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1. Benefit-Risk Assessment 
 

Benefit-Risk Assessment Framework 
 

Benefit-Risk Integrated Assessment 
Kyowa Kirin, Inc., submitted a 505(b)(1) NDA for istradefylline (Nourianz), proposed for adjunctive treatment to levodopa/carbidopa in patients 
with Parkinson’s disease (PD) experiencing “off” episodes. PD is a neurodegenerative disorder that is caused by progressive loss of dopaminergic 
neurons in the basal ganglia.  The typical age of onset is around 60 years, with men more frequently affected than women.  PD causes progressive 
motor symptoms, including bradykinesia, rigidity, and resting tremor. Although effective treatments are available, the disease causes progressive 
disability.  As PD advances, patients develop motor fluctuations (e.g., “off” periods and dyskinesia) and non-motor complications.  
 
Nourianz is a new molecular entity, and the first adenosine A2A receptor antagonist proposed for the treatment of PD. Adenosine A2A receptors 
are found primarily on medium spiny neurons in the striatum, but also in other brain regions. The exact mechanism of action of adenosine A2A 
receptor antagonists for the treatment of PD is not known. The applicant describes the effect of Nourianz as being non-dopaminergic; however, 
the adverse event profile suggests Nourianz increases dopaminergic activity in the brain.  
 
Several drugs are available for the treatment of PD. Carbidopa/levodopa, available in various formulations and routes of administration, 
represents the mainstay of treatment. Several classes of drugs have been approved as adjunctive therapy for patients with advanced PD. These 
treatments, which have symptomatic benefits, include dopaminergic agonists, inhibitors of monoamine oxidase B (MAO-B), inhibitors of 
catechol-O-methyltransferase (COMT), and amantadine. Deep brain stimulation and lesioning surgeries (pallidotomy, thalamotomy) are also 
available. Nourianz is proposed for the adjunctive treatment to levodopa/carbidopa in patients with PD experiencing “off” episodes, i.e., for 
patients at an advanced stage of the disease. Several other drugs are approved for a similar indication, including safinamide, entacapone, 
tolcapone, rasagiline, selegiline, and rotigotine.  
 
The evidence of effectiveness of Nourianz comes from four randomized, multicenter, double-blind, 12-week, placebo-controlled studies. The 
studies enrolled patients with a mean duration of Parkinson’s disease of 9 years, experiencing at least 2 hours of “off” time per day, and that were 
treated with levodopa for at least one year. Patients continued levodopa treatment with or without other concomitant PD medications. The 
primary efficacy endpoint was the change from baseline in the daily awake percentage of “off” time, or the change from baseline in total daily 
“off” time, based on 24-hour diaries completed by patients. A change from baseline in “on” time without troublesome dyskinesia (i.e., “on” time 
without dyskinesia plus “on” time with non-troublesome dyskinesia) was a secondary efficacy endpoint. The studies provide robust evidence of a 
reduction in “off” time with Nourianz treatment. The benefit over placebo in “off” time reduction is about 0.7 to 0.9 hour, or a relative reduction 
of about 15% from the “off” time experienced at baseline (about 6 to 6.5 hours). Importantly, the studies also show an improvement in “on” time 
without troublesome dyskinesia in patients treated with Nourianz, which supports and complements the change in “off” time (a reduction in “off” 
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time with no increase in "on" time without troublesome dyskinesia would indicate that the additional "on" time is accompanied by trnublesome 
dyskinesia, which is not a desirable outcome). The increase (over placebo) in "on" time without trnublesome dyskinesia ranges between 0.7 and 1 
hour for Nourianz 40 mg, and between 0.6 and 0.8 hour for Nourianz 20 mg. With the usual limitations in comparisons across studies, the 
observed effect size for these efficacy outcomes is within the range of those observed for approved PD diugs with demonstrated effect on "off' 
time. 

The most frequent adverse reactions observed in clinical ti·ials (at least 5% and more frequent than placebo) were dyskinesia, dizziness, 
constipation, nausea, hallucination, and insomnia. These adverse reactions have been obse1ved with other PD diugs, at rates similar or higher 
than those obse1ved with Nourianz. There is some evidence that, as with other PD diugs, Nourianz may cause impulse control disorders, and that 
risk should be described prominently in labeling. There are no safety concerns that may affect the approvability of Nourianz. 

Nourianz provides an additional option from a new class of diugs that may be used in PD patients with advanced disease who experience "off' 
episodes. 

Benefit-Risk Dimensions 

Dimension Evidence and Uncertainties Conclusions and Reasons 

• PD is a neurodegenerative disorder that is caused by progressive loss of Parkinson's disease is a serious condition 
dopaminergic neurons in the basal ganglia. characte1ized by progressive motor symptoms, 

• The typical age of onset is around 60 years, with men more frequently including bradykinesia, ligidity, and resting tremor. 
affected than women. As PD advances, patients develop motor 

• The prevalence of PD is approximately 1 million in North America fluctuations (e.g., "off" peliods) and non-motor 
• 1)1111111'.' • PD causes progressive motor symptoms, including bradykinesia, rigidity, and complications . 

"" .... resting tremor. 
• Although effective treatments are available, the disease causes progressive 

disability. 
• As PD advances, patients develop motor fluctuations (e.g., "off' periods and 

dyskinesia) and non-motor complications (e.g., autonomic, psychiatric and 
cognitive impairment). 

• Levodopa/carbidopa (immediate-release and extended-release tablets and There are several other medications approved for 

(!njwl capsules) represents the mainstay of treatment. use as adjunctive treatment of Parkinson's disease, 

Tl~ 
7 • Several classes of diugs have been approved as adjunctive therapy for patients to reduce "off' time. 

CIJil' 
with advanced Parkinson's disease. These treatments, which have symptomatic 
benefits, include the following: dopaminergic agonists, inhibitors of monoamine 
oxidase B (MAO-B), inhibitors of catechol-0 -methyltransferase (COMT), and 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

amantadine. Overall, the benefit (relative to placebo in pivotal trials) of these 
products for decreasing total "off' time ranges from approximately 0.5 hour to 2 
hours. As the disease progresses, patients on levodopa often add one of these 
classes of drng. Over time, as the disease continues to progress, patients 
frequently add a drng from another class, so that many patients eventually take 
chugs from 2 or 3 of these classes, in addition to levodopa. Some of the most 
severe patients may eventually take their levodopa as an intestinal infusion over 
the day in addition to these other classes of chugs. 

• None of these ch11gs have been shown to be superior to others for treating off time, 
nor to provide additional benefit in patients who have been documented to have 
been optimally treated. 

• The evidence of effectiveness ofNomianz comes from four randomized, Nourianz provides a reduction in "off" time and an 
multicenter, double-blind, 12-week, placebo-controlled studies (Study 6002-US- increase in "on" time without troublesome 
005, Study 6002-US-013, Study 6002-0608, and Study 6002-009). dyskinesia in the range of other chugs approved for 

• The studies emolled patients with a mean duration of Parkinson's disease of 9 a similar indication. 
years, expeiiencing at least 2 hours (mean approximately 6 hours) of "off' time 
per day, and were treated with levodopa for at least one year, with stable dosage Nourianz provides an additional option from a new 
for at least 4 weeks before screening (mean total daily dosage range: 416 to 785 class of ch11gs that may be used in PD patients with 
mg). advanced disease who experience "off' episodes. 

• Patients continued levodopa treatment with or without other concomitant PD 
medications, including dopamine agonists (85%), COMT inhibitors (38%), MAO-
B inhibitors (40%), anticholinergics (13%), and/or amantadine (33%), provided 
the medications were stable for at least 4 weeks before screening and throughout . z 

the study period . 
• The prima1y efficacy endpoint was the change from baseline in the daily awake 

percentage of "off' time, or the change from baseline in total daily "off' time, 
based on 24-hour diaiies completed by patients. A change from baseline in "on" 
time without troublesome dyskinesia (i.e. , "on" time without dyskinesia plus "on" 
time with non-troublesome dyskinesia) was a secondaiy efficacy endpoint. 

• The studies provide robust evidence for a reduction in "off' time with Nourianz 
treatment. The benefit over placebo in "off' time reduction is about 0.7 to 0.9 
hour, or a relative reduction of about 15% from the "off' time expeiienced at 
baseline (about 6 to 6.5 hours). 

• Impo1tantly, the studies also show an improvement in "on" time without 
troublesome dyskinesia in patients treated with Nomianz, which supp01ts and 
complements the change in "off' time. The increase (over placebo) in "on" time 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

without troublesome dyskinesia ranges between 0.7 and 1 hour for Nomianz 40 
mg, and between 0.6 and 0.8 hour for Nourianz 20 mg. 

• With the usual limitations in comparisons across studies, the obse1ved effect size 
for these efficacy outcomes is within the range of those obse1ved for approved PD 
diugs with demonstrated effect on "off' time. 

•The most frequent adverse reactions obse1ved in clinical trials (at least 5% Overall, the risks are comparable to other approved 
and more frequent than placebo) were dyskinesia, dizziness, constipation, orally administered treatment for Parkinson's 
nausea, hallucination, and insomnia. disease. 

• The risks of Nourianz are similar to those of other di11gs approved for the .... _ _. treatment of PD . - a I • There is some evidence that, as with other PD di·ugs, Nourianz may cause 
impulse control disorders, and that 1isk should be desc1ibed prominently in 
labeling. 

• Management of the risks can be addressed through labeling. Prescribers can 
stop Nourianz or switch patients to other medications for the treatment of PD, 
if necessary. 
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2.  Background 
 
Nourianz (istradefylline) is a new molecular entity (NME) proposed for adjunctive treatment 
to levodopa and carbidopa in patients with Parkinson’s disease (PD) experiencing “off” 
episodes. It is a first-in-class adenosine A2A receptor antagonist. Adenosine A2A receptors are 
found primarily on medium spiny neurons in the striatum. The exact mechanism of action 
adenosine A2A receptor antagonists for the treatment of PD is not known; however, it is 
believed that they modulate the activity of dopaminergic pathways. Nourianz was approved in 
Japan in 2013. 
 
This application is a Class 2 resubmission (the original application was submitted in March 
2007). The FDA did not approve the original NDA and issued a “Not Approvable” letter in 
February 2008. At the time, the Agency had concerns about Nourianz’s efficacy, but no 
serious safety concerns were identified. FDA acknowledged in the action letter that the 
sponsor had “submitted three well-controlled studies (Studies 005, 006, and 013) that show 
effectiveness for the adjunctive use of istradefylline 20 mg, 40 mg, and 60 mg/day (without 
clear evidence of dose response) in decreasing the percent of time awake spent in the “off” 
state in patients with advanced Parkinson’s Disease (PD)”. FDA further noted that “several 
other well-controlled studies of adequate size, however, do not show such an effect and in one 
of those studies, Study EU-007, an active control, entacapone, gave an almost significant result 
(p=0.06) while istradefylline showed essentially no effect. Entacapone, moreover, had a 
favorable effect on the PGI, a patient-rated global measure in that study, while istradefylline 
did not. These findings, taken together, establish effectiveness in decreasing “off” time, but 
raise questions about the strength of the finding.”  
 
FDA also questioned the patient population that may benefit from istradefylline. FDA noted a 
lack of results to support the clinical utility of istradefylline or suggest a meaningful benefit to 
patients. FDA noted the absence of nominally significant between treatment contrasts favoring 
istradefylline compared to placebo on any secondary outcomes in any of the trials, including 
those assessing other symptoms of PD (e.g., UPDRS, “on” time) or global measures of 
functioning (e.g., CGI, SF-36). FDA found these results conspicuous, compared to all other 
recently approved treatments for advanced PD, for the absolute lack of demonstrable effect on 
these other measures. FDA acknowledged that there is no requirement under law that a new 
drug be as good as other available treatments, but noted that any inferiority should not 
represent a risk to patients. In the action letter, FDA stated that “It could perhaps be argued 
that these other treatments provide only symptomatic benefits, and that, substituting an 
“inferior” treatment would pose no important harm to patients, but we do not agree with this 
view. Parkinson’s Disease is a serious disease, and effective symptomatic treatment can 
prevent serious clinical outcomes (e.g., falls), even if the treatment has no effect on the 
underlying progression of the illness, and inferior performance with respect to these other 
endpoints represents real risk. Although we recognize that the comparative observation that all 
other recently approved treatments for advanced PD show advantages compared to placebo on 
signs and symptoms other than “off” time whereas yours does not is based on cross-study 
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comparisons, which are typically unreliable, in this case, we believe that the totality of the 
evidence justifies our concerns”. 
 
FDA emphasized an expectation that “any important effects on “off” time would translate into 
an improvement on non-specific global and/or quality of life measures, especially those 
measures that are rated by patients. The complete lack of such improvement across multiple 
studies and measures suggests either that the effect seen on “off” time is inconsistent or 
clinically trivial, and/or that some effects of the drug are sufficiently distressing to cause 
patients’ overall judgments to be that no benefit was obtained. These data, then, taken as a 
whole, lead us to conclude that there appears to be no population for whom istradefylline 
would be a suitable choice, and, therefore, we cannot support its approval at this time.” 
 
FDA suggested that if the applicant was able to demonstrate, in an adequately designed and 
conducted controlled trial, that patients with advanced PD, who had been explicitly maximally 
and optimally treated with all appropriate available treatments, had a decrease in “off” time on 
istradefylline compared to placebo, this might support approval of the application, as the gain 
in “off” time would not be obtained at the expense of other benefits.  
 
Since the original action, the applicant has conducted three additional controlled efficacy 
studies, for which study reports are included in this resubmission. 
 
The review team (except OPQ) for this application is presented in Table 1. 
 
Table 1. Review Team (except OPQ) 

Material Reviewed/Consulted 
OND Action Package, including: 

 
Names of discipline reviewers 

Medical Officer Review 
Safety Review 

Leonard Kapcala, MD 
Natalie Branagan, MD 

Statistical Review Xiang Ling, Ph.D. 
Pharmacology Toxicology Review Luanne McKinney, DVM, DACVP 
OPQ Review See Section 3 of this memo 
Clinical Pharmacology Review Gopichand Gottipati Ph.D. 
DMPP/OPDP Maria Nguyen, MSHS, BSN, RN/ Dhara Shah, PharmD, 

RAC 
OSI Cara Alfaro, Pharm.D. 
CDTL Review Gerald David Podskalny, DO, MPHS 
OSE/DMEPA Colleen Little, PharmD 
OSE/DRISK Chad Morris, PharmD, MPH 
Controlled Substance Staff Katherine Bonson, Ph.D. 

OND=Office of New Drugs 
OPQ=Office of Pharmaceutical Quality 
OPDP=Office of Prescription Drug Promotion 
OSI=Office of Scientific Investigations 
CDTL=Cross-Discipline Team Leader 
OSE= Office of Surveillance and Epidemiology 
DEPI= Division of Epidemiology 
DMEPA=Division of Medication Error Prevention and Analysis 
DRISK=Division of Risk Management 
DMPP= Division of Medical Policy Programs 
 
 
 

Reference ID: 4483292Reference ID: 4484018



3. Product Quality 

The product quality review team is presented in Table 2. 

T able 2. Oualitv Review T earn 
DISCIPLINE REVIEWER SECONDARY REVIEWER 

Drug Substance Rohit Tiwari Su Tran 

Drug Product/Labeling Andrei Ponta Wendy Wilson-Lee 

Manufacturing YueshengYe Yaodong (Tony) Huang 

Biophannaceutics Gerlie Gieser Ta-Chen Wu 

Regulatory Business Process Manager 
Dahlia A. Walten --

Application Technical Lead Ma1tha Heimann --
Laborato1y (OTR) NIA 

ORA Lead NIA 

Environmental Analysis (EA) NIA 

There were no unresolved product quality issues or deficiencies in the original application. The 
resubmission provides the infonnation needed to suppo1t a change in the drng substance 
manufacturing facility, and changes in the final drng product specifications and dissolution test 
specifications. 

Drug Substance (DS) 
The applicant changed the drng substance (DS) manufacturer; the new DS manufacturer is 
Kyowa Phanna Chemical. The DS reviewer concluded that the comparability infonnation 
included in the resubmission needed to bridge the DS from the previous manufacturer to the 
cunent one is adequate. The applicant proposed some changes to the DS specifications; these 
are acceptable. The DS is stored and transpo1ted adequately, and the reviewer concluded that 
the proposed DS retest period of1 l months is acceptable based on the container closure 
system and on data provided. 

The drng substance reviewer recommends approval. 

Dru Product DP) 
'------------------.... ·n4l There were additional 

minor changes made to the appearance of the tablet that do not affect product quality. The drng 
product (DP) reviewer noted that the applicant submitted an elemental impurity analysis that 
met ICH recommendations, and found the release testing specifications and analytical methods 
adequate. Release testing results were provided for more than 10 batches of each strength of 
Nourianz, all of which met the proposed specifications. hnpurities in the DP were caiTied over 
from the drng substance. The DP reviewer noted that elemental impurities were found to be 
well below recommended guidelines in tested drng product batches. The applicant's proposed 
container closure system for the DP is a high-density polyethylene bottle, <b><

4
> 

-----------------. The product was granted a 60-month expiiy at room 
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temperature. Carton and container labels met all regulatory requirements from CMC’s 
perspective. The DP reviewer recommended minor revisions to the carton and container 
labeling and the package insert; these were communicated to the applicant. 
 
The applicant’s claim for categorical exclusion for submission of an environmental 
assessment, based on a statement of no extraordinary circumstances, was granted. 
 
Manufacturing Facilities Inspections 
The DS manufacturing facility, Kyowa Pharma Chemical Company Limited in Toyama, 
Japan, was recommended for approval based on its previous inspection history and results. 
This facility also performs lot release testing, stability testing, and quality control testing. 

, is the DP manufacturer, and also performs drug product 
quality control testing, lot release and stability testing, and drug packaging. The 
recommendation is for approval based on the previous inspection history and 
recommendations from the District Office. 
 
Biopharmaceutics 
Gerlie Gieser, PhD, was the primary biopharmaceutics reviewer and Ta Chen Wu, PhD, 
provided secondary review.  
 
Dissolution Testing 
The dissolution testing methods and final acceptance criteria were judged to be adequate. 
A pharmacokinetic bridge to the to-be-marketed product was established by the in vitro 
product’s dissolution profile and the in vivo bioequivalence study that included the 20 mg and 
40 mg tablets that were reviewed with the original application.  
 
The biopharmaceutics review team recommends approval. 
 
Recommendation from the Technical Lead  
Martha Heimann, PhD, served as the CMC technical lead for review of this resubmitted 
application. Dr. Heimann recommends approval from a product quality perspective, with no 
special labeling recommendations. 
 
Overall Product Quality Recommendation: Approval. 

4.  Nonclinical Pharmacology/Toxicology 
Luanne McKinney, DVM, DACVP, was the primary nonclinical reviewer for this application. 
Lois freed, PhD, provided a supervisory review. 
 
The original application was found to be approvable from a nonclinical perspective; however, 
some additional nonclinical information was requested in the action letter: 

1. An overall summary of the methodology used and the results of the original and 
reexamination of brain samples, or expert opinions regarding the nature of the 
mineralization and possible relationship or lack of relationship to drug 
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2. If expanded histopathology of brain was not conducted for dog as was done in the rat 
and mouse, it should be conducted, and the results submitted for review. 

 
Dr. McKinney and Dr. Freed agree that the applicant has adequately addressed the nonclinical 
deficiency included in the February 2008 “Not Approvable” letter by providing a reanalysis of 
brain sections from the 26- and 52-week toxicity studies in dog. Dr. McKinney also reviewed 
reports from an additional in vitro binding study, systemic absorption levels in suckling rat 
pups, toxicokinetic data for submitted non-pivotal studies, and corrections of minor errata in 
several previously reviewed studies.  None of these impact the approvability of the application. 
 
Dr. Freed notes that overall, the nonclinical data demonstrate a dose-related increase in 
vascular mineralization in brain of rat but not mouse or dog. 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, Dr. Freed recommends that a description of the 
finding be included in labeling (Section 13.2).  
 
Overall Nonclinical Recommendation: Approval. 

5.  Clinical Pharmacology 
Gopichand Gottipati Ph.D., was the primary clinical pharmacology reviewer for this 
application. Atul Bhattaram, Ph.D., and Sreedharan Sabarinath, Ph.D., provided team leader 
reviews, and Mehul Mehta, Ph.D., provided official sign-off for the Office of Clinical 
Pharmacology. 
 
The action letter included two clinical pharmacology deficiencies that the applicant needed to 
address: 

1. Results from a drug interaction study to investigate the inhibition potential of 
istradefylline on P-gp. 

2. Results from in vitro studies to explore the induction potential of istradefylline on 
CYP1A2. If there is such a potential, an in vivo study may be necessary. 

 
The applicant submitted the following clinical pharmacology studies in this review cycle: a 
food effect study under low fat meal conditions (6002-011), drug interaction studies with 
rifampin (6002-015) and digoxin (6002-US-026), and a hepatic impairment study in patients 
with mild hepatic impairment (6002-016). The applicant also submitted study reports from 
several in vitro drug transporter and interaction studies. 
 
Pharmacological Characteristics 
The clinical pharmacology reviewer commented that systemic exposure for istradefylline is 
dose-proportional between 20 mg to 80 mg daily. Steady-state is achieved after approximately 
two weeks with repeat dosing.  There is a 2.6- to 3.6-fold accumulation of istradefylline at 
steady-state (AUC0 – 24h). Tmax occurs at approximately 4 hours.   
 

Reference ID: 4483292Reference ID: 4484018



11 
 

When istradefylline is administered with a high-fat meal, the AUC increases by about 25% and 
Cmax increases by about 60%. A low-fat meal increases Cmax by about 15%. The mean 
terminal half-life of istradefylline is between 70 and 118 hours. The drug is primarily 
metabolized by CYP3A4. Six metabolites were identified in a mass-balance study of 
istradefylline, but only one was reported to be active. None of the metabolites were greater 
than 10% of the parent drug’s exposure. 
 
Special Populations 
 
In patients with moderate hepatic impairment (Child-Pugh B), the steady-state exposure 
(AUC0-24) of istradefylline is predicted to be 3.3-fold higher than in healthy subjects. In a 
population pharmacokinetic analysis, no clinically relevant changes in the pharmacokinetics of 
istradefylline were observed based on age, sex, weight, or race.   
 
No clinically relevant changes in istradefylline exposure were observed in patients with severe 
renal impairment (CrCL 15-29 mL/min) or mild hepatic impairment. Istradefylline has not 
been studied in patients with end-stage renal disease (ESRD; CrCL < 15 mL/min), ESRD 
patients requiring hemodialysis, or patients with severe hepatic impairment (Child-Pugh C).  
 
Drug Interactions 
Because istradefylline is primarily metabolized by CYP3A4, OCP recommends a maximum 
dose of 20 mg/day for patients taking strong CYP3A4 inhibitors.  Patients taking CYP3A4 
substrates should be monitored for the potential of increased adverse reactions caused by 
increased exposure to the substrates. The concomitant use of CYP3A4 inducers should be 
avoided. Istradefylline was shown to increase the Cmax and AUC of digoxin by 33% and 
21%, respectively. OCP recommends close monitoring of plasma concentrations of digoxin or 
other P-gp sensitive substrates with concomitant use of istradefylline. 
 
Tobacco Use 
Healthy subjects who smoked the equivalent of 20 cigarettes per day or more had reduced 
exposure to istradefylline (AUC0-24 reduced by 42%). In patients who smoke the equivalent of 
20 cigarettes per day or more, the recommended dose of Nourianz is 40 mg daily. 
 
Race, Sex, and Body Weight 
No dose adjustment is needed based on sex, race, or body weight. OCP analyzed trough 
istradefylline plasma concentrations at different dose levels and weight categories, and did not 
identify meaningful differences (see Figure 1). 
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Figure 1. Comparison of Observed Trough Plasma Concentrations Within Body Weight 
Categories, Across Doses and Studies 
 

 
 
Overall OCP Recommendation: Approval.  
 
 

3.  Clinical/Statistical- Efficacy 
Summary of the Efficacy Findings in the Original NDA 
 
The clinical development program for Nourianz includes eight randomized placebo-controlled 
Phase 2 or Phase 3 studies (Table 3). Five of these studies were reviewed with the original 
submission. For the current review cycle, the applicant submitted the reports from three new 
controlled trials that were completed after original NDA was submitted. Table 4 provides a 
summary of the design features of the controlled clinical trials. All eight studies share similar 
design features.  Seven of the 8 studies had a 12-week duration, while one study (EU-007) was 
16 weeks long. All studies were double-blind, randomized, placebo-controlled, and evaluated 
Nourianz in doses between 20 and 60 mg daily. The United Kingdom Parkinson’s Disease 
Society Criteria was used to establish a diagnosis of Parkinson’s disease, and the patient 
inclusion criteria were similar in all studies. 
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Table 3. Design Features of the Controlled Clinical Trials in the Nourianz NDA (Blue 
shaded cells identify the new studies included in the resubmission) 

6002-US-005 6002-US-006 6002-US-013 6002-0608 6002-009 6002-US-018 6002-EU-007 6002-014 

Design: Double-blind, randomized, placebo-controlled, parallel-group clinical study 

Duration: 

12-week I 12-week I 12-week I 12-week I 12-week I 12-week I 16-week I 12-week 

Treatment Groups (randomization ratio): 

Nourianz 40 Nourianz 20 or Nourianz 20 Notu-ianz 2 0 or Notu-ianz 2 0 Nourianz Nourianz 40 Notu-ianz 2 0 
mg/day or 60 mg/day or mg/day or 40 mg/day or or 40 mg/day 10, 20, or mg/day, or or40mg/day 

placebo placebo (2 :2: 1 placebo placebo (1: 1: 1 or placebo 40mg/day placebo, or or placebo 

(2 :1 ratio) ratio) (1:1 ratio) ratio) (1 :1:1 ratio) or placebo entacapone (1:1:1 ratio) 

(1:1:1 :1 (1:1:1 ratio) 

ratio) 

Plimary Endpoint (per protocol) : Change from Baseline in "off' time/day expressed as: 

% of awake time I % of awake time I % of awake time I Hours I Hours I % of awake I % of awake time I Hours 

Plimarv Statistica Methodolol!V: Anal sis Seta/Analvsis M ethod foer orotocol an SAP) 
ITI/ANOVA, ITT/ANOVA, ITI/ANCOVA FAS/ANCOVA FAS/ANCOVA ITT/ANCOVA ITT/ANCOVA 

ANCOVAb ANCOVAb 12 week- 12 week-LOCF, 12 week- 12 week- 16 week-

12 week-LOCF, 12 week-LOCF, LOCF, OC oc LOCF, OC LOCF, OC LOCF, OC 

oc oc 
b: The SAP pre-specified ANOVA and the protocol pre-specified ANCOV A. 

Som·ce: Modified from the Study Report 

ANCOV A=analysis of covariance; ANOV A=analysis of variance; FAS=full analysis set; ITT=intent-to-treat; 
LOCF=last observation cal1'ied fo1ward; MMRM=mixed-effects model repeated measures; OC=observed case; 
PD=Parkinson's disease; SAP=statistical analysis plan; UKPDS=United Kingdom Parkinson's Disease Society 

Dr. Ohid Siddiqui, PhD, was the primary statistical reviewer for the original NDA. His review 
covered studies US-005, US-006, US-013, US-018 and study EU-007. He concluded that 
three of the five studies in the original NDA suppo1ied the effectiveness ofNourianz, on face. 
Studies US-018 and EU-007 did not show a statistically significant difference between 
Nourianz and placebo, and will not be discussed farther. In the other three studies that were 
pali of the original NDA, the primary endpoint was the change from baseline to the end of the 
study (Week 12 or the last visit with efficacy data) in the percentage of awake "off' time. It is 
notewo1ihy that the statistical analysis plan (SAP) and the protocol prespecified different 
methods of analysis for studies US-005 and US-006. In both studies, the SAP prespecified an 
ANOV A, but the protocol specified an ANCOVA as the p1imary analysis. 

As shown in Table 4, The results were positive for both doses ofNourianz (20 mg and 40 mg) 
in Study US-005 (both with ANOV A and ANCOV A), and for the only dosage of Nourianz 
tested in Study US-013 (20 mg) . In Study US-006, the ANCOVA model showed a statistically 
significant difference between both dosages ofNourianz tested (20 mg and 60 mg) and 
placebo, while the contrast trended but did not reach statistical significance using the ANOV A 
method. Dr. Siddiqui also conducted sensitivity analyses on the primaiy efficacy measure 
using an MMRM approach (longitudinal analysis) and obse1ved cases analyses to check the 
robustness of the efficacy findings. These analyses were generally suppo1iive of the primaiy 
efficacy findings. 
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Table 4. Summary of the Primary Analysis for Studies US-005, US-006, and US-013 
 

 
 
The prespecified secondary outcome measures, e.g., “on” without troublesome dyskinesia 
[sum of (“on” with non-troublesome dyskinesia) + (“on” without dyskinesia)], UPDRS I to IV, 
and CGI/PGI failed to reach nominal statistical significance. Dr. Siddiqui concluded that 
Nourianz (20 mg, 40 mg, and 60 mg) is efficacious, “but the evidence of efficacy was not 
strong”. 
 
Studies Included in the Resubmission 
 
Xiang Ling, Ph.D., was the primary statistical reviewer for the studies included in the 
resubmission. Kun Jin, Ph.D., Biometrics Team Leader, and Jim Hung, PhD, Director of the 
Division of Biometrics I, provided supervisory reviews. 
 
The applicant included the reports for three new studies in the resubmission: Study 6002-0608, 
Study 6002-009, and Study 6002-014. All three had a 12-week duration and evaluated 20 and 
40 mg daily doses of Nourianz. Study 0608 and Study 009 were conducted in Japan, while 
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Study 14 was conducted in North America and Europe. Dr. Ling did not include Study 14 in 
her review because the study did not show a statistically significant difference between 
Nourianz and placebo on the primary endpoint. 
 
Study 009 
Study 009 was a double-blind, placebo-controlled, parallel-group multicenter study that 
evaluated the safety and effectiveness of Nourianz 20 mg or 40 mg daily compared to placebo.  
The primary endpoint was the change from baseline to the last available post-baseline value 
for the number of hours of awake time spent in the “off” state per day, recorded in the patient 
diary. The analysis of the primary endpoint was carried out using an ANCOVA model that 
included terms for treatment group, study center, and baseline value as covariates. The primary 
endpoint analysis was conducted in the full analysis set (FAS), defined as all patients who 
were randomized and received at least one dose of study medication. The study included 
multiple secondary endpoints, including:  

• Change in the percentage of awake time per day spent in the “off” state (% of awake 
time per day spent in the “off” state) 

• Changes in the total hours of awake time per day spent in the “on” state with or without 
dyskinesia and by degree of dyskinesia (total hours per day spent in the “on” state) 

• Changes in the percentage of awake time per day spent in the “on” state with or 
without dyskinesia and by degree of dyskinesia (% of awake time per day spent in the 
“on” state) 

The applicant did not include a plan to adjust for multiplicity for the secondary endpoints. 
 
The study was conducted at 44 sites in Japan. In Study 009, 373 patients were randomized in a 
1:1:1 ratio to placebo, Nourianz 20 mg, or Nourianz 40 mg per day. The mean age of patients 
in each group was 66 years. Baseline demographic characteristics and percent of mean awake 
“off” time were similar across all three treatment arms.  
 
Both the 20 mg and 40 mg daily doses of Nourianz were shown to be superior to placebo, with 
corresponding p values of 0.006 and 0.008, respectively (Table 5). 
 
Table 5. Study 009: Reduction in Daily “Off” Time: Primary Analysis 
 

\  Placebo Nourianz 
mg/day 

Nourianz 40 
mg/day 

  n = 123 n = 120 n = 123 
Baseline mean  6.31  6.55  5.97  
LS mean at endpoint  6.05  5.29  5.31  
LS mean change from Baseline to endpoint  -0.23  -0.99  -0.96  
LS mean difference from placebo   −0.76 −0.74 
95% CI   −1.30, −0.22 −1.27, −0.20 
p-value, ANCOVA with LOCF   0.006 0.008 
one sided p-value, Williams’ test   0.003 0.003 
 
Dr. Ling conducted several sensitivity analyses, which do not change the efficacy conclusions, 
showing the robustness of the findings. 
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The primary efficacy results were also supported by several positive secondary endpoint 
results. The change from baseline to the final evaluation in the total hours per day spent in the 
“on” state without troublesome dyskinesia was found to be greater for both Nourianz dosing 
group than for placebo (least square mean increased by 0.83 and 0.81 hours, respectively, for 
Nourianz 20 mg and 40 mg daily, compared with placebo; p=0.008 for both comparisons). 
 
The LS mean change from baseline to the final evaluation versus placebo for the UPDRS Part 
II subscale score in the “on” state was -0.9 for Nourianz 20 mg, and -2.0 for Nourianz 40 mg 
(nominal p=0.003 for Nourianz 40 mg vs. placebo, and p=0.176 for Nourianz 20 mg vs. 
placebo). 
 
Study 0608 
Study 0608 used the same study design, clinical endpoints, and statistical methodologies as 
Study 009. In Study 0608, 363 patients were randomized in a 1:1:1 ratio to Nourianz 20 mg 
daily, Nourianz 40 mg daily, or placebo, at 47 sites in Japan. The overall mean age of patients 
in the study was 65 years. The demographic characteristics of randomized patients and the 
mean number of “off” hours during the awake portion of the day were similar at baseline 
across all treatment arms. 
 
There was a statistically significant reduction in “off” hours from baseline to the endpoint for 
both Nourianz 20 mg and Nourianz 40 mg, compared to placebo.  The reduction (LS means) in 
“off” hours was respectively 1.31 hours and 1.58 hours greater for Nourianz 20 mg and 
Nourianz 40 mg daily than for placebo (p=0.028 and 0.002, respectively) (see Table 6). Dr. 
Ling conducted the same sensitivity analyses as for Study 009, and these also support the 
primary efficacy results. 
 
Table 6. Study 0608: Reduction in Daily “Off” Time: Primary Analysis 
 

  Placebo KW20 mg/day KW40 mg/day 
  n = 118 n = 115 n = 124 
Baseline mean  6.43  6.79  6.55  
LS mean at endpoint  5.92  5.27  5.00  
LS mean change from baseline to endpoint  -0.66  -1.31  -1.58  
LS mean difference from placebo   -0.65  -0.92  
95% CI   -1.23, -0.07 -1.49, -0.35 
p-value, ANCOVA   0.028 0.002 
one sided p-value, Williams’ test   0.013 <0.001 
 
Compared with placebo, “on” time without troublesome dyskinesia increased by 0.57 hours 
for Nourianz 20 mg, and by 0.65 hours for Nourianz 40 mg (nominal p<0.05 for Nourianz 40 
mg vs. placebo).  The results support the robustness and clinical meaningfulness of the 
reduction in “off” hours. 
 
Subgroup analyses 
Dr. Ling’s analysis of efficacy by age and sex showed inconsistent results in both studies. In 
general, the reduction in “off” hours was greater among female patients. An analysis of 
efficacy by weight categories (less than 55 kg or 55 kg and greater) also showed inconsistent 
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results across both doses of Nourianz in both studies, with a smaller treatment effect in heavier 
patients. As discussed below, that difference is not related to a decreased istradefylline 
exposure in heavier patients, and may represent a chance finding.  All patients in Study 009 
and Study 0608 were Asian, so analysis of efficacy by race was not possible. 
 
Efficacy Conclusions 
Dr. Ling concludes that the results of studies 009 and 0608 demonstrate that both dosages of 
Nourianz (20 mg and 40 mg daily) are efficacious for reducing the total hours per day spent in 
the “off” state. Dr. Ling further notes that the treatment effects on the primary endpoint were 
generally consistent across demographic groups and baseline characteristics. 
 
Dr. Kapcala, however, recommends a Complete Response action, based on his opinion that the 
clinical trials do not meet the requirement for approval under 21 CFR 314.125 for 
demonstration of substantial evidence of effectiveness.  He highlights three studies that did not 
show a statistically significant outcome on the primary endpoint (Studies 006, 018, and 014) to 
support his stance. We disagree with Dr. Kapcala’s position. In fact, the application exceeds 
the usual requirement for independent substantiation of the efficacy findings in two studies, as 
this application includes positive results from at least four studies (results in the fifth study are 
significant or not depending on the method of analysis used), providing redundant independent 
substantiation. It is not uncommon to encounter negative studies in clinical development 
programs, and their presence alone does not preclude a conclusion that substantial evidence of 
effectiveness has been demonstrated.  
 
Dr. Kapcala also argues that “off” hours or the percentage of awake time in the “off” state 
would not be the recommended primary endpoint if the controlled studies for Nourianz were 
planned today. Both endpoints, however, are routinely used in studies in patients with 
advanced PD, and both are described in labeling of several approved PD drugs. A concern we 
share with Dr. Kapcala is that a decrease in “off” time not accompanied by an increase in “on” 
time without troublesome dyskinesia may not be meaningful to the patient. For that reason, we 
typically examine the results for both endpoints in our interpretation of the study results. It is 
important to note that the applicant has provided the results of two studies in which the 
decrease in “off” time was accompanied by an increase in “on” time without troublesome 
dyskinesia, fully addressing this concern. 
 
Dr. Kapcala also speculates that factors such as patient weight or race may be the reason why 
three studies did not show a statistically significant benefit for Nourianz.   
 
Regarding the weight factor, the Office of Clinical Pharmacology conducted an analysis of 
exposure by weight at our request. The results show that steady-state exposure in different 
weight categories in the five (if one includes Study 006) positive studies is relatively stable 
(see Figure 2), with exposure rising slightly with increasing weight.  Thus, reduced exposure 
caused by increased weight is not responsible for the lower efficacy in heavier patients. Also, 
there would be no other plausible explanation for a weight effect on efficacy than reduced 
exposure, which is clearly not the case here. Therefore, it appears likely that the apparent 
reduced efficacy in heavier patients is a chance finding. 
 

Reference ID: 4483292Reference ID: 4484018



18 
 

Figure 2. Comparison of Steady-State Nourianz Trough Plasma Concentrations at 
Different Dose levels, Across Weight Categories and Across Studies 

 
Source: FDA Clinical Pharmacology review 
 
Regarding the race factor, the applicant conducted an analysis of the difference from placebo 
for the reduction in “off” time at Week 12 (in hours) by country for the pooled (5) positive 
studies (see Table 7).  These results show that the point estimate for Nourianz 40 mg are 
higher in U.S. sites (-1.16 hours) than in Japanese sites (-0.77 hours). 
 
Table 7. Geographic Region Analysis: LS Mean Difference from Placebo in “Off” Time 
at Week 12 (Hours) - Pooled Results for 5* Positive Studies (OC, ITT, MMRM) 

 
Overall Analysis 

Geographic Region 

Nourianz 20 mg/day 
Difference from Placebo 

(hours) [95% CI] 

Nourianz 40 mg/day 
Difference from Placebo 

(hours) [95% CI] 
Total “Off” time (n=468) 

-0.66 [-0.97, -0.36] 
(n=341) 

-0.83 [-1.18, -0.49] 
US sites (n=234) 

-0.64 [-1.12, -0.16] 
(n=102) 

-1.16 [-1.88, -0.44] 
Non-US sites (n=234) 

-0.67 [-1.07, -0.27] 
(n=239) 

-0.73 [-1.13, -0.33] 
Japan sites (n=216) 

-0.73 [-1.13, -0.32] 
(n=227) 

-0.77 [-1.17, -0.37] 
Non-Japan sites (n=252) 

-0.61 [-1.09, -0.14] 
(n=114) 

-1.06 [-1.75, -0.36] 
CI=confidence interval; ITT=intent-to-treat; LS=least squares; MMRM=mixed-model repeated measures; 
OC=observed case; US=United States 
*With Study 006 included 
Source: ISE pp. 
 
Overall, the applicant provided robust evidence of a reduction in “off” time with Nourianz 
treatment. The benefit over placebo in “off” time reduction is about 0.7 to 0.9 hour, or a 
relative reduction of about 15% from the “off” time experienced at baseline (about 6 to 6.5 
hours). Importantly, the applicant also provided evidence for an improvement in “on” time 
without troublesome dyskinesia in patients treated with Nourianz, which supports and 
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complements the change in “off” time (a reduction in “off” time with no increase in “on” time 
without troublesome dyskinesia would indicate that the additional “on” time is accompanied 
by troublesome dyskinesia, which is not a desirable outcome). The increase (over placebo) in 
“on” time without troublesome dyskinesia ranges between 0.7 and 1 hour for Nourianz 40 mg, 
and between 0.6 and 0.8 hour for Nourianz 20 mg. With the usual limitations in comparisons 
across studies, the observed effect size for these efficacy outcomes is within the range of those 
observed for approved PD drugs with demonstrated effect on “off” time. This observation, 
along with the secondary endpoint results in the new studies, fully addresses the concerns 
raised in the FDA “Not Approvable” letter.  
 
As the studies provide some evidence for a greater effect with Nourianz 40 mg daily, both 
doses should be approved, and individual titration may be used, based on patient response and 
tolerability. 

4.  Safety 
Natalie Branagan, MD, was the clinical safety reviewer. Sally Jo Yasuda, Ph.D., was the safety 
team leader for application. 
 
Pooling Strategy 
Placebo-controlled and long-term open-label study data were combined in several pools (see 
Table 8): 

• Pool 1 includes 8 double-blind placebo-controlled, fixed-dose studies in PD patients  
(Five studies in Pool 1 were reviewed in the original application).  

• Pool 2 includes long-term, open-label studies (only Study 6002 – 010 was not reviewed 
with the original submission). 

• Pool 8 includes studies US-005, US-013, 0608, and 009 (positive efficacy studies to be 
described in section 6 and 14 of labeling).  

 
Information from the studies in Pool 8 are proposed to be used to present controlled clinical 
trial safety information in the label, but all placebo-controlled trials in Pool 1 were analyzed 
and are included in Dr. Branagan’s review (see Table 8).  
 
Table 8. Pooled Data for Phase 2/3 Studies 
 

Pool Description Study Duration Dose 
1 Double-blind, randomized, placebo-controlled, 

fixed dose studies in PD patients 
6002-US-005 
6002-US-006 
6002-US-013 
6002-US-018 
6002-EU-007 
6002-0608 
6002-009 
6002-014 

12 or 16 
weeks 

10, 20, 40, 60 mg/day 
 

Placebo: n=1010 
Nourianz: n=2073 

2 Open-label, long-term studies 
in PD patients 

6002-US-007 
6002-INT-001 
6002-US-025 
6002-010 

52 or 104 
weeks 

20, 40, 60 mg/day 
Nourianz: n=1893 

8 Double-blind, randomized, placebo-controlled, 
fixed dose studies in PD patients with positive 

6002-US-005 
6002-0608 

12 weeks 20, 40 mg/day 
Placebo: n=426 
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Pool Description Study Duration Dose 
primary endpoint 6002-009 

6002-US-013 
Nourianz: n=734 

Source: Modified from the applicant’s table in the ISE 
 
Exposure 
Long-term exposure in the clinical trials program for Nourianz exceed ICH guidelines for 
exposure for non-life-threatening conditions. The resubmission included additional safety 
information, increasing exposure for all doses of Nourianz to 2073 patients in controlled 
studies, 1552 patients exposed to Nourianz continuously for 6 months, and 1053 patients 
exposed to Nourianz for at least 12 months (with 879 patients who received at least 40 mg of 
Nourianz daily for at least 12 months).  
 
Disposition 
Approximately 90% of patients completed the studies included in Pool 1 (see Table 9). The 
percentage of patients who discontinued because of an adverse event was similar between 
placebo and Nourianz 10 or 20 mg, but greater for patients randomized to Nourianz 40 or 60 
mg daily (see Table 10).  In open-label studies, the percentage of completers was much lower 
because the applicant decided to end long-term studies US 007 and US 025 prior to completion 
(see Table 11).   
 
Table 9. Patient Disposition for Pool 1 (all controlled studies) 
 

Disposition IST 10 mg 
(N = 153) 

%  

IST 20 mg 
(N=869) 

% 

IST 40 mg 
(N=896) 

% 

IST 60 mg 
(N=155) 

% 

ALL IST 
(N=2073) 

% 

Placebo 
(N=1010) 

% 
Adverse Event 3.3  5.5 7.5  10.3  6.6  5.4  
Completed 88.9 90.4 89.4  81.3  89.2  89.8 
Death 0.7  0 0.3 0 0.2 0.5  
Lack of efficacy 1.3 0.2 0.3  1.3  0.4 0.5  
Non-compliance with 
study drug 

0 0 0.3 0 0.1  0.2  

Other 0 0.2  0.2  1.9 0.3 0.3  
Physician Decision 0 0.3 0 0 0.1 0.3  
Protocol Deviation 2.6  0.9 0.1 3.2  0.9 0.6  
Screen Failure 0 0.1  0.1 0 0.1  0.1  
Withdrawal by subject 3.9  2.2  1.9  1.9  2.2  2.8  

Source: FDA Safety Review. IST = Istradefylline 
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Table 10. Patient Disposition for Pool 8 (controlled studies with positive primary 
endpoint - Studies 005, 013, 0608 and 009 ) 
 

Disposition IST 20 mg 
(N=356) 

%  

IST 40 mg 
(N=378) 

%  

All IST 
(N=734) 

%  

Placebo 
(N=426) 

%  

All 
(N=1160) 

%  
Adverse Event 5.1  6.1  5.6  4.7 5.3 
Completed 90.2  90.2  90.2 89  89.7  
Lack of Efficacy 0  0.3  0.1  0.2  0.2  
Non-Compliance with 
Study Drug  

0 0.3 0.1 0.5 0.3 

Other 0.3  0  0.1  0 0.1  
Physician Decision  0.8  0  0.4 0.7  0.5  
Protocol Deviation  1.1 0.3  0.7 0.5  0.6  
Withdrawal by Subject  2.5  2.9  2.7  4.5  3.4 

Source: FDA Safety Review. IST = Istradefylline 
 
 
Table 11. Patient Disposition for Pool 2 (uncontrolled studies) 
 

Disposition IST 20 mg 
(N=60) 

% 

IST 40 mg 
(N=1501) 

%  

IST 60 mg 
(N=332) 

%  

ALL IST 
(N=1893) 

%  
Adverse Event 15  15.5 10.2 14.5  
Completed 66.7  39.5  3.6 34.1  
Death 0 1.3  2.4 1.4  
Lack of efficacy 0 7.1 11.1 7.6 
Other* 5  28.6 67.5  34.7  
Physician Decision 5 1  0 1  
Protocol Deviation 0 0.8 1.5  0.9  
Withdrawal by subject  8.3 7.5  6  7.3  

Source: FDA Safety Review. IST = Istradefylline 
 
In controlled studies (Pool 1), the most frequently reported adverse reactions leading to 
discontinuation were nausea/vomiting and psychosis/delusions/hallucinations, each leading to 
discontinuation in 0.4% of subjects given Nourianz (all doses combined). In uncontrolled 
studies (Pool 2), the most frequently reported adverse reactions leading to discontinuation 
were psychosis/delusions/hallucinations, dyskinesias, and solid neoplasia, which respectively 
occurred in 2.3%, 1.5%, and 1.2% of subjects.  
 
Deaths 
A total of 46 patients died during participation in clinical trials for Nourianz (of which 33 were 
reviewed in the original submission). A total of 27 deaths in the original submission occurred 
in patients receiving Nourianz. In the resubmission, an additional 12 deaths in subjects treated 
with Nourianz were reported. None of the newly reported deaths were clearly related to 
treatment with Nourianz.  
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Serious Adverse Reactions 
Overall, the frequency of serious adverse reactions (SAE) was low, and similar across 
treatment groups (Table 12).  
 
Table 12. Incidence of Patients Experiencing at Least One Treatment-Emergent SAE by 
Dose in Pool 1 (all controlled studies). 
 

IST 10 mg 
(N=153) 

% 

IST 20 mg 
(N=869) 

% 

IST 40 mg 
(N=896) 

%  

IST 60 mg 
(N=155) 

%  

All 
(N=2073) 

%  

Placebo 
(N=1010) 

%  
3.9  3.9  4.8  2.6  4.2  3.1  

Source: FDA Safety Review. IST = Istradefylline 
 
In Pool 8 (controlled studies with positive primary endpoint), the frequency of patients with at 
least one SAE was 3.7% for Nourianz 20 mg, 5.8% for Nourianz 40 mg group, and 2.6 % for 
placebo. The most frequently reported SAEs in controlled studies were related to infections, 
fractures, and falls, with no dose-response, and similar rates with placebo. Serious adverse 
event events reported in open-label studies (Pool 2) were similar to those reported in 
controlled studies. 
 
Adverse reactions 
 
Dyskinesia is the most common adverse reactions reported with Nourianz. Dyskinesia, 
hallucinations, and dizziness are adverse reactions that are frequently reported in patients 
treated with medications that increase the effects of dopamine in the central nervous system 
(see Table 13).   
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Table 13. Adverse Reactions with an Incidence of at Least 2% in Patients Treated with 
NOURIANZ, and Greater than on Placebo, in Pooled Studies 005, 013, 0608 and 009 
 

Adverse Reactions NOURIANZ  
20 mg/day  
(N=356)  

% 

NOURIANZ  
40 mg/day  
(N=378) 

 % 

Placebo 
N=426 

(%) 

Nervous system disorders 
Dyskinesia 
Dizziness 

 
15 
3 

 
17 
6 

 
8 
4 

Gastrointestinal disorders 
Constipation 
Nausea 
Diarrhea 

 
5 
4 
1 

 
6 
6 
2 

 
3 
5 
1 

Psychiatric disorders 
Hallucination1 
Insomnia 

 
2 
1 

 
6 
6 

 
3 
4 

Metabolism and nutrition disorders 
Decreased appetite 

 
1 

 
3 

 
1 

Investigations 
Blood alkaline phosphatase increased 
Blood glucose increased 
Blood urea increased 

 
1 
1 
1 

 
2 
2 
2 

 
1 
0 
0 

Respiratory, thoracic and mediastinal 
disorders 

Upper Respiratory Tract Inflammation 

 
 

1 

 
 

2 

 
 

0 

Skin and subcutaneous tissue disorders 
Rash 

 
1 

 
2 

 
1 

1= Includes Hallucinations, Hallucinations visual, hallucinations olfactory, hallucinations auditory, somatic 
hallucinations 
 
Clinical Laboratory Testing 
There were no clinically meaningful changes in hematology, electrolytes, or chemistry values 
in patients enrolled in clinical trials of Nourianz. 
 
Vital Signs 
There are no clinically meaningful changes in vital sign parameters observed in clinical trials 
of Nourianz. Orthostatic hypotension was not observed. 
 
Electrocardiograms 
There were no clinically meaningful changes in ECG parameters observed in clinical trials of 
Nourianz. Results from an adequately conducted thorough QT study were reviewed with the 
original NDA submission; the corrected QT interval was not found to be significantly 
prolonged by Nourianz. 
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Adverse Events of Special Interest 
 
Impulse Control Disorder 
In controlled studies (Pool 1), adverse reactions consistent with impulse control disorder 
(including hypersexuality, hyperphagia, impulse control, increased libido, gambling, increased 
appetite, and obsessive-compulsive thoughts/disorder) were observed in 0% of patients in the 
placebo group, and in 0.7%, 0.8%, 0.6%, and 0% of patients in the istradefylline 10, 20, 40, 
and 60 mg/day groups, respectively. Although the differences in incidence between 
istradefylline and placebo were small, all cases of impulse control disorder (n=13) occurred in 
istradefylline-treated subjects. Overall, the findings suggest that istradefylline may be 
associated with impulse control disorder, with no clear dose-response. 
 
Safety Conclusions 
 
Review of the additional safety information included in the resubmission does not identify new 
safety concerns for Nourianz. Overall, the adverse reactions reported in patients treated with 
Nourianz are similar in nature to those reported for other medications approved for the 
treatment of patients with advanced Parkinson’s disease. The label should include Warnings 
and Precautions to inform prescribers of the increased risk for dyskinesia, hallucinations and 
psychosis, and impulse control disorder. 

5. Pediatrics 
Nourianz was granted a full waiver from conducting clinical trials required under the Pediatric 
Research Equity Act (PREA). Parkinson’s disease occurs primarily in adults and only rarely 
affects children. Conducting trials in the pediatric population with Parkinson’s disease is 
impracticable. The Pediatric Research Committee (PeRC) concurred with the Division’s 
recommendation to grant the request for a full waiver. 

6. Other Relevant Regulatory Issues  
Financial Disclosures 
The applicant certified that they did not enter into financial relationships with any of the 
investigators that met the reporting threshold in Studies 0608, 009, and 014, except for one 
investigator in Study 0608. This investigator’s site only enrolled eight patients, making it 
highly unlikely they could affect the outcome of the study. 
 
Clinical Inspections 
The FDA’s Office of Scientific Investigations (OSI) conducted site inspections at two sites 
which participated both in Study 0608 and in Study 009. The original source documents and 
study records were not available for review because they had been destroyed following 
approval of Nourianz by the Pharmaceuticals and Medical Devices Agency (PMDA) in Japan. 
However, electronic medical records or photocopies were available for inspection. They were 
judged to be adequate, and no discrepancies were found that would affect the conclusions of 
the study.   
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7. Labeling  
Controlled Substance Staff 
The sponsor submitted results from receptor-binding studies and animal behavioral studies that 
supported the conclusion that Nourianz does not produce dependence or withdrawal. A human 
abuse potential study with Nourianz in doses up to 160 mg, compared with phentermine up to 
90 mg, support the conclusion that Nourianz does not have abuse potential. 
 
Proprietary Name Review 
The Division of Medication Error Prevention and Analysis (DMEPA) found the submitted 
proprietary name Nourianz acceptable. 
 
The Office of Surveillance and Epidemiology (OSE) 
Recommendation for carton and container labels and the prescribing information were 
included in revisions to the proposed product labeling. Recommendations from the Office of 
Prescription Drug Promotion (OPDP) and the Division of Medical Policy Programs (DMPP) 
were included in the edits to the proposed Patient Package Insert. 

8. Postmarketing Recommendations 
Risk Evaluation and Management Strategies (REMS) 
 

None necessary. 
 
Postmarketing Requirements (PMRs) and Commitments (PMCs) 
 

None necessary. 

9. Recommended Comments to the applicant 
None. 
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