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I. Introduction 

The Pharm/Tox Statistics Team of Division of Biometrics 6 of the Office of Biostatistics 
has received a request from Dr. Brenda Gehrke of Division of Hematology, Oncology, 
Toxicology, Office of Hematology and Oncology Products, Office of New Drugs to 
conduct a statistical review of the carcinogenicity studies included in this submission. 
 
This request for statistical review of the studies in the submission is untypical in the 
following ways: 
 
(1). The drug sponsor did not conduct the studies itself. Instead, it submitted the studies 
conducted by the National Toxicology Program (NTP) to fulfill the FDA requirement for 
this part of preclinical evaluation of carcinogenicity potential of the new drug. 
 
(2). For the reason mentioned above, the drug sponsor did not submit the required 
electronic tumor datasets of the studies in the FDA data format for FDA statistical 
reviewers to conduct a regular statistical review. 
 
(3). The pharm/tox reviewer requested for statistical analysis of only the overall data of 
six tumor types of the studies. Specifically, the selected tumor types are Pancreatic Islets 
Adenoma and Pancreatic Islets Adenoma + Carcinoma in male rats, Small Intestine 
Carcinoma and Small Intestine Adenoma+ Carcinoma in male mice, and Malignant 
Lymphoma in both male and female mice.    
 
(4). The above data of the selected tumor types contained only the overall tumor 
incidence rates without tumor and survival data of individual animals. 
 
This FDA statistical review is conducted based on the above-mentioned special natures of 
the two carcinogenicity studies included in this submission. 
 
      
II. Study Designs 

2-Year Study in Rats 
 
Groups of 50 male and 50 female rats were administered methylene blue trihydrate in 
0.5% aqueous methylcellulose solution by gavage at doses of 0, 5, 25, or 50 mg/kg, 5 
days per week for 2 years. Additional groups of 10 male and 10 female rats were 
administered the same doses for up to 18 months and were evaluated at 2 weeks and 3, 
12, and 18 months for hematology. Survival of all dosed groups of rats was similar to that 
of the vehicle controls. (Page 9 of NTP report)

2-Year Study in Mice

Groups of 50 male and 50 female mice were administered methylene blue trihydrate in a 
0.5% aqueous methylcellulose solution by gavage at doses of 0, 2.5, 12.5, or 25 mg/kg, 5 
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days per week for 2 years. Additional groups of 30 male and 30 female mice were 
administered the same doses for up to 18 months and were evaluated at 2 weeks and 3, 
12, or 18 months for hematology. (Page 9 of NTP report) 
 
 
III. Methods of Statistical Analysis of Tumor Data 

In a FDA standard statistical review of carcinogenicity studies of new drugs, the tumor data 
are analyzed for dose response relationships and pairwise comparisons between control 
group with each of the treated groups. Both the dose response relationship tests and pairwise 
comparisons are performed 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 but develops the tumor type being 
tested gets a score of hs =1. An animal that dies at week hw  without a tumor before the end 

of the study gets a score of hs =
k

h

w
w

max

< 1. The adjusted group size is defined as 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 

hs is equal to N (the original group size) if all animals live up to the end of the study or if 
each animal that dies before the terminal sacrifice develops at least one tumor of the type 
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) tests using the Cochran-
Armitage test. One critical point for Poly-k test is the choice of the appropriate value of k, 
which depends on the tumor incidence pattern with the increased dose. For long term 104 
week standard rat and mouse studies, a value of k=3 is suggested in the literature. Hence, 
this reviewer used k=3 for the analysis of this data. For the calculation of p-values the exact 
permutation method was used.  
 
To perform a FDA standard statistical review of carcinogenicity studies using the survival-
adjusted poly-k test, electronic tumor datasets in the FDA data format are needed. But as 
mentioned previously, the sponsor did not conduct the carcinogenicity studies. It just used 
the carcinogenicity studies conducted by NTP to satisfy the FDA requirement in this area of 
drug review and approval regulations. The pharm/tox reviewer indicated that it was not 
possible to request the sponsor to submit the electronic tumor data of individual animals in 
the FDA data format. The lack of tumor data of individual animals of the studies made a 
FDA standard statistical review of the studies not possible. 
 
Also as mentioned previously, the pharm/tox reviewer requested this reviewer to conduct a 
statistical review on the overall data of six tumor types. Both the pharm/tox reviewer and 
this reviewer agreed that only survival-unadjusted analyses could be performed on the 
overall tumor data sets. The overall data of the selected tumor types were analyzed by the 
exact permutation test for the positive dose response and for pairwise increase between the 
control and the high dose group. It seems that the survival-unadjusted analyses should not be 
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a serious issue since the overall survival rates among all treatment groups in those two 
studies look similar.  
 
IV: Statistical Analysis Results 
 
Detailed results of this reviewer’s analyses on the overall data of the six selected tumor 
types are presented in Appendix A. The main results of the analyses are summarized in 
Table 1 below. 
 
Although this reviewer’s results of survival-unadjusted analyses should not cause a serious 
problem because the similar survival rates among treatment groups in the two studies, 
survival-adjusted analyses should yield more precise results. When possible, survival-
adjusted analysis results should be used in the final interpretations of the studies. 
 

Table 1 
 

Summary of FDA and NTP Analysis Results of the Six Selected Tumor Types 
 

One-Sided P-Value 
NTP Survival-adjusted 

Poly-3 Test 
FDA Survival-

unadjusted Exact 
Permutation Test 

Species Gender Tumor Type 
(Numbers of 

Tumor Bearing 
Animals) 

Trend 
Test  

Control-
High 

Pairwise 
Test 

Trend 
Test 

Control-
High 

Pairwise 
Test 

Rats Males Pancreatic  
Islets Adenoma 

(4, 9, 12, 8) 

0.201 0.155 0.212 0.178 

Rats Males Pancreatic  
Islets Adenoma 

+ Carcinoma  
(4, 9, 14, 8) 

0.174 0.155 0.191 0.178 

Mice Males Small Intestine 
Carcinoma     
(0, 1, 2, 4) 

0.027 0.071 0.018 0.059 

Mice Males Small Intestine 
Adenoma+ 
Carcinoma     
(1, 2, 4, 6) 

0.029 0.071 0.019 0.056 

Mice Males Malignant 
Lymphoma    
(2, 2, 2, 5) 

0.126 0.250 0.136 0.218 

Mice Females Malignant 
Lymphoma    
(6, 4, 9, 12) 

0.025 0.126 0.027 0.096 
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In reviewing the NTP report of these two studies, it has been found that NTP used the same 
statistical test, i.e., the poly-k test, that FDA statistical reviewers currently use in its analyses 
of the data of those two studies. For this reason, the survival-adjusted analyses of NTP 
should also be used in the evaluation of the carcinogenicity potential of this drug. The 
detailed results of NTP survival-adjusted analyses are duplicated and presented in Appendix 
B. The summary results of NTP analyses on the data of those six tumor types are also 
included Table 1 with the results of the FDA survival-unadjusted analyses. 
 
There is a difference in the use of the poly-k test in the data analyses between both the FDA 
and the NTP reviews. The difference is that in the FDA review, an exact version (exact 
permutation test using the actual doses as the weight scores) of the poly-k was used. The 
NTP report shows that it used the asymptotic version of the poly-k test but with continuity 
correction. This reviewer has not studied the general magnitudes of difference between the 
NTP poly-3 analysis results and the FDA poly-3 analysis results if data of individual 
animals are available and a standard FDA statistical review is conducted. 

V.  Statistical Interpretations of Results 

It should be noted that the statistical interpretation of results involves only the 
determination if a test of a drug effect is considered statistically significant based on 
appropriate levels of significance derived from research investigations by FDA 
statisticians. It is understood that a statistically significant result of drug effect may not be 
considered as biologically significant, and a non-statistically significant result may be 
considered as biologically significant. FDA statisticians do not have the expertise to 
make such calls. 
 
The true state of the carcinogenicity of a new drug is unknown. Otherwise, there will be 
no need to conduct the carcinogenicity studies of the drug. Only limited sample data from 
the carcinogenicity studies of the drug are to be used to infer the unknown true state of 
the carcinogenicity of the drug. For this reason, in the final determination of the 
carcinogenicity of the drug, there are always risks of making a false positive or type I 
error (measuring the producer’s risk in pharm/tox studies) in declaring the drug is 
carcinogenic while in truth it is not; and a false negative or type II error (measuring the 
consumer’s risk in pharm/tox studies) in declaring that the drug is not carcinogenic while 
in truth it is. The value of 1 minus type II error is called the statistical power of detecting 
a true effect. It can be seen that the greater the type II error is the smaller the statistical 
power in detecting a true effect will be.  
 
In standard chronic carcinogenicity studies of new drugs only small numbers of animals 
(usually 50 to 65 animals per treatment group) are used. Also most of the tumor incidence 
rate endpoints are low in those studies. These two characteristics of carcinogenicity 
studies can seriously result in the failure to detect the carcinogenicity of a drug (i.e., a 
false negative error). 
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On the other hand, because of the large number of tests performed on data of individual 
tumor type endpoints, a great potential exists for finding statistically significant positive 
trends or treatment-control differences just due to chance alone, and to mistakenly 
conclude the drug is carcinogenic (i.e., a false positive error).   
 
We would like to eliminate or reduce to levels as low as possible both types of errors 
together simultaneously since they are the undesired things to avoid. However, as 
mentioned above, we can not eliminate but will always commit the two types of errors as 
long as we determine the unknown true state of a drug effect based on the limited 
information contained in the sample data. More unfortunately, under a given number of 
test subjects and a given condition of variation of the population from which we draw the 
sample data, the two types of errors run the opposite direction. We have to pay the price 
of inflating the other type of error when we try to reduce one type of error. Practical 
interpretations of results of scientific investigations should keep a balance between the 
two types of error based on the benefit/risk, and other factors. 
 
In an usual statistical hypothesis testing of a drug effect (either efficacy or safety), the 
investigators usually determine in advance the sample size of test subjects to be used in a 
planned study based on the levels of type I error (usually 0.01, or 0.05, or 0.10) and of 
type II (usually 0.10, or 0.20, or 0.30) they are willing to assume, and effect size they 
want to detect. The results of the study using the pre-calculated sample size of hundreds 
or thousands or more of test subjects will give the investigators the desired levels of type 
I and type II errors in their final determination of the drug effect.  
 
In carcinogenicity studies, for a pre-chosen desired level of type I error, the committed 
type II error (hence the level of statistical power of detecting a true effect) of a statistical 
test of a drug effect depends on (a) the drug effect on mortality, (b) the individual 
spontaneous tumor rates, (c) the early or late tumor appearance of a tumor, and (d) most 
importantly, the drug effect on the developments of tumors. 
 
Investigators of carcinogenicity studies of new drugs follow the standard experimental 
design protocol using the standard sample size and do not have the freedom and resources 
that are available to investigators of clinical trials to increase the sample to a certain size 
in order to keep the two types of errors at their desired levels.  
 
Under certain conditions of the combinations of the factors mentioned above, the type II 
error is so high 80%, 90% or higher (that is, less than 10% or 20% chance of detecting a 
true effect) in studies using the standard design when too low levels of type I error are 
used. Higher levels of type I error than those used in other kinds of drug studies have to 
be used to bring down the unusually high levels of type II errors. 
 
Over the years, FDA statisticians have conducted extensive studies on appropriate type I 
errors be used in their statistical reviews of carcinogenicity studies of new drugs with the 
emphasis of keeping a balance between the two types of error. Table 2 below contains the 
levels of type I error recommended for various statistical tests and various types of 
submission they use in the statistical interpretation of study results in their reviews. 
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Table 2 

Recommended Decision Rules (Levels of Significance) for Controlling the Overall False Positive 
Rates for Various Statistical Tests Performed and Studies 

 
 Tests for Positive Trend 

Alone 
Control-High 
Pairwise               
Comparison Alone 

Tests for Positive Trend 
And Control-High 
Pairwise               
Comparison Jointly 

Standard 2-Year 
Studies with 2 
Species and 2 Sexes    

Common and rare 
tumors are tested at 
0.005 and  0.025 
significance levels, 
respectively 

Common and rare 
tumors are tested at 
0.01 and  0.05 
significance levels, 
respectively 

Common and rare 
tumors are tested at 
0.005 and  0.025 
significance levels, 
respectively, in trend 
test, and at 0.05 and  
0.10 significance levels, 
respectively, in control-
high pairwise 
comparison. 

Alternative ICH 
Studies  (One Two-
Year Study in One 
Species and One 
Short- or Medium-
Term Alternative 
Study, Two Sexes) 

Common and rare 
tumors are tested at 
0.005 and  0.025 
significance levels, 
respectively, in the two-
year study; and at 0.05 
and 0.05 significance 
levels, respectively in 
the alternative study. 

Common and rare 
tumors are tested at 
0.01 and  0.05 
significance levels, 
respectively, in the 
two-year study; and 
at 0.05 and 0.05 
significance levels, 
respectively in the 
alternative study. 

Common and rare 
tumors are tested at 
0.005 and  0.025 
significance levels, 
respectively in trend 
test, and at 0.05 and  
0.10 significance levels, 
respectively, in control-
high pairwise 
comparison in the two-
year study; and at 0.05 
and 0.05 significance 
levels, respectively, in 
both trend test and 
control-high pairwise 
comparison in the 
alternative study. 

Standard 2-Year 
Studies with 1 
Species Only and 2 
Sexes             

Common and rare 
tumors are tested at 
0.01 and  0.05 
significance levels, 
respectively. 

Common and rare 
tumors are tested at 
0.025 and  0.10 
significance levels, 
respectively 

Common and rare 
tumors are tested at 
0.01 and  0.05 
significance levels, 
respectively, in trend 
test, and at 0.05 and  
0.10 significance levels, 
respectively, in control-
high pairwise 
comparison. 

 
Note: A tumor type is considered as rare if the background rate is less than 1%, and as 
common, otherwise 
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Statistical test results of the six specially selected tumor types basing on the decision 
rules for test of dose response relationship alone recommended in the above table for a 
submission with two chronic carcinogenicity studies are as follows: 
 
The dose response relationships in incidence in Pancreatic Islets Adenoma, Pancreatic 
Islets Adenoma + Carcinoma in male rats, and in Malignant Lymphoma in both male and 
female mice (all are considered as common tumors) are not statistically significant in 
either FDA survival-unadjust permutation tests or NTP survival-adjusted poly-3 tests 
since all the p-values are greater than 0.005.  
 
The dose response relationship in incidence in Small Intestine Carcinoma (considered as 
a rare tumor) in male mice is statistically significant in either the FDA survival-
unadjusted exact permutation tests or NTP survival-adjusted poly-3 test (p = 0.018 < 
0.025, and p = 0.027 about equal to 0.025, respectively). However, the dose response 
relationship in incidence in Small Intestine Adenoma+Carcinoma (considered as a 
common tumor) in male mice is not statistically significant in either the FDA survival-
unadjusted exact permutation test or NTP survival-adjusted poly-3 test (p = 0.019 > 
0.005, and p = 0.029 > 0.005, respectively).  
 
The ECAC practice considers the statistical test of drug effect on the increase of  
incidence of a tumor type is considered as statistically significant only if both the test for 
dose response relationship and the control-high pairwise comparison are statistically 
significant jointly (we call it the “joint test”) at the levels of significance for each of the 
two tests separately and alone that were recommended in the 2001 FDA draft guidance 
for industry document. Results of FDA statisticians’ studies show that the ECAC practice 
results in lowing the type I error, as the ECAC intended to achieve. The results, however, 
further show that the practice also results in big inflations of type II error under various 
simulation conditions.  
 
To meet the desire of the ECAC to use the test for dose response and the control-high 
pairwise comparison jointly and simultaneously (the “joint test”) in its interpretations of 
study results and the need to keep a balance between the two types of error, the FDA 
statisticians have conducted studies and recommended new sets of levels of significance 
for various types of submissions to be used in their statistical reviews of carcinogenicity 
studies. The new sets of levels of significance are included in Table 2. 
 
Statistical test results of the six specially selected tumor types basing on the new set of 
decision rules (levels of significance) for the “joint test” recommended in the above table 
for a submission with two chronic carcinogenicity studies are as follows: 
 
The drug effects on the developments of Pancreatic Islets Adenoma, Pancreatic Islets 
Adenoma + Carcinoma in male rats, and in Malignant Lymphoma in both male and 
female mice (all are considered as common tumors) are not statistically significant in 
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either FDA survival-unadjust permutation tests or NTP survival-adjusted poly-3 tests 
since all the p-values of dose response tests are greater than 0.005, and all the p-values of 
control-high pairwise comparisons are greater than 0.05.  
 
The drug effect on the development of Small Intestine Carcinoma (considered as a rare 
tumor) in male mice is statistically significant in either the FDA survival-unadjusted 
exact permutation tests or NTP survival-adjusted poly-3 test (p = 0.018 < 0.025 and p = 
0.059 < 0.10 in FDA analysis, and p = 0.027 about equal to 0.025 and p = 0.071 < 0.10 in 
NTP analysis). However, the dose response relationship in incidence in Small Intestine 
Adenoma+Carcinoma (considered as a common tumor) in male mice is not statistically 
significant in either the FDA survival-unadjusted exact permutation test or NTP survival-
adjusted poly-3 test (p = 0.019 > 0.005 and p = 0.056 > 0.05 in FDA analysis, and p = 
0.029 > 0.005 and p = 0.071 > 0.05 in NTP analysis, respectively).  
 
 
VI. Summary 

Statistical test results of the six specially selected tumor types basing on the decision 
rules for test of dose response relationship alone recommended in the above table for a 
submission with two chronic carcinogenicity studies are as follows: 
 
The dose response relationships in incidence in Pancreatic Islets Adenoma, Pancreatic 
Islets Adenoma + Carcinoma in male rats, and in Malignant Lymphoma in both male and 
female mice (all are considered as common tumors) are not statistically significant in 
either FDA survival-unadjust permutation tests or NTP survival-adjusted poly-3 tests.  
 
The dose response relationship in incidence in Small Intestine Carcinoma (considered as 
a rare tumor) in male mice is statistically significant in either the FDA survival-
unadjusted exact permutation test or NTP survival-adjusted poly-3 test. However, the 
dose response relationship in incidence in Small Intestine Adenoma+Carcinoma 
(considered as a common tumor) in male mice is not statistically significant in either the 
FDA survival-unadjusted exact permutation test or NTP survival-adjusted poly-3 test.  
 
Statistical test results of the six specially selected tumor types basing on the new set of 
decision rules (levels of significance) for the “joint test” with the new sets of levels of 
significance recommended in the above table for a submission with two chronic 
carcinogenicity studies are as follows: 
 
The drug effects on the developments of Pancreatic Islets Adenoma, Pancreatic Islets 
Adenoma + Carcinoma in male rats, and in Malignant Lymphoma in both male and 
female mice (all are considered as common tumors) are not statistically significant in 
either FDA survival-unadjust permutation tests or NTP survival-adjusted poly-3 tests.  
 
The drug effect on the development of Small Intestine Carcinoma (considered as a rare 
tumor) in male mice is statistically significant in either the FDA survival-unadjusted 
exact permutation test or NTP survival-adjusted poly-3 test. However, the dose response 
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relationship in incidence in Small Intestine Adenoma+Carcinoma (considered as a 
common tumor) in male mice is not statistically significant in either the FDA survival-
unadjusted exact permutation test or NTP survival-adjusted poly-3 test.  
 
 
 
Karl K. Lin, Ph.D. 
Expert Mathematical Statistician/Team Leader 
(Applications in Pharmacology/Toxicology) 
Division of Biometrics 6 
Office of Biostatistics 
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VIII. Appendices 

 
Appendix A (From Page 13 to Page 24) 

FDA Analyses of Data of Selected Tumor Types Using Survival-Unadjusted Exact 
Permutation Tests 

Survival-Unadjusted Statistical Analysis of Selected Tumors Data in Males Rates 
         
         

Statistical Analysis of Pancreatic Islets Adenoma in Males Rates 
         

Incidence Rate Data 
         

Vehicle
Control 5 mg/kg 25 mg/kg 50 mg/kg    

         
  4/50 9/50 12/50 8/50    

         
         
         

Permutation Test for Trend  
         
Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
         
Data File: TableData        
         
Number of Rows: 2        
Number of Columns: 4        
         
         
Summary of the Test Statistic:       
         
Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized  
row1 0 1650 660 103.6 745 0.8205   
         
         
Inference:         
  P-Value P-Value P-Value P-Value P-Value P-Value  
Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob. 
Asymptotic 0.8205 .GE. 0.206 0.4119 .GE. 0.4119   
Exact 745 .GE. 0.2117 0.4235 .GE. 0.4273 0.01283  
         
Elapsed time: 0:0:0.06       
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 Pairwise Comparison between Vehicle Control and High Dose Groups  
         
Permutation Test        
        
Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
         
Data File: TableData        
         
Number of Rows: 2        
Number of Columns: 2        
         
         
Summary of the Test Statistic:       
         
Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized  
row1 0 600 300 81.65 400 1.225   
         
         
Inference:         
  P-Value P-Value P-Value P-Value P-Value P-Value  
Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob. 
Asymptotic 1.225 .GE. 0.1103 0.2207 .GE. 0.2207   
Exact 400 .GE. 0.1783 0.3567 .GE. 0.3567 0.1177  
         
         
         

Reference ID: 3501863



 15

 
Statistical Analysis of Pancreatic Islets Adenoma+Carcinoma in Males Rates 

         
Incidence Rate Data 

         
Vehicle
Control 5 mg/kg 25 mg/kg 50 mg/kg    

         
  4/50 9/50 14/50 8/50    

         
         
 Permutation Test for Trend 
         
Permutation Test        
        
Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
         
Data File: TableData        
         
Number of Rows: 2        
Number of Columns: 4        
         
         
Summary of the Test Statistic:       
         
Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized  
row1 0 1750 700 106 795 0.8959   
         
         
Inference:         
  P-Value P-Value P-Value P-Value P-Value P-Value  
Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob. 
Asymptotic 0.8959 .GE. 0.1852 0.3703 .GE. 0.3703   
Exact 795 .GE. 0.1911 0.3821 .GE. 0.3844 0.01227  
         
Elapsed time: 0:0:0.05       
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 Pairwise Comparison between Vehicle Control and High Dose Groups 
        
        
Permutation Test       
       
Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
        
Data File: TableData       
        
Number of Rows: 2       
Number of Columns: 2       
        
        
Summary of the Test Statistic:      
        
Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized 
row1 0 600 300 81.65 400 1.225  
        
        
Inference:        
  P-Value P-Value P-Value P-Value P-Value P-Value 
Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob. 
Asymptotic 1.225 .GE. 0.1103 0.2207 .GE. 0.2207  
Exact 400 .GE. 0.1783 0.3567 .GE. 0.3567 0.1177
        
Elapsed time: 0:0:0.05      
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Survival-Unadjusted Statistical Analysis of Selected Tumors Data in Males Mice 

         
         

Statistical Analysis of Small Intestine Carcinoma in Males Mice 
         

Incidence Rate Data 
         

Vehicle
Control

2.5
mg/kg

12.5
mg/kg 25 mg/kg    

         
  0/50 1/50 2/50 4/50    

         
         
 Permutation Test for Trend 
         
         
Permutation Test        
        
Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
         
Data File: TableData        
         
Number of Rows: 2        
Number of Columns: 4        
         
         
Summary of the Test Statistic:       
         
Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized  
row1 0 175 70 25.65 127.5 2.242   
         
         
Inference:         
  P-Value P-Value P-Value P-Value P-Value P-Value  
Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob. 
Asymptotic 2.242 .GE. 0.01248 0.02495 .GE. 0.02495   
Exact 127.5 .GE. 0.01847 0.03694 .GE. 0.02544 0.008495  
         
Elapsed time: 0:0:0.05       
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 Pairwise Comparison between Vehicle Control and High Dose Groups  
         
         
 Permutation Test       
 Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
         
 Data File: TableData       
         
 Number of Rows: 2       
 Number of Columns: 2       
         
         
 Summary of the Test Statistic:      
         
 Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized 
 row1 0 100 50 24.62 100 2.031  
         
         
 Inference:        
   P-Value P-Value P-Value P-Value P-Value P-Value 
 Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob. 
 Asymptotic 2.031 .GE. 0.02113 0.04225 .GE. 0.04225  
 Exact 100 .GE. 0.05873 0.1175 .GE. 0.1175 0.05873
         
 Elapsed time: 0:0:0.06      
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Statistical Analysis of Small Intestine Adenoma+Carcinoma in Males Mice 

         
Incidence Rate Data 

         
Vehicle
Control

2.5
mg/kg

12.5
mg/kg 25 mg/kg    

         
  1/50 2/50 4/50 6/50    

         
         
 Permutation Test for Trend 
         
         
 Permutation Test       

 Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
         
 Data File: TableData       
         
 Number of Rows: 2       
 Number of Columns: 4       
         
         
 Summary of the Test Statistic:      
         
 Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized 
 row1 0 325 130 34.4 205 2.18  
         
         
 Inference:        
   P-Value P-Value P-Value P-Value P-Value P-Value 
 Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob.
 Asymptotic 2.18 .GE. 0.01462 0.02925 .GE. 0.02925  
 Exact 205 .GE. 0.01931 0.03862 .GE. 0.03081 0.005229
         
 Elapsed time: 0:0:0.06      
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 Pairwise Comparison between Vehicle Control and High Dose Groups 
        
        
Permutation Test       
       
Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
        
Data File: TableData       
        
Number of Rows: 2       
Number of Columns: 2       
        
        
Summary of the Test Statistic:      
        
Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized 
row1 0 175 87.5 32.05 150 1.95  
        
        
Inference:        
  P-Value P-Value P-Value P-Value P-Value P-Value 
Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob. 
Asymptotic 1.95 .GE. 0.0256 0.0512 .GE. 0.0512  
Exact 150 .GE. 0.05587 0.1117 .GE. 0.1117 0.04963
        
Elapsed time: 0:0:0.06      
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Statistical Analysis of Malignant Lymphoma in Males Mice 

         
Incidence Rate Data 

         
Vehicle
Control

2.5
mg/kg

12.5
mg/kg 25 mg/kg    

         
  2/50 2/50 2/50 5/50    

         
         
 Permutation Test for Trend 
         
         
Permutation Test        
        
Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
         
Data File: TableData        
         
Number of Rows: 2        
Number of Columns: 4        
         
         
Summary of the Test Statistic:       
         
Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized  
row1 11 44 27.5 3.614 32 1.245   
         
         
Inference:         
  P-Value P-Value P-Value P-Value P-Value P-Value  
Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob. 
Asymptotic 1.245 .GE. 0.1065 0.213 .GE. 0.213   
Exact 32 .GE. 0.1356 0.2713 .GE. 0.2713 0.05185  
         
Elapsed time: 0:0:0.06       
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 Pairwise Comparison between Vehicle Control and High Dose Groups 
        
Permutation Test       
       
Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
        
Data File: TableData       
        
Number of Rows: 2       
Number of Columns: 2       
        
        
Summary of the Test Statistic:      
        
Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized 
row1 7 28 17.5 3.846 22 1.17  
        
        
Inference:        
  P-Value P-Value P-Value P-Value P-Value P-Value 
Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob. 
Asymptotic 1.17 .GE. 0.121 0.242 .GE. 0.242  
Exact 22 .GE. 0.218 0.436 .GE. 0.436 0.1621
        
Elapsed time: 0:0:0.06      
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Survival-Unadjusted Statistical Analysis of Selected Tumors Data in Females Mice 

      
      

Statistical Analysis of Malignant Lymphoma in Females Mice 
         

Incidence Rate Data 
         

Vehicle
Control

2.5
mg/kg

12.5
mg/kg 25 mg/kg    

         
  6/50 4/50 9/50 12/50    

         
         
 Permutation Test for Trend 
         
         
Permutation Test        
        
Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
         
Data File: TableData        
         
Number of Rows: 2        
Number of Columns: 4        
         
         
Summary of the Test Statistic:       
         
Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized  
row1 31 124 77.5 5.737 89 2.005   
         
         
Inference:         
  P-Value P-Value P-Value P-Value P-Value P-Value  
Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob. 
Asymptotic 2.005 .GE. 0.0225 0.045 .GE. 0.045   
Exact 89 .GE. 0.02729 0.05457 .GE. 0.05457 0.009406  
         
Elapsed time: 0:0:0.06       
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 Pairwise Comparison between Vehicle Control and High Dose Groups 
        
        
Permutation Test       
       
Permutation (test_type = independent, method = exact, estimate = no, time_limit = none  ); 
        
Data File: TableData       
        
Number of Rows: 2       
Number of Columns: 2       
        
        
Summary of the Test Statistic:      
        
Value of Row Variable Minimum Maximum Mean Std. Dev Observed Standardized 
row1 18 72 45 5.792 54 1.554  
        
        
Inference:        
  P-Value P-Value P-Value P-Value P-Value P-Value 
Type Statistic Tail 1-Sided 2*1-Sided Tail 2-Sided Point Prob. 
Asymptotic 1.554 .GE. 0.0601 0.1202 .GE. 0.1202  
Exact 54 .GE. 0.09613 0.1923 .GE. 0.1923 0.06291
        
Elapsed time: 0:0:0.06      
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Appendix A (From Page 25 to Page 39) 

NTP Analyses of Data of All Tumor Types Using Survival-Addjusted Poly-3 Tests 
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