
CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 

APPLICATION NUMBER: 
  

208078Orig1s000 
 
 

STATISTICAL REVIEW(S) 
 



U.S. Department of Health and Human Services 
Food and Drug Administration  
Center for Drug Evaluation and Research 
Office of Translational Science 
Office of Biostatistics 
 
       Statistical  Review and Evaluation 

 CARCINOGENICITY STUDY 

IND/NDA Number: NDA 208078    

Drug Name: BMN 125    

Indication(s):  treatment of Lambert-Eaton Myasthenic Syndrome 
(LEMS) in adults. 

   

Studies Two Year Dietary Carcinogenicity Study in Rats (NDA 208078).    

Applicant: Sponsor: Catalyst Pharmaceuticals, Inc.                                                 
355 Alhambra Circle, Suite 1500                                            
Coral Gables, FL 33134 

Test facility for rat study:                                 
                                                           
                             

   

Documents Reviewed: Electronic submission: Mars 28, 2018 via SN0001                     
Electronic data submitted on August 31, 2017 via SN0007. 

   

Review Priority: Standard     

Biometrics Division: Division of Biometrics -VI     

Statistical Reviewer:  Malick Mbodj, Ph.D.     

Secondary Reviewer: Hepei Chen    

Concurring Reviewer: Karl Lin, Ph.D.     

Medical Division: Division of Neurological Products    

Reviewing 
Pharmacologist: 

  Melissa Banks-Muckenfuss, PhD    

Project Manager: Heather Bullock    

Keywords: Carcinogenicity, Dose response    
 
 
 
 
 
 
 

Reference ID: 4323098

(b) (4)

(b) (4)



NDA 208078   BMN 125                                                                                                                                                   Page 2 of 20  
 
 

Table of Contents 

1.Background ................................................................................................................................................................. 3 

2.Rat Study .................................................................................................................................................................... 3 
2.1. Sponsor's analyses ............................................................................................................................. 4 

2.1.1. Survival analysis ................................................................................................................. 4 
Sponsor’s findings .............................................................................................................. 4 

2.1.2. Tumor data analysis ............................................................................................................ 4 
Adjustment for the multiplicity: .......................................................................................... 5 
Sponsor’s findings .............................................................................................................. 5 

2.2 Reviewer's analyses ........................................................................................................................... 5 
2.2.1 Survival analysis ................................................................................................................. 5 

Reviewer’s findings: ........................................................................................................... 6 
2.2.2. Tumor data analysis ............................................................................................................ 6 

Multiple testing adjustments: .............................................................................................. 7 
Reviewer’s findings: ........................................................................................................... 7 
 

4.Summary ..................................................................................................................................................................... 8 
Rat Study: ........................................................................................................................... 8 

5.Appendix .................................................................................................................................................................. 10 

6.References: ............................................................................................................................................................... 20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 4323098



NDA 208078   BMN 125                                                                                                                                   Page 3 of 20 
 

 

1. Background 
 
In this submission, the sponsor included a carcinogenicity study report in rats. This study was intended to 
assess the carcinogenic potential of BMN 125, when administered daily via diet containing the specified 
concentrations of BMN 125fb (BMN 125 free base) to rats, for about 104 weeks at appropriate drug levels. 
Results of this review have been discussed with the reviewing pharmacologist Dr. Banks-Muckenfuss.  
 
In this review, the phrase "dose response relationship" (trend) refers to the linear component of the effect of 
treatment, and not necessarily to a strictly increasing or decreasing mortality or tumor incidence rate as dose 
increases. 

2. Rat Study 
 
In this study two separate experiments were conducted, one in male rats and one in female rats. In each of 
these two experiments there were three treated groups and one control group. Two hundred forty 
Sprague-Dawley rats of each sex were assigned to one of four groups by a stratified randomization 
scheme designed to achieve similar group mean body weights in equal size of 60 animals, as indicated in 
Table 1. Based on measurements of food consumption and body weight patterns through Week 16, the 
initial target dose levels of 80 mg/kg/day in males and 60 mg/kg/day in females were not achievable. The 
adjusted target dose level of 55 mg/kg/day for each sex was close to what was actually achieved 
throughout the study. For this reason, further references to the high-dose level refer to 55 mg/kg/day, 
rather than the initial target dose levels. The target dose levels for the three treated groups were 8, 25, 
and 55 mg/kg/day free base (BMN 125fb) for males and for females, for up to 104 weeks. In this review, 
these dose groups were referred to as the low, medium, and high dose group, respectively. The control 
group was administered the carrier (basal diet) only. All surviving animals were sacrificed as scheduled on 
Week 105 of the dosing phase. 
 

Table 1: Experimental Design in Rat Study 
 

Group Name Group 
N0.   

 Target Dose Level 
(mg/kg/day) BMN 125fb 
   Male                 Female  

Number of Animal 
   Males                            Females 

Control  1  0 0 60 60 
Low 2  8 8 60 60 
Medium 3  25 25 60 60 
High 4  55 55 60 60 
 
During the administration period, all animals were checked for morbidity, mortality, injury, twice daily 
(a.m. and p.m.), abnormal findings were recorded for toxicity animals as they were observed. The 
animals were removed from the cage, and detailed observations were conducted for each animal once 
during the pre-dose phase, on Day 1, and weekly (based on Day 1) of the dosing phase. Detailed 
observations were conducted on the day of scheduled euthanasia (only those animals scheduled for 
euthanasia on that day). Detailed examinations for palpable masses were done weekly, the time of onset, 
location, size, appearance, and progression of each grossly visible or palpable mass, observed in 
carcinogenicity rats, were recorded, any animal showing signs of severe debility or intoxication, and if 
determined to be moribund or suffering excessively was euthanized. Observations included, but will not 
be limited to, evaluation for reaction to treatment. Histopathological examinations were performed on all 
animals found dead or killed moribund or sacrificed at the end of the experiment. Body weights were 
recorded once during the pre-dose phase; on Day 1 and weekly thereafter through Week 14; during 
Weeks 16, 18, 20, 22, 24, 26, 30, 34, 38, 42, 46, 50, and 52 and once every 4 weeks thereafter; and during 
Week 105 of the dosing phase. 
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2.1. Sponsor's analyses 

 
2.1.1. Survival analysis 
 
In the sponsor’s analysis, the tests for survival comparisons were performed with a two-sided risk for 
increasing and decreasing mortality with dose. Tests were performed for dose response (control and 
dosed groups only), and for each dosed group against control group using Kaplan-Meier product-limit 
estimates, along with log-rank and Wilcoxon tests. These were performed using LIFETEST procedure in 
SAS. The time to death or sacrifice (in weeks) was the dependent variable. Treatment group was 
included as the strata. Animals with a death or sacrifice status recorded as a planned sacrifice (interim or 
terminal) or an accidental death were censored in the analysis. 
 
Sponsor’s findings: 
 
Sponsor’s analysis showed the numbers of rats surviving to their terminal necropsy were 28 (47%), 40 
(67%), 44 (73%), and 43 (72%) in the control, low, medium, and high dose groups, in male rats, 
respectively, and 29 (48%), 39 (65%), 36 (60%), and 44 (73%) in the control, low, medium, and high 
dose groups, in female rats, respectively. The sponsor’s report concluded that there was a statistically 
significant difference in mortality across the vehicle control group and the treated groups in both sexes of 
rats with p-value = 0.0231, 0.0362, and p-value = 0.0212, 0.0265 respectively, using log rank test and 
Wilcoxon tests. The pairwise comparisons showed a statistically significant decreased mortality between 
each treated group (low, medium and high dose group) and the control group in male rats with p-value = 
0.0308, 0.0372, p-value = 0.0030, 0.0039, and p-value = 0.0095, 0.0185, respectively, using log rank test 
and Wilcoxon tests. In female rats, the pairwise comparisons showed a statistically significant decreased 
mortality in the high dose group when compared to the control group with p-value = 0.0068, 0.0101, 
respectively, using log rank test and Wilcoxon tests. 
 
2.1.2. Tumor data analysis  
 
In the sponsor’s analysis, tests to compare tumor incidence were performed, with a one-sided risk for 
increasing or decreasing incidence with dose. Tests were performed for dose response (control and dosed 
groups only) and for each dosed group against the control group. Occult or non-palpable tumors were 
analyzed by the IARC asymptotic fixed interval-based prevalence test (Peto et al., 1980). The cut-off 
points for the interval-based test were Weeks 0 to 52, 53 to 78, 79 to 92, 93 to before terminal sacrifice, 
and terminal sacrifices. Actual target dose levels were used as the scores for all groups. Fatal and non-
fatal tumors were analyzed together, with separate stratum for each. Tumors of uncertain context were 
included in the analysis as non-fatal. The test was implemented using PROC MULTTEST in the SAS 
system (SAS, 2008). In the case of sparse tables (<10 total tumor bearing animals across the groups 
analyzed for the trend or pairwise test), the exact form of the test was used. Otherwise, the asymptotic 
version of the test was used. For each given tumor type, a statistical analysis was performed if the 
incidence in at least one dosed group was increased by at least two occurrences over either of the control 
groups. In addition, mammary tumors (females) and pituitary tumors (males and females), were 
statistically analyzed to test for decreasing incidence where the incidence in at least one treated group 
was decreased by at least two occurrences compared to the control group. 
 
Observable or palpable (superficial as in mammary or skin) tumors were analyzed using the methods 
previously described for analyzing survival, using the time to death or time of detection of the tumor (in 
weeks) as a surrogate for the tumor onset time. 
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Adjustment for the multiplicity: 
 
For multiplicity adjustment testing, the sponsor used the methodologies suggested in the FDA draft 
guidance for statistical design and analysis of carcinogenicity studies (2001). As there was no second 
study in the mouse, all p-values interpreted at 5%. Site-specific background historical control database 
was used to determine whether the tumors should be designated as rare or common. 
 
Sponsor’s findings: 
 
Following the multiple testing adjustment method described above, the sponsor’s analysis showed 
statistically significant increasing dose response relationships across the control and the treated groups of 
male rats at the 5% level of significance for the incidence of schwannoma in the combined harderian 
gland, heart and skin/subcutis and of in histiocytic sarcoma hemolymphoreticular (p-value = 0.0367, 
=0.0452 respectively, using Peto test). For female rats the sponsor’s analysis showed statistically 
significant increasing dose response relationships at the 5% level of significance for the incidence of 
schwannoma in cervix, of schwannoma in the combined cervix, harderian gland, heart, mandibular 
salivary gland and uterus, of uterus carcinoma, and combined adenoma, carcinoma and carcinoma 
squamous cell in uterus (p-value = 0.0394, =0.0280, =0.0073, and =0.0064 respectively, using Peto test). 
The pairwise comparisons for female rats showed statistically significant increases in tumor incidences at 
the 5% level of significance in the uterus carcinoma and in the uterus combined adenoma, carcinoma and 
carcinoma squamous cell in the medium and high dose group (p-value = =0.0002 and p=0.0002, and 
p=0.0031 and p=0.0018 respectively) when compared to the control group.  
 
In the decreasing direction, the sponsor’s analysis showed statistically significant decreasing dose 
response relationships across the control and the treated groups at the 5% level of significance in female 
rats for the incidence of mammary gland fibroadenoma, mammary gland combined adenoma, 
fibroadenoma and adenocarcinoma, pituitary adenoma, pituitary combined adenoma and carcinoma. The 
pairwise comparisons for female rats showed statistically significant decreases in tumor incidences at the 
5% level of significance for mammary gland fibroadenoma, mammary gland combined adenoma, 
fibroadenoma and adenocarcinoma in each treated group (low, medium and high), when compared to the 
control group. Also, the pairwise comparisons for female rats showed statistically significant decreases in 
tumor incidences in the high dose group for the incidences of pituitary adenoma and pituitary combined 
adenoma and carcinoma, when compared to the control group. While for male rats, the pairwise 
comparisons showed statistically significant decreases in tumor incidences at the 5% level of significance 
for pituitary adenoma in the medium dose group, when compared to the control group 
  

2.2 Reviewer's analyses 
 
To verify sponsor’s analysis and to perform additional analyses suggested by the reviewing pharmacologist, 
this reviewer independently performed the survival and tumor data analyses. Data used in this reviewer's 
analyses were provided by the sponsor electronically on March 28, 2018 via SN0007.  
 
2.2.1 Survival analysis  
   
In the reviewer’s analysis, intercurrent mortality data were analyzed using the Kaplan-Meier product 
limit method. The Kaplan-Meier’s curves were presented graphically for male and female rats separately. 
The dose response relationship and homogeneity of survival distributions were tested for the treatment 
groups using the Likelihood Ratio test and the Log-Rank test. The intercurrent mortality data are given in 
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Tables 1A and 1B in the appendix for male and female rats, respectively. The Kaplan-Meier curves for 
survival rate are given in Figures 1A and 1B in the appendix for male and female rats, respectively. 
Results of the tests for dose response relationship and homogeneity of survivals, are given in Tables 2A 
and 2B in the appendix for male and female rats, respectively.  
 
Reviewer’s findings: 
 
This reviewer’s analysis showed the numbers of rats surviving to their terminal necropsy including 
animal that died at week 105, were 28 (47%), 41 (68%), 45 (75%), and 43 (72%) in the control group, 
low, medium, and high dose groups, in male rats, respectively, and 29 (48%), 39 (65%), 36 (60%), and 
45 (75%) in the control, low, medium, and high dose groups, in female rats, respectively. This reviewer’s 
analysis showed statistically significant decrease in mortality across the vehicle control group and the 
three treated groups in both sex of rats (p-value = 0.0199, =0.0192). The pairwise comparisons showed a 
statistically significant decreased mortality in low, medium and high dose groups, when compared to the 
control group in male rats with p-value = 0.0316, p-value = 0.0031 and p-value = 0.0096, respectively. In 
female rats, the pairwise comparisons showed a statistically significant decrease in mortality between 
high dose groups and the control group with p-value = 0.0072. 
 
  Reviewer’s comment: In sponsor’s analysis, the numbers of rats surviving to their terminal necropsy 
were 28 (47%), 40 (67%), 44 (73%), and 43 (72%) in the control, low, medium, and high dose groups, in 
male rats, respectively, and 29 (48%), 39 (65%), 36 (60%), and 44 (73%), in female rats, respectively., 
while those in this reviewer’s analysis were 28 (47%), 41 (68%), 45 (75%), and 43 (72%), in male rats, 
respectively, and 29 (48%), 39 (65%), 36 (60%), and 45 (75%), in female rats, respectively. The 
discrepancies are due to the fact that in male rats there were one anima (animal #B69915) in low dose 
group and one animal (animal #B70330) in medium dose group that died naturally in week 105 (terminal 
sacrifice time), and one animal in female rats (animal #B70324) in high dose group that died naturally in 
week 105 (terminal sacrifice time). In sponsor’s calculation, they were considered as death, while, since 
they died during terminal sacrifice time, this reviewer includes them in terminal sacrifice time, but did 
not censure them in the survival analysis.  
 
2.2.2. Tumor data analysis 
 
In the reviewer’s analysis, the tumor data were analyzed for dose response relationship across vehicle 
control group and the treated groups, as well as the pairwise comparisons of vehicle control group with 
each of the treated groups using the Poly-k method described in the paper of Bailer and Portier (1988) 
and Bieler and Williams (1993). In this method, an animal that lives the full study period ( maxw ) or dies 
before the terminal sacrifice with development of the tumor type being tested gets a score of hs =1. An 
animal that dies at Week hw  without development of the given tumor type before the end of the study gets a 

score of hs =
k

h

w
w 









max

<1. The adjusted group size is defined as Σ hs . As an interpretation, an animal with 

score hs =1 can be considered as a whole animal, while an animal with score hs <1 can be considered as a 
partial animal. The adjusted group size Σ hs is equal to N (the original group size) if all animals live up to 
the end of the study or if each animal develops the given tumor being tested, otherwise the adjusted group 
size is less than N. These adjusted group sizes are then used for the dose response relationship (or the 
pairwise comparison) tests using the Cochran-Armitage test. One critical point for Poly-k test is the choice 
of the appropriate value of k. For long term 104-week standard rat and mouse studies, a value of k=3 is 
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suggested in the literature [Gebregziabher and Hoel (2009), Moon et al. (2003), Portier, et al. (1986)]. 
Hence, this reviewer used k=3 for the analysis of the data. Based on the intent to treat (ITT) principle 
Wmax was considered as 105 for both male and female rats. 
 
For the calculation of p-values, if there were less than 10 tumors bearing animals across all treatment 
groups for a given tumor type, the exact tests based on the discrete permutation distribution were used, 
with dose levels (0, 8, 25, and 55 for male rats and female rats) as scores, and asymptotic tests were used 
for tumor types with higher incidences. The tumor rates and the p-values of the tested tumor types are 
listed in Tables 3A and 3B in the appendix for male rats and female rats, respectively.  
 
Multiple testing adjustments: 
 
Following the FDA more recently revised draft guidance for the carcinogenicity study design and data 
analysis, for the two-year rat study this reviewer used significance levels of 0.005 and 0.025 for common 
and rare tumors, respectively in dose response relationship (trend) tests and significance levels of 0.01 
and 0.05 for common and rare tumors, respectively in pairwise comparisons.  
 
A tumor is defined as a rare tumor if the published spontaneous rate or the spontaneous rate of the 
vehicle control of the tumor is less than 1%, and a common tumor is defined as one with tumor rate 
greater than or equal to 1%.  
 
Reviewer’s findings: 
 
The tumor types with p-values less than 0.05 for dose response relationship and/or pairwise comparisons 
of vehicle control and treated groups are reported in Table 2. 
 

Table 2: Tumor Types with P-Values ≤ 0.05 for Dose Response Relationship or the pairwise 
Comparisons. Treated Groups and Control Group in Rats 

            
            
     Sex Organ Name Tumor Name 

0 mg 
Cont (N=60) 

P - Trend 

8 mg 
Low (N=60) 
P - C vs. L 

25 mg 
Med (N=60) 
P - C vs. M 

55 mg 
High (N=60) 
P - C vs. H 

Female Uterus M-Carcinoma 0/60 (47)           
0.0039* 

3/59 (51)           
0.1369 

13/60 (53)         
  <0.001* 

9/60 (54)           
0.0025* 

  B-Adenoma/M-Carcinoma / M-
Carcinoma, squamous cell 

0/60 (47)           
0.0031* 

4/59 (51)           
0.0692 

13/60 (53)         
  <0.001* 

10/60 (54)           
0.0012* 

 Cervix/Harderian Gland/ 
Heart/ Mandibular Salivary 
Gland/ Uterus 

M-Schwannoma/M-Malignant 
schwannoma/M-Endocardial 
schwannoma 

0/60 (47)           
0.0251@ 

1/60 (52)           
0.5253 

2/60 (53)           
0.2784 

4/60 (55)           
0.0803 

& X/ZZ (YY): X=number of tumor bearing animals; YY=mortality weighted total number of animals; ZZ=unweighted total number of animals 
observed. 
*: Statistically significant at 0.005 and 0.025 for common and rare tumors, respectively in dose response relationship (trend) tests and 
significance levels of 0.01 and 0.05 for common and rare tumors, respectively in pairwise comparisons.                                                                  
 @: not statistically significant at 0.025 for rare tumors, in dose response relationship (trend) tests 

 
Following the multiple testing adjustment method described above, this reviewer’s analysis showed 
statistically significant increasing dose response relationships across the vehicle control and the treated 
groups of female rats for the incidence of malignant carcinoma and the combined benign adenoma, 
malignant Carcinoma and malignant Carcinoma, squamous cell in uterus (p-value = 0.0039, and p 
=0.0031), regardless these tumor types were considered as common or rare tumors. The pairwise 
comparisons test showed statistically significant increases in tumor incidences of malignant carcinoma 
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and the combined benign adenoma, malignant Carcinoma and malignant Carcinoma, squamous cell in 
uterus in medium and high dose group (p-value <0.001 and <0.001, and p =0.0025 and p = 0.0012), when 
compare to the control group in female rats. 
 
No other significant dose response relationship or pairwise comparisons were noted in either sex. 
 

3. Summary 
 
In this submission, the sponsor included a carcinogenicity study report in rats. This study was intended to 
assess the carcinogenic potential of BMN 125 free base (BMN 125fb), when administered daily via diet as 
the phosphate salt to rats, for about 104 weeks at appropriate drug levels. 
 
Rat Study:  
 
In this study two separate experiments were conducted, one in male rats and one in female rats. In each of 
these two experiments there were three treated groups and one control group. Two hundred forty Sprague-
Dawley rats of each sex were assigned to one of four groups by a stratified randomization scheme designed 
to achieve similar group mean body weights in equal size of 60 animals, as indicated in Table 1. Based on 
measurements of food consumption and body weight patterns through Week 16, the initial target dose levels 
of 80 mg/kg/day in males and 60 mg/kg/day in females were not achievable. The adjusted target dose level 
of 55 mg/kg/day for each sex was close to what was actually achieved throughout the study. For this reason, 
further references to the high-dose level refer to 55 mg/kg/day, rather than the initial target dose levels. The 
target dose levels for the three treated groups were 8, 25, and 55 mg/kg/day free base (BMN 125fb) for 
males and for females, for up to 104 weeks. In this review, these dose groups were referred to as the low, 
medium, and high dose group, respectively. All surviving animals were sacrificed as scheduled on Week 
105 of the dosing phase. 
 
This reviewer’s analysis showed the numbers of rats surviving to their terminal necropsy including animal 
that died at week 105, were 28 (47%), 41 (68%), 45 (75%), and 43 (72%) in the control group, low, 
medium, and high dose groups, in male rats, respectively, and 29 (48%), 39 (65%), 36 (60%), and 45 (75%) 
in the control, low, medium, and high dose groups, in female rats, respectively. This reviewer’s analysis 
showed statistically significant decrease in mortality across the vehicle control group and the three treated 
groups in both sex of rats (p-value = 0.0199, =0.0192). The pairwise comparisons showed a statistically 
significant decreased mortality in low, medium and high dose groups, when compared to the control group 
in male rats with p-value = 0.0316, p-value = 0.0031 and p-value = 0.0096, respectively. In female rats, the 
pairwise comparisons showed a statistically significant decrease in mortality between high dose groups and 
the control group with p-value = 0.0072. 
 
For tumor data, following the multiple testing adjustment method described above, this reviewer’s analysis 
showed statistically significant increasing dose response relationships across the vehicle control and the 
treated groups of female rats for the incidence of malignant carcinoma and the combined benign adenoma, 
malignant Carcinoma and malignant Carcinoma, squamous cell in uterus (p-value = 0.0039, and p =0.0031), 
regardless these tumor types were considered as common or rare tumors. The pairwise comparisons test 
showed statistically significant increases in tumor incidences of malignant carcinoma and the combined 
benign adenoma, malignant Carcinoma and malignant Carcinoma, squamous cell in uterus in medium and 
high dose group (p-value <0.001 and <0.001, and p =0.0025 and p = 0.0012), when compare to the control 
group in female rats. 
 
No other significant dose response relationship or pairwise comparisons were noted in either sex. 
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                                                                                                                                       Malick Mbodj, Ph.D. 
                                                                                                                                       Mathematical Statistician  
Concur:    Karl Lin, Ph.D. Team Leader, DBVI                 
 
cc:  
 
Archival NDA 208078- BMN 125                                                                                                                       
Dr. Tsong            Ms. Patrician                                                                                                                       
Dr. Lin                Heather Bullock 
Dr. Banks-Muckenfuss  
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4. Appendix 
 

Table1A: Intercurrent Mortality Rate 
Male Rats 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

                  Animal #B69915 in low dose group and animal #B70330 in medium dose group are included in terminal sacrifice strata, since they died in 
                  week 105 (terminal sacrifice time).  
 

Table1B: Intercurrent Mortality Rate 
Female Rats 

 
 

  0% mg/kg/day 
Control 

8mg/kg/|day   
Low 

 25mg/kg/day 
Med 

55mg/kg|day                      
 High 

Week No. of 
Death 

Cum. % No. of 
Death 

Cum. % No. of 
Death 

Cum. % No. of 
Death 

Cum. % 

0 - 52 1 1.67 1 1.67 1 1.67 . .  

53 - 78 6 11.67 4 8.33 1 3.33 5 8.33 

79 - 92 13 33.33 7 20.00 10 20.00 6 18.33 

93 - 104 11 51.67 9 35.00 12 40.00 4 25.00 

Ter. Sac. 29 48.33 39 65.00 36 60.00 45 75.00 

Total 60 100.00 60 100.00 60 100.00 60 100.00 
                Animal #B70324 in high dose group is included in terminal sacrifice strata, since it died in week 105 (terminal sacrifice time)  

 
 
 
 
 
 
 
 
 
 
 

 0 mg/kg/day   
Control 

8 mg/kg/day        
Low 

25 mg/kg/|day       
Med 

55 mg/kg/|day       
High 

Week No. of 
Death 

Cum. % No. of 
Death 

Cum. % No. of 
Death 

Cum. % No. of 
Death 

Cum. % 

0 - 52 2 3.33 1 1.67 2 3.33 4 6.67 

53 - 78 10 20.00 5 10.00 4 10.00 4 13.33 

79 - 92 6 30.00 7 21.67 2 13.33 2 16.67 

93 - 104 14 53.33 6 31.67 7 25.00 7 28.33 

Ter. Sac. 28 46.67 41 68.33 45 75.00 43 71.67 

Total 60 100.00 60 100.00 60 100.00 60 100.00 
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Table 2A: Intercurrent Mortality Comparison for 
Male Rats 

 
Test Statistics P-value for 

 Control, Low, 
Med, high 

P-value for 
 Control vs 

Low 

P-value for 
 Control vs 

Med 

P-value for 
 Control vs 

High 
Dose-Response 
(Likelihood Ratio) 

0.0199* 0.0316* 0.0031* 0.0096* 

Homogeneity 
(Log-Rank) 

0.0075* 0.0308* 0.0030* 0.0095* 

               * = Significant at 5% level 
 
 
 

Table 2B: Intercurrent Mortality Comparison for 
Female Rats 

 
Test Statistics P-value for 

 Control, Low, 
Med, high 

P-value for 
 Control vs 

Low 

P-value for 
 Control vs 

Med 

P-value for 
 Control vs 

High 
Dose-Response 
(Likelihood Ratio) 

0.0192* 0.0662 0.1411 0.0072* 

Homogeneity 
(Log-Rank) 

0.0389* 0.0633 0.1347 0.0068* 

               * = Significant at 5% level 
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Table3A: Tumor Rates and P-Values for Dose Response Relationship and the pairwise comparisons 
 

  Male Rats Poly-3 test   

Organ Name Tumor Name 

0 mg 
Control (N=60) 

P - Trend 

8 mg 
Low (N=60) 
P - C vs. L 

25 mg 
Med (N=60) 
P - C vs. M 

55 mg 
High (N=60) 
P - C vs. H 

Adrenal, Cortex B-Adenoma 2/60 (47)           
0.9545 

2/60 (51)          
 0.7217 

1/60 (53)          
 0.8997 

0/60 (51)           
1.0000 

Adrenal, Medulla B-Pheochromocytoma 12/60 (49)          
 0.9998 

7/60 (52)          
 0.9533 

5/60 (53)          
 0.9901 

1/60 (51)           
1.0000 

 M-Malignant 
Pheochromocytoma 

1/60 (47)           
0.8902 

2/60 (51)          
 0.5309 

1/60 (53)          
 0.7816 

0/60 (51)           
1.0000 

 Pheochromocytoma 
Benign/Malignant 

12/60 (49)          
 0.9998 

9/60 (52)          
 0.8717 

6/60 (53)          
 0.9781 

1/60 (51)           
1.0000 

Brain B-Astrocytoma 0/60 (46)           
0.7723 

1/60 (52)          
 0.5306 

0/60 (53)          
 NC 

0/60 (51)           
NC 

 B-Meningioma 0/60 (46)           
0.2537 

0/60 (51)          
 NC 

0/60 (53)          
 NC 

1/60 (51)           
0.5258 

 M-Pineal Gland Carcinoma 0/60 (46)           
0.7711 

1/60 (51)          
 0.5258 

0/60 (53)          
 NC 

0/60 (51)           
NC 

Ear M-Neuroectodermal Tumor 1/60 (47)           
0.4421 

0/60 (51)          
 1.0000 

0/60 (53)          
 1.0000 

1/60 (51)           
0.7726 

Epididymis M-Malignant Mesothelioma 2/60 (46)           
0.6016 

0/60 (51)          
 1.0000 

1/60 (53)          
 0.9032 

1/60 (51)           
0.8970 

Harderian Gland M-Malignant Schwannoma 0/60 (46)           
0.2574 

0/60 (51)          
 NC 

0/60 (53)          
 NC 

1/60 (52)           
0.5306 

Heart B-Paraganglioma 0/60 (46)           
0.5150 

0/60 (51)          
 NC 

1/60 (53)          
 0.5354 

0/59 (50)           
NC 

 M-Endocardial Schwannoma 0/60 (46)           
0.5150 

0/60 (51)          
 NC 

1/60 (53)          
 0.5354 

0/59 (50)           
NC 

Hemolympho- 
Reticular System 

M-Histiocytic Sarcoma 0/60 (46)           
0.0653 

0/60 (51)          
 NC 

0/60 (53)          
 NC 

2/60 (52)           
0.2790 

 M-Malignant Lymphoma 2/60 (47)           
0.7887 

3/60 (52)          
 0.5483 

3/60 (54)          
 0.5661 

1/60 (52)           
0.8966 

Jejunum M-Adenocarcinoma 1/60 (46)           
1.0000 

0/60 (51)          
 1.0000 

0/60 (53)          
 1.0000 

0/60 (51)           
1.0000 

Kidney M-Carcinoma, Tubule Cell 0/60 (46)           
0.2574 

0/60 (51)          
 NC 

0/60 (53)          
 NC 

1/60 (52)           
0.5306 

Lung B-Adenoma, Bronchiolo-
Alveolar 

0/60 (46)           
0.2537 

0/60 (51)          
 NC 

0/60 (53)          
 NC 

1/60 (51)           
0.5258 

 M-Carcinoma, Bronchiolo-
Alveolar 

0/60 (46)           
0.7711 

1/60 (51)          
 0.5258 

0/60 (53)          
 NC 

0/60 (51)           
NC 

 Bronchiolo Alveolar 
Benign/Malignant 

0/60 (46)           
0.3273 

1/60 (51)          
 0.5258 

0/60 (53)          
 NC 

1/60 (51)           
0.5258 
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  Male Rats Poly-3 test   

Organ Name Tumor Name 

0 mg 
Control (N=60) 

P - Trend 

8 mg 
Low (N=60) 
P - C vs. L 

25 mg 
Med (N=60) 
P - C vs. M 

55 mg 
High (N=60) 
P - C vs. H 

Mandibular Salivary 
Gland 

M-Myxosarcoma 0/60 (46)           
0.5150 

0/60 (51)          
 NC 

1/60 (53)          
 0.5354 

0/59 (50)           
NC 

Muscle, Biceps 
Femoris 

B-Hibernoma 0/60 (46)           
0.7711 

1/60 (51)          
 0.5258 

0/60 (53)          
 NC 

0/60 (51)           
NC 

 M-Hemangiosarcoma 0/60 (46)           
0.7723 

1/60 (52)          
 0.5306 

0/60 (53)          
 NC 

0/60 (51)           
NC 

Pancreas B-Adenoma, Acinar Cell 1/60 (46)           
0.3692 

2/60 (51)          
 0.5390 

3/60 (53)          
 0.3640 

2/60 (51)           
0.5390 

 B-Adenoma, Islet Cell 6/60 (46)           
0.8434 

1/60 (51)          
 0.9958 

4/60 (53)          
 0.8924 

2/60 (51)           
0.9793 

 M-Carcinoma, Acinar Cell 0/60 (46)           
0.2537 

0/60 (51)          
 NC 

0/60 (53)          
 NC 

1/60 (51)           
0.5258 

 M-Carcinoma, Islet Cell 2/60 (48)           
0.9318 

1/60 (51)          
 0.8897 

1/60 (53)          
 0.8962 

0/60 (51)           
1.0000 

 Adenoma/Carcinoma Acinar 
Cell 

1/60 (46)           
0.2075 

2/60 (51)          
 0.5390 

3/60 (53)          
 0.3640 

3/60 (51)           
0.3486 

 Adenoma/Carcinoma Islet Cell 8/60 (48)           
0.9424 

2/60 (51)          
 0.9941 

5/60 (53)          
 0.9168 

2/60 (51)           
0.9941 

Parathyroid B-Adenoma 0/56 (43)           
0.5079 

0/59 (50)          
 NC 

1/53 (47)          
 0.5222 

0/58 (49)           
NC 

Pituitary B-Adenoma 9/60 (48)           
0.9296 

11/58 (52)        
   0.4809 

3/59 (52)          
 0.9906 

6/59 (51)           
0.8944 

Preputial Gland M-Carcinoma, Squamous Cell 1/60 (46)           
1.0000 

0/60 (51)          
 1.0000 

0/60 (53)          
 1.0000 

0/60 (51)           
1.0000 

Rib M-Osteosarcoma 0/60 (46)           
0.7711 

1/60 (51)          
 0.5258 

0/60 (53)          
 NC 

0/60 (51)           
NC 

Skin/Subcutis B-Basal Cell Tumor 1/60 (46)           
0.4138 

0/60 (51)          
 1.0000 

1/60 (53)          
 0.7866 

1/60 (52)           
0.7822 

 B-Fibroadenoma, Mammary 1/60 (46)           
0.2689 

1/60 (52)          
 0.7822 

0/60 (53)          
 1.0000 

2/60 (52)           
0.5463 

 B-Fibroma 1/60 (46)           
0.9292 

3/60 (51)          
 0.3486 

1/60 (53)          
 0.7866 

0/60 (51)           
1.0000 

 B-Keratoacanthoma 2/60 (46)           
0.7541 

2/60 (52)          
 0.7363 

2/60 (53)          
 0.7429 

1/60 (51)           
0.8970 

 B-Lipoma 1/60 (46)           
0.5702 

1/60 (51)          
 0.7777 

0/60 (53)          
 1.0000 

1/60 (52)           
0.7822 

 B-Schwannoma 0/60 (46)           
0.5198 

0/60 (51)          
 NC 

1/60 (54)          
 0.5400 

0/60 (51)           
NC 

 M-Carcinoma, Squamous Cell 0/60 (46)           
0.1979 

0/60 (51)          
 NC 

1/60 (53)          
 0.5354 

1/60 (51)           
0.5258 
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  Male Rats Poly-3 test   

Organ Name Tumor Name 

0 mg 
Control (N=60) 

P - Trend 

8 mg 
Low (N=60) 
P - C vs. L 

25 mg 
Med (N=60) 
P - C vs. M 

55 mg 
High (N=60) 
P - C vs. H 

 M-Fibrosarcoma 4/60 (47)           
0.9121 

2/60 (52)          
 0.9192 

2/60 (54)          
 0.9262 

1/60 (51)           
0.9774 

 M-Malignant Schwannoma 0/60 (46)           
0.1985 

0/60 (51)          
 NC 

1/60 (54)          
 0.5400 

1/60 (51)           
0.5258 

Spleen M-Sarcoma, Stromal Cell 0/60 (46)           
0.2574 

0/60 (51)          
 NC 

0/60 (53)          
 NC 

1/60 (52)           
0.5306 

Stomach, 
Nonglandular 

M-Adenocarcinoma 0/60 (46)           
0.2537 

0/60 (51)          
 NC 

0/60 (53)          
 NC 

1/60 (51)           
0.5258 

Testis B-Interstitial Cell Tumor 1/60 (46)           
1.0000 

0/60 (51)          
 1.0000 

0/60 (53)          
 1.0000 

0/60 (51)           
1.0000 

 M-Malignant Interstitial Cell 1/60 (46)           
1.0000 

0/60 (51)          
 1.0000 

0/60 (53)          
 1.0000 

0/60 (51)           
1.0000 

 M-Malignant Mesothelioma 3/60 (46)           
0.9107 

0/60 (51)          
 1.0000 

2/60 (54)          
 0.8647 

0/60 (51)           
1.0000 

 Interstitial Cell 
Benign/Malignant 

2/60 (46)           
1.0000 

0/60 (51)          
 1.0000 

0/60 (53)          
 1.0000 

0/60 (51)           
1.0000 

Thyroid B-Adenoma, C-Cell 14/60 (48)          
 0.8978 

19/60 (53)        
   0.3081 

10/60 (53)        
   0.9264 

12/60 (52)         
  0.8216 

 B-Adenoma, Follicular Cell 3/60 (46)           
0.9513 

0/60 (51)          
 1.0000 

1/60 (53)          
 0.9567 

0/60 (51)           
1.0000 

 M-Carcinoma, C-Cell 0/60 (46)           
0.2162 

0/60 (51)          
 NC 

2/60 (53)          
 0.2841 

1/60 (52)           
0.5306 

 Adenoma/Carcinoma C-Cell 14/60 (48)          
 0.8879 

19/60 (53)        
   0.3081 

12/60 (53)        
   0.8357 

12/60 (52)         
  0.8216 

Harderian 
Gland/Heart/Skin / 
Subcutis 

B-Schwannoma/M-Malignant 
Schwannoma/M-Endocardial 
Schwannoma 

0/60 (46)           
0.0818 

0/60 (51)           
NC 

3/60 (55)           
0.1574 

2/60 (52)           
0.2790 

& X/ZZ (YY): X=number of tumor bearing animals; YY=mortality weighted total number of animals; ZZ=unweighted total number of animals 
observed;"; 
   NC = not calculable 
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Table 3B: Tumor Rates and P-Values for Dose Response Relationship and the pairwise comparisons 
 

  Female Rats Poly-3 test   

Organ Name Tumor Name 

0 mg 
Control (N=60) 

P - Trend 

8 mg 
Low (N=60) 
P - C vs. L 

25 mg 
Med (N=60) 
P - C vs. M 

55 mg 
High (N=60) 
P - C vs. H 

Adrenal, Cortex B-Adenoma 1/60 (47)           
0.9481 

2/60 (52)           
0.5382 

0/60 (52)           
1.0000 

0/60 (53)           
1.0000 

Adrenal, Medulla B-Pheochromocytoma 0/60 (47)           
0.1472 

1/60 (52)           
0.5253 

2/60 (52)           
0.2733 

2/60 (53)           
0.2784 

 M-Malignant 
Pheochromocytoma 

1/60 (47)           
1.0000 

0/60 (52)           
1.0000 

0/60 (52)           
1.0000 

0/60 (53)           
1.0000 

 Benign/Malignant 
Pheochromocytoma 

1/60 (47)           
0.2903 

1/60 (52)           
0.7772 

2/60 (52)           
0.5382 

2/60 (53)           
0.5454 

Brain B-Ependymoma 0/60 (47)           
0.5147 

0/60 (52)           
NC 

1/60 (52)           
0.5253 

0/60 (53)           
NC 

 B-Granular Cell Tumor 0/60 (47)           
0.2598 

0/60 (52)           
NC 

0/60 (52)           
NC 

1/60 (53)           
0.5300 

Cervix M-Endometrial Stromal 
Sarcoma 

0/60 (47)           
0.8304 

2/59 (51)           
0.2683 

0/60 (52)           
NC 

0/60 (53)           
NC 

 M-Schwannoma 0/60 (47)           
0.0550 

1/59 (51)           
0.5204 

1/60 (53)           
0.5300 

3/60 (55)           
0.1528 

Clitoral Gland M-Malignant Schwannoma 0/60 (47)           
0.7696 

1/60 (52)           
0.5253 

0/60 (52)           
NC 

0/60 (53)           
NC 

 M-Squamous Cell Carcinoma 0/60 (47)           
0.2598 

0/60 (52)           
NC 

0/60 (52)           
NC 

1/60 (53)           
0.5300 

Ear M-Neuroectodermal Tumor 0/60 (47)           
0.2598 

0/60 (52)           
NC 

0/60 (52)           
NC 

1/60 (53)           
0.5300 

Harderian Gland M-Malignant Schwannoma 0/60 (47)           
0.2598 

0/60 (52)           
NC 

0/60 (52)           
NC 

1/60 (53)           
0.5300 

Heart M-Endocardial Schwannoma 0/60 (47)           
0.0666 

0/60 (52)           
NC 

0/60 (52)           
NC 

2/60 (53)           
0.2784 

Hemolympho- 
Reticular System 

M-Malignant Lymphoma 1/60 (48)           
0.6334 

0/60 (52)           
1.0000 

3/60 (53)           
0.3471 

0/60 (53)           
1.0000 

Kidney B-Adenoma, Tubule Cell 0/60 (47)           
0.3328 

1/60 (52)           
0.5253 

0/60 (52)           
NC 

1/60 (53)           
0.5300 

Liver B-Adenoma, Hepatocellular 1/60 (47)           
0.8472 

1/60 (52)           
0.7772 

1/60 (52)           
0.7772 

0/60 (53)           
1.0000 

Lymph Node, 
Mesenteric 

M-Hemangiosarcoma 1/60 (47)           
1.0000 

0/59 (51)           
1.0000 

0/59 (51)           
1.0000 

0/59 (52)           
1.0000 

Mammary Gland, 
Female 

B-Adenoma 1/60 (47)           
0.9473 

1/59 (51)           
0.7726 

0/60 (52)           
1.0000 

0/60 (53)           
1.0000 

 B-Fibroadenoma 38/60 (57)           
1.0000 

29/59 (54)         
  0.9442 

20/60 (56)          
 0.9998 

11/60 (56)           
1.0000 

 M-Adenocarcinoma 3/60 (48)           
0.6782 

2/59 (52)           
0.8429 

2/60 (52)           
0.8429 

2/60 (54)           
0.8533 
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  Female Rats Poly-3 test   

Organ Name Tumor Name 

0 mg 
Control (N=60) 

P - Trend 

8 mg 
Low (N=60) 
P - C vs. L 

25 mg 
Med (N=60) 
P - C vs. M 

55 mg 
High (N=60) 
P - C vs. H 

 M-Carcinoma, Squamous Cell 0/60 (47)           
0.5172 

0/59 (51)           
NC 

1/60 (52)           
0.5253 

0/60 (53)           
NC 

 B-Adenoma/B-
Fibroadenoma/M-
Adenocarcinoma 

41/60 (58)           
1.0000 

31/60 (56)         
  0.9709 

22/60 (56)          
 0.9998 

13/60 (57)           
1.0000 

Mandibular Salivary 
Gland 

M-Schwannoma 0/60 (47)           
0.2598 

0/60 (52)           
NC 

0/60 (52)           
NC 

1/60 (53)           
0.5300 

Ovary B-Granulosa/Theca Cell Tumor 0/60 (47)           
0.4160 

2/59 (51)           
0.2683 

3/60 (52)           
0.1409 

1/60 (53)           
0.5300 

Pancreas B-Adenoma, Acinar Cell 0/60 (47)           
0.2598 

0/60 (52)           
NC 

0/60 (52)           
NC 

1/60 (53)           
0.5300 

 B-Adenoma, Islet Cell 2/60 (47)           
0.9555 

2/60 (52)           
0.7286 

1/60 (52)           
0.8966 

0/60 (53)           
1.0000 

 M-Sarcoma, Undifferentiated 0/60 (47)           
0.5147 

0/60 (52)           
NC 

1/60 (52)           
0.5253 

0/60 (53)           
NC 

Parathyroid B-Adenoma 0/53 (41)           
0.3187 

1/51 (44)           
0.5176 

0/52 (44)           
NC 

1/49 (43)           
0.5119 

Pituitary B-Adenoma 17/60 (49)           
1.0000 

25/60 (54)         
  0.1597 

15/60 (54)          
 0.8341 

5/60 (53)           
0.9997 

 M-Carcinoma 1/60 (47)           
0.9478 

1/60 (52)           
0.7772 

0/60 (52)           
1.0000 

0/60 (53)           
1.0000 

 Adenoma/Carcinoma 18/60 (49)           
1.0000 

26/60 (54)         
  0.1661 

15/60 (54)          
 0.8819 

5/60 (53)           
0.9998 

Skin/Subcutis B-Fibroma 0/60 (47)           
0.7673 

1/60 (52)           
0.5253 

0/58 (50)           
NC 

0/60 (53)           
NC 

 M-Carcinoma, Squamous Cell 0/60 (47)           
0.2624 

0/60 (52)           
NC 

0/58 (50)           
NC 

1/60 (53)           
0.5300 

 M-Fibrosarcoma 0/60 (47)           
0.7673 

1/60 (52)           
0.5253 

0/58 (50)           
NC 

0/60 (53)           
NC 

Thymus B-Thymoma 0/59 (47)           
0.5149 

0/58 (51)           
NC 

1/59 (51)           
0.5204 

0/59 (53)           
NC 

Thyroid B-Adenoma, C-Cell 10/60 (48)           
0.7900 

14/60 (53)         
  0.3367 

16/60 (53)          
 0.1991 

9/60 (54)           
0.7865 

 B-Adenoma, Follicular Cell 0/60 (47)           
0.1997 

0/60 (52)           
NC 

1/60 (52)           
0.5253 

1/60 (53)           
0.5300 

 M-Carcinoma, C-Cell 4/60 (47)           
1.0000 

0/60 (52)           
1.0000 

0/60 (52)           
1.0000 

0/60 (53)           
1.0000 

 Adenoma/Carcinoma C-Cell 13/60 (48)           
0.9058 

14/60 (53)         
  0.6187 

16/60 (53)          
 0.4512 

9/60 (54)           
0.9356 

Uterus B-Adenoma 0/60 (47)           
0.2611 

0/59 (51)           
NC 

0/60 (52)           
NC 

1/60 (53)           
0.5300 

 B-Polyp, Endometrial Stromal 4/60 (48)           
0.5854 

7/59 (51)           
0.2986 

5/60 (53)           
0.5633 

5/60 (53)           
0.5633 
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  Female Rats Poly-3 test   

Organ Name Tumor Name 

0 mg 
Control (N=60) 

P - Trend 

8 mg 
Low (N=60) 
P - C vs. L 

25 mg 
Med (N=60) 
P - C vs. M 

55 mg 
High (N=60) 
P - C vs. H 

 M-Carcinoma 0/60 (47)           
0.0039* 

3/59 (51)           
0.1369 

13/60 (53)          
 <0.001* 

9/60 (54)           
0.0025* 

 M-Carcinoma, Squamous Cell 0/60 (47)           
0.7685 

1/59 (51)           
0.5204 

0/60 (52)           
NC 

0/60 (53)           
NC 

 M-Schwannoma 0/60 (47)           
0.5196 

0/59 (51)           
NC 

1/60 (53)           
0.5300 

0/60 (53)           
NC 

 B-Adenoma/M-Carcinoma / M-
Carcinoma, Squamous Cell 

0/60 (47)           
0.0031* 

4/59 (51)           
0.0692 

13/60 (53)          
 <0.001* 

10/60 (54)           
0.0012* 

Vagina B-Granular Cell Tumor 1/59 (46)           
0.9490 

1/59 (51)           
0.7777 

0/60 (52)           
1.0000 

0/60 (53)           
1.0000 

 M-Carcinoma, Squamous Cell 0/59 (46)           
0.8335 

2/59 (51)           
0.2738 

0/60 (52)           
NC 

0/60 (53)           
NC 

Zymbal Gland M-Carcinoma, Squamous Cell 0/60 (47)           
0.7696 

1/60 (52)           
0.5253 

0/60 (52)           
NC 

0/60 (53)           
NC 

Cervix/Harderian 
Gland/Heart 
/Mandibular Salivary 
Gland/Uterus 

M-Schwannoma/M-Malignant 
Schwannoma/M-Endocardial 
Schwannoma 

0/60 (47)           
0.0251 

1/60 (52)           
0.5253 

2/60 (53)           
0.2784 

4/60 (55)           
0.0803 

& X/ZZ (YY): X=number of tumor bearing animals; YY=mortality weighted total number of animals; ZZ=unweighted total number of animals 
observed;"; 
   NC = not calculable                                                                                                                                                                                                
*: Statistically significant at 0.005 and 0.025 for common and rare tumors, respectively in dose response relationship (trend) tests and 
significance levels of 0.01 and 0.05 for common and rare tumors, respectively in pairwise comparisons. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 4323098



NDA 208078   BMN 125                                                                                                                                   Page 18 of 20 
 

 

Figure 1A: Kaplan-Meier Survival Curves for 
Male Rats 
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Figure 1B: Kaplan-Meier Survival Curves for  
Female Rats 
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