study.   
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Food consumption (dams):  Consumption was slightly higher in the 50 and 200 mg/kg/d 
dams during the dosing period but was slightly suppressed after dosing was stopped. 
Consumption in the high dose group was seen as somewhat decreased throughout the 
dosing period. 
 
Terminal and necroscopic evaluations: C-section data: No significant treatment-related 
effects were determined.  Discoloration of the liver (not specified) was reported in 
surviving does. 
 
Offspring: Slightly decreased body and placental weights were observed in the high dose 
feti along with slightly decreased fetal viability.  Slightly delayed ossification was noted 
as well. 
 
The number of external abnormalities also increased significantly in this dose group. Five 
feti from 4 litters in the high dose group had abnormalities (microphthalmia [2], 
oligodactyly of the forelimb “thumb” [3]).  Similar findings were noted in the preliminary 
study in feti from rabbits dosed at 800 mg/kg/d.  The reported historical levels from this 
laboratory are <1 with microphthalmia or oligodactyly/ study. 
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Increased skeletal anomalies were found in the treated feti (1/145 controls and 4/122, 
7/123 and 7/127 for the respective groups).  These included: vertebral fusions, sternebral 
fusions, and abnormal alignment of vertebrae and sternebrae.   
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No significant differences between groups were found on visceral examination although 
abnormal orientation of the origin of the internal thoracic artery was found in no controls 
and in 4, 5 and 6 feti from the respective dose groups. 
 
Additional study: In this supplemental study ( 0033-003), 4 pregnant rabbits were 
treated orally with 200 mg/kg/d from Days 6-18 of pregnancy.  Blood samples for TK 
analysis were taken pre-dosing (Day 18 only) and Days 6 and 18 at 1, 4, 8, 12 and 24 hrs 
post-dosing.  In this study, the body weights were decreased at necropsy compared to 
Day 6 of gestation. 
Mean Cmax and AUC did not change during the gestation period but this limited study 
does not provide much significant information.  
 
Mean PK Parameters for Rabbits Treated During Organogenesis 
Dose  GD Tmax (hr) Cmax (ng/mL) AUC0-24 

(ng.h/mL) 
200 mg/kg/d 6 3.3 2400± 310 26200± 5300 
 18 1.0 2420± 180 24500± 7600 
 
 
Additional study: In this supplemental study ( 0033-006), 6 pregnant rabbits were 
treated orally with 800 mg/kg/d from Days 6-18 of pregnancy.  Blood samples for PK 
analysis were taken pre-dosing (Day 18 only) and Days 6 and 18 at 1, 4, 8, 12 and 24 hrs 
post-dosing.  In this study, the body weights were decreased at necropsy compared to 
Day 6 of gestation. 
Mean Cmax and AUC increased during the gestation period but this limited study does 
not provide much significant information.  
 
Mean PK Parameters for Rabbits Treated During Organogenesis 
Dose  Preg. D Tmax (hr) Cmax (ng/mL) AUC0-24 

(ng.h/mL) 
800 mg/kg/d 6 4.3 5310± 1110 76700 ± 26100 
 18 8.3 6660± 1670 120000± 30000 
 

Prenatal and postnatal development 
 
Study title:  A Study for Effects of KW-6002 on Pre- and Post-Natal Development 
Including Maternal Function in Rats by Oral Administration 
 
Key study findings:  The viability index was decreased from Days 0-4 in pups from all 
treated animals, the number of pups on Day 4 from the mid and high dose females, the 
weaning index from the high dose pups and the body weights of high dose pups.  These 
differences did not reach statistical significance.  However, similar changes were 
discussed for the control pups cross-fostered on treated dams and the changes were 
consistent.  Therefore, it seems evident that KW-6002 treatment of dams had an effect on 
viability and body weights of rat pups whether due to prenatal or lactational exposure.  
The NOAEL for viability (F1 development) was 6 mg/kg/d. 

(b) (4)

(b) (4)
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Study no.:  26-72 
Conducting laboratory and location:   

 
Date of study initiation:  3/6/03 
GLP compliance:  Japanese GLP compliance 
QA reports:  Yes  
Drug, lot #, and % purity:  Lot 000003M03 at 100.7% purity 
 
Methods 
 Doses:  0, 6, 25, 100 and 400 mg/kg/d 
 Species/strain:  Crj:CD(SD) rats 
 Number/sex/group:  19, 16, 19, 19 and 18 for respective groups 
 Route, formulation, volume, and infusion rate:  Oral gavage in 0.5% 
methylcellulose at 10 mL/kg 
 Satellite groups used for toxicokinetics:  Samples were drawn from 6 dams/group 
on Day 18 of gestation (4 hrs post-dosing) and Day 4 postpartum (at 4 hrs post-dosing) 
and milk samples were taken at the same time.  Blood samples were taken from pups 
separated from dams for 4 hrs prior to sampling on Day 4 and the plasma samples were 
pooled. 
 Study design:  Does were treated from Day 7 of gestation until Day 21 
postpartum.  Cross fostering was performed between 12 dams in the control and high 
dose groups on Day 0 postpartum. F1 pups were allowed to mature  
 Parameters and endpoints evaluated:  Morbidity, mortality, clinical signs, 
delivery, litter parameters, dam necropsy (Day 22 postpartum) and pup developmental 
parameters 
 
Results 
F0 in-life:  Total litter loss was reported for 2 controls, 2 low dose and 4 each in the mid 
and high dose groups during the lactation period. 
 
Clinical signs in the 400 mg/kg/d group included decreased stool volume and emaciation 
from postpartum Days 8-13.  These signs were probably the etiology for the increased 
litter loss in this group. 
 
No effects were found on body weights, feed consumption, delivery, gestation/parturition 
parameters at any dose. 
 
F0 necropsy:  No treatment-related findings were observed. 
 
F1 physical development:  No gross abnormalities were described for pups from any dose 
group during the lactation period.  However, the viability index was decreased from Days 
0-4 in pups from all treated animals, the number of pups on Day 4 from the mid and high 
dose females, the weaning index from the high dose pups and the body weights of high 
dose pups.  These differences did not reach statistical significance.  However, the changes 
were discussed for the control pups cross-fostered on treated dams and the changes were 

(b) (4)

(b) (4)

(b) (4)
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consistent.  Therefore, it seems evident that KW-6002 treatment of dams had an effect on 
viability and body weights of rat pups whether due to prenatal or lactational exposure.  
The NOAEL for this finding was 6 mg/kg/d. 
 
At weaning, pups from all treated dams weighed significantly less than control pups.  No 
other intergroup differences were appreciated. 
 
Toxicokinetics: Although the exposure increased with dose (but not duration), the 
increases were less than dose-proportional. Detectable levels were found in all pups and 
appeared to depend on systemic exposure of the dams. 
 
F1 behavioral evaluation:  No intergroup differences were noted in the open-field test or 
the water T-maze test. 
 
F1 reproduction:  No significant intergroup differences were found in estrous cyclicity or 
reproductive performance. 
 
F2 findings:  No effects on reproductive performance were described. 
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Test Article: Istradefylline (non-micronized)  
Daily Dose (mg/kg)  0 (Control) 50  200  800  
Litters Data with Caesarean Section:  

Number of Litter Evaluated  18  17  17  18  
Number of Corpora Lutea/Litter  10.5  9.8  9.9  10.6  
Number of Implantations/Litter (A)  8.7  7.9  8.4  8.6  
Number of Live Fetuses/Litter (B)  8.1  7.2  7.2  7.1  
Live Fetus Index (%a, B/A × 100 )  94.0  91.9  86.8  82.1*, ## 
Body Weight of Live Fetuses (g): Males 
Females  

38.78 38.46 38.12 37.61 38.63 36.72  35.92 
34.13*, 

##  
Placental Weight (g): Males Females  4.98 4.86  4.96 4.93  4.95 4.70  4.42# 

4.21*, ## 

Fetal Sex Ratios: Males/Females  77/68  67/55  58/65  65/62  
Fetal Abnormalities      
Gross External Anomalies: Number of 
fetuses (%a)  0/145 (0)  0/122 (0)  0/123 (0)  

 5/127 
(4.9)*, 

##  
Number of litters   0/18  0/17  0/17   4/18  

Microphthalmia: Number of fetuses (%a)  0/145 (0)  0/122 (0)  0/123 (0)   2/127 
(2.4)#  

Number of litters   0/18  0/17  0/17   2b/18  

Oligodactyly: Number of fetuses (%a)   0/145 (0)  0/122 (0)  0/123 (0)   3/127 
(2.5)#  

Number of litters  0/18  0/17  0/17   2b/18  
Skeletal Anomalies: Number of fetuses 
(%a)  

 1/145 (0.5)  4/122 (2.7)  7/123 (6.6)   7/127 
(4.8)#  

Number of litters   1/18  4/17  5/17   5/18  
Sternebra - fusion: Number of fetuses 
(%a)  

 0/145 (0)  2/122 (1.3)  4/123 (3.9)   5/127 
(3.3)#  

Number of litters   0/18  2/17  4/17   3/18  
a - Calculated as the basis for means of each litter.  
b - Individual data of body weight and food consumption in these dams are listed in the last page of this 
study.  
Dunnett’s or Dunnett-type test: * - p≤0.05.  
Trend test (Williams’ test): # - p≤0.05, ## - p≤0.01.  
 
 
Daily Dose (mg/kg)  0 (Control)  50  200  800  
Fetal 
Abnormalities 
(continued)  

  

Skeletal 
Variations: 
Number or 
fetuses (%a)  

 
50/145 (37.1)  33/122 (28.2)  60/123 (48.2)  

 72/127 (56.9)## 

Number of 
litters  

 18/18  13/17  16/17   17/18  

Sternebra -  7/145 (4.8)  5/122 (3.8)  24/123 (19.6)   28/127 (25.9)*, 
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accessory: 
Number of 
fetuses (%a)  

#  

Number of 
litters  

 4/18  4/17  9/17   10/18  

Phalanx of 
forelimb - 
delayed 
ossification:  

      

Number of 
fetuses (%a)  

 0/145 (0)  0/122 (0)  0/123 (0)   8/127 (5.6)*, ## 

Number of 
litters  

 0/18  0/17  0/17   4/18  

Visceral 
Anomalies: 
Number of 
fetuses (%a)  

 
1/145 (0.6)  8/122 (7.3)  8/123 (6.7)  

 11/127 (7.7)#  

Number of 
litters  

 1/18  5/17  7/17   8/18  

Abnormal 
origin - 
internal 
thoracic 
artery:  

      

Number of 
fetuses (%a)  

 0/145 (0)  4/122 (3.6)  5/123 (3.7)   6/127 (4.6)  

Number of 
litters  

 0/18  3/17  4/17   3/18  

Fetal 
Ossification  

 - - -  - 

- No noteworthy findings/Not observed.  
a - Calculated as the basis for means of each litter.  
Dunnett’s or Dunnett-type test: * - p≤0.05.  
Trend test (Williams’ test): # - p≤0.05, ## - p≤0.01.  
 
2.6.6.7 Local tolerance   
No specialized studies performed 
 
2.6.6.8 Special toxicology studies   
 
Study title:  Toxicological study of KW-6002: Antigenicity test with guinea pig 
 
Key study findings:  No antigenic potential was found with KW-6002 in this guinea pig 
study. 
 
Study no.:  A-95-101 or 95-603 
Conducting laboratory and location:  Toxicologic Research Laboratories, Kyowa 
Hakko Kogyo Co., Ltd., Yamaguchi, Japan 
Date of study initiation:  3/29/95 
GLP compliance:  Japanese GLP compliance 
QA reports:  Yes 
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Drug, lot #, and % purity:   
Formulation/vehicle:  Lot 9406 (98.2% purity) suspended in 0.6% methylcellulose for 
injection or DMSO for ASA and PCA reactions 
Methods 
Doses:  KW-6002: 0.1 or 1.0 mg/male Hartley guinea pigs (5/group) with complete 
Freund’s adjuvant every other week for 3 weeks. 
 
Study design:  Blood samples were taken from sensitized animals at 13 days after the 
final injection.  Fifteen days later, the animals were injected with 3.0 mg KW-6002 to 
induce ASA.  Naïve guinea pigs were injected with sensitized sera (diluted to 100, 1000 
and 10,000 x) s.q. and 4 hrs later with 3.0 mg of KW-6002 i.v. 
 
Results:  The positive and negative controls performed as anticipated. Neither ASA nor 
PCA reactions were found and no specific antibodies to KW-6002 were detected. 
Under the conditions of this study, no antigenicity was determined with KW-6002. 
 
Study title:  Toxicological Study of KW-6002: Antigenicity Study in Mice 
 
Key study findings:  Under the conditions of this study, KW-6002 was not determined to 
be antigenic. 
 
Study no.:  96-603 or A-96-154 
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  9/18/96 
GLP compliance:  Japanese GLP compliance 
QA reports:  yes  
Drug, lot #, and % purity:  Lot 9407 at 99.7% purity 
Formulation/vehicle:  DMSO 
Methods 
Doses:  0.01 or 0.1 mg KW-6002 
 
Study design:  Male BALB/c AnNCrj mice (N=5): Sensitized i.p. at 0.01 or 0.1 mg 
admixed with aluminum hydroxide gel weekly for 3 weeks. Blood was collected at 1 
week after the final dose.  Male Crj:CD rats (N=2) were administered the sensitized sera 
(diluted 5x) intracutaneously and 24 hrs later, they were given 1.0 mg KW-6002 i.v. 
 
Results:  After 24 hrs, no PCA reactions were detected in the rats and no specific IgE 
antibodies were found. 
 
Study title:  Study on the effect of KW-6002 on adreno-cortical hormones 
 
Key study findings:  Under the conditions of this study, KW-6002 elicited significantly 
increased ACTH, aldosterone and corticosterone in rats after a single oral dose but this 
increase did not persist after repeated dosings. 
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Study no.:  PK9869 
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  Single dose: 1/7/99; repeated doses: 12/22/98 
GLP compliance:  Japanese GLP compliance 
QA reports:  yes  
Drug, lot #, and % purity:  Lot 9816 at 99.7% purity 
Formulation/vehicle:  0.5% methylcellulose 
Methods 
Doses:  0, 2.5, 10, 25 or 100 mg/kg as a single dose or 100 mg/kg/d for 7 or 14 days 
 
Study design:  Male Crj:CD rats were orally gavaged and decapitated either pre- and 1 
and 4 hrs after single dose or pre- and 1, 4, 8 and 12 hrs after repeated dosing for 7 or 14 
days.  Radioimmunoassays were used to determine levels of ACTH, aldosterone, and 
corticosterone.  To evaluate effects on the pituitary gland, rats were treated for 13 days, 
then given 20 µg/kg rat CRF and plasma samples were taken 30 minutes later. 
 
Results:  Although significantly increased levels of hormones were found in all single-
dose, treated groups when compared to controls by 1 hr post-dosing, the increases were 
not dose-dependent. 
 
After repeated dosing (7 or 14 days), no significant differences from controls were 
appreciated.  Dosing with rat CRF did not affect ACTH, corticosterone or aldosterone 
levels significantly above levels elicited by the vehicle (0.5% methylcellulose) but those 
levels were slightly higher than found with physiologic saline. 
 
 
Study title:  Evaluation of influence on hormonal endocrine system of dogs 
 
Key study findings:  No significant effects of KW-6002 on hormone levels in dogs 
treated for 4 weeks with 400 mg/kg/d were detected. 
 
Study no.:  P1610 or A-97-78 
Conducting laboratory and location:  Toxicological Research Laboratories, 
Yamaguchi, Japan 
Date of study initiation:  Single dose: 1/7/99; repeated doses: 12/22/98 
GLP compliance:  Japanese GLP compliance 
QA reports:  yes  
Drug, lot #, and % purity:  Lot 9816 at 99.7% purity 
Formulation/vehicle:  0.5% methylcellulose 
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Methods 
Doses:  0, or 400 mg/kg orally  
 
Study design:  Two (controls) or 4 (treated) canines/sex were treated orally with KW-
6002 suspended in 0.5% methylcellulose daily for 4 weeks.  Plasma levels of insulin, 
ACTH, cortisol and aldosterone were measured on the last day of dosing. 
 
Results:  There were no significant intergroup differences in glucose levels so the 
sponsor decided that there was no effect of treatment on insulin secretion.  No intergroup 
differences were found in ACTH, or aldosterone (BLQ).  Cortisol levels were slightly 
increased in treated females but their levels were slightly higher prior to initiation of 
dosing. 
 
Study title:  Or 64-4529/micronized powder (KW-6002): Study of Acute 
Phototoxicity in the RORO-n Hairless Rat 
 
Key study findings:  Under the conditions of this study, KW-6002 was determined to be 
weakly phototoxic. 
 
Study no.:  064D98 
Conducting laboratory and location:   
Date of study initiation: 4/21/98  
GLP compliance:  No 
QA reports: No  
Drug, lot #, and % purity:  Lot 9613 
Formulation/vehicle:  0.5% methylcellulose with 0.5 mL benzyl alcohol 
 
Methods 
Doses:  0 (vehicle) or 400 mg/kg administered orally as a single or 7 day repeated dose 
 
Study design:  6 RORO-n rats/group were treated for 1 or 7 days. At 4 hrs after the last 
dose, the animals were irradiated with UVA-light (5J to 35J/ cm2) and evaluations were 
done at 4, 24 and 48 hrs after irradiation. 
 
Results:  The positive controls (8-methoxypsoralen) had erythematous reactions after 24 
hrs that persisted for up to 48 hrs. 
Erythema was noted in rats treated for 1 or 7 days with KW-6002 by 4 hrs after 
irradiation and they persisted with 30 J/ cm2 irradiation for up to 48 hrs. No lesions were 
noted in the vehicle controls. 
 
 
Additional: 
Or 64-4529/000 (KW-6002): Photoirritation Study (in vitro); Study 035 D 98.  This 
study was performed to determine the in vitro phototoxic potential in the 3T3 fibroblast 
Neutral Red uptake assay.  The test article was sampled from 0.69- 14 µg/mL.  In the 
non-irradiated cells, the IC50 was >14 µg/mL.  For UVA irradiated cells, the IC50 was 

(b) (4)
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>14 µg/mL.  However, the test article was very limitedly soluble in the solvents (PBS/3% 
DMSO) so it is not clear whether KW-6002 is truly negative in this assay. 
 
Repeat-dosage Phototoxicity Study to Determine the Effects of Oral (Gavage) 
Administration of KW-6002 on Eyes and Skin in Pigmented Rats, Study  
QUK00023.  This study was performed to compare the effects of 8-MOP, vehicle and 
KW-6002 at 25, 50, 100 or 400 mg/kg/d on male Long-Evans pigmented male rats.  
Erythema and/or edema were significant in the 8-MOP-treated animals but not in the 
vehicle or KW-6002-treated animals.  Histologic examination of the eyes showed 
significant adverse effects (corneal edema (4/4), lens necrosis (3/4) and retinal necrosis 
(1/4)) in the 8-MOP-treated rats and none in the KW-6002-treated rats.  Under the 
conditions of this study, neither cutaneous nor ocular phototoxicity was appreciated. 
 
2.6.6.9 Discussion and Conclusions  
See final section of the review 
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TOXICOLOGY TABULATED SUMMARY 
 Toxicology Studies with Istradefylline 

 

 
 
Study type Study # Species Dosing  (mg/kg) 
Single dose Acute Oral Toxicity to the 

Mouse; KHK28/952861/AC 
Mouse 2000 

 Acute Oral Toxicity to the 
Rat; KHK29/952862/AC; 
Single Dose Toxicity Study 
of KW-6002 Administered 
Orally to Rats; A-96-35 

Rat 2000 

 Single Dose Toxicity Study 
of KW-6002 Administered 
Orally to Dogs; A-96-78 

Dog 1200 

 Oral Escalating Acute 
Toxicity Study of KW-6002 

Monkey 100-2700 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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in Rhesus Monkeys; 
25-58 

14 day repeat dose Single Dose and 14 Day 
Repeat Dose Study in Rats, 
including Toxicokinetic 
Monitoring; 
KHK30/960014 

Rat 250- 1000 

28 day repeat dose Toxicity to Rats by 
Repeated Oral 
Administration for 4 
Weeks; KHK33/960498 

Rat 25- 400 

 Repeated Dose Toxicity 
Study of KW-6002 
Administered Orally to 
Rats for 4 Weeks; A-95-133 

Rat 6- 800 

 Toxicity to Dogs by 
Repeated Oral 
Administration for 4 
Weeks; KHK32/961196 

Dog 30- 300 

 Toxicity to Dogs by 
Repeated Oral 
Administration for 4 
Weeks Followed by a 4 
Week Recovery Period; 
KHK44/971671 

Dog 300 

 Repeated Dose Toxicity 
Study of KW-6002 
Administered Orally to 
Dogs for 4 Weeks; A-96-83 

Dog 25- 400 

 Repeated Dose Toxicity 
Study in Rats Treated with 
The High Dose of KW-6002 
for 4 Weeks; A-01-047; 
Histopathologic Re-
Evaluation Report; author: 

 

Rat 500- 2000 

6 mo repeat dose Repeated Dose Toxicity 
Study of KW-6002 
Administered Orally to 
Rats for 26 Weeks; A-97-34 

Rat  3- 160 

 Repeated Dose Toxicity 
Study of KW-6002 
Administered Orally to 
Dogs for 26 Weeks; A-97-
40 

Dog 16- 400 

(b) (4)

(b) (4)
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52 week repeat 
dose 

Toxicity to Dogs by 
Repeated Oral 
Administration for 52 
Weeks with a 12 Week 
Recovery Period; 
KHK45/982101 

Dog 10- 100 

Repro- Seg I Fertility Study of KW-6002 
Administered Orally to 
Rats; A-96-38; Fertility 
Study of KW-6002 
Administered Orally to 
Rats at High Doses; A-96-
153 

Rat 1-30; 160- 800 

Repro- Seg II Teratogenicity Study of 
KW-6002 Administered 
Orally in Rats; A-96-31 

Rat 40- 1000 

 Teratogenicity Study of 
KW-6002 Administered 
Orally in Rabbits; A-96-44 

Rabbit 50- 800 

Repro- Seg III Preliminary Study for 
Effects of KW-6002 on Pre- 
and Post-Natal 
Development including 
Maternal Function in Rats 
by Oral Administration; 

26-57 

Rat 125- 1000 

 A Study for Effects of KW-
6002 on Pre- and Post-
Natal Development, 
Including Maternal 
Function in Rats by Oral 
Administration; 26-72 

Rat 6- 400 

Antigenicity Toxicological Study of 
KW-6002: Antigenicity 
Test in Mice; A-96-154 

Mouse PCA 0.01 and 0.1 
mg/mouse 

 Toxicological Study of 
KW-6002: Antigenicity 
Study in the Guinea Pig; A-
95-101 

Guinea pig  0.1 and 1.0 
mg/pig 

 Toxicological Study of 
KW-6002: Antigenicity 
Study in the Guinea Pig; A-
95-101 

Guinea pig 
PCA 

0.1 and 1.0 
mg/pig 

Genotoxicity Bacterial Mutation Assay; 
KHK22/952795; Reverse 

Ames Assay 156- 5000 
µg/plate 

(b) (4)

(b) (4)
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Mutation Test with 
Bacteria; A-95-55 

 Chromosomal Aberration 
Test with Mammalian Cells 
in Culture; A-96-61 

Chromosomal 
aberration 

0.18- 5 mg/mL 

 Micronucleus Test on Bone 
Marrow in Mice; A-95-112 

Micronucleus 500- 2000  

 Measurement of 
Unscheduled DNA 
Synthesis in Rat Liver 
Using an In Vitro/In Vivo 
Procedure; 161/333-D5140 

UDS 500- 2000 

Carcinogenicity KW-6002: 13 Week Oral 
(Gavage Administration) 
Toxicity Study in the 
Mouse; 1471/3-D6154 

Mouse- 
prelim. 

60- 500 

 KW-6002: 104 Week Oral 
(Gavage Administration) 
Carcinogenicity Study in 
the Mouse; 1471/24 

Mouse 25- 250 

 KW-6002: Toxicity by Oral 
Gavage to HANIBM 
Wistar Rats for 13 Weeks; 

315/983326 

Rat prelim 40- 320 

 KW-6002: Carcinogenicity 
Study by Oral Gavage 
Adminstration to Han 
Wistar Rats for 104 Weeks; 
KHK075/024386  

Rat 30- 320 

Phototoxicity Photoirritation Study (in 
vitro); 035 D 98 

3T3 cell line 0.69- 14.0 µg/mL 

 Study of acute 
phototoxicity in the 
RORO-n hairless rat; 
064D98 

Hairless rat 400 

 Three day test article 
administration and single 
simulated sunlight 
exposure phototoxicity 
study to determine the 
effects of oral (gavage) 
administration of KW-6002 
on eyes and skin in 
pigmented rats; QUK00023 

Pigmented rat 25- 400 

Interaction with KW-6002: toxicity study by Rat 25- 400 with 

(b) (4)
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levodopa/carbidopa oral gavage to CD rats for 
4 weeks; KHK065/992927 

250/25 L/C 

 KW-6002: toxicity study by 
oral gavage administration 
to CD rats for 4 weeks; 
KHK073/002275 

Rat 100 with 1/10- 
250/25 L/C 

 A 13-week repeated dose 
oral toxicity study of KW-
6002 in combination with 
Levodopa/Carbidopa in 
beagle dogs with a 4-week 
recovery period; B-5759 

Dog 30- 300 with 
80/20 L/C 

 

2.6.6 OVERALL CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusions:   
In vitro binding assays show that istradefylline is a selective ligand of the adenosine A2a 
receptor subtype with selectivity over the A1 receptor higher in humans than other 
species. Absolute oral bioavailability of istradefylline in nonclinical species is low (~20% 
in rats at doses ≤30 mg/kg/d and ~7% in rats at 100 mg/kg/d) and metabolism of the 
parent compound via oxidative pathways is significant. Although the M1 metabolite 
binds to the same receptor as the parent compound, it appears to have no pharmacological 
activity. In human studies, MI was the primary metabolite and no novel metabolites were 
identified when compared to the rat and dog data.  Istradefylline is highly protein bound 
in all species evaluated. 
 
Neurologic safety studies in mice showed a slight- moderate increased sensitivity to 
touch, increased locomotor activity and increased vocalization within minutes of dosing. 
These signs reversed by 24 hrs post-dosing. 
 
The in vitro hERG assay showed no inhibition of the Ikr current at doses up to 2 µmol/L. 
No significant treatment-related effects were reported in cardiovascular safety studies in 
telemeterized conscious dogs. 
 
Functional A2A receptor antagonism was shown by the effect of istradefylline on cAMP 
induced by an A2A agonist. The receptor couples with G-proteins and receptor stimulation 
elicited increased cAMP.  In vitro, Istradefylline competitively inhibited accumulation of 
cAMP.  The drug was active in the MPTP-treated mouse model shown by improvement 
of motor function.  It antagonized haloperidol-induced catalepsy in mice and rats.  
Istradefylline potentiated apomorphine’s effects in a 6-OHDA-lesioned rat model of 
Parkinson’s disease.  In the MPTP-treated primate model of Parkinson’s disease, the 
symptoms improved and no increase in dyskinesias was found. 
 
Istradefylline had anti-inflammatory modulatory effects in the carrageenan-induced paw 
model of edema at doses of 1-100 mg/kg. 
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After gavage administration in rats, the plasma levels were ~1.3x lower than the levels in 
the brain. Excretion is primarily fecal in the species tested. When istradefylline was 
administered to pregnant rats, the fetal levels were significantly higher than those of the 
dam and the drug persisted for longer periods of time in the feti. 
 
CYP 3A4 is the primary isozyme involved in istradefylline metabolism and it inhibits 
CYP3A4 activity on 14C- testosterone and 14C-midazolam. These findings raise a concern 
for an inhibitory effect of istradefylline on CYP3A4-metabolized pharmaceuticals.   
 
Istradefylline was negative in 4 Ames assays for bacterial mutagenicity, the chromosomal 
aberration assay in Chinese hamster lung cells, the micronucleus assay in mice or the 
UDS assay in rats. It was determined that istradefylline was inappropriate for testing in 
the mouse lymphoma assay due to test article precipitation. 
 
In the repeated dose rat studies of up to 26 week duration, consistent findings across 
studies were found in the adrenal glands (hypertrophy of the zona fasciculata, increased 
alveolar macrophages in the lungs and pancreatic acinar apoptosis/vacuolation) with 
NOAELs around 30 mg/kg/d over the range of studies. Clinical signs included increased 
sensitivity to noise and handling in all of the studies.  
 
The repeated dose dog studies of up to 52 week duration showed consistent hyperplasia 
of the adrenal zona fasciculata, pneumonitis and increased liver enzymes without 
significant histologic correlates.  The NOAELs were higher (30 mg/kg/d) in the shorter 
term studies (up to 4 weeks of dosing) but decreased to 10 mg/kg/d for the 52 week study 
on the basis of the adrenal gland findings but no dose-limiting toxicities were appreciated 
in the any of the dog studies. 
 
In the combination studies with levodopa/carbidopa, no new target tissues were identified 
in the drug combination groups. Increased vomition was reported in all groups that 
received levodopa whether alone or in combination. Significant effects on heart rate and 
QT interval were found in the KW-6002 groups in combination or in the L/C group but 
not in the KW-6002 alone group.  Mean QT intervals were significantly increased in the 
combination groups.  There was good correlation between the animals with decreased 
heart rates and increased QT intervals, an expected biologic phenomenon.  
 
Findings in the lungs of rats and dogs included pneumonitis with septal thickening.  This 
finding was found in oral gavage studies in rats and dogs so may be a drug-related 
adverse effect and should be mentioned in the label. 
 
 
The 2 year mouse carcinogenicity study appears to have been adequately conducted and 
assessed but the doses do not appear to have been significantly high enough to elicit even 
a minor level of toxicity at the highest dose of 250 mg/kg/d. No increased incidence of 
any tumor type was found.  Although increased liver weights were recorded for mid and 
high dose males and a histologic correlate of hepatocyte hypertrophy was found, there 
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was no increase in either pre-neoplastic or neoplastic liver lesions so these findings are 
not considered toxicologically significant. The doses were not high enough in this study 
to elicit more than minor toxicity at 250 mg/kg/d, but the exposures appear reasonable 
when compared on the basis of Cmax for mice vs. humans 
 
No increases in either pre-neoplastic or neoplastic lesions were recorded in the 2 year rat 
carcinogenicity study.  Mortality at the 320 mg/kg/d (high dose) was primarily attributed 
to pulmonic lesions (Males: 0, 0, 1, 16; females: 0, 0, 0, 9, respectively).  As in the mouse 
carcinogenicity study, foci of mineralization were reported in the brains, primarily in the 
males from all dose groups and high dose females.  No reactive lesions were described.  
No increase in GFAP staining was reported. The brains from 3/sex/control and high dose 
groups were stained with von Kossa, alizarin red and PAS stains.  Lesions were described 
in the thalamus/mid brain primarily.  The finding was seen by Week 24 in the high dose 
groups and Week 39 in the 30 mg/kg/d groups. Pharmacokinetic evaluation on Day 1 
showed that Cmax and AUC increased proportionately with increasing dose but at the 
later time points, increases were less than dose proportional (Cmax and AUC were 61% 
and 54% lower, respectively) by Week 104 at the 320 mg/kg/d dose.  Accumulation was 
evident by Week 13 and remained essentially constant for the remainder of the study for 
all but the 320 mg/kg/d males where the accumulation ratio was highest at Week 13. 
 
The rat fertility study showed no significant effects were found on estrous cyclicity, 
fertility indices, fetal parameters or adult male parameters.  The NOAEL for the fertility 
study in rats is determined to be 30 mg/kg/d.  An additional rat “high dose” fertility study 
revealed decreased implantations/implantation ratios in females and decreased sperm 
motility at the mid (360 mg/kg/d) and high (800 mg/kg/d) dose levels which were the 
purpose of this study.  The NOAEL is 160 mg/kg/d for this rat fertility study. 
 
A rabbit embryo-fetal study was conducted in combination with levodopa/carbidopa. In 
the dams, no significant intergroup differences were found on numbers of corpora lutea, 
number of implantations/litter, number of live feti/litter, placental weights or sex ratios. 
 
Although membranous ventricular septal defects were found in 8 feti from the 
combination group (600/80/20 mg/kg/d group with KW-6002/levodopa/carbidopa), no 
significant differences between groups were found for fetal viability or defects in the 
definitive study.  However, visceral abnormalities were found in 7/18 high dose 
combination litters with 8 feti having membranous ventricular septal defects, 2 feti with 
persistent truncus arteriosus, and 1 with a right sided aortic arch. Most other doses had no 
or only 1 with 1 of these anomalies. 
 
In the rat teratology study, the NOAEL was <40 mg/kg/d for the dams on the basis of the 
increased activity and 200 mg/kg/d for the feti as the only significant differences from 
controls were found in the 1000 mg/kg/d group.  In that group, splitting of the cervical 
vertebral arch ossification centers, found in 29% of the feti at the high dose, is considered 
a fetal variation and there is a significant dose-related increased incidence in this study. 
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The number of external abnormalities found in the rabbit teratology study increased 
significantly in the 1000 mg/kg/d dose group along with slightly decreased fetal body 
weights. Five feti from 4 litters in the high dose group had abnormalities (microphthalmia 
[2], oligodactyly of the forelimb “thumb” [3]).  Similar findings were noted in the 
preliminary study in feti from rabbits dosed at 800 mg/kg/d.  The reported historical 
levels from this laboratory are <1 with microphthalmia or oligodactyly/ study.  These 
effects on teratology should be addressed in the label. 
 
In the Segment 3 study, it seems evident that KW-6002 treatment of dams had an effect 
on viability and body weights of rat pups whether due to prenatal or lactational exposure.  
The NOAEL for viability (F1 development) was 6 mg/kg/d. 
 
 
Unresolved toxicology issues:  None at this time   
 
Comparison of Mean Human AUC Data at 20 and 40 mg/day vs Animal Data at 
NOAEL Levels 
Dose  Human  

Day 14 
 
20 mg 

Human  
Day 14 
 
40 mg 

Rat 13 
week 
study 
80 
mg/kg/d 

Rat 104 
week 
study 
320 
mg/kg/d 

Dog  26 
week 
study  
16 
mg/kg/d 

Dog 52 
week 
study  
10 
mg/kg/d 

Mouse 13 
week study 
60 mg/kg/d

 4405.6 
ng.h/mL 

7924.6 
ng.h/mL 

508 
ng.h/mL 

59706 
ng.h/mL 

6005 
ng.h/mL 

6420 
ng.h/mL 

48389 
ng.h/mL 

Ratio 
Animal: 
Human 
(20 mg 
dose) 

  0.11:1 13.5:1 1.36:1 1.4:1 11:1 

 
 
 

Executive CAC 
August 1, 2000 
Committee: Joseph DeGeorge, Ph.D., HFD-024, Chair 
Joseph Contrera, Ph.D., HFD-900, Member 
Jeri EI Hage, Ph.D., HFD-51O, Alternate Member 
Glenna Fitzgerald, Ph.D., HFD-120, Team Leader 
Linda H. Fossom, Ph.D., HFD-120, Presenting Reviewer 
Author of Draft Minutes: Linda H. Fossom 
 
The following information reflects a brief summary of the Committee discussion and its 
recommendations. Detailed study information can be found in the individual review. The 
committee did not address the sponsor's proposed statistical evaluation for the 2-yr 
carcinogenicity bioassays, as this does not affect the sponsor's ability to initiate the 
bioassays. The sponsor may seek guidance on the statistical evaluation of bioassay results 
from agency staff separately. 
IND # 58,356 
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Drug Name: KW-6002 
Sponsor: Kyowa Pharmaceuticals, Inc, 104 Carnegie Center, Suite 301, Princeton, NJ 
08540. 
Introduction: KW-6002 is an adenosine 2A2 receptor antagonist that has been submitted 
for adjunctive therapy with levodopa/carbidopa for Parkinson's disease under this IND 

. The Sponsor has submitted 
proposals for 2- year, oral gavage, carcinogenicity studies in mice, with doses of 0, 25, 
125 and 250 mg/kg/d, and rats, with doses of 0, 30, 80 and 160 mg/g/d. The Sponsor 
bases these doses upon results in 13- week toxicology studies. The Sponsor does not 
claim adequate (at least 25-fold vs. human, in the absence of genotoxicity) systemic 
exposure coverage for the proposed doses. 
Mouse Dose Selection: In the 13-week study reviewed for this submission, doses of 60, 
125, 250 and 500 mg/kg/d were administered by oral gavage to male and female mice. 
Accepting the Sponsor's conclusion that the unexplained deaths of the 2 mice at 250 
mg/kg/d (and the 1 at 500 mg/kg/d) in the 13-week study were actually drug-related, it is 
reasonable to allow 250 mg/g/d as the high dose in the 2-year carcinogenicity study. 
Possibly limiting organ toxicity at this dose was indicated for heart by 20% increased 
weights in female mice (not significant at this dose) and lung by histiocyte alveolitis 
(minimal to moderate in 6/11 males and 2/8 females). 
It should be noted that even at 500 mg/g/d there was no clearly limiting toxicity (aside 
from the possibly drug-related death of one mouse) in the 13-week study. At this dose, 
possible organ toxicity was indicated for heart by 20% increased weights in female mice 
(statistically significant), for liver by single cell necrosis (minimal to slight in 4/12 males 
and 2/9 females) and for lung by histiocyte alveolitis (minimal to moderate in 9/12 males 
and 4/12 females). 
However, it is not clear that an MTD was identified in mice. 
Rat Dose Selection: In the 13-week study reviewed for this submission, doses of 40, 80, 
160 and 320 mg/kg/d were administered by oral gavage to male and female rats. Even 
accepting the Sponsor's conclusion that the unexplained deaths of the 1 or 2 rats at 320 
mg/kg/d in the 13- week study were actually drug-related, it seems unlikely that the 1/30 
mortality seen at this dose would preclude it's use as the high dose for a 2-year 
carcinogenicity study. It should be noted that even at 320 mg/kg/d there was no clear 
dose-limiting toxicity (aside from these possibly drug-related deaths) identified in the 13-
week study; possible organ toxicity was indicated for heart by 10% increased weight in 
both males and females and for lung by alveolitis (minimal to slight in 5/9 males and 8/10 
females). However, it is not clear that an MTD has been identified for rats. 
 
Executive CAC Recommendations and Conclusions: 
The Committee agreed with the Sponsor and the Reviewer that doses of 25, 125 and 250 
mg/gld would be acceptable for the 2-year mouse carcinogenicity study. 
The Committee agreed with the Reviewer that 320 mg/kg/d would be acceptable as the 
high dose for the 2-year rat carcinogenicity study and recommended a middle dose of 
approximately 100 mg/g/d and the Sponsor's proposed low dose of 30mg/kg/d. 
The Sponsor should contact the Agency if they see unanticipated, excessive deaths in 
either mice or rats. 

(b) (4)



Reviewer: Terry S. Peters, D.V.M.   NDA No. 22-075 
 
 

 125 
 

If the Sponsor plans histological evaluation of tissues from only control and high dose 
treatment groups, they will also need to conduct histopathologic examination of other 
dose groups under any of the following circumstances: 
(a) for any macroscopic findings in the low and mid dose groups for a given tissue, they 
will need to look at that tissue for all of the dose groups 
(b) for an increase in the incidence of tumors (rare or common) in the high dose group for 
a tissue, even if not statistically significant, they will also need to look at the next lower 
dose group 
(c) for an increase in tumors in an organ for a tumor type that should 
be analyzed across tissue sites as well as by tissue site (e.g., hemangiosarcoma, 
lymphoma etc.; see McConnell et ai, JNCI 76:283, 1986) they should look at all relevant 
tissues for that dose level and the next lower dose level, 
(d) for an excessive decrease in body weight or survival in the high dose groups, they 
should examine the low and mid dose groups. 
Joseph DeGeorge Ph.D. 
Chair, Executive CAC 
fI 58,356/Division File, HFD 120 
/GFitzgerald, HFD-120 
LHFossom, HFD-120 
TWheelous, HFD-120 
ASeifried, HFD-024 

APPENDIX/ATTACHMENTS   
Executive CAC 
July 30, 2002 
Proposed Mouse/Rat Carcinogenicity Protocol Change 
Committee: Joseph Contrera, Ph.D., HFD-900, Acting Chair 
Abby Jacobs, Ph.D., HFD-540, Member 
Jeri El Hage, Ph.D., HFD-510, Alternate Member 
Barry Rosloff, Ph.D., HFD-120, Team Leader 
Paul Roney, Ph.D., HFD-120, Presenting Reviewer 
Author of Draft: Paul Roney, Ph.D. 
The following information reflects a brief summary of the Committee discussion and its 
recommendations. Detailed study information can be found in the individual review. 
IND 58,356 
Drug Name: KW-6002 
Sponsor: Kyowa Pharmaceutical, Inc 
Background: 
1. The mouse study is currently in about week 88 and the rat study is currently in about 
week 92 
(both as of July 17, 2002) of the two year carcinogenicity studies. 
2. The Exec CAC approved the protocol on August 1, 2000. The Exec CAC approved a 
change 
in the protocol in January 2002. 
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3. Under the current protocol, when survival in a group reaches 10-12/group, then 
consideration 
will be given to terminating the study. 
4. Some increase in mortality has been observed in high dose male mice and high dose 
rats. It is 
projected that there will be more than 20 animals/group will survive until the end of the 
studies. 
5. The sponsor has been able to obtain tissues from prematurely deceased mice. 
Proposed Protocol Change: 
The sponsor seeks Exec CAC concurrence to amend the protocol as follows. 
1. If high dose survival reaches 10-12 animals/group/sex before week 101, then the group 
will be terminated. If survival reaches 10-12 animals/group/sex after week 101, the 
remaining animals will continue to be treated until study termination. 
2. If survival reaches 10-12 animals/dose/sex at the high dose, then it will be assumed 
that the MTD was exceeded and the mid dose animals will be examined 
histopathologically at study termination. If 13 or more high dose animals survive, only 
the high dose groups will be examined histpathologically. In any case, all early decedents 
will be examined 
histopathologically. 
Executive CAC 
January 29, 2002 
Proposed Mouse Carcinogenicity Protocol Change 
Committee: Joseph Contrera, Ph.D., HFD-900, Chair 
Abby Jacobs, Ph.D., HFD-540, Member 
Jeri El Hage, Ph.D., HFD-510, Alternate Member 
Barry Rosloff, Ph.D., HFD-120, Team Leader 
Paul Roney, Ph.D., HFD-120, Presenting Reviewer 
Author of Draft: Paul Roney, Ph.D. 
The following information reflects a brief summary of the Committee discussion and its 
recommendations. Detailed study information can be found in the individual review. 
IND 58,356 
Drug Name: KW-6002 
Sponsor: Kyowa Pharmaceutical, Inc 
Background: 
1. The study is currently in about week 64 of the two year mouse carcinogenicity study. 
2. The Exec CAC approved the protocol on August 1, 2000, recommending doses of 0, 
25, 125, and 250 mg/kg/day in 69 mice/sex/dose. 
3. Under the original protocol, when survival in the control or low dose mice reaches 
25%, then all animals in all the groups of that sex shall be sacrificed. 
4. Increased mortality has been observed in the low dose group (25 mg/kg) which is 
attributed to increased fighting. As of week 52, low dose survival was 72%, while 
survival in the other groups is above 90%. The low dose mice have been moved to 
individual housing. 
5. The sponsor is concerned that survival in the low dose group will reach 25% causing 
premature termination of the study. 
6. The sponsor has been able to obtain tissues from prematurely deceased mice. 
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Proposed Protocol Change: 
The sponsor seeks Exec CAC concurrence to amend the protocol as follows. 
1. If low dose survival reaches 25% before week 78, the remaining mice in this group 
shall be terminated. However, administration to the other groups shall continue until 
Week 104 or the time when the survival in the control group reaches 25%. 
2. If low dose survival reaches 25% after Week 78, all living mice in all groups of the 
same sex shall be sacrificed at that time, even when the survival rate in the control group 
has not reached 25%. The sponsor states that the 78-week treatment is assumed to be a 
sufficient period to judge carcinogenicity in mice according to the ICH S1 agreement. 
 
Review and Evaluation of Pharmacology/Toxicology Data 
KW-6002 
Drug: KW-6002 
IND: IND 58,356, Submission 061, September 11, 2002 
Reviewed: September 23, 2002 
Reviewer: Paul Roney 
Drug Class: Adenosine 2A2 Antagonist 
Indication: Parkinson’s Disease (IND 58,356) 

 
Sponsor: Kyowa Pharmaceuticals 
Carcinogenicity Study Issues 
The sponsor is conducting two year carcinogenicity studies in rats and mice. The sponsor 
submitted the protocols including doses to the Exec Carcinogenicity Assessment 
Committee (CAC) on June 21, 2001. The Exec CAC concurred in the proposed protocols 
and doses and its comments were faxed to the sponsor on August 3, 2000. The original 
protocol states that histopathology will be performed only on control and high dose 
animals. On January 29, 2002, the Exec CAC approved a change to the protocol stating 
the group termination would only be considered when group survival reached 10-12 
animals. In July 2002, the sponsor requested permission to change the termination 
criteria; the Exec CAC faxed their recommendations on August 2, 2002 (See Appendix). 
The present submission is the sponsor’s proposed changes in response to the Exec CAC 
recommendations. The sponsor has requested Exec CAC concurrence with these 
termination criteria. The new wording is presented below: 
Review and Evaluation of Pharmacology/Toxicology Data 
KW-6002 
Drug: KW-6002 
IND: IND 58,356, Submission 061, September 11, 2002 
Reviewed: September 23, 2002 
Reviewer: Paul Roney 
Drug Class: Adenosine 2A2 Antagonist 
Indication: Parkinson’s Disease (IND 58,356)  
Sponsor: Kyowa Pharmaceuticals 
Carcinogenicity Study Issues 
The sponsor is conducting two year carcinogenicity studies in rats and mice. The sponsor 

(b) (4)

(b) (4)
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submitted the protocols including doses to the Exec Carcinogenicity Assessment 
Committee (CAC) on June 21, 2001. The Exec CAC concurred in the proposed protocols 
and doses and its comments were faxed to the sponsor on August 3, 2000. The original 
protocol states that histopathology will be performed only on control and high dose 
animals. On January 29, 2002, the Exec CAC approved a change to the protocol stating 
the group termination would only be considered when group survival reached 10-12 
animals. In July 2002, the sponsor requested permission to change the termination 
criteria; the Exec CAC faxed their recommendations on August 2, 2002 (See Appendix). 
The present submission is the sponsor’s proposed changes in response to the Exec CAC 
recommendations. The sponsor has requested Exec CAC concurrence with these 
termination criteria. The wording was considered consistent with the Exec CAC 
recommendations. 
Executive CAC 
February 20, 2003 
Proposed Mouse/Rat Carcinogenicity Protocol Change 
Committee: Joseph Contrera, Ph.D., HFD-900, Chair 
Abby Jacobs, Ph.D., HFD-540, Member 
Jeri El Hage, Ph.D., HFD-510, Alternate Member 
Barry Rosloff, Ph.D., HFD-120, Team Leader 
Paul Roney, Ph.D., HFD-120, Presenting Reviewer 
Author of Draft: Paul Roney, Ph.D. 
The following information reflects a brief summary of the Committee discussion and its 
recommendations. Detailed study information can be found in the individual review. 
IND 58,356 
Drug Name: KW-6002 
Sponsor: Kyowa Pharmaceutical, Inc 
Background: 
Under the original protocol for the mouse and rat carcinogenicity studies, the sponsor 
would conduct complete histopathological evaluation of only the control and high dose 
groups. In the low and mid dose groups, only premature decedents and gross lesions 
would have been evaluated histologically. 
Proposed Protocol Change: 
The sponsor seeks to amend the current carcinogenicity studies to include complete 
histopathology in the low and mid dose groups. This would allow a more complete 
evaluation of the potential carcinogenicity of KW-6002. In addition, this would bring the 
study into compliance with EU and Japanese directives. 
Executive CAC Recommendations and Conclusions: 
The Exec CAC concurs with the sponsors proposed changes. 
___________________________ 
Joseph Contrera, Ph.D. 
Chairman, Executive CAC 
cc:\/Division File, HFD-120 
/Roney, HFD-120 
/Rosloff, HFD-120 
/Wheelous, HFD-120 
/ASeifried, HFD-024 
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Executive CAC 
Date of Meeting: January 22, 2008 
Committee: Abby Jacobs, Ph.D., OND IO, Acting Chair 
Tim McGovern, Ph.D., DPAP, Alternate Member 
John Leighton, Ph.D., DDOP, Alternate Member 
Lois M. Freed, Ph.D., DNP, Supervisory Pharmacologist and Presenter 
Author of Minutes: Lois M. Freed 
The following information reflects a brief summary of the Committee discussion and its 
recommendations. 
NDA # 22-075 
Drug Name: Istradefylline 
Sponsor: Kyowa Pharmaceutical Inc. 
Mouse Carcinogenicity Study: In the 2-year carcinogenicity study in CD-1 mice 
(69/sex/group), istradefylline was administered orally by gavage (vehicle: 0.5% 
methylcellulose) at doses of 0, 25, 125, and 250 mg/kg/day in both males and females. 
No dose-limiting toxicity was evident at the high dose. However, in a 13-week dose 
finding study in CD-1 mice, a dose of 500 mg/kg was considered to have exceeded an 
MTD for a 2-year study. The Exec CAC provided concurrence on dose selection (minutes 
dated 8/3/00). There were no drug-related increases in any tumor type in the 2-year 
study. 
Rat Carcinogenicity Study: In the 2-year carcinogenicity study in Han Wistar rats 
(52/sex/group), istradefylline was administered orally by gavage (vehicle: 0.5% 
methylcellulose) at doses of 0, 30, 100, and 320 mg/kg. The Exec CAC provided 
concurrence on dose-selection (minutes dated 6/21/00). The mortality rate was 
significantly increased at the high dose in both males and females; however, the number 
of survivors was sufficient to provide a meaningful assessment of the high dose in both 
sexes. There were no drug-related increases in any tumor type in the 2-year study. 
Executive CAC Recommendations and Conclusions: 
The Exec CAC concluded that the 2-year carcinogenicity studies in mouse and rat were 
adequate and negative, pending confirmation of the sponsor’s statistical analysis by the 
Agency. 
Abigail Jacobs, Ph.D., ONDIO 
Acting Chair, Exec CAC 
cc: /Division File, DNP 
/L.Freed, DNP, T Peters, DNP 
/T Wheelous/CSO/PM, DNP; /ASeifried, OND IO 
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