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1 EXECUTIVE SUMMARY  
The efficacy results of two submitted studies demonstrated that istradefylline 20 mg and 40 mg, 
administered once daily, were efficacious in reducing total hours per day spent in the OFF State 
(protocol specified primary variable). For study 009, the primary efficacy analysis of the change 
from baseline in daily OFF time demonstrated a statistically significant least squares (LS) mean 
difference from placebo of -0.76 (p=0.006) for the 20 mg/day KW-6002 group and -0.74 
(p=0.008) for the 40 mg/day KW-6002 group. Study 0608 showed statistically significant LS 
mean differences in the change of daily OFF time of -0.65 (p=0.028) and -0.92 (p=0.002) for the 
20 mg/day and 40 mg/day KW-6002 groups, respectively, compared to placebo.  
 
For each study, about 90% patients completed the study and had valid diary data at Week 12 to 
derive the primary endpoint. About 98% patients in each study had at least one post-baseline 
assessment and were included in the efficacy analyses. Invalid entries in Parkinson’s disease 
(PD) diary were very limited (<0.01%) and had minimal effect on the efficacy assessment. 
Sensitivity analyses of the primary endpoint were consistent with the primary analysis. The 
effect of KW-6002 was generally consistent across subgroups defined by demographic 
characteristics.  
 
The data overall provided evidence to support for the efficacy of NOURIANZ as the adjunctive 
treatment to levodopa/carbidopa in adult patients with Parkinson’s disease experiencing OFF 
episodes. 
 

2 INTRODUCTION 
2.1 Overview 
New Drug Application (NDA) 22075 was originally submitted on March 29, 2007 to support 
registration of NOURIANZ for the adjunctive treatment to levodopa/carbidopa in adult patients 
with Parkinson’s disease (PD) experiencing OFF episodes. The Agency issued a Not Approvable 
action letter on February 25, 2008. The applicant submitted a Resubmission to NDA 22075 on 
February 27, 2019 with new data from two trials 6002-0608 and 6002-009 (noted as study 0608 
and study 009 respectively thereafter), conducted in Japan, to support the proposed indication. 
The resubmission also included a new study 6002-014 (noted as study 014 thereafter), conducted 
in the U.S. under IND 58356, which failed to reach statistical significance for the primary 
endpoint. All 3 new studies were 12-week, randomized, parallel-group, double-blind, placebo-
controlled trials that evaluated the safety and efficacy of once daily istradefylline as adjunctive 
therapy in PD subjects who had motor complications. In contrast to the other studies, subjects in 
study 014 were maximally and optimally treated with antiparkinsonian treatment, based on 
FDA’s recommendation in the 2008 action letter.  
 
Efficacy was evaluated by comparing to placebo the change in average daily OFF time from 
baseline to Week 12, based on PD diary data. Table 1 lists the applicant’s efficacy findings of the 
3 studies. In this document, the results of the failed study 014 were not reviewed. 
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Table 1. Listing of Istradefylline Clinical Efficacy Studies in the Resubmission 
Protocol 

No. 
N Study Design 

 
Region Treatment Primary 

Endpoint  
Primary Results  

6002-0608 363 Phase 2b, DB, PC, R, Japan 12 weeks Total hours per  LSM difference from placebo 
  parallel-group study  Istradefylline day spent in  Istradefylline 20 mg/d  
    20 mg/d or   the OFF state -0.65 (p=0.028) 
    40 mg/d or  Istradefylline 40 mg/d 
    Placebo  -0.92 (p=0.002) 

6002-009 373 Phase 3, DB, PC, R, Japan 12 weeks Total hours per  LSM difference from placebo 
  parallel-group study  Istradefylline day spent in  Istradefylline 20 mg/d  
    20 mg/d or   the OFF state -0.76 (p=0.006) 
    40 mg/d or  Istradefylline 40 mg/d 
    Placebo  -0.74 (p=0.008) 

6002-014 613 Phase 3, DB, PC, R, North 12 weeks Total hours per  LSM difference from placebo 
  parallel-group study America Istradefylline day spent in  Istradefylline 20 mg/d  
   & Europe 20 mg/d or   the OFF state -0.32 (p=0.156) 
    40 mg/d or  Istradefylline 20 mg/d 
    Placebo  -0.27 (p=0.234) 
       

DB=double-blind; PC= placebo-controlled; R= randomized. 
 
Istradefylline was approved in Japan (with the brand name NOURIAST) in March 2013 with the 
indication of improvement of wearing-off phenomena in patients with PD on concomitant 
treatment with levodopa-containing products. 
 
2.2 Data Sources  
Materials reviewed for this application include the clinical study reports, raw and derived 
datasets, SAS codes used to generate the derived datasets and tables, protocols, statistical 
analysis plans, and documents of regulatory communications, which are located in the following 
directory: \\CDSESUB1\evsprod\NDA022075\0047 and  
\\CDSESUB1\evsprod\NDA022075\0049\m1\us. 
 
 

3 STATISTICAL EVALUATION 
3.1 Data and Analysis Quality 
Key efficacy endpoints were reproduced by this reviewer from raw data. Documentation of 
statistical analysis methods was included with sufficient details for this reviewer to reproduce the 
applicant’s key efficacy results.  
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3.2 Evaluation of Efficacy 

3.2.1 Study 009 

3.2.1.1 Study Design and Endpoints 
The study 009 was initiated on July 21, 2009 and completed on February 21, 2011. The 
Statistical Analysis Plan (SAP) was dated April 19, 2011. The final protocol was dated August 
17, 2010. No major changes were made to the protocol or SAP after the study initiation. 
 
Study Design 
The study was a randomized, double-blind, placebo-controlled, parallel-group, multicenter 
studies to evaluate the efficacy of KW-6002 administered at an oral dose of 20 mg or 40 mg once 
daily for 12 weeks in PD patients with motor complications on levodopa therapy. These studies 
consisted of a baseline period and a 12-week double-blind period.  
 
Efficacy Endpoints 
The primary variable was the total hours (of awake time) per day spent in the OFF state. The 
OFF time was defined as the time when medication had worn off and was no longer providing 
benefit with regard to mobility, slowness, and stiffness. The primary assessment time was the 
time of the last available post-baseline value for each subject.  
 
The secondary variables included the following and were considered exploratory as a procedure 
to adjust for multiplicity was not specified.  

• The percentage of awake time per day spent in the OFF state (% of awake time per 
 day spent in the OFF state) 

• The total hours of awake time per day spent in the ON state with or without dyskinesia 
and by severity of dyskinesia (% of awake time per day spent in the ON state) 

• The percentage of awake time per day spent in the ON state with or without dyskinesia 
and by severity of dyskinesia (% of awake time per day spent in the ON state) 

• The UPDRS Part I, Part II (ON and OFF states), Part III (ON state), and Part IV 
scores, and the total score for Parts I to III (ON state) 

• CGI-I 
• The modified Hoehn and Yahr staging 

3.2.1.2 Statistical Methodologies 
Efficacy Analysis Population 
The primary efficacy analysis was conducted on the full analysis set (FAS), consisting of 
randomized subjects who received at least one dose of study drug and with at least 4 valid diary 
days assessed at any of the post-baseline assessment times.  
 
Analysis of the Primary Endpoint 
The primary analysis was carried out using an analysis of covariance (ANCOVA) model, 
including terms for treatment group and study center, and baseline values as a covariate. Small 
investigative sites were combined through blinded review before database lock.  
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The two dose groups were to be compared with placebo using the Williams’ test procedure based 
on the assumption that there was a dose-response relationship. In this procedure, the comparison 
of istradefylline 40 mg/day versus placebo was tested first at the one-sided 0.025 level of 
significance. If this test was significant, then the comparison of istradefylline 20 mg/day versus 
placebo was also performed at the one-sided 0.025 level of significance. 
 
Williams’ test statistics were calculated according to the following formula, in which np, mp, n20, 
m20, n40, and m40 represent the numbers of subjects and LS means from the ANCOVA model for 
the placebo, 20 mg/day KW-6002, and 40 mg/day KW-6002 groups, respectively, and s2 

represents the error variance from the ANCOVA model.  
 

 
 
 
Data Handling Rules 
Subjects were to complete PD diaries on the 7 days prior to each scheduled visit, in which 
patients record "Asleep," "Off," "On without dyskinesia," "On with non-troublesome 
dyskinesia," or "On with troublesome dyskinesia" for each 30-minute interval. The total hours 
spent in the OFF state was defined as the number of 30-minute periods classified as "Off" in the 
diary multiplied by 0.5 hours, averaged over valid diaries within 7 days before visits. Diaries 
with less than 5 invalid entries per day (more than one check mark or no check marks in a given 
30-minute time period) were considered valid. If less than 4 valid diary days were available for 
evaluation at a particular assessment time, the data for the total hours per day spent in the OFF 
state at that assessment time was considered missing. 
 
Handing invalid entries 
For the primary analysis, 30-minute periods in patient’s diaries with invalid entries were handled 
as missing and not included in the analysis (observed-case analysis).  
 
A worst-case analysis was specified in the SAP, in which 30-minute periods with missing entries 
were substituted with OFF, and those periods with multiple entries were substituted with the 
worst value of the entries based on the following order: asleep < ON state without dyskinesia < 
ON state with non-troublesome dyskinesia < ON state with troublesome dyskinesia < OFF.  
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Handing missing data for the entire visit 
For the primary analysis, if data at Week 12 or Early Termination (ET) was missing, the last-
observation-carried-forward (LOCF) approach was used, i.e., the last available post-baseline 
value was used as the final-evaluation data.  
 
A sensitivity analysis based on mixed effect model repeated-measures (MMRM) was to be 
conducted with baseline value as a covariate, pooled study site, treatment group, week, and 
treatment-by-week interaction as fixed effect terms, using a compound symmetry (CS) 
covariance matrix. 

3.2.1.3 Patient Disposition, Demographic and Baseline Characteristics 
A total of 373 subjects were randomized at 44 sites in Japan. About 90% patients completed 12 
weeks of study treatment. The most common reasons for premature discontinuation were 
Adverse Event (6 in placebo group, 5 in 20 mg/day KW-6002 group, and 6 in 40 mg/day KW-
6002 group) and Subject Withdrew Consent (6 in placebo group, 6 in 20 mg/day KW-6002 
group, and 3 in 40 mg/day KW-6002 group). A total of 7 randomized subjects were excluded 
from the FAS population due to the absence of at least 4 valid diaries at any of the post-baseline 
assessment times (4 subjects did not have any valid diaries at any post-baseline visits and 3 
subjects had fewer than 4 valid diaries at Week 2 and no valid diaries at the remaining post-
baseline timepoints). 
 
Table 2. Study 009: Subject Disposition 

 
Number of subjects randomized 373 (100%) 126 (100%) 123 (100%) 124 (100%) 

Number of subject exposed to IP 373 (100%) 126 (100%) 123 (100%) 124 (100%) 

Number of subjects who completed 
    

Week 2 368 (98.7%) 124 (98.4%) 121 (98.4%) 123 (99.2%) 
Week 4 358 (96.0%) 119 (94.4%) 119 (96.7%) 120 (96.8%) 
Week 8 342 (91.7%) 112 (88.9%) 113 (91.9%) 117 (94.4%) 
Week 12 335 (89.8%) 109 (86.5%) 111 (90.2%) 115 (92.7%) 

Number of ETs 38 (10.2%) 17 (13.5%) 12 (9.8%) 9 (7.3%) 
TEAE 17 (4.6%) 6 (4.8%) 5 (4.1%) 6 (4.8%) 
Protocol violation 1 (0.3%) 1 (0.8%) 0 0 
Drug non-compliance 2 (0.5%) 2 (1.6%) 0 0 
Subject’s withdrawal request 15 (4.0%) 6 (4.8%) 6 (4.9%) 3 (2.4%) 
Investigator’s discretion 3 (0.8%) 2 (1.6%) 1 (0.8%) 0 

Source: Table 10.1-1 of the CSR. 
 

    

In general, the demographic and baseline disease characteristics were balanced (Table 3). There 
were more females in the KW-6002 20 mg/day group (67%) than the placebo and KW-6002 40 
mg/day groups (53% and 48% respectively).  
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Table 3. Study 009: Demographics and Baseline Disease Characteristics 

 

 

 
Source: Table 11.2-1 of the CSR. 

3.2.1.4 Results and Conclusions 

3.2.1.4.1 Analyses of the Primary Endpoint 
The primary efficacy analysis using ANCOVA with LOCF demonstrated a statistically 
significant difference from placebo in the changes from baseline in daily OFF time for the KW-
6002 groups. There were larger percentages of patients with reduction in daily OFF time in the 
KW-6002 groups compared with the placebo group (Figure 1). The LS mean difference from the 
placebo group at the final evaluation was -0.76 (p=0.006) for the 20 mg/day KW-6002 group and 
-0.74 (p=0.008) for the 40 mg/day KW-6002 group. The results of Williams’ test showed that, 
compared with placebo, 20 mg and 40 mg of KW-6002 significantly (one-sided p=0.003 for both 
groups) reduced the total hours per day spent in the OFF state. 
 
Table 4. Study 009: Change from Baseline in Daily OFF Time: Primary Analysis 

\  Placebo KW20 mg/day KW40 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 
Source: Table 11.4.1.1.1-1 of the CSR, confirmed by the reviewer. 
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Figure 1. Study 009: Percent of Patients with Specified Magnitude of Change in Daily OFF 
Time   

 
Source: FDA reviewer. 
 
Sensitivity Analyses 
The primary analysis with LOCF assumes that any missing data are missing completely at 
random (MCAR). Sensitivity analysis was conducted under a less strict assumption of missing at 
random (MAR) using the MMRM model. The result showed that the LS mean difference from 
the placebo group at Week 12 in change from baseline in the daily OFF time was -0.80 for the 20 
mg/day KW-6002 group and -0.71 for the 40 mg/day KW-6002 group. The effect of KW-6002 
was comparable to the result of the primary analysis, demonstrating that the impact from 
imputation by LOCF was minimal and that the conclusion remained unchanged. The SAP 
specified a compound symmetry (CS) covariate structure for the MMRM analysis. The reviewer 
conducted an additional MMRM analysis using a covariate structure without any constraint 
(unstructured; UN).  The resulting estimates of the treatment effects were similar (Table 5). 
 
In the primary analysis, missing/invalid entries in the diaries were not included in the analysis, 
which were essentially treated as non-OFF state in the calculation of the absolute OFF hours for 
each day. The SAP specified a “worst-case” (WC) analysis in which the imputation of a worst 
value was applied to both placebo and KW-6002 groups, for baseline and post-baseline 
assessment. However, this is not a worst scenario for the purpose of efficacy evaluation. As the 
primary study objective was to compare the change from baseline in OFF time between KW-
6002 groups against placebo, the reviewer conducted a worst-case type of analysis in which the 
worst value was imputed only for post-baseline assessments for the KW-6002 groups. 
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Additionally, in case of multiple entries for the same 30-minute period, it may be questionable as 
to where “asleep” should be in the order for selecting the worst case for imputation. The 
reviewer checked the multiple entries that occurred in this study and found no entries of “asleep” 
among them. Therefore, the placement of “asleep” in the order was not an issue. The reviewer’s 
worst-case analysis results (Table 5) were similar to those from the primary analysis, due to the 
limited amount of missing/invalid diary entries (<0.01%). 
 
Table 5. Study 009: Change from Baseline in Daily OFF Time: Sensitivity Analyses 

  Placebo KW20 mg/day KW40 mg/day 
MMRM with CS covariate structure     
LS mean change from baseline to endpoint  -0.25  -1.05  -0.96  
LS mean difference from placebo   −0.80 −0.71 
95% CI   −1.31, −0.29 −1.21, −0.20 
Nominal p-value   0.002 0.007 
MMRM with UN covariate structure      
LS mean change from baseline to endpoint  -0.25  -1.05  -0.96  
LS mean difference from placebo   −0.79 −0.71 
95% CI   -1.35, -0.23 -1.27, -0.14 
Nominal p-value   0.006 0.013 
ANCOVA (SAP specified WC)     
LS mean change from baseline to endpoint  -0.22  -0.99  -0.96  
LS mean difference from placebo   −0.76 −0.73 
95% CI   −1.31, −0.22 −1.27, −0.19 
Nominal p-value   0.006 0.008 
ANCOVA (Reviewer’s WC)     
LS mean change from baseline to endpoint  -0.23  -0.98  -0.95  
LS mean difference from placebo   −0.75 −0.73 
95% CI   −1.30, −0.21 −1.27, −0.19 
Nominal p-value   0.007 0.008 
Source: FDA reviewer. 
 
A total of 10 out of 44 investigative sites had less than 6 randomized subjects and were 
combined into study centers on a regional basis. In the primary ANCOVA model, the effect of 
study center was not statistically significant (p=0.93; results not shown in table), suggesting that 
center-related differences may be negligible. The reviewer conducted an analysis without 
adjusting for the factor of study center. The results were similar to those from the primary 
analysis (results not shown in table).   
 

Reference ID: 4475643Reference ID: 4484018



 12 

3.2.2 Study 0608 

3.2.2.1 Study Design, Endpoints, and Statistical Methodologies 
The study 0608 was initiated on March 30, 2007 and completed on August 05, 2008. The final 
protocol was dated April 16, 2008 and the SAP was dated September 22, 2008. The database 
unblinding occurred on September 25, 2008. No major changes that might affect efficacy 
evaluation were made to the protocol or SAP after the study initiation. 
 
The study design, endpoints, and statistical methodologies were the same as study 009.   

3.2.2.2 Patient Disposition, Demographic and Baseline Characteristics 
A total of 363 subjects were randomized at 47 sites in Japan. About 90% patients completed 12 
weeks of study treatment. The most common reasons for premature discontinuation were 
Adverse Event (2 in placebo group, 7 in 20 mg/day KW-6002 group, and 8 in 40 mg/day KW-
6002 group) and Subject Withdrew Consent (7 in placebo group, 3 in 20 mg/day KW-6002 
group, and 4 in 40 mg/day KW-6002 group). A total of 6 randomized subjects were excluded 
from the FAS due to not receiving study drug (1 subject) and the absence of at least 4 valid 
diaries at any of the post-baseline assessment times (5 subjects). 
 
Table 6. Study 0608: Subject Disposition 

 

 
Source: Table 10.1-1 of the CSR. 
 
Overall, the demographic and baseline disease characteristics were balanced (Table 7).  
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Table 7. Study 0608: Demographics and Baseline Disease Characteristics 

 

 

 
Source: Table 11.2-1 of the CSR. 

3.2.2.3 Results and Conclusions 

3.2.2.3.1 Analyses of the Primary Endpoint 
The primary efficacy analysis using ANCOVA with LOCF demonstrated a statistically 
significant difference from placebo in the changes from baseline in daily OFF time for the KW-
6002 groups. There were larger percentages of patients with a reduction in daily OFF time of at 
least 2 hours in the KW-6002 groups compared with the placebo group (Figure 2). The LS mean 
difference from the placebo group was -0.65 (p=0.028) for the 20 mg/day KW-6002 group and   
-0.92 (p=0.002) for the 40 mg/day KW-6002 group. The results of Williams’ test showed that, 
compared with placebo, 20 mg and 40 mg of KW-6002 significantly (one-sided p=0.013 and 
p<0.001, respectively) reduced the total hours per day spent in the OFF state. 
 

Table 8. Study 0608: Change from Baseline 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 
Source: Table 11.4.1.1-1 of the CSR, confirmed by the reviewer. 
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Figure 2. Study 009: Percent of Patients with Specified Magnitude of Change in Daily OFF 
Time   

 
Source: FDA reviewer. 
 
Sensitivity Analyses 
The SAP specified sensitivity analysis using MMRM with CS covariate structure showed that 
the LS mean difference from the placebo group at Week 12 in daily OFF time was -0.63 for the 
20 mg/day KW-6002 group and -0.77 for the 40 mg/day KW-6002 group. An additional MMRM 
analysis using a UN covariate structure yielded similar results. The effect of KW-6002 by 
MMRM was comparable to the result of the primary analysis. As the percentage of 
missing/invalid diary entries was small, the SAP specified worst-case analysis and the reviewer’s 
worst-case analysis both showed similar estimates of the treatment effects as the primary 
analysis (Table 9). 
 
Table 9. Study 0608: Change from Baseline in Daily OFF Time: Sensitivity Analyses 

  Placebo KW20 mg/day KW40 mg/day 
MMRM with CS covariate structure     
LS mean change from baseline to endpoint  -0.73 -1.36 -1.50 
LS mean difference from placebo   -0.63 −0.77 
95% CI    -1.15, -0.10 1.28, -0.25 
Nominal p-value   0.019 0.004 
MMRM with UN covariate structure      
LS mean change from baseline to endpoint  -0.70 -1.37 -1.53  
LS mean difference from placebo   -0.67 −0.84 
95% CI   -1.26, -0.08 -1.41, -0.26 
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  Placebo KW20 mg/day KW40 mg/day 
Nominal p-value   0.026 0.005 
ANCOVA (SAP specified WC)     
LS mean change from baseline to endpoint  -0.67 -1.32  -1.58  
LS mean difference from placebo   −0.65 −0.92 
95% CI   -1.23, -0.07 1.49, -0.35 
Nominal p-value   0.028 0.002 
ANCOVA (Reviewer’s WC)     
LS mean change from baseline to endpoint  -0.66 -1.30 -1.57  
LS mean difference from placebo   −0.64 −0.91 
95% CI   -1.22, -0.06 -1.48, -0.34 
Nominal p-value   0.031 0.002 
Source: FDA reviewer. 
 
A total of 19 out of 47 investigative sites had less than 6 randomized subjects and were 
combined on a regional basis in the in the primary ANCOVA model. The effect of study center 
was not statistically significant (p=0.21). Analysis without covariate of study center yielded 
similar results as the primary analysis (results not shown in table). 
 
3.3 Evaluation of Safety  
Please see the clinical review. 
 
 

4 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 
4.1 Gender and Age 
The results of the analyses of the primary endpoint by demographic subgroups were in Table 10 
and Table 11. In all subgroups, 20 mg/day and 40 mg/day of KW-6002 produced greater 
reductions in the daily OFF time than placebo. Analyses by race subgroups was not conducted as 
all subjects are Asian.  
 
Table 10. Study 009: Change from Baseline in Daily OFF Time by Demographic 
Subgroups 

Analysis Group N Istradefylline 20 mg/day Istradefylline 40 mg/day 
Placebo, Istradefylline 
20 mg/day, 40 mg/day 

 Difference from Placebo 
hours (95% CI) 

 Difference from Placebo 
hours (95% CI) 

Age      
     <65 years  54,   48,   47   -0.45 (-1.35, 0.46)   -0.24 (-1.17, 0.70) 
     >=65 years  69,   72,   76  -0.85 (-1.62, -0.09)  -1.28 (-2.01, -0.54) 
Sex      
    Female  65,  80,   59   -1.06 (-1.71, -0.42)   -0.97 (-1.69, -0.26) 
    Male  58,   40,   64  -0.41 (-1.52, 0.70)             -0.94 (-1.93, 0.05)           

Note: subgroups were analyzed using ANCOVA with LOCF.  
Source: FDA reviewer. 
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Table 11. Study 0608: Change from Baseline in Daily OFF Time by Demographic 
Subgroups 

Analysis Group N Istradefylline 20 mg/day Istradefylline 40 mg/day 
Placebo, Istradefylline 
20 mg/day, 40 mg/day 

 Difference from Placebo 
hours (95% CI) 

 Difference from Placebo 
hours (95% CI) 

Age      
     <65 years  57,   49,   64   -1.02 (-1.84, -0.20)   -0.69 (-1.46, 0.08) 
     >=65 years  61,   66,   60  -0.42 (-1.25, 0.42)  -1.10 (-1.96, -0.23) 
Sex      
    Female  73,  65,  69   -0.82 (-1.60, -0.03)   -1.05 (-1.82, -0.28) 
    Male  45,  50,  55  -0.26 (-1.24, 0.71)             -0.32 (-1.29, 0.65) 

Note: subgroups were analyzed using ANCOVA with LOCF.  
Source: FDA reviewer. 
 
4.2 Other Special/Subgroup Populations 
Both subgroups by weight produced greater reductions in the daily OFF time than placebo (Table 
12). The treatment-by-weight interactions were statistically significant. 
 
Table 12. Change from Baseline in Daily OFF Time by Weight Subgroups 

Study 
/Group 

N Istradefylline 20 mg/day Istradefylline 40 mg/day 
Placebo, Istradefylline 
20 mg/day, 40 mg/day 

 Difference from Placebo 
hours (95% CI) 

 Difference from Placebo 
hours (95% CI) 

Study 009 
Weight 

     

    <55 kg  65,   61,   59   -0.67 (-1.42, 0.08)   -0.92 (-1.69, -0.14) 
    >=55 kg  58,   59,   64  -1.23 (-2.11, -0.35)   -0.65 (-1.51, 0.21) 
Study 0608 
Weight 

     

    <55 kg  67,   60,   61   -0.88 (-1.69, -0.07)   -1.23 (-2.04, -0.41) 
    >=55 kg  51,   55,   63  -0.34 (-1.29, 0.60)   -0.21 (-1.14, 0.73) 

Note: subgroups were analyzed using ANCOVA with LOCF.  
Source: FDA reviewer. 
 

5 SUMMARY AND CONCLUSIONS 
5.1 Statistical Issues  
For each study, about 90% patients completed the study and had valid diary data for Week 12 to 
derive the primary endpoint. About 98% patients in each study had at least one post-baseline 
assessment and were included in the efficacy analyses. Invalid entries in PD diary were very 
limited (<0.01%). Sensitivity analyses regarding the handling of missing data yielded consistent 
results. 
 
5.2 Collective Evidence 
The efficacy results of two submitted studies demonstrated that istradefylline 20 mg and 40 mg, 
administered once daily, were efficacious in reducing the total hours per day spent in the OFF 
State (protocol specified primary variable). For study 009, the primary efficacy analysis of the 
change from baseline in daily OFF time demonstrated a statistically significant Least Squares 
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(LS) mean difference from placebo of -0.76 (p=0.006) for the 20 mg/day KW-6002 group and -
0.74 (p=0.008) for the 40 mg/day KW-6002 group. Study 0608 showed statistically significant 
LS mean differences in daily OFF time of -0.65 (p=0.028) and -0.92 (p=0.002) for the 20 mg/day 
and 40 mg/day KW-6002 groups, respectively, compared to placebo. The effect of KW-6002 
was generally consistent across subgroups defined by demographic and baseline characteristics. 
 
5.3 Conclusions and Recommendations 
The data overall provided evidence to support the efficacy of NOURIANZ administered at an 
oral dose of 20 mg or 40 mg once daily for 12 weeks as the adjunctive treatment in PD patients  
experiencing OFF episodes. 
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1.  EXECUTIVE SUMMARY 
  
 According to the  reports provided by Sponsor, and originating with the two Contract 
Research Organizations, this submission was intended to assess the carcinogenic potential of 
daily oral administration of compound KW-6002 (an anti-Parkinson agent), administered for 
periods of up to 104 weeks in mice and rats.  The sponsor was the Pharmaceuticals R&D 
Division, of Kyowa Hakko Kogyo Co., Ltd., Japan.  The rat study was conducted by the 

.  The mouse study was conducted by  
.  The descriptions of the studies below are taken from the 

corresponding Final Reports.    
 
1.1. Conclusions and Recommendations 

 
This submission summarizes the results of both a mouse study and a rat study of the 

carcinogenic potential of KW-6002, each following daily gavage for two years.  In the rat study 
there were four treatment groups per gender, at 0, 30, 100, and 320 mg/kg/day, each treatment 
group with 52 animals.   In the mouse study the four treatment groups per gender had dosages of 
0, 25, 125, and 250 mg/kg/day, each with 69 animals.  In both studies the four dose groups per 
gender were labeled as Control, Low, Medium, and High dose groups, respectively.   

 
The statistical significances of the tests of differences in survival across treatment groups 

are given in Table 1 below.  The test for homogeneity is a test that survival is equal across 
treatment groups, while the test of trend is a test of dose related trend.  The Cox test is usually     
called the logrank test, while the K-W, i.e., Kruskal-Wallis test, is more commonly called the 
Wilcoxon test or the generalized Wilcoxon test.  Note that the Wilcoxon test places more weight 
on earlier events than does the logrank test. 

 
Table 1. Statistical Significances  of Tests of Homogeneity and Trend in Survival 

Rat 
Males                     Females  

Mice 
Males                    Females 

 

Cox K-W Cox K-W Cox K-W Cox K-W 
Homogeneity   <0.00005 <0.00005 <0.00005 <0.00005 0.0294 0.0081 0.5874 0.8836 
Trend over all groups <0.00005 <0.00005 <0.00005 <0.00005 0.5809 0.5230 0.2456 0.4545 
Departure from trend     0.1677   0.1539   0.0079   0.0054 0.0130 0.0033 0.7482 0.9530 

 
In both genders in rats the hypotheses of homogeneity and the hypotheses of no trend are 

always rejected (all p < 0.00005).  In male rats there is no strong evidence of a lack of simple 
trend (both p ≥ 0.1539).  However, in female rats, there is strong evidence that the heterogeneity 
over treatment groups is due to more than simple trend in dose (Cox p=0.0079 and K-W 
p=0.0054).  From the incidence tables (tables 6, 7, 11, and 12) or the Kaplan-Meier curves in 
Appendix 1, one can see that in rats, the highest dose group has considerably the highest 
mortality.  The Sponsor states that the “principal factor contributory to death in these rats was 

(b) (4) (b) (4)
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lung lesions.”  (page 11 of report)  In male rats the remaining dose groups are relatively closely 
intertwined, while in female rats only the low dose and controls seem to be intertwined.  

 
 In male mice there is evidence of heterogeneity in survival since the test of homogeneity 

over treatment groups was statistically significant (Cox p=0.0294 and K-W p=0.0081).  
However, there is no evidence of a simple trend (both p ≥ 0.5230), and thus the departure of 
trend in male mice is statistically significant (Cox p=0.0130 and K-W p=0.0033).  This is 
clarified from the Kaplan-Meier curves in Appendix 1, where male mice in the low dose group 
generally have the highest mortality, although in the last year, the high dose group tends to be 
close.  In male mice the controls and medium dose seem to have a fairly close mortality.  By 
comparison, in female mice there is no evidence of heterogeneity or trend over dose groups, 
either from the tests above (all p ≥ 0.2456) or from the rather intertwined survival curves.  
Absence of proof is not proof of absence, but this, and the results on trend, are consistent with 
the notion of homogeneity in survival among the remaining dose groups and controls in female 
mice.  Note the Sponsor’s assessments were similar, but not exactly the same as this reviewer’s 
analyses (please see Sections 3.2.1.1 and 3.2.2.1).   

 
The endpoint used in the FDA analyses of tumorigenicity is the minimum of the time of 

observation, time of death due to the tumor, or time of detection when the animal dies or is 
sacrificed.  In mice, the Sponsor’s analyses of tumorigenicity are apparently based only on the 
later two.   This should have little to no effect on actual tumor incidence, but is one explaination 
for differences in the actual tests of tumorigenicity.   

 
To adjust for the multiplicity of comparisons involved in a tumorigenicity analysis for 

standard rodent models, the Agency analysis followed the Haseman-Lin-Rahman rules described 
in Section 1.3.1.4 below.  That is, for a roughly 0.10 (10%) overall false positive error rate in 
tests of trend, rare tumors (background incidence <1%) should be tested at a 0.025 (2.5%) 
significance level and common tumors at a 0.005 (0.5%) level.  Tests of pairwise differences 
between controls and the highest dose should be tested at a 0.05 (5%) level for rare tumors and at 
a 0.01 (1%) level for common tumors. For both mice and rats, potentially statistically significant 
tumor incidences are summarized in tables 9 and 14, below, with more complete incidence tables 
in Appendix 2. 

   
 Using the incidence in the control group to determine whether a specified neoplasm is 
rare or common, follicular cell adenomas of the thyroid would be classified as common in both 
male and female rats.  Then by strict application of the rules above, the test of trend over dose in 
follicular cell adenomas of the thyroid would be classified as statistically significant in male rats 
but not in female rats (since 0.0045 < 0.005 in male rats, but 0.0119 > 0.005 in females).  Results 
were similar for pooled follicular cell adenoma and carcinoma (Males: p = 0.0048, Females: p = 
0.0103).  The corresponding tests of differences between the controls and the high dose group in 
both adenoma and pooled adenoma and carcinoma were not statistically significant in either 
gender (Males: p = 0.0132 > 0.01, Females: p = 0.0561, 0.0804 > 0.01), though perhaps at least 
close to significance in males.  In female rats the tests of dose related trend in mammary 
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adenocarcinoma and pooled adenomas and adenocarcinomas were statistically significant (both p 
= 0.0003, 0.0005 < 0.005), while the corresponding pairwise tests between the controls and the 
high dose group barely failed to achieve statistical significance (p = 0.0111, 0.0148 > 0.01).  In 
male rats the test of trend in interstitial cell adenoma of the testes was also not quite statistically 
significant (p = 0.0131 > 0.01), while the test of trend in squamous cell papillomas of the skin 
was barely statistically significant (p = 0.0248 < 0.025).  In male mice no tests of trend or 
difference between the high dose group and controls were statistically significant.  In female 
mice the tests of trend in systemic hemangiomas and pooled hemangiomas and 
hemangiosarcomas were statistically significant (p = 0.0048, 0.0175 < 0.025), however again the 
corresponding pairwise tests were not statistically significant (both p = 0.0755 > 0.05).    Also, in 
female mice the test of trend in mammary gland adenomas was statistically significant (p = 
0.0143 < 0.025).  

    
1.2. Brief Overview of the Studies  
 
One mouse study and one rat study were submitted:  
 
Study KHK 075/024386 KW-6002: Carcinogenicity Study by Oral Gavage Administration 
to Han Wistar Rats for 104 Weeks, 
 
and, 
 
Study 1471/024 KW-6002: 104 Week Oral (Gavage Administration) Carcinogenicity Study 
in the Mouse. 
 

These studies were designed to assess the carcinogenic potential of KW-6002, when 
administered by oral gavage at dose levels of 0, 30, 100, or 320 mg/kg/day in  rats and at dose 
levels of of 0, 25, 125, or 250 mg/kg/day in mice.  In the rat study there were 52 Han Wistar  
animals within each of the 8 treatment by gender combinations.  The corresponding mouse study 
had 69 Crl:CD-1(ICR)BR animals for each treatment by gender combination.  In both studies the 
four dose groups per gender were labeled as Control, Low, Medium, and High dose groups, 
respectively. 

   
1.3. Statistical Issues and Findings 

1.3.1. Statistical Issues  
In this section, several issues, typical of statistical analyses of these studies, are 

considered.  These issues include details of the survival analyses, tests on tumorigenicity, 
multiplicity of tests on neoplasms, and the validity of the designs.  
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1.3.1.1.  Survival Analysis: 
 Both the Cox logrank and Kruskal-Wallis-Wilcoxon tests were used to test homogeneity 
of survival among the treatment groups.  Tests of dose related trend using a Cox proportional 
odds model were also performed.  The number of such tests raises issues of multiple testing, but 
from the point of view of finding differences among treatment groups (i.e., reducing the 
probability of Type II error), this should be acceptable.  Appendix 1 reviews the animal survival 
analyses in some detail.  The Sponsors analyses are summarized in Sections 3.2.1.1 and 3.2.2.1. 

 
1.3.1.2. Tests on Neoplasms: 

The FDA tumorigenicity analyses of fatal tumors are based on the time of death, and for 
observable tumors are based on time of detection.  Both are analyzed at the time of detection 
with an analysis equivalent to the death rate method (see Peto, et al. 1980).  Non-fatal tumors 
found at the time of the animals’ death are labeled as incidental, and were analyzed by the so-
called prevalence method.  For the FDA analyses the two results were pooled.  In mice, the 
Sponsor’s analyses are based solely on fatal and incidental tumors.  The tests on the neoplasms 
used in the FDA analysis are basically tests of trend.  For both rats and mice, significance levels 
of two tests are provided: 1) a test of trend in dose starting from the controls over the three KW-
6002 treatment groups and 2) a test comparing controls to the High dose group.  The number of 
tumors in the vehicle control group is used to determine if the tumor is classified as “rare” or as 
“common”, with the effect on interpretation as outlined below.  The protocols indicate that all 
animals were microscopically examined. 

 
1.3.1.3. Multiplicity of Tests on Neoplasms: 

Testing the various neoplasms involved a large number of statistical tests, which in turn 
necessitated an adjustment in experiment-wise Type I error.  Current FDA practice is based on 
the Haseman-Lin-Rahman rules.  Namely, based on his extensive experience with such analyses, 
for pairwise tests comparing control to the highest dose group, Haseman (1983) claimed that for 
a roughly 0.10 (10%) overall false positive error rate, rare tumors should be tested at a 0.05 (5%) 
level, and common tumors (with a historical control incidence greater than 1%) at a 0.01 level.  
For a standard chronic study in two species, i.e., rats and mice, based on simulations and their 
experience, Lin & Rahman (1998) proposed a further p-value adjustment for tests of trend.  That 
is, for a roughly 0.10 (10%) overall false positive error rate in tests of trend, rare tumors should 
be tested at a 0.025 (2.5%) level and common tumors at a 0.005 (0.5%) level.  In this analysis,  
the observed incidence in the vehicle control is used to decide if a tumor is rare or common (i.e., 
incidence = 0 or ≥ 1 in the vehicle controls). This approach is intended to balance both Type I 
error and Type II error (i.e., the error of concluding there is no evidence of a relation to 
tumorgenicity when there actually is such a relation).   

 
1.3.1.4. Housing of Animals: 

The Sponsor states that rats were initially accommodated in groups of four, while at the 
beginning of the mouse study animals were housed in groups of three.  Even with gavage 
administration of treatment, multiple housing of animals may cause statistical problems in the 
analysis.  Animals housed together might fight each other.  The skins of some animals could be 
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damaged, and this damage might be associated with skin tumors.  Competition for diet might 
induce negative or positive correlations in treatment response, while proximity might induce 
positive correlations in treatment response.  Note that the Sponsor ascribes the observed higher 
mortality in the low dose group in mice during the first six months to fighting, and notes that for 
the remainder of the study mice were housed singly.   

 
It should be noted that because of this housing the within treatment estimated variances 

may be too large or too small, resulting in conservative or liberal tests (in terms of Type I error). 
Unless it has been clearly shown that tumor incidence is independent of cage, this reviewer 
would generally recommend single housing of animals.  Since cage identification was not 
included with the data the impact of potential between cage effects can not be assessed. 

 
1.3.1.5. Validity of the Designs:  

When determining the validity of designs there are two key points: 
1) adequate drug exposure 
2) tumor challenge to the tested animals. 
  

1) is related to whether or not sufficient animals survived long enough to be at risk of 
forming late-developing tumors and 2) is related to the Maximum Tolerated Dose (MTD), 
designed to achieve the greatest likelihood of tumorigenicity.   
 

Lin and Ali (2006), quoting work by Haseman, have suggested that a survival rate of 
about 25 animals, out of 50 or more animals, between weeks 80-90 of a two-year study may be 
considered a sufficient number of survivors as well as one measure of adequate exposure.  Since 
this study involved more than 50 animals per treatment group, and even in the highest dose 
group there were around 28 animals or more that survived to the beginning of Week 92, this 
criterion seems to have been satisfied.    
  

Chu, Ceuto, and Ward (1981), citing earlier work by Sontag et al. (1976) recommend that 
the MTD “is taken as ‘the highest dose that causes no more than a 10% weight decrement as 
compared to the appropriate control groups, and does not produce mortality, clinical signs of 
toxicity, or pathologic lesions (other than those that may be related to a neoplastic response) that 
would be predicted to shorten the animal’s natural life span’ ”  The numbers in the following 
tables are extrated from tables in the Sponsor’s reports and give the mean weight gain and the 
final percent weight change relative to the controls in each study.  Note that, roughly, this 
criterion seems to be satisfied in both genders in both species.   
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Table 2: Relative Weight Change in Rats and Mice (compared to control)   
MeanWeight Gain at Study End Study KHK 075/ 

024386: Rats 
Group number & label 

Dose Level 
(mg/kg/day) Males (g) % from 

 Control 
Females (g) % from  

control  
1. Vehicle Control           0     451         227       
2. Low        30     515   +14    306     +35 
3. Medium      100     482   +7    274     +21 
4. High      320     428    -5    244      +7 
 
 

MeanWeight Gain at Study End Study 1471/024: Mice 
Group number & label 

Dose Level 
(mg/kg/day) Males (g) % from 

 Control 
Females (g) % from  

control  
1. Vehicle Control          0    12.6        15.2      
2. Low       25    11.1  -11.9   12.7  -16.4 
3. Medium      100    14.1 +11.9   15.8   +3.9 
4. High      320    14.9 +18.3   16.8 +32.3 

 
Although this is decision for the toxicologist, the relativly high weight gain in the High 

dose group compared to the Vehicle Controls, may be evidence that dosage was below the MTD.  
 
Again from 2) above, excess mortality not associated with any tumor or sacrifice in the 

higher dose groups might suggest that the MTD was exceeded.   One way to assess this 
possibility is to measure mortality not associated with any identified tumor.  Note this seems to 
be a new way to assess if the high dose is at the MTD.  Table 3 below indicates the number of 
animals in each dose group that died of a natural death or moribund sacrifice, but did not show 
any tumors:  

 
Table 3: Natural Death or Accident with No Identified Tumor  

Males Females Rats Group 
Label 

Dose 
mg/kg 
 

Died w/o 
tumor    

Other   Died w/o 
 tumor  

Other   

1. Vehicle Control       0     13    39       9    43 
2. Low    30       8     44       6     46 
3. Medium  100     12    40       5    47 
4. High  320       6    46       1    51 
 

Males Females Mice Group 
Label 

Dose 
mg/kg Died w/o 

tumor    
Other   Died w/o 

 tumor  
Other   

1. Vehicle Control      0     10    59       9    60 
2. Low   25       5     64     12     57 
3. Medium 125     12    57       7    62 
4. High 250     14    55       9    60 
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To compare the incidence of deaths without tumors we can specify the usual survival 
tests where animals’ death without a tumor is the event and those animals that die with a tumor 
or are sacrificed are considered as censored.  Thus the events correspond to animals that die prior 
to developing a tumor.  If the MTD is exceeded we would expect a dose related excess toxicity, 
resulting in higher events in the higher dose group or possibly even a dose related trend in these 
events.  The null hypothesis of homogeneity over dose groups in the occurrence of events can be 
tested with the usual log-rank or Wilcoxon tests.  In both genders in rats there is clear 
heterogeneity in the events in both genders (Both: log-rank p ≤ 0.0001 and Wilcoxon p < 
0.0001).  However, this heterogeneity is not associated with an increasing trend over dose or 
greater hazard in the high dose group.  In mice the evidence is somewhat more equivocal (Males: 
log-rank p = 0.0047, Wilcoxon p = 0.0028, Females: log-rank p = 0.6065, Wilcoxon p = 0.9452).  
In female mice there is no evidence of heterogeneity in deaths without tumor over dose groups.  
In male mice there does seem to be some evidence of increasing hazard over dose, but the event 
rate of the high dose group is not much higher than that in the vehicle control.  Thus, with the 
arguable exception of male mice, this may be evidence that in rats and female mice the MTD 
was not exceeded.       

 
The above evaluation of the validity of the study designs is based on body weight and 

mortality data.  The pharm/tox reviewers should use their expertise and other information such 
as clinical sifns or severe histopathologic toxic effects that are attributal to the dosed animals in 
their final evaluation of the appropriateness of the doses used.  

 

1.3.2. Statistical Findings  
 
Please see Section 1.1 above.   

 
2. INTRODUCTION 
 
2.1. Overview 

 
Results from a study in Han Wistar rats and CD-1 mice were submitted to assess the 

carcinogenic potential of KW-6002.  
  
2.2. Data Sources 

 
 SAS transport files, both labeled tumor.XPT, for mice and rats respectively, were 
provided by the Sponsor and loaded into the agency electronic data room (edr). 
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3. STATISTICAL EVALUATION 
 
3.1. Evaluation of Efficacy 
 
NA 
 
3.2. Evaluation of Safety   
 
More detailed results on the studies are presented below. 
 
3.2.1.   Study KHK 075/024386 Report: KW-6002 Carcinogenicity Study by Oral Gavage 
Administration to Han Wistar Rats for 104 Weeks, 
 
RAT STUDY DURATION:  104 Weeks. 
DOSING STARTING DATE: 12 October 2000. 
TERMINAL SACRIFICE: Final Necropsies completed on 22 October 2002. 
STUDY ENDING DATE (Pathology completed): 3 December 2003. 
RAT:  Han Wistar Rats from  
ROUTE: Daily Gavage. 
 

Four treatment groups were formed for each of 52 male and 52 female Han Wistar rats.  
The rats were ordered at 26 to 30 days of age.  After a 15 day acclimation period, in each gender 
three groups received compound KW-6002 by gavage at dosages of 30, 100, or 320 mg/kg/day.  
The corresponding control groups received the vehicle, 1% methylcellulose, at the same 
volume/dose.   Four further males and four females were assigned to each of the treated groups 
and were used to provide blood for toxicokinetic analysis.  The rats were initially housed four of 
one sex per cage, although this number could be reduced due to mortality.  Food and water were 
available ad libitum.  The Sponsor states that detailed physical examinations were made on all 
animals each week.  

  
The Sponsor states that the dosages were selected based on the available toxicological 

data including a 13 week oral toxicity study in rats.   They report that “The dosages for this study 
were chosen as 30, 100 and 320 mg/kg/day for the following reasons: 
 
“a) Based on the 13 week study, the high dose of 320 mg/kg/day was selected. At this dose level, 
possible organ toxicity was seen for the lung, pancreas, kidney, adrenal, mammary (male only) 
and lachrymal (male) gland. The dose level of 320 mg/kg/day is therefore considered to be a 
suitable maximum tolerated dose (MTD) for the carcinogenicity study. 
 
“b) Based on the toxicokinetic and pharmacokinetic data of KW-6002, the low dose of 30 
mg/kg/day was selected.  . . .  
 
“c) The intermediate dose level was selected as 100 mg/kg/day as it is approximately equal to 
the geometric mean of the high and low dose levels.”  (page 15 of report)  

(b) (4)
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3.2.1.1 Sponsor’s Results and Conclusions 
  
This section will present a summary of the Sponsor’s analysis on survivability and tumorigencity 
in mice.  

Survival analysis: 
The Sponsor notes that there were a total of 148 unscheduled deaths amongst the main 

group animals in the 104 weeks, and claims that “Early deaths (prior to Week 52) were generally 
only seen for males and females receiving 320 mg/kg/day.”  Table 4 below was copied from 
tables in the Sponsor’s report (page34) and provides the results of pairwise comparisons and 
tests of trend in survival over dose.  

 
Table 4.  Results of logrank analysis of mortality 
Males 

Number of animals deaths 
 

Group Dose level 
(mg/kg/day) 

Initial 
group 
size Observed (O)  Expected (E)  

Relative 
death rate 
  (O/E) 

Pairwise 
comparison 
p-value† 

Trend 
test 
p-value# 

     1 
     2 
     3 
     4 

        0 
      30 
    100 
    320 

  52 
  52  
  52 
  52 

9 15.65 
   11                      15.88 
   10                      15.56  
   28                      10.91 

   0.57 
   0.69 
   0.64 
   2.57 

 
   0.863 
   0.985 
 <0.001 

 
 
  0.463 
<0.001 

 
Femalesa 

Number of animals deaths 
 

Group Dose level 
(mg/kg/day) 

Initial 
group 
size Observed (O)  Expected (E)   

Relative 
death rate 
  (O/E) 

Pairwise 
comparison 
p-value† 

Trend 
test 
p-value# 

     1 
     2 
     3 
     4 

        0 
      30 
    100 
    320 

  52 
  52  
  52 
  52 

   13                      25.09 
   26                      21.55 
   16                      25.96  
   35                      17.39 

   0.52 
   1.21 
   0.62 
   2.01 

 
   0.018 
   0.761 
 <0.001 

 
 
  0.583 
<0.001 

†Two-tailed pairwise comparisons against the control group. 
#Two-tailed trend test using all groups and one-tailed trend test otherwise and using groups with dose up 
    to the dose level for that row. 
aTests for non-linearity were significant, preference should be given to the results of the pairwise 
   comparisons 
 

The Sponsor summarized these results as follows: “For the males, the trend test, when all 
treated groups were included, was statistically significant (p<0.001). Upon exclusion of the 320 
mg/kg/day treated group, the trend test was not statistically significant (p=0.463). The pairwise 
comparison of the control group with the 320 mg/kg/day treated group was statistically 
significant (p<0.001).  No other pairwise comparisons were statistically significant. 
 
“For the females, the non-linearity test was statistically significant when all groups were 
included in the trend test (p=0.008) and when the 320 mg/kg/day was excluded from the trend 
test (p=0.003). Therefore, preference should be given to the results of the pairwise comparisons. 
The pairwise comparisons of the control group with the 30 mg/kg/day and 320 mg/kg/day treated 
groups were statistically significant (respectively p=0.018 and p<0.001).  The pairwise 
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comparison of the control group with the 100 mg/kg/day treated group was not statistically 
significant (p>0.7). The trend test, when all treated groups were included, was statistically 
significant (p<0.001). Upon exclusion of the 320 mg/kg/day treated group, the trend test was not 
statistically significant (p=0.583).  
 
“In summary, the number of deaths at 320 mg/kg/day was greater than that in the control group. 
Mortality at 30 or 100 mg/kg/day was considered unaffected. There was a slight increase of 
mortality amongst females receiving 30 mg/kg/day, but in the absence of a similar trend at 100 
mg/kg/day, this was considered fortuitous.” (page 34 of report)  
 
Tumorigenicity Analysis 
 According to the Sponsor “There were no treatment-related neoplastic findings in this 
study.  A number of lesions which showed some statistical significance in the results are 
tabulated below and their relationship to treatment is discussed.  According to the criteria 
published in the FDA draft guidance document on statistical analysis of tumour data . . .  p 
values of p≤ 0.01 (pairwise comparison) and p≤ 0.005 (trend test) are required for common 
tumours to represent a carcinogenic response. In addition, p values of p≤ 0.05 (pairwise 
comparison) and p≤ 0.025 (trend test) are required for rare tumours to represent a carcinogenic 
response. 
 
“In the current study, results of tumour data analyses by pairwise comparison and trend tests are 
shown in the following table. None of the tumours met the FDA criteria by pairwise comparison 
analysis. For analysis of tumours by the trend test, mammary adenocarcinoma and thyroid gland 
adenoma and combined thyroid gland adenoma and adenocarcinoma met the FDA criterion for 
common tumours.  A summary of selected neoplastic findings is provided in the following text-
table:” (page 43 of report).  Table 5 below was manually copied from the Sponsor’s report. 
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Table 5.  Sponsor’s Selected Tumorigenicity Analysis 

 KW – 6002 (mg/kg/day) 
 Male Female 
  0     30    100   320   0     30    100   320 

 

52     52     52     52 52     52     52     52 
Adrenal-Medulla 
Phaeochromocytoma  
M. phaeochromocytoma  
Phaeochromocytoma + M. 
      Phaeochromocytoma 

     
  0       0       3      0  
  0       0       0      1  
  0       0       3      1 

 

 
 0        0       1       2# 

 0        0       0       0 
 
 

Brain 
 M. Astrocytoma  

  0       0       1      0   0        0       0        2# 

Mammary gland  
Adenoma  
Fibroadenoma  
Adenoma + fibroadenoma  
Adenocarcinoma  
Adenoma + fibroadenoma + 
        adenocarcinoma  

 na     na      na     na 
    
 

 
  1        0       3       1 
13      11     14       9 
14      11     17     10 
  5        1       7     10*### 

18      12     22     19# 

 
Pancreas-Islet cell 
Adenoma  
Carcinoma  
Adenoma + carcinoma  

 
  4    12*     6       4  
  0      1       0       0  
  4    13*     6       4  

 
  1       2       3        0 
  2       0       0        0 
  3       2       3        0 

Pituitary gland- 
Pars distalis 
Adenoma  
Carcinoma  
Adenoma + carcinoma  
 

 
 
  1    14     12       4  
  0      1       0       0  
11    15     12       4  

 
 
23      25     27    23 
  1        2       3      2 
24      27     30    25* 

Testis  
Interstitial cell adenoma  

   
  1      0       0       3# 

Na      na      na     na 

 
Thyroid gland 
Follicular adenoma  
Follicular carcinoma  
Adenoma + carcinoma 

    
  5      5       8       9*##  

  0      0       2       0   
  5      5     10       9*##  

 
  1       0        4      4# 

  1       1        1      1 
   2       1        5      5# 

Uterus-Endometrium 
Adenoma  
Adenocarcinoma  
Adenoma + 
         adenocarcinoma  

 na    na     na      na 
 
 

   
   0      0        1       0 
   2      0        0       3# 

   2      0        1       3# 

 
M.: malignant   *p<0.05, compared to control (pairwise)     # p<0.05 (trend test)    
 ## p<0.01 (trend test)     ### p<0.001 (trend test)       na: not applicable 
 
The Sponsor summarizes these results as follows:  
 
“Adrenal gland: The trend test (p=0.036) for the incidence of female rats with benign  
phaeochromocytoma failed to meet the significance for a common tumour. Furthermore the 
incidence was within the historical control range of this laboratory. Thus the incidence of 
phaeochromocytomas observed in the female rats did not represent a carcinogenic response. 
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“Brain: The incidence of malignant astrocytoma of the brain in female rats (p=0.032) receiving 
320 mg/kg/day did not achieve the statistical significance for rare tumours. 
 
“Mammary gland: When compared to control using a pairwise comparison the number of 
females with adenocarcinoma in the 320 mg/kg/day dose group (p=0.024) did not meet the 
statistical criteria for a drug-related common tumour (p≤0.01).  However, the trend test 
(p<0.001) met the statistical criteria for a drug related common tumour (p≤0.005). When the 
incidences of mammary adenoma, fibroadenoma and adenocarcinoma were combined and 
compared to the control rats, neither the pairwise comparison nor the trend test achieved 
statistical significance for a common tumour. Mammary tumours are common in the rat.  Based 
on these results, the mammary tumours in female rats were not considered to represent a 
carcinogenic response in the mammary gland. 
 
“Pancreas: A higher incidence of islet cell adenoma (p=0.025) was observed in male rats 
receiving 30 mg/kg/day compared to the control group.  Since a similar effect was not seen in 
the higher doses, the finding was considered spurious and not treatment-related. 
 
“Pituitary gland: The incidence of adenoma and carcinoma combined at 320 mg/kg/day showed 
statistical significance (p=0.042) in female rats, but failed to reach the level for common 
tumours, and thus is considered not treatment-related. 
 
“Testes: In the 320 mg/kg/day dose group the incidence of testicular interstitial cell adenoma 
falls within the historical control range of this laboratory.  The trend test value (p=0.013) failed 
to achieve the statistical significance for a common tumour. 
 
“Thyroid gland: The number of male rats with follicular adenoma or follicular adenoma plus 
carcinoma combined using a pairwise comparison of the number of affected males at 320  
mg/kg/day to the males affected in the control (p=0.027) did not meet the statistical criteria for a 
drug-related common tumour (p≤0.01).  The trend test (p=0.005) just met the statistical criteria 
(p≤0.005).  In the females, the statistical evaluation of the rats with follicular tumours (trend test 
of adenoma and adenoma plus carcinoma: p=0.010; pairwise test of adenoma plus carcinoma: 
p=0.075) did not meet the statistical criteria for a drug related common tumour. Thyroid tumours 
are common tumours in the rat.  Based on these results, the incidences of rats with thyroid 
tumours in this study were not interpreted to represent a carcinogenic response in the thyroid 
gland. 
 
“Uterus: In the 320 mg/kg/day dose group the incidence of endometrial adenocarcinoma falls 
within the historical control range at the laboratory where the study was conducted. The trend 
test value (p=0.030) failed to achieve the statistical significance for common tumours.   
 
“Based on the evaluations of the neoplasms observed in this study, it is concluded that KW- 
6002 is not carcinogenic in the rat.” (page 44 of report) 
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3.2.1.2 FDA Reviewer's Results 

This section will present the current Agency findings on survival and tumorigenicity in 
male and female rats. 

Survival analysis: 
The following tables (Table 6 for male rats, Table 7 for female rats) summarize the 

mortality results for the dose groups.  The data were grouped for the specified time period, and 
present the number of deaths during the time interval over the number at risk at the beginning of 
the interval.  The percentage cited is the percent survived at the end of the interval.   
 
Table 6.  Summary of  Male Rats Survival (dose/kg/day) 
Period 
(Weeks) 

Vehicle 
Control       

  Low  
30 mg 

Medium  
100 mg 

   High 
 320 mg 

  0-50       0/52 
     100% 

    0/52 
   100% 

   0/52 
  100% 

   6/52 
  88.5% 

 51-78      4/521 
     92.3%2 

    1/52  
   98.1% 

   3/52 
  94.2% 

 15/46 
  59.6% 

 79-91      3/48 
     86.5% 

    4/51 
   90.4% 

   4/49 
  86.5% 

   2/31 
  55.8% 

 92-104      2/45 
     82.7% 

    6/47  
   78.8%   

   3/45 
  80.8% 

   5/29 
  46.2% 

Terminal 
105-106 

    43     41     42     24 

1  number deaths / number at risk 
2  per cent survival to end of period. 
 
Table 7.  Summary of  Female Rats Survival (dose/kg/day) 
Period 
(Weeks) 

Vehicle 
Control       

  Low  
30 mg 

Medium  
100 mg 

   High 
 320 mg 

  0-50      1/52 
     98.1% 

    1/52 
   98.1% 

   0/52 
  100% 

   5/52 
  90.4% 

 51-78      3/511 
     92.3%2 

    6/51  
   86.5% 

   2/52 
  96.2% 

   7/47 
  76.9% 

 79-91      3/48 
     86.5% 

    5/45 
   76.9% 

   1/50 
  94.2% 

  12/40 
  53.8% 

 92-104      6/45 
     75.0% 

  14/40  
    50%     

  13/49 
  69.2% 

  11/28 
  32.7% 

Terminal 
105-106 

    39     26    36     17 

1  number deaths / number at risk 
2  per cent survival to end of period. 
 

Note again, in the tables above that the number of animals in the terminal period includes 
those animals that died in that period (weeks 105-106) even those that were not sacrificed. 
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The statistical significances of the tests of differences in survival across treatment groups 
are given in Table 8 below.  The test for homogeneity is a test that survival is equal across 
treatment groups, while the test of trend is a test of dose related trend.  The Cox test is usually     
called the logrank test, while the K-W, i.e., Kruskal-Wallis test, is more commonly called the 
Wilcoxon test or the generalized Wilcoxon test.  Note that the Wilcoxon test places more weight 
on earlier events than does the logrank test. 

 
Table 8. Statistical Significances  of Tests of Homogeneity and Trend in Survival 

Rat 
Males                     Females  

 

Cox K-W Cox K-W 
Homogeneity   <0.00005 <0.00005 <0.00005 <0.00005 
Trend over all groups <0.00005 <0.00005 <0.00005 <0.00005 
Departure from trend     0.1677   0.1539   0.0079   0.0054 

 
In both genders in rats the hypotheses of homogeneity in mortality over treatment groups 

and the hypotheses of no trend are always rejected (all p < 0.00005), indicating heterogeneity 
and trend.  In male rats there is no strong evidence of a deviation from this simple trend (both p ≥ 
0.1539).  However, in female rats, there is strong evidence that the heterogeneity over treatment 
groups is due to more than simple trend in dose (Cox p=0.0079 and K-W p=0.0054).  From the 
incidence tables (tables 6 or 7) or the Kaplan-Meier curves in Appendix 1, one can see that the 
highest dose group has considerably the highest mortality.  The Sponsor states that the “principal 
factor contributory to death in these rats was lung lesions.”  (page 11 of report)  In male rats the 
remaining dose groups are relatively closely intertwined, while in female rats only the low dose 
and controls seem to be intertwined.  

Tumorigenicity analysis:    
Using the incidence in the control group to determine whether a specified neoplasm is 

rare or common, follicular cell adenomas of the thyroid would be classified as common in both 
male and female rats.  Then by strict application of the Haseman-Lin-Rahman rules described in 
section 1.3.1.3 above, the test of trend over dose in follicular cell adenomas of the thyroid would 
be classified as statistically significant in male rats but not in female rats (since 0.0045 < 0.005 
in male rats, but 0.0119 > 0.005 in females).  Results were similar for pooled follicular cell 
adenoma and carcinoma (Males: p =  0.0048, Females: p = 0.0103).  The corresponding tests of 
differences between the controls and the high dose group in both adenoma and pooled adenoma 
and carcinoma were not statistically significant in either gender (Males: p = 0.0132 > 0.01, 
Females: p = 0.0561, 0.0804 > 0.01), though perhaps at least close to significance in males.  In 
female rats the tests of dose related trend in mammary adenocarcinoma and pooled adenomas 
and adenocarcinomas were statistically significant (both p = 0.0003, 0.0005 < 0.005), while the 
corresponding pairwise tests between the controls and the high dose group barely failed to 
achieve statistical significance ( p =  0.0111, 0.0148 > 0.01).  In male rats the test of trend in 
interstitial cell adenoma of the testes was also not quite statistically significant (p = 0.0131 > 
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0.01), while the test of trend in squamous cell papillomas of the skin was barely statistically 
significant (p = 0.0248 < 0.025).   

 
Table 9. Potentially Statistically Significant Tumorgenicity in Rats  
                                         Incidence:            p-values:   
                                         Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
Male Rats  
SKIN 
   SQUAMOUS CELL PAPILLOMA                0    0    2    2     0.0248   0.1248 
TESTES 
   INTERSTITIAL (LEYDIG) CELL ADE         1    0    0    3     0.0131   0.1274 
THYROIDS 
   FOLLICULAR CELL ADENOMA                5    5    8    9     0.0045   0.0132 
   FOLLICULAR CELL CARCINOMA              0    0    2    0     0.3723 
   Foll. Cell Adenoma/Carcinoma           5    5   10    9     0.0048   0.0132 
 
Female Rats  
BRAIN 
   ASTROCYTOMA                            0    0    0    2     0.0317   0.1500 
MAMMARY PROTOCOL 
   MAMMARY ADENOCARCINOMA                 5    1    7   10     0.0003   0.0111 
   MAMMARY ADENOMA                        1    0    3    1     0.3369   0.7911 
   Mammary Adenoma/Adenocarcinoma         6    1   10   11     0.0005   0.0148 
THYROIDS 
   FOLLICULAR CELL ADENOMA                1    0    4    4     0.0119   0.0561 
   FOLLICULAR CELL CARCINOMA              1    1    1    1     0.3847   0.7824 
   Foll. Cell Adenoma/Carcinoma           2    1    5    5     0.0103   0.0844 
 
  

3.2.2.   Study 1471/024 KW-6002: 104 Week Oral (Gavage Administration) 
Carcinogenicity Study in the Mouse. 
 
MOUSE STUDY DURATION: Week 104. 
DOSING STARTING DATE: 13 November 2000. 
TERMINAL SACRIFICE:  Final necropsies: 14-18 November 2002. 
MOUSE STRAIN: Crl:CD-1(ICR) BR strain from  
ROUTE: Daily Oral (Gavage). 
 

Four treatment groups, were formed for each of 69 male and 69 female Crl:CD-1 mice.  
The mice were about 28 days of age when delivered.  After  two week acclimation period, in 
each gender three groups received compound KW-6002 by gavage at dosages of 25, 125, or 250 
mg/kg/day.  The corresponding control groups received the vehicle, 0.5% methylcellulose, at the 
same volume/dose.   Thirty further males and thirty females were assigned to each of the treated 
groups and were used for toxicokinetic analysis.  The mice were initially housed three of one sex 
per cage.  “However, due to injuries and deaths from fighting, it was decided to house all male 

(b) (4)

(b) (4)



NDA 22,075/000 Istradefylline                                                                                                Kyowa Pharmaceuticals   
 

 18

mice from all groups (including satellites) individually from Week 25 in the same size cages” 
(page 17 of report)  Food and water were available ad libitum.  The Sponsor states that detailed 
physical examinations were made on all animals each week.  
 

The Sponsor reports that “The high dose of 250 mg/kg/day was selected based upon the 
findings of a 13 week dose range finding study (  study No 1471/3). At the dose of 250 
mg/kg/day,  possible organ toxicity was indicated for lung, pancreas, liver, thymus and muscle. 
This dose level, 250 mg/kg/day, was therefore considered to be the maximum tolerated dose 
(MTD) over the course of the carcinogenicity study.   
 
The 25 mg/kg/day dose level was selected based upon the toxicokinetic and pharmacokinetic 
data of KW-6002.” (page 15 of report)  
 
“A dose volume of 10 mL/kg was used.  Individual dose volumes were based on individual body 
weight.” (page 15 of report) 

3.2.2.1 Sponsor’s Results and Conclusions 
  
This section will report on the Sponsor’s analysis on survivability and tumorigencity in mice. 

Survival analysis: 
The Sponsor reports that the number of deaths in each group and sex to the start of the 

terminal kill during Week 105 was as follows: 
 
Table 10. Main Study Mortality  
_________________________________________________________ 
Group     Group size                            Main Study Mortality _                      
Number                                    Males                                   Females      

 Mortality        %                   Mortality         % 
     1              69                    43              62                       42                61 
     2              69                    50              72*                     47                68 
     3              69                    38              55                       50                72 
     4              69                    49              71                       51                74 
*p<0.05 
 
The Sponsor’s report summarized mortality as follows: “Overall there was higher mortality in 
the 25 mg/kg/day male group than in the controls and this attained a level of statistical 
significance (p=0.016) on a pairwise comparison. The higher mortality rate in this group was 
primarily during the first six months of the study and was considered to be attributable to an 
increased level of 
fighting. There was an increase in incidence of skin/appendage lesions as a cause of demise in 
these mice. Once the male mice were individually housed (from Week 25) the mortality rate 
decreased in this group.   
 
“During the second year of the study, the mortality in the 250 mg/kg/day males increased 
relative to the other groups, although overall for the study the difference from control did not 

(b) (4)
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attain a level of statistical significance.  Microscopic examination of these mice did not reveal a 
cause for this increased mortality. 
 
“Overall mortality in the 125 mg/kg/day male group was generally similar or slightly lower than 
that seen in the control.   
 
“In females, there was higher mortality in treated groups compared with the control.  However, 
there was no statistical trend with dose and no significant difference from control on a pairwise 
comparison. It was therefore considered that survival in females had not been adversely affected 
by treatment with the test article.” (pages 29-30 of report) 
 
Tumorigenicity analysis: 

The Sponsor reports that “Tissues were protocolled to be examined for all mice in all 
groups. The numbers of tumour bearing mice were analysed, for tumour types found in at least 
three mice of the given sex across the groups. Tumours of similar histogenic origin were merged, 
as requested by the Pathologist. . . . Permutational tests for both an increasing and a decreasing 
dose response were performed across the groups using the dose levels as weighting coefficients, 
in accordance with the [Peto tests in the] IARC annex.   . . .  The fatal and non-fatal results 
were combined in accordance with the IARC annex. 
 
“For tumour types with one or more tumours of uncertain context, the analysis was performed 
(a) with all the uncertains considered as fatal and 
(b) with all the uncertains considered as non-fatal 
Indication of a possible treatment effect was assessed on the basis of rare or common tumour 
type, in line with current FDA guidelines.” 

 
“In the tests for increasing dose response, the only tumours that give rise to results statistically 
significant at the 5% level are blood vessel tumours (overall dose response, P=0.016). Note, 
however, that interpretation of the statistical findings should take into account the multiple tests 
that were performed. FDA draft guidelines [2] propose decision rules which test an overall dose 
response at the 0.005 level for common tumours, i.e. those with background incidence rates 
higher than 1%. With blood vessel tumours classified as common, the results are not of statistical 
note.  
 
“In the tests for decreasing dose response, the following tumour types give rise to results 
statistically significant at the 5% level: 
(a) Ovarian cystadenoma, all observed in a non-fatal context: 
     Overall dose response (Groups 1 to 4, P=0.029) 
(b) Ovarian sex cord/stromal tumours, all observed in a non-fatal context: 
      Group 1 v Group 2 (P=0.009), Group 1 v Group 3 (P=0.045)”  (page 38 of report)  
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3.2.2.2 FDA Reviewer's Results 

This section will present the current Agency findings on survival and tumorigenicity in male and 
female mice. 

 Survival analysis: 
Again, Kaplan-Meier plots comparing survival among treatment groups in both studies 

are given in Appendix 1, along with more details of the analysis. The following tables (Table 11 
for male rats, Table 12 for female rats) summarize the mortality results for the dose groups.  The 
data were grouped for the specified time period, and present the number of deaths during the 
time interval over the number at risk at the beginning of the interval.  The percentage cited is the 
percent survived to the end of the interval.   
 
Table 11.  Summary of  Male Mice Survival (dose/kg/day) 
Period 
(Weeks) 

Vehicle 
Control       

  Low  
25 mg 

Medium  
125 mg 

   High 
 250 mg 

  0-50      6/691 
    91.3%2 

   17/69 
   75.4% 

   5/69 
  92.8% 

   5/69 
  92.8% 

 51-78      8/63 
    79.7% 

   11/52  
   98.1% 

  10/64 
  78.3% 

 26/64 
  55.1% 

 79-91      8/55 
     68.1% 

   13/41 
   90.4% 

  15/54 
  56.5% 

   6/38 
  46.4% 

 92-104     21/47 
     37.7% 

    9/28  
   78.8%   

   8/39 
  44.9% 

  12/32 
  29.0% 

Terminal 
105-106 

    26     19     31     20 

1  number deaths / number at risk 
2  per cent survival to end of period. 
 
Table 12.  Summary of Female Mice Survival (dose/kg/day) 
Period 
(Weeks) 

Vehicle 
Control       

  Low  
25 mg 

Medium  
125 mg 

   High 
 250 mg 

  0-50      8/691 
    91.3%2 

   7/69 
   89.9% 

   3/69 
  95.7% 

   6/69 
  91.3% 

 51-78     17/61 
    63.8% 

  14/62  
   69.6% 

  19/66 
  68.1% 

 18/63 
  65.2% 

 79-91      6/44 
    55.1% 

  10/48 
   55.1% 

  13/47 
  49.3% 

  11/45 
  49.3% 

 92-104     10/38 
    40.6% 

  16/38  
   31.9%   

  15/34 
  27.5% 

  14/34 
  29.0% 

Terminal 
105-106 

    28     22     19     20 

1  number deaths / number at risk 
2  per cent survival to end of period. 
The results of tests on mortality are summarized in Table 13 below: 
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Table 13. Statistical Significances  of Tests of Homogeneity and Trend in Survival 

Mice 
Males                    Females 

 

Cox K-W Cox K-W 
Homogeneity   0.0294 0.0081 0.5874 0.8836 
Trend over all groups 0.5809 0.5230 0.2456 0.4545 
Departure from trend   0.0130 0.0033 0.7482 0.9530 
 

In male mice there is evidence of heterogeneity in survival since the test of homogeneity 
over treatment groups was statistically significant (Cox p=0.0294 and K-W p=0.0081).  
However, there is no evidence of a simple trend (both p ≥ 0.5230), and thus the departure of 
trend in male mice is statistically significant (Cox p=0.0130 and K-W p=0.0033).  This is 
clarified from the Kaplan-Meier curves in Appendix 1, where in male mice the low dose group 
has generally the highest mortality, although in the last year, the high dose group tends to be 
close.  In male mice the controls and medium dose seem to have a fairly close mortality.  By 
comparison, in female mice there is no evidence of heterogeneity or trend over dose groups, 
either from the tests above (all p ≥ 0.2456) or from the rather intertwined survival curves.  
Absence of proof is not proof of absence, but this, and the results on trend, are consistent with 
the notion of homogeneity in survival among the remaining dose groups and controls in female 
mice.  Note the Sponsor’s assessments were similar, but not exactly the same as this reviewer’s 
analyses (please see Sections 3.2.2.1).  Further details are provided in Appendix 1. 

Tumorigenicity analysis:  
Using the Haseman-Lin-Rahman rules described in Section 1.3.1.3 above, in male mice 

no tests of trend or difference between the high dose group and controls were statistically 
significant.  In female mice the tests of trend in systemic hemangiomas and pooled hemangiomas 
and hemangiosarcomas were statistically significant ( p =  0.0048, 0.0175 < 0.025), however 
again the corresponding pairwise tests were not statistically significant (both p = 0.0755 > 0.05).    
Also, in female mice the test of trend in mammary gland adenomas was statistically significant 
(p = 0.0143 < 0.025).  
 
Table 14. Potentially Statistically Significant Tumorgenicity in Mice 
                                    Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
_________________________________________________________________       Ctrls   
Female Mice  
MAMMARY GLAND 
   ADENOMA                                0    0    0    3     0.0142   0.1041 
Systemic 
   Hemangioma                             0    0    1    4     0.0048   0.0755                       
   Hemangiosarcoma                        0    1    1    0     0.6078 
   Hemangioma/-sarcoma                    0    1    2    4     0.0175   0.0755 
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4.  FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 
 
NA 
 
5.  SUMMARY AND CONCLUSIONS 
 
5.1. Statistical Issues and Collective Evidence 

  Please see Section 1.3 above. 
 

5.2. Conclusions and Recommendations 
 
  Please see section 1.1. above. 
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APPENDICES: 
 
Appendix 1. Survival Analysis 

 
The statistical significance of the tests of differences in survival across treatment groups 

are given below.  The tests for homogeneity are tests that survival is equal across treatment 
groups, while the tests of trend are tests of a dose related trend.  Note that the Cox test is usually 
called the logrank test, while the K-W, i.e., Kruskal-Wallis test, is more commonly called the 
Wilcoxon test.  Note that the K-W tests place higher weight on earlier events than do the Cox 
tests. 

 
Table A.1.1 Statistical Significances  of Tests of Homogeneity and Trend in Survival  

Rat 
Males                         Females  

Mice 
Males                   Females 

 

Cox K-W Cox K-W Cox K-W Cox K-W 
Homogeneity   <0.00005 <0.00005 <0.00005 <0.00005 0.0294 0.0081 0.5874 0.8836 
Trend over all groups <0.00005 <0.00005 <0.00005 <0.00005 0.5809 0.5230 0.2456 0.4545 
Departure from trend     0.1677   0.1539   0.0079   0.0054 0.0130 0.0033 0.7482 0.9530 

 
In both genders in rats the hypotheses of homogeneity and the hypotheses of no trend are 

always rejected (all p < 0.00005).  In male rats there is no strong evidence of a lack of simple 
trend (both p ≥ 0.1539).  However, in female rats, there is strong evidence that the heterogeneity 
over treatment groups is due to more than simple trend in dose (Cox p=0.0079 and K-W 
p=0.0054).  From the incidence tables (tables 6, 7, 11, and 12) or the Kaplan-Meier curves 
below, one can see that in rats, the highest dose group has considerably the highest mortality.  In 
male rats the remaining dose groups are relatively closely intertwined, while in female rats only 
the low dose and controls seem to be intertwined.  

 
 In male mice there is evidence of heterogeneity in survival since the test of homogeneity 

over treatment groups was statistically significant (Cox p=0.0294 and K-W p=0.0081).  
However, there is no evidence of a simple trend (both p ≥ 0.5230), and thus the departure of 
trend in male mice is statistically significant (Cox p=0.0130 and K-W p=0.0033).  This is 
clarified from the Kaplan-Meier curves below, where in male mice the low dose group has 
generally the highest mortality, although in the last year, the high dose group tends to be close.  
In male mice the controls and medium dose seem to have a fairly close mortality.  By 
comparison, in female mice there is no evidence of heterogeneity or trend over dose, either from 
the tests above (all p ≥ 0.2456) or from the rather intertwined survival curves.   

 
The figures below display these Kaplan-Meier estimated survival curves for the two  

genders in each rodent species.    
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Figure A.1.1 Kaplan-Meier Survival Curves for Male Rats 

 
 
For female rats the survival plots are ordered as depicted below: 
 
Figure A.1.2 Kaplan-Meier Survival Curves for Female Rats 
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Figure A.1.3 Kaplan-Meier Survival Curves for  Male Mice 

 
 

For female mice the survival plots are intertwined as depicted below: 
 
Figure A.1.4 Kaplan-Meier Survival Curves for  Female Mice 
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Appendix 2. FDA Tumorigenicity Analysis 
 

Table A.2.1 below displays the number of neoplasms and the results of statistical tests in 
each potentially statistically significant comparison, or those related to a potentially statistically 
significant combination.  Tables A.2.2 and A.2.3, below, display the complete tables of the 
number of neoplasms in each organ and tumor combination in male and female rats, respectively, 
while tables A.2.4 and A.2.5 present similar results in male and female mice.  These values are 
taken from the SAS datasets provided by the Sponsor.   For each dose group, the tumor incidence 
is the number of animals where histopathological analysis detected a tumor.  The Sponsor 
indicates that for all tumors specified in the protocol, all animals in each treatment group were 
microscopically examined.  In both species, the statistical significance levels (i.e., p-values) of 
the two tests of hypotheses for each tumor by gender combination are presented.  The column 
labled “Trend” provides the observed p-value of the tests of trend over the vehicle controls 
through the low, medium, and high dose groups.  The column labled “High vs Ctrls” provides 
the significance levels of the tests comparing the high dose group to the controls.  For 10 or 
fewer tumor bearing animals in the comparison, the reported significance levels come from exact 
tests (i.e., assuming that the marginal totals for the number of animals with and without the 
neoplasm are fixed).  For more than 10 tumor bearing animals the tests large sample, asymptotic 
tests are used.   

 
The Haseman-Lin-Rahman rules summarized below are designed to adjust for the 

multiplicity of tests over the organ by tumor combinations and determine if the observed p-value 
is statistically significant.  That is, to control the overall Type I error rate to roughly 10% for a 
standard two species, two sex study, one compares the unadjusted significance level to the 
appropriate bound below: 

 
Haseman - Lin - Rahman Bounds:  
Comparison 

Rare Tumor 
(Incidence ≤ 1%)

Common Tumor 
(Incidence > 1%) 

Trend (over 3 or more groups) 0.025 0.005 
Pairwise 0.05 0.01 
So, for example, for a rare tumor (with incidence in the control groups ≤ 1%, i.e., for these 
studies 0 tumors), a pairwise test between the high dose group and control would be considered 
statistically significant if the computed significance level was at or less than 0.05.   
 
 Using the incidence in the control group to determine whether a specified neoplasm is 
rare or common, follicular cell adenomas of the thyroid would be classified as common in both 
male and female rats.  Then by strict application of the rules above, the test of trend over dose in 
follicular cell adenomas of the thyroid would be classified as statistically significant in male rats 
but not in female rats (since 0.0045 < 0.005 in male rats, but 0.0119 > 0.005 in females).  Results 
were similar for pooled follicular cell adenoma and carcinoma (Males: p =  0.0048, Females: p = 
0.0103).  The corresponding tests of differences between the controls and the high dose group in 
both adenoma and pooled adenoma and carcinoma were not statistically significant in either 
gender  (Males: p = 0.0132 > 0.01, Females: p = 0.0561, 0.0804 > 0.01), though perhaps at least 
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close to significance in males.  In female rats the tests of dose related trend in mammary 
adenocarcinoma and pooled adenomas and adenocarcinomas were statistically significant (both p 
= 0.0003, 0.0005 < 0.005), while the corresponding pairwise tests between the controls and the 
high dose group barely failed to achieve statistical significance ( p =  0.0111, 0.0148 > 0.01).  In 
male rats the test of trend in interstitial cell adenoma of the testes was also not quite statistically 
significant (p = 0.0131 > 0.01), while the test of trend in squamous cell papillomas of the skin 
was barely statistically significant (p = 0.0248 < 0.025).  In male mice no tests of trend or 
difference between the high dose group and controls were statistically significant.  In female 
mice the tests of trend in systemic hemangiomas and pooled hemangiomas and 
hemangiosarcomas were statistically significant ( p =  0.0048, 0.0175 < 0.025), however again 
the corresponding pairwise tests were not statistically significant (both p = 0.0755 > 0.05).    
Also, in female mice the test of trend in mammary gland adenomas was statistically significant 
(p = 0.0143 < 0.025).  
 
Table A.2.1. Potentially Statistically Significant Neoplasms 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
Male Rats  
SKIN 
   SQUAMOUS CELL PAPILLOMA                0    0    2    2     0.0248   0.1248 
TESTES 
   INTERSTITIAL (LEYDIG) CELL ADE         1    0    0    3     0.0131   0.1274 
THYROIDS 
   FOLLICULAR CELL ADENOMA                5    5    8    9     0.0045   0.0132 
   FOLLICULAR CELL CARCINOMA              0    0    2    0     0.3723 
   Foll. Cell Adenoma/Carcinoma           5    5   10    9     0.0048   0.0132 
Female Rats  
BRAIN 
   ASTROCYTOMA                            0    0    0    2     0.0317   0.1500 
MAMMARY PROTOCOL 
   MAMMARY ADENOCARCINOMA                 5    1    7   10     0.0003   0.0111 
   MAMMARY ADENOMA                        1    0    3    1     0.3369   0.7911 
   Mammary Adenoma/Adenocarcinoma         6    1   10   11     0.0005   0.0148 
THYROIDS 
   FOLLICULAR CELL ADENOMA                1    0    4    4     0.0119   0.0561 
   FOLLICULAR CELL CARCINOMA              1    1    1    1     0.3847   0.7824 
   Foll. Cell Adenoma/Carcinoma           2    1    5    5     0.0103   0.0844 
 
Female Mice  
MAMMARY GLAND 
   ADENOMA                                0    0    0    3     0.0142   0.1041 
Systemic 
   Hemangioma                             0    0    1    4     0.0048   0.0755                       
   Hemangiosarcoma                        0    1    1    0     0.6078 
   Hemangioma/-sarcoma                    0    1    2    4     0.0175   0.0755 
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Complete tables follow: 
 
Table A.2.2. Tumorgenicity in Male Rats 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
ADRENALS 
   CORTICAL ADENOMA                       0    2    1    1     0.2605   0.3582 
   CORTICAL CARCINOMA                     1    0    1    0     0.6881   1.0000 
   MALIGNANT PHAEOCHROMOCYTOMA            0    0    0    1     0.1600   0.3582 
   PHAEOCHROMOCYTOMA                      0    0    3    0     0.4304 
BONE 
   OSTEOSARCOMA                           0    0    0    1     0.1600   0.3582 
BRAIN 
   ASTROCYTOMA                            0    0    1    0     0.4400 
   GRANULAR CELL TUMOUR                   1    3    0    0     0.9370   1.0000 
   MIXED GLIOMA                           0    0    1    0     0.4400 
EYES 
   AMELANOTIC MELANOMA                    1    0    0    0     1.0000   1.0000 
H'POIETIC TUMOUR 
   HISTIOCYTIC SARCOMA                    1    0    0    0     1.0000   1.0000 
   LYMPHOCYTIC/LYMPHOBLASTIC LYMP         1    1    1    0     0.7829   1.0000 
   PLEOMORPHIC LYMPHOMA                   0    1    0    0     0.7133 
HARDERIAN GLANDS 
   ADENOCARCINOMA                         0    1    0    0     0.7133 
HEAD 
   SQUAMOUS CELL PAPILLOMA - HARD         0    0    0    1     0.1600   0.3582 
   SQUAMOUS CELL PAPILLOMA - ORAL         0    0    1    0     0.4400 
   SQUAMOUS-SEBACEOUS CELL CARCIN         0    1    1    1     0.2023   0.4000 
HEART 
   RHABDOMYOSARCOMA                       1    0    0    0     1.0000   1.0000 
ILEUM 
   ADENOCARCINOMA                         0    0    2    0     0.3723 
KIDNEYS 
   TUBULAR ADENOMA                        0    0    0    1     0.1600   0.3582 
   TUBULAR CARCINOMA                      0    1    0    0     0.7133 
LIVER 
   HEPATOCELLULAR ADENOMA                 0    2    0    1     0.2935   0.3582 
LN MANDIBULAR 
   HAEMANGIOMA                            0    1    0    0     0.8750 
LN MESENTERIC 
   HAEMANGIOMA                            7   10    9    8     0.1315   0.0964 
   HAEMANGIOSARCOMA                       0    0    1    0     0.4400 
LN RENAL 
   HAEMANGIOMA                            0    1    0    0     0.7133 
LUNGS & BRONCHI 
   BRONCHIOLOALVEOLAR ADENOMA             0    1    0    0     0.7133 
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Table A.2.2. (cont.) Tumorgenicity in Male Rats 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
MEDIASTINAL LN 
   HAEMANGIOMA                            0    0    1    0     0.5000 
PANCREAS 
   ACINAR CELL ADENOMA                    1    1    3    0     0.7107   1.0000 
   ISLET CELL ADENOMA                     4   12    6    4     0.6374   0.4287 
   ISLET CELL CARCINOMA                   0    1    0    0     0.8750 
   MIXED CELL ADENOMA                     0    1    1    0     0.5264 
PITUITARY 
   ADENOMA - PARS DISTALIS               11   14   12    4     0.9695   0.9781 
   CARCINOMA - PARS DISTALIS              0    1    0    0     0.7133 
RECTUM 
   POLYPOID ADENOMA                       0    1    0    0     0.7133 
SALIVARY GLANDS 
   ADENOCARCINOMA                         1    0    0    0     1.0000   1.0000 
SKELETAL MUSCLE 
   FIBROSARCOMA                           0    1    0    0     0.7133 
   HAEMANGIOSARCOMA                       1    0    0    0     1.0000   1.0000 
   LIPOSARCOMA                            0    1    0    0     0.7233 
SKIN 
   DERMAL FIBROMA                         2    0    0    2     0.1204   0.4526 
   FIBROSARCOMA                           1    0    0    0     1.0000   1.0000 
   HAEMANGIOMA                            1    0    0    0     1.0000   1.0000 
   KERATOACANTHOMA                        4    3    3    3     0.2915   0.4892 
   SQUAMOUS CELL PAPILLOMA                0    0    2    2     0.0248   0.1248 
   TRICHOEPITHELIOMA                      0    1    1    1     0.1866   0.3924 
   UNDIFFERENTIATED CARCINOMA             1    0    0    0     1.0000   1.0000 
SPINAL CORD 
   ASTROCYTOMA                            1    0    0    0     1.0000   1.0000 
STOMACH 
   FIBROSARCOMA                           1    0    0    0     1.0000   1.0000 
SUBCUTIS 
   FIBROMA                                4    2    3    0     0.9380   1.0000 
   HAEMANGIOSARCOMA                       0    1    0    0     0.7133 
   KERATOACANTHOMA                        0    0    0    1     0.6522   0.7895 
   LIPOMA                                 0    5    2    0     0.8133 
   MALIGNANT SCHWANNOMA                   0    0    1    1     0.1169   0.4000 
   MYXOFIBROMA                            0    0    1    0     0.4400 
   SQUAMOUS CELL CARCINOMA                1    0    0    0     1.0000   1.0000 
Systemic 
   Hemangioma                             8   11    9    8     0.2180   0.1432 
   Hemangioma/-sarcoma                    9   11   10    8     0.2605   0.1999 
   Hemangiosarcoma                        1    1    1    0     0.7584   1.0000 
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Table A.2.2. (cont.) Tumorgenicity in Male Rats 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
TESTES 
   INTERSTITIAL (LEYDIG) CELL ADE         1    0    0    3     0.0131   0.1274 
THORAX 
   MALIGNANT SCHWANNOMA                   0    0    1    0     0.4521 
THYMUS 
   THYMOMA (LYMPHOID)                     2    2    1    1     0.5677   0.7424 
THYROIDS 
   C-CELL ADENOMA                         1    4    3    1     0.5354   0.5916 
   FOLLICULAR CELL ADENOMA                5    5    8    9     0.0045   0.0132 
   FOLLICULAR CELL CARCINOMA              0    0    2    0     0.3723 
   Foll. Cell Adenoma/Carcinoma           5    5   10    9     0.0048   0.0132 
 
Table A.2.3. Tumorgenicity in Female Rats 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
ADIPOSE TISSUE 
   HAEMANGIOMA                            0    1    0    0     0.6695 
   LIPOMA                                 0    0    1    1     0.1084   0.3036 
   MESOTHELIOMA                           0    0    0    1     0.1867   0.4079 
ADRENALS 
   COMPLEX MEDULLARY TUMOUR               1    0    0    0     1.0000   1.0000 
   CORTICAL ADENOMA                       1    0    0    0     1.0000   1.0000 
   PHAEOCHROMOCYTOMA                      0    0    1    2     0.0902   0.5176 
BRAIN 
   ASTROCYTOMA                            0    0    0    2     0.0317   0.1500 
   GRANULAR CELL TUMOUR                   0    1    0    1     0.2615   0.4337 
   MIXED GLIOMA                           0    1    0    0     0.7488 
H'POIETIC TUMOUR 
   HISTIOCYTIC SARCOMA                    0    0    1    0     0.4675 
   LYMPHOCYTIC/LYMPHOBLASTIC LYMP         1    2    0    0     0.9337   1.0000 
HEAD 
   SQUAMOUS-SEBACEOUS CELL CARCIN         0    1    0    0     0.6695 
KIDNEYS 
   TUBULAR CARCINOMA                      1    1    1    1     0.4631   0.6984 
LACHRYMAL GLANDS 
   FIBROMA                                0    0    1    0     0.4492 
LIVER 
   HEPATOCELLULAR ADENOMA                 1    3    1    1     0.7970   0.8607 
LN MESENTERIC 
   HAEMANGIOMA                            2    3    1    3     0.1084   0.1578 
   HAEMANGIOSARCOMA                       0    1    0    0     0.6695 
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Table A.2.3. (cont.) Tumorgenicity in Female Rats 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
MAMMARY PROTOCOL 
   FIBROMA                                1    0    0    2     0.0819   0.3669 
   MAMMARY ADENOCARCINOMA                 5    1    7   10     0.0003   0.0111 
   MAMMARY ADENOMA                        1    0    3    1     0.3369   0.7911 
   MAMMARY FIBROADENOMA                  13   11   14    9     0.5338   0.5525 
   Mammary Adenoma/-carcinoma             6    1   10   11     0.0005   0.0148 
OPTIC NERVES 
   GRANULAR CELL TUMOUR                   0    0    0    1     0.2500   0.6471 
OVARIES 
   GRANULOSA CELL TUMOUR                  2    0    1    0     0.8364   1.0000 
   GRANULOSA CELL TUMOUR                  1    0    0    0     1.0000   1.0000 
   TUBULAR ADENOMA                        0    1    1    0     0.6104 
PANCREAS 
   ISLET CELL ADENOMA                     1    2    3    0     0.6797   1.0000 
   ISLET CELL CARCINOMA                   2    0    0    0     1.0000   1.0000 
PHARYNX 
   HAEMANGIOSARCOMA                       0    1    0    0     0.7037 
PITUITARY 
   ADENOMA - PARS DISTALIS               23   25   27   23     0.0652   0.0678 
   ADENOMA - PARS INTERMEDIA              0    0    0    1     0.1441   0.3036 
   CARCINOMA - PARS DISTALIS              1    2    3    2     0.1655   0.2159 
SKELETAL MUSCLE 
   MALIGNANT SCHWANNOMA                   0    0    1    0     0.4492 
   OSTEOSARCOMA                           0    0    1    0     0.4492 
SKIN 
   BASAL CELL CARCINOMA                   0    1    1    0     0.5708 
   BASAL CELL TUMOUR                      0    0    1    0     0.4492 
   FIBROSARCOMA                           0    0    1    0     0.4698 
   HAEMANGIOMA                            1    0    0    0     1.0000   1.0000 
   KERATOACANTHOMA                        0    0    1    0     0.4492 
   SQUAMOUS CELL PAPILLOMA                0    1    0    0     0.6695 
SPLEEN 
   STROMAL SARCOMA                        0    1    0    0     0.8636 
SUBCUTIS 
   FIBROSARCOMA                           0    1    0    0     0.7273 
   HAEMANGIOSARCOMA                       0    1    0    0     0.6695 
   LIPOMA                                 0    0    1    0     0.4492 
   LIPOSARCOMA                            0    0    0    1     0.2500   0.6471 
Systemic 
   Hemangioma                             3    4    1    3     0.2565   0.3684 
   Hemangioma/-sarcoma                    3    6    2    3     0.3817   0.3684 
   Hemangiosarcoma                        0    3    1    0     0.7420 
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Table A.2.3. (cont.) Tumorgenicity in Female Rats 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
THORAX 
   MALIGNANT SCHWANNOMA                   0    1    0    0     0.7078 
THYMUS 
   MALIGNANT THYMOMA                      0    0    0    1     0.1988   0.4177 
   THYMOMA (LYMPHOID)                     4    2    5    3     0.3402   0.5128 
THYROIDS 
   C-CELL ADENOMA                         3    2    4    1     0.6780   0.8970 
   FOLLICULAR CELL ADENOMA                1    0    4    4     0.0119   0.0561 
   FOLLICULAR CELL CARCINOMA              1    1    1    1     0.3847   0.7824 
   Foll. Cell Adenoma/Carcinoma           2    1    5    5     0.0103   0.0844 
UTERINE CERVIX 
   CERVICAL POLYP                         0    1    2    2     0.0942   0.2429 
   GRANULAR CELL TUMOUR                   0    0    1    0     0.6190 
   LEIOMYOMA                              0    0    1    0     0.4492 
UTERUS 
   ENDOMETRIAL ADENOCARCINOMA             2    0    0    3     0.0303   0.2074 
   ENDOMETRIAL ADENOMA                    0    0    1    0     0.4492 
   ENDOMETRIAL POLYP                     10    6    8    7     0.5420   0.7663 
   FIBROMA                                0    0    0    1     0.7143   0.8333 
   HAEMANGIOSARCOMA                       0    0    1    0     0.4815 
   MALIGNANT SCHWANNOMA                   1    0    0    1     0.3172   0.6045 
 
 
Table A.2.4. Tumorgenicity in Male Mice 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
_________________________________________________________________       Ctrls   
ABDOMINAL CAVITY 
   HAEMANGIOMA                            1    0    0    0     1.0000   1.0000 
ADRENAL 
   BENIGN PHAEOCHROMOCYTOMA               0    0    2    0     0.4494 
   CORTICAL ADENOMA                       0    1    0    0     0.5429 
   SUBCAPSULAR CELL ADENOMA               3    0    2    1     0.7230   0.8883 
BONE 
   HAEMANGIOSARCOMA                       0    0    0    1     1.0000   1.0000 
CAECUM 
   LEIOMYOMA                              1    0    0    0     1.0000   1.0000 
CONNECTIVE TISSUE 
   SARCOMA - NOS                          0    0    1    0     0.5133 
DUODENUM 
   ADENOMA                                0    0    1    0     0.4848 
FEMUR + MARROW 
   OSTEOMA                                1    0    0    0     1.0000   1.0000 
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Table A.2.4. (cont.) Tumorgenicity in Male Mice 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
HAEMOLYMPHORETICULAR 
   GRANULOCYTIC LEUKAEMIA                 0    0    1    0     0.5273 
   HISTIOCYTIC SARCOMA                    1    2    0    0     0.8954   1.0000 
   LYMPHOCYTIC LEUKAEMIA                  1    0    1    0     0.7566   1.0000 
   MALIGNANT LYMPHOMA - LYMPHOCYT         2    2    1    2     0.6628   0.7294 
   MALIGNANT LYMPHOMA - PLEOMORPH         2    3    3    2     0.4865   0.6144 
HARDERIAN GLAND 
   ADENOMA                                4    7    7    6     0.3226   0.2799 
KIDNEY 
   TUBULAR CELL ADENOMA                   0    0    2    1     0.1983   0.4561 
LIVER 
   HAEMANGIOMA                            1    1    3    2     0.2003   0.4129 
   HAEMANGIOSARCOMA                       0    0    0    1     0.2267   0.4198 
   HEPATOCELLULAR ADENOMA                17   12   11   12     0.5934   0.5618 
   HEPATOCELLULAR CARCINOMA               2    1    2    3     0.1671   0.3683 
LUNG 
   BRONCHIOLO-ALVEOLAR ADENOMA            9    9    9   10     0.4776   0.4541 
   BRONCHIOLO-ALVEOLAR CARCINOMA          5    4    4    5     0.4342   0.5065 
   Bronch.-Alv. Adenoma/-Carcinom        12   13   13   14     0.3791   0.2757 
MUSCLE 
   HAEMANGIOSARCOMA                       0    0    1    0     0.5240 
NASAL CAVITY 
   ADENOMA                                0    1    0    0     0.7182 
PANCREAS 
   ISLET CELL ADENOMA                     1    1    0    1     0.5601   0.6892 
PROSTATE 
   ADENOCARCINOMA                         0    0    1    0     0.5273 
SEMINAL VESICLE 
   ADENOCARCINOMA                         0    1    0    0     0.7182 
SKIN + SUBCUTIS 
   MALIGNANT FIBROUS HISTIOCYTOMA         0    2    0    0     0.7408 
   SARCOMA - NOS                          0    1    1    0     0.6111 
SPLEEN 
   HAEMANGIOMA                            1    1    1    0     0.7710   1.0000 
STOMACH 
   ADENOMA                                0    2    0    0     0.7417 
   SQUAMOUS CELL PAPILLOMA                1    0    0    0     1.0000   1.0000 
Systemic 
   Hemangioma                             3    2    3    2     0.5166   0.6852 
   Hemangioma/-sarcoma                    3    2    4    3     0.3143   0.4816 
   Hemangiosarcoma                        0    0    1    1     0.1864   0.4198 
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Table A.2.4. (cont.)  Tumorgenicity in Male Mice 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
TESTIS 
   INTERSTITIAL CELL ADENOMA              1    0    1    2     0.1612   0.4332 
   SARCOMA - NOS                          1    0    0    0     1.0000   1.0000 
THYMUS 
   BENIGN THYMOMA                         1    0    0    0     1.0000   1.0000 
   MALIGNANT THYMOMA                      1    0    0    0     1.0000   1.0000 
THYROID 
   FOLLICULAR CELL ADENOMA                1    0    0    0     1.0000   1.0000 
 
Table A.2.5. Tumorgenicity in Female Mice 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
ADRENAL 
   BENIGN PHAEOCHROMOCYTOMA               1    0    0    0     1.0000   1.0000 
   SUBCAPSULAR CELL CARCINOMA             0    1    0    0     0.7087 
BONE 
   OSTEOSARCOMA                           1    0    0    0     1.0000   1.0000 
FEMUR + MARROW 
   OSTEOMA                                0    0    2    0     0.5854 
HAEMOLYMPHORETICULAR 
   GRANULOCYTIC LEUKAEMIA                 1    0    2    1     0.3384   0.7219 
   HISTIOCYTIC SARCOMA                    1    1    4    0     0.6406   1.0000 
   LYMPHOCYTIC LEUKAEMIA                  1    2    2    1     0.5505   0.7311 
   MALIGNANT LYMPHOMA - LYMPHOCYT         3    4    4    4     0.4193   0.5406 
   MALIGNANT LYMPHOMA - PLEOMORPH        12   13   17   15     0.2208   0.1977 
   MALIGNANT LYMPHOMA-LYMPHOBLAST         0    0    1    0     0.5952 
HARDERIAN GLAND 
   ADENOMA                                6    2    4    4     0.5355   0.7977 
LIVER 
   HAEMANGIOMA                            0    0    1    2     0.0514   0.1967 
   HEPATOCELLULAR ADENOMA                 0    0    1    1     0.1679   0.4478 
LUNG 
   BRONCHIOLO-ALVEOLAR ADENOMA            8    6    8   10     0.1970   0.3239 
   BRONCHIOLO-ALVEOLAR CARCINOMA          3    4    3    5     0.2284   0.2808 
   Bronch.-Alv. Adenoma/-Carcinom        11    9   11   15     0.0903   0.1699 
   MALIGNANT MESOTHELIOMA                 0    1    0    0     0.7109 
MAMMARY GLAND 
   ADENOCARCINOMA                         2    5    3    4     0.4000   0.3048 
   ADENOMA                                0    0    0    3     0.0142   0.1041 
   Adenoma/-carcinoma                     2    5    3    7     0.0879   0.0686 
   FIBROADENOMA                           0    1    0    0     0.7463 
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Table A.2.5. (cont.) Tumorgenicity in Female Mice 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
ORAL CAVITY 
   MALIGNANT ODONTOGENIC TUMOUR           1    0    0    0     1.0000   1.0000 
OVARY 
   BENIGN GRANULOSA CELL TUMOUR           4    0    0    0     1.0000   1.0000 
   BENIGN LUTEOMA                         1    0    1    1     0.3733   0.6988 
   BENIGN THECOMA                         1    0    0    0     1.0000   1.0000 
   CYSTADENOMA                            3    0    0    0     1.0000   1.0000 
   HAEMANGIOSARCOMA                       0    1    0    0     0.7582 
   LEIOMYOMA                              1    0    0    0     1.0000   1.0000 
   TUBULOSTROMAL ADENOMA                  1    0    0    1     0.4724   0.6988 
PANCREAS 
   ISLET CELL ADENOMA                     1    0    1    0     0.7881   1.0000 
   ISLET CELL CARCINOMA                   1    0    0    0     1.0000   1.0000 
PITUITARY 
   ADENOMA                                2    0    0    1     0.7029   0.9095 
   CARCINOMA                              0    0    0    1     0.2444   0.5116 
PREPUTIAL/CLITORAL GLAND 
   ADENOCARCINOMA                         0    0    1    0     0.4737 
SKIN + SUBCUTIS 
   BENIGN BASAL CELL TUMOUR               0    1    0    0     0.6800 
   BENIGN HAIR FOLLICLE TUMOUR            0    0    1    0     0.4766 
   FIBROSARCOMA                           0    0    3    1     0.1882   0.5135 
   HAEMANGIOSARCOMA                       0    0    1    0     0.4737 
   HISTIOCYTIC SARCOMA                    1    0    0    0     1.0000   1.0000 
   LIPOMA                                 1    0    0    0     1.0000   1.0000 
   MALIGNANT FIBROUS HISTIOCYTOMA         0    1    0    0     0.7107 
   OSTEOSARCOMA                           0    0    1    0     0.5120 
   SARCOMA - NOS                          0    0    1    2     0.0702   0.2327 
   SQUAMOUS CELL CARCINOMA                0    1    0    1     0.3112   0.4872 
   SQUAMOUS CELL PAPILLOMA                0    1    0    0     0.8571 
SPINAL CORD 
   MALIGNANT MIXED GLIOMA                 0    0    1    0     0.4793 
STOMACH 
   ADENOMA                                1    0    0    0     1.0000   1.0000 
Systemic 
   Hemangioma                             0    0    1    4     0.0048   0.0755 
   Hemangioma/-sarcoma                    0    1    2    4     0.0175   0.0755 
   Hemangiosarcoma                        0    1    1    0     0.6078 
THYMUS 
   BENIGN THYMOMA                         0    1    1    0     0.5839 
   MALIGNANT THYMOMA                      0    0    0    1     0.2373   0.4516 
TONGUE 
   SQUAMOUS CELL CARCINOMA                0    0    0    1     0.2344   0.4478 
 



NDA 22,075/000 Istradefylline                                                                                                Kyowa Pharmaceuticals   
 

 36

Table A.2.5. (cont.) Tumorgenicity in Female Mice 
                                          Incidence:            p-values:   
                                          Ctrl Low Med High     Trend   Hi vs 
______________________________________________________        Ctrls   
UTERUS 
   ADENOCARCINOMA                         0    0    1    0     0.5000 
   ADENOMA                                0    1    0    1     0.3340   0.7500 
   HAEMANGIOMA                            0    0    0    2     0.0636   0.3837 
   HISTIOCYTIC SARCOMA                    3    1    2    2     0.5126   0.7495 
   LEIOMYOMA                              3    3    5    4     0.2897   0.5233 
   LEIOMYOSARCOMA                         0    3    0    2     0.3377   0.2184 
   MALIGNANT SCHWANNOMA                   1    0    0    0     1.0000   1.0000 
   SARCOMA - NOS                          0    0    1    0     0.4687 
   STROMAL POLYP                          2    7    3    4     0.5899   0.4286 
VAGINA 
   SQUAMOUS CELL PAPILLOMA                0    0    1    0     0.5362 
   STROMAL POLYP                          0    0    0    1     0.2344   0.4478 
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