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Reference is made to NDA 212161 submitted simultaneously with NDA 211996 on November 2, 
2018. Study B3461028 in NDA 211996 showed that tafamidis meglumine 20 mg and 80 mg had 
statistically significant treatment effect compared with placebo.  
 
NDA 212161 included a new formulation of tafamidis, 61mg mg soft gelatin capsules using the 
free acid form of the drug substance. The proposed indication was the same as in NDA 211996, 
which was to reduce the combination of  cardiovascular-related 
hospitalization in the treatment of transthyretin amyloid cardiomyopathy (ATTR-CM) due to 
wild-type or variant TTR. This NDA did not contain any new efficacy data. Please refer to the 
statistical review for NDA 211996 for efficacy information.  
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1 EXECUTIVE SUMMARY  
 
In this submission, the sponsor seeks the approval for tafamidis in reduction of  

 cardiovascular-related hospitalization in patients with wild type or hereditary 
transthyretin amyloid cardiomyopathy (ATTR-CM). The development program included a single 
phase 3, multicenter, three-arm, placebo-controlled, randomized study B3461028 to determine 
efficacy, safety and tolerability of tafamidis.  
 
The study B3461028 randomized 441 subjects in a ratio of 2:1:2 to placebo, tafamidis 20 mg and 
tafamidis 80 mg. Randomization were stratified by NYHA classification (Class I or II, versus 
Class III) and TTR genotype (wild-type and variant).  
 
The primary efficacy endpoint for this study was a hierarchical combination of all-cause 
mortality and frequency of cardiovascular-related hospitalizations over the duration of the trial. 
The proposed primary analysis, Finkelstein-Schoenfeld (FS) analysis, is a score test based on the 
sum of scores for the treatment group. The FS analysis of all-cause mortality and frequency of 
cardiovascular-related hospitalizations showed a statistically significant favorable treatment 
effect in tafamidis group (p<0.001). 
 
Analyses on individual components of the primary endpoint (all-cause mortality, and CV 
hospitalization) also showed significant treatment benefits. The estimate of hazard ratio on all-
cause mortality from Cox-proportional hazard model was 0.70 (95% CI 0.51, 0.96), which 
showed a 30% risk reduction in pooled tafamidis group compared to placebo. The estimated 
relative risk ratio for CV hospitalization between pooled tafamidis and placebo groups was 0.68 
(95% CI 0.59, 0.81) based on Poisson regression model, indicating that the estimated frequency 
of cardiovascular (CV) hospitalization based on Poisson model in pooled tafamidis group was 
32% less than placebo group.  
 
Tafamidis demonstrated significant treatment effect in 6-Minute Walk Test (6MWT) and in the 
Kansas City Cardiomyopathy Questionnaire-Overall Summary (KCCQ-OS) score. Pooled 
tafamidis group showed a least-square (LS) mean difference of 75.7 meters in the change from 
baseline in 6-Minute Walk Distance (6MWD) and a LS mean difference of 13.7 in the change 
from baseline in KCCQ-OS score when compared with placebo.  
 
The treatment effect appeared to be relatively constant across different subgroups. The dose of 
80 mg and 20 mg tafamidis appeared to be equally effective based on the primary and key 
secondary analyses in Study B3461028. 
 
Missing data was a main concern during the discussions on study design. To address the concern 
of informative censoring, the sponsor proposed sensitivity analyses using multiple imputations 
and pattern mixture model. The sensitivity analyses on the primary and key secondary endpoints 
showed consistent results as the main analyses.  
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Tafamidis demonstrated statistically significant treatment effect in subjects with either 
transthyretin genetic variants or wild-type transthyretin resulting in amyloid cardiomyopathy. 
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INTRODUCTION 
 
 
1.1 Overview 
 
This development program included a single Phase 3, multicenter, three-arm, placebo-controlled, 
randomized study with a 30-month double-blind treatment phase, to determine efficacy, safety 
and tolerability of tafamidis on clinical outcomes in subjects with either transthyretin genetic 
variants or wild-type transthyretin resulting in amyloid cardiomyopathy (TTR-CM). 
 
Table 1: List of all studies included in analysis 
 Phase 

and 
Design 

Treatment 
Period 

Follow-up  
Period 

 # of Subjects per 
Arm 

Study 
Population 

B3461028 Phase 3 30 months 4-week safety 
follow up if 
subject did not 
enroll into 
extension study 

88 for tafamidis 
20 mg 
176 for tafamidis 
80 mg 
177 for placebo 

Subjects 
Diagnosed With 
Transthyretin 
Cardiomyopathy 
(TTR-CM) 

 
Tafamidis or placebo was administered once daily, in addition to standard of care, for 30 months 
in subjects diagnosed with variant or wild-type TTR-CM. For any subject who discontinued prior 
to 30 months, the subject’s vital status and whether the subject had a heart and/or liver transplant 
or implantation of a cardiac mechanical assist device were determined by Month 30 follow-up 
contact. 
 
Upon completion of the study at the Month 30 visit, subjects were eligible for treatment with 
tafamidis in a separate extension study (B3461045).  
 
1.2 Data Sources  
 
The sponsor’s electronic data were submitted on September 20, 2018 and in the directory 
\\CDSESUB1\evsprod\NDA211996\0002\m5\datasets\b3461028. 
 
Additional datasets were submitted on November 14, 2018 in response to the Division’s request. 
The data can be found under directory 
\\CDSESUB1\evsprod\NDA211996\0006\m5\datasets\b3461028\analysis\legacy\datasets. 
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2 STATISTICAL EVALUATION 
 
 
2.1 Data and Analysis Quality 
 
 
The reviewer was able to reproduce all the key results in the primary and secondary analyses in 
Study B3461028. The reviewer was able to trace how the endpoint was derived from the original 
data source.  
 
The reviewer performed Finkelstein-Schoenfeld (FS) analysis by excluding individual centers. 
This was done by re-generating all the pairwise ranking score for the remaining subjects. No 
single site had significant impact on the overall primary efficacy results in Study B3461028.  
 
2.2 Evaluation of Efficacy 
 

2.2.1 Study B3461028 
 

2.2.1.1 Study Design and Endpoints 
 

This is a Phase 3, multicenter, three-arm, placebo-controlled, randomized study with a 30-month 
double-blind treatment phase, to determine efficacy, safety and tolerability of tafamidis on 
clinical outcomes in subjects with either variant or wild-type TTR-CM. 
 
441 subjects were randomized in a ratio of 2:1:2 to placebo, tafamidis 20 mg and tafamidis 80 
mg. Randomization was also stratified based on NYHA classification (Class I or II, versus Class 
III) and TTR genotype (wild-type and variant). Subjects were to be treated for 30 months 
(defined as 910 days in this study). Subjects who discontinued prior to 30 months, sponsor 
performed follow-up contact to determine the subjects’ vital status. Figure 1 is the study design 
diagram. Subjects were eligible for the extension study B3461045 upon completion of the study. 
In the extension study, subjects in tafamidis groups continued on their assigned dose and subjects 
in placebo group were randomized to either tafamidis 80 mg or 20 mg.  
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Figure 1: Study Diagram 
 

 
[Source: Figure 1 in the sponsor’s CSR] 
 
The primary efficacy endpoint for this study was a hierarchical combination of all-cause 
mortality and frequency of cardiovascular-related hospitalizations over the duration of the trial.  
 
The key secondary endpoints were  
 

• Change from Baseline to Month 30 in 6MWD 
• Change from Baseline to Month 30 in the Kansas City Cardiomyopathy Questionnaire 

Overall Score (KCCQ-OS) 
 
Other secondary endpoints include 
 

• Cardiovascular-related mortality 
• Frequency of cardiovascular-related hospitalization 
• All-cause mortality 
• TTR stabilization at Month 1 

 
 

2.2.1.2 Statistical Methodologies 
 

Finkelstein-Schoenfeld analysis 
 
The proposed primary analysis, Finkelstein-Schoenfeld (FS) analysis, is a score test based on the 
sum of scores for the treatment group. The method combined all-cause mortality and CV 
hospitalization frequency. The test score was computed using a pairwise ranking procedure.  
The test statistic was based on the sum of these scores and was stratified by TTR genotype 
(variant and wild-type) and NYHA baseline classification (NYHA Classes I and II combined and 
NYHA Class III). 
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separately for placebo and treatment group. The model was based on subjects who have data in 
that period.  

The probability function is , where y =0,1,2,… 
 
A generalized linear model with log link function is written as 
 

 (this is for period 1) 
 
b0, b1, b2 and its variance-covariance matrix can be computed from the maximum likelihood 
estimates. once b0, b1, b2 et al were estimated, coefficients , ,  can be randomly generated 
from a multivariate normal distribution based on b0, b1, b2 MLE and variance-covariance matrix 
computed from the above generalized linear model. λ was calculated by 

. 1000 λ were generated using 1000 coefficients 
,  and  . A random hospitalization count was generated for each λ. For subjects with partial 

data during the interval, the actual observed frequency was added to the hospitalization 
frequency imputed for the portion of the interval the subject did not participate. 
 
Missing data were imputed in a similar way in Period 2 and Period 3 except that Period 2 also 
included the hospitalization count from Period 1 as follows 
 

 
 
Period 3 included the hospitalization count from both Period 1 and Period 2. 
 
1000 independent sets of the Poisson model parameter were generated for each subject in each 
interval. The hospitalization counts were paired for all three intervals to generate 1000 complete 
30-month data. 
 
The null hypothesis was tested based on the 1000 imputed data sets by computing the 
components of the complete-data Finkelstein-Schoenfeld statistic. The results of 1000 imputed 
datasets were combined following Rubin’s method (1987). 
 
Pattern Mixture Analysis 
 
To support the robustness of the conclusion on the two key secondary endpoints, the sponsor 
proposed sensitivity analyses using pattern-mixture model. The pattern-mixture analyses grouped 
the subjects based on missing-data patterns. Patterns were defined under the following two cases: 
 
Case 1: 
 
Pattern 1A – all subjects who have provided the key secondary endpoint data for month 30 
Pattern 1B – all subjects who have not provided the key secondary endpoint data for month 30 
 
Case 2:  
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Pattern 2A – all subjects who have the key secondary endpoint data for month 15 or beyond 
Pattern 2B – all subjects who do not have key secondary endpoint data beyond month 15 
 
The pattern mixture analysis used a MMRM that included center and subject within center 
as random effects, and treatment, visit, TTR genotype (variant and wild-type), pattern, visit by 
treatment interaction, and treatment by pattern interaction as fixed effects and baseline score 
as covariate with an unstructured covariance matrix.  
 
Win Ratio and Confidence Interval 
 
The win ratio method allocated all tafamidis and placebo pairs (tafamidis subject compared 
to a placebo subject) to the categories listed below in a hierarchical fashion and within each 
stratum. Categories (a) and (c) represent tafamidis wins based on all-cause mortality and 
frequency of CV-related hospitalization respectively. Similarly, categories (b) and (d) 
represent placebo wins based on all-cause mortality and frequency of CV-related 
hospitalization respectively. Category (e) represents ties, pairs where subjects were not able 
to be differentiated based on all-cause mortality and frequency of CV-related hospitalization. 
 
(a) Death on Placebo first 
(b) Death on Tafamidis first 
(c) More Cardiovascular-related Hospitalizations Frequency on Placebo 
(d) More Cardiovascular-related Hospitalizations Frequency on Tafamidis 
(e) Tied 
 
The overall win ratio was calculated by adding (a)+(c) for all 4 strata and dividing it by the sum 
of (b)+(d) across all 4 strata. 
 
The standard error of log (Win Ratio) can be calculated as  
 
SE (Log Win Ratio) = log (Win Ratio) / Z score from FS method 
 
The confidence interval can be computed as follows 
 
95% CI for Win Ratio = exp (log (Win Ratio) +/- 1.96 * SE (Log Win Ratio) ). 
 

2.2.1.3 Patient Disposition, Demographic and Baseline Characteristics 
 

A summary of patient disposition was summarized in Table 2. Placebo group had a higher 
discontinuation rate. Both the death rate and the rate of subjects unwilling to participate were 
higher in the placebo group.  
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Table 2: Patient Disposition 

    
tafamidis 

20 mg 
tafamidis 

80 mg 
Pooled 

tafamidis Placebo 
N   88 176 264 177 
Completed (%)   60 (68) 113 (64) 173 (66) 85 (48) 
Discontined  Total (%) 28 (32) 63 (36) 91 (34) 92 (52) 
  death (%) 14 (16) 25 (14) 39 (15) 38 (22) 
  AE (%) 5 (6) 12 (7) 17 (6) 11 (6) 

  
subject no longer willing 

to participate (%) 8 (9) 17 (10) 25 37 (21) 
  protocol violation 0 1 1 1 
  loss to follow-up 0 1 1 0 

  
cardiac device 
implantation 0 2 2 0 

  organ transplantation 1 3 4 4 
  other 0 2 2 1 

[Source: Reviewer’s Table] 
 
 
Table 3 provided a summary of patient demographics and some baseline characteristics. Overall, 
there were more male subjects than female subjects in the study. Majority of subjects were white. 
Over 60% subjects were from US. 24% subjects had variant TTR-CM. About one third (32%) 
subjects belonged to NYHA class III at baseline.  
 
Table 3:  Patient Demographic and Baseline Characteristics 

    
tafamidis 

20 mg 
tafamidis 

80 mg 
Pooled 

tafamidis Placebo 
N   88 176 264 177 
Age Mean (STD) 73.3 (7.1) 75.2 (7.2) 74.5 (7.2) 74.1 (6.7) 
Gender Male (%) 83 (94) 158 (90) 241 (91) 157 (89) 
  Female (%) 5 (6) 18 (10) 23 (9) 20 (11) 
Race White (%) 75 (85) 136 (77) 211 (80) 146 (83) 
  Black (%) 11 (13) 26 (15) 37 (14) 26 (15) 
  Asian (%) 2 (2) 11 (6) 13 (5) 5 (3) 
  Other (%) 0 3 (2) 3 (1) 0 
Country US (%) 63 (72) 108 (61) 171 (65) 108 (61) 
  non US (%) 25 (28) 68 (39) 93 (35) 69 (39) 
baseline NYHA class Class I or II (%) 65 (74) 121 (69) 186 (70) 114 (64) 
  Class III (%) 23 (26) 55 (31) 78 (30) 63 (36) 
TTR Genotype  Wild (%) 67 (76) 134 (76) 201 (76) 134 (76) 
  Variant (%) 21 (24) 42 (24) 63 (24) 43 (24) 

 [Source: Reviewer’s Table] 
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2.2.1.4 Results and Conclusions 
 

Primary Endpoint 
 
The Finkelstein-Schoenfeld analysis of all-cause mortality and frequency of CV-related 
hospitalization showed a significant treatment effect in tafamidis group (Table 4). The reviewer 
performed additional FS analyses on combination of CV death and CV-related hospitalization, as 
well as combination of all-cause mortality and all-cause hospitalization, both analyses also 
showed significant and consistent treatment effect in tafamidis group (Table 4).  
 
Table 4: Finkelstein-Schoenfeld Analysis of Composite Endpoints 
  test statistic p-value 
all-cause death + cv hospitalization (primary endpoint) 3.44 0.0006 
CV death + CV hospitalization 3.89 <0.001 
all-cause death + all cause hospitalization 2.62 0.009 

[Source: Reviewer’s table] 
 
Sensitivity analysis using multiple imputations was performed to handle the missing CV 
hospitalization data. 1000 imputed data sets were generated and analyzed using FS analysis. FS 
test statistics were combined by Rubin’s method. The p-value from the sensitivity analysis was 
0.008. Result from the sensitivity analysis was consistent with the primary analysis.   
 
Table 5 provided a summary of mortality and hospitalization events for all subjects.  
 
Table 5: Summary of Mortality and Hospitalization 

 
Note: A subject may be counted for each category of hospitalization that applies. 
[Source: Sponsor’s CSR Table 9, verified by the reviewer] 
 
All-cause Mortality 
 
In the primary analysis, heart transplants and cardiac mechanical assist device implantation were 
also considered as all-cause mortality events. Pooled tafamidis group and placebo group had 78 
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and 76 all-cause mortality events respectively. The estimated hazard ratio on all-cause mortality 
was 0.70 with 95% CI (0.51, 0.96) and a p-value of 0.0259, indicating a significant reduction in 
mortality risk in pooled tafamidis group. Kaplan Meier curve on all-cause mortality showed clear 
separation after 18 months of treatment (Figure 2). Further dissection on the mortality events into 
CV death and non-CV death showed that the treatment effect on mortality was driven by CV 
death (Figure 3). 
 
Figure 2: KM plot for All-Cause Mortality 

 
[Source: Reviewer’s figure] 
 
Figure 3: KM Plots for Non-CV Death and CV Death 
 

KM plot for non-CV death    KM plot for CV death 

 
[Source: reviewer’s figure] 
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CV Hospitalization 
 
The comparison of CV hospitalization in two treatment groups can be difficult to interpret in the 
presence of death events, especially when the drug has a substantial survival benefit. Death is a 
competing risk for CV hospitalization. The treatment group with fewer death events tends to 
have a larger number of CV hospitalization. Results would often be difficult to interpret when 
mortality and CV hospitalizations are not in the same direction. However, pooled tafamidis 
group showed treatment effect on both mortality and CV hospitalization in this study.  
 
138 subjects in pooled tafamidis group and 107 subjects in placebo group had at least one CV-
related hospitalization. The relative risk ratio in CV hospitalization estimated using Poisson 
Regression model was 0.676, indicating that the estimated frequency of CV hospitalization in 
pooled tafamidis group was 32% less than the placebo group (Table 6).  
 
Pooled tafamidis group also had a much lower frequency of CV hospitalization per year than 
placebo group among those who were alive at Month 30. The mean frequency of CV 
hospitalization per year, on the other hand, appeared to be higher in pooled tafamidis group than 
in placebo. One possible explanation is that the result was driven by a few NYHA class III 
subjects in pooled tafamidis group. These subjects died within a few months after randomization. 
Their short durations in the study led to higher frequency of CV hospitalization in the estimation 
than the rest of the population and therefore drove up the overall mean frequency of CV 
hospitalization in tafamidis group.  
 
Table 6: Analyses on CV hospitalization 

  Pooled Tafamidis Placebo 
Total N 264 177 
Total Number of Subjects with CV hospitalization 138 107 
Average CV hospitalizations during 30 months (per 
year) among those alive at Month 30 0.297 0.455 
Frequency of CV hospitalization per year     
Mean 0.999 0.884 
Median 0.395 0.403 
Mix, Max 0, 21.49 0, 7.23 
Frequency of CV hospitalization per year based on 
Poisson regression analysis (95% CI) 0.475 (0.418, 0.540) 0.703 (0.617, 0.800) 
Relative Risk Ratio based on Poisson regression 
analysis (95% CI) 0.676 (0.564, 0.811) 

[Source: reviewer’s table] 
 
6MWD 
 
The change from baseline to Month 30 in 6MWD in pooled tafamidis arm was significantly 
better than the change from baseline to Month 30 in placebo arm (Table 7). The LS mean (SE) 
difference on the change from baseline between pooled tafamidis and placebo was 75.68 meters 
(95% CI 57.6, 93.8) and the difference was statistically significant (p <0.0001). 
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Table 7: Summary Statistics on 6MWD at Baseline and Month 30 

    
Pooled 

Tafamidis Placebo 
Baseline N 264 177 
  Mean 350.6 353.3 
  STD 121 126 
Month 30 N 155 70 
  Mean 370.4 333.8 
  STD 119 117 
Treatement Difference  LS Mean 75.68 
in Change from Baseline 95% CI (57.6, 93.8) 
  P-value <0.0001 

[Source: Reviewer’s Table] 
 
Figure 4 showed that the changes in 6MWD in pooled tafamidis group and placebo group had 
clear separation even at Month 6. The trend consistently continued to Month 30. In addition, 
tafamidis 20 mg group and 80 mg group showed very similar treatment effect in 6MWD.  
 
Figure 4: LS Mean Change from Baseline in 6MWD 

 
[Source: Reviewer’s figure] 
 
Figure 5 is a spaghetti plot to show the missing pattern of 6MWD. More subjects who died and 
discontinued early appeared to have lower 6MWD in their last visit. This suggested that missing 
at random assumption may not be valid in this case. The sponsor proposed pattern mixture 
analysis to group the subjects based on missing-data pattern, which can be used to handle data 
not missing at random. Sensitivity analysis on 6MWD using pattern mixture model had a more 
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conservative estimate compared to the main analysis using MMRM (Table 8). However, the 
treatment effect on 6MWD was still very significant and conclusion remained the same.  
 
Figure 5: 6MWD Missing Patterns 

 
[Source: Reviewer’s figure] 
 
 
Table 8: Comparison of Main Analysis and Sensitivity Analysis Results on 6MWD (ITT) 

  LS means 95% CI 
Main analysis 75.7 (57.6, 93.8) 
Pattern mixture analysis 61.5 (44.4, 78.5) 

[Source: Reviewer’s table] 
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KCCQ 
 
Tafamidis 20 mg group and 80 mg group also showed very similar treatment effect on KCCQ-
OS score (Figure 6). At Month 30, the difference in LS mean (SE) change from baseline between 
pooled tafamidis and placebo was 13.65 (p <0.0001, Table 9). 
 
Figure 6: LS Mean Change from Baseline in KCCQ 
 

 
[Source: Reviewer’s figure] 
 
Table 9: Summary Statistics on KCCQ at Baseline and Month 30 

    
Pooled 

Tafamidis Placebo 
Baseline N 264 177 
  Mean 67.3 65.9 
  STD 21.4 21.7 
Month 30 N 170 84 
  Mean 68.2 53.8 
  STD 21.9 24.4 
Treatement Difference  LS Mean 13.65 
in Change from Baseline 95% CI (9.5, 17.8) 
  P-value <0.0001 

[Source: Reviewer’s table] 
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The spaghetti plot (Figure 7) showed KCCQ missing patterns. Same pattern mixture model was 
also used as sensitivity analysis for KCCQ. The results from the sensitivity analysis were 
consistent with the main analysis (Table 10).  
 
Table 10: Comparison of Main Analysis and Sensitivity Analysis Results on KCCQ (ITT) 

  LS means 95% CI 
Main analysis 13.7 (9.5, 7.8) 
Pattern mixture analysis 11.6 (7.5, 15.8) 

[Source: Reviewer’s table] 
 
Figure 7: KCCQ Missing Patterns 

 

 
 [Source: Reviewer’s figure] 
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Mortality in the Extension Study 
 
B3461045 is the on-going extension study to B3461028. Eligible subjects were required to 
complete 30 months of blinded treatment in study B3461028 prior to enrollment. Subjects on 
active treatment in the parent study continued on their same dose; however, placebo subjects 
were randomized to either a 20 mg or 80 mg dose of tafamidis. Upon the cut-off date of February 
15, 2018, there were additional 23 deaths occurred in the extension study B3461045 (Table 11).  
 
Table 11: Summary of All Mortality Events (Including Extension Study)  
Orig treatment / extension treatment Death (%)* N 
Placebo / NA 76 (77%) 99 
Placebo / tafamidis 20 mg 7 (26%) 27 
Placebo / tafamidis 80 mg 6 (12%) 51 
Tafamidis 20 mg / NA 24 (83%) 29 
Tafamidis 20 mg / tafamidis 20 mg 4 (7%) 59 
Tafamidis 80 mg / NA 54 (76%) 71 
Tafamidis 80 mg / tafamidis 80 mg 6 (6%) 106 
Total 177 (40%) 441 

* subjects who had transplantation or implantation of a cardiac mechanical assist device were treated as death events 
[Source: reviewer’s table] 
 
It was noted that the placebo subjects who enrolled into the extension study and randomized to 
tafamidis 80 mg had fewer mortality events than the placebo subjects randomized to tafamidis 20 
mg (Figure 8). 
 
Figure 8: KM plot on Placebo Subjects Enrolled into Extension Study 

 
* the start point for the KM plot was the start date for tafamidis treatment in these placebo subjects 
[Source: Reviewer’s figure] 
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However, if we look at the subjects who had been treated with tafamidis since randomization in 
study B3461028, KM plot did not show any difference between the two dose groups in terms of 
mortality (Figure 9). This comparison included more subjects and had longer duration.  
 
Figure 9: KM Plot on Subjects Treated with Tafamidis since Randomization  

 
[Source: Reviewer’s figure] 
 
Given the small number of mortality events in the placebo subjects treated with tafamidis in the 
extension study and the short duration (within 15 months) of the study, it is possible that the 
difference observed between 20 mg and 80 mg in the extension study was due to chance.  
 
 
 
2.3 Evaluation of Safety  
 
Please refer to the clinical safety review. 
 
 
3 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 
 
 
3.1 Gender, Race, Age, and Geographic Region 
 
The treatment effect appeared to be relatively constant across different subgroups. Tafamidis 20 
mg and 80 mg showed similar treatment effect in the primary analysis. Subjects in US and 
outside US showed similar treatment effect in the primary analysis as well (Table 12). Various 
subgroups were also analyzed for 6MWD and KCCQ and the treatment effect were also 
consistent across subgroups (Table 13).  
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Table 12: Subgroup Analyses on the Primary Endpoint Components 
 

  N 
All-cause 

mortality HR 
95% CI CV hospitalization 

relative risk ratio* 
95% CI 

US 279 0.69 (0.45, 1.07) 0.60 (0.48, 0.76) 
OUS 162 0.54 (0.27, 1.07) 0.83 (0.62, 1.13) 

20 mg versus placebo 265 0.60 (0.36, 1.01) 0.66 (0.51, 0.86) 
80 mg versus placebo 353 0.68 (0.46, 1.02) 0.70 (0.57, 0.85) 

* based on Poisson Regression model 
[Source: Reviewer’s table] 
 
Table 13: Subgroup Analyses on Key Secondary Endpoints 
    tafamidis pooled placebo     

  Subgroup N Mean STD N Mean STD 
LS 

means 95% CI 
6MWD NYHA class I or II 132 -27.1 86.3 57 -93.5 110 85.4 (64.1, 106.7) 
  NYHA class III 23 -50 96.1 13 -72.9 82.1 31.6 (-11.7, 74.8) 
  TTR wild type 131 -24.4 89.5 62 -89.1 107.2 77.1 (56.0, 98.3) 
  TTR variant 24 -63.8 71.3 8 -93.9 93.7 79.6 (21.1, 138.1) 
  80 mg vs placebo 101 -31.2 85.3 70 -89.7 105 75.8 (56.0, 95.6) 
  20 mg vs placebo 54 -29.1 93.3 70 -89.7 105 75.6 (48.7, 102.5) 
KCCQ NYHA class I or II 141 -4.3 18 64 -15.1 22.4 13.6 (9.2, 18.0) 
  NYHA class III 29 -1.7 24.8 20 -13.3 18.2 13.1 (3.3, 22.8) 
  TTR wild type 140 -4 18.4 74 -13.8 20.7 12.7 (8.6, 16.8) 
  TTR variant 30 -3.1 23.6 10 -21 26.4 18.2 (3.0, 33.4) 
  80 mg vs placebo 110 -3.9 19.3 84 -14.6 21.4 13.5 (9.2, 17.8) 
  20 mg vs placebo 60 -3.8 19.5 84 -14.6 21.4 14 (8.2, 19.8) 

[Source: Reviewer’s table] 
 
 
Figure 10, Figure 11, and Figure 12 are forest plots showing the treatment difference between 
tafamidis and placebo in various subgroups. The subjects in NYHA Class III showed very 
different treatment effect in CV hospitalization compared with subjects in NYHA Class I and 
Class II. With death as a confounding factor, i.e., the treatment has a large mortality effect, 
caution needs to be taken in interpreting this finding. 
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Figure 10: Subgroup Analyses on All-cause Mortality and CV Hospitalization 
 

 
[Source: Reviewer’s figure] 
 
Figure 11: Subgroup Analyses on 6MWD 
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[Source: Reviewer’s figure] 
 
Figure 12: Subgroup Analyses on KCCQ Overall Summary Score 

 
[Source: Reviewer’s figure] 
 
3.2 Other Special/Subgroup Populations 
 
No other subgroups were analyzed. Please refer to Section 4.1 for more details. 
 
 
4 SUMMARY AND CONCLUSIONS 
 
 
4.1 Statistical Issues  
 
Informative censoring was a main concern during the discussions on study design. If a subject 
discontinues early, the primary analysis using FS method only compares the frequency of CV 
hospitalizations within the shorter duration for both subjects. If subjects had informative 
censoring (e.g., a subject discontinued early but could have much more CV hospitalizations after 
discontinuation), the results of FS analysis can potentially be misleading. To address this 
concern, the sponsor proposed sensitivity analyses using multiple imputations or pattern mixture 
model. The sensitivity analyses on the primary and key secondary endpoints showed consistent 
results as the main analyses.  
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4.2 Collective Evidence 
 
The primary analysis (FS analysis) of all-cause mortality and frequency of CV-related 
hospitalization showed a significant treatment effect in tafamidis group (p<0.001).  
 
Analyses on individual components of the primary endpoint (all-cause mortality, and CV 
hospitalization) also showed significant treatment benefit. The estimate of hazard ratio on all-
cause mortality from Cox-proportional hazard model was 0.70 (95% CI 0.51, 0.96). The 
estimated relative risk ratio for CV hospitalization between pooled tafamidis and placebo groups 
was 0.68 (95% CI 0.59, 0.81) based on Poisson regression model.  
 
Tafamidis demonstrated significant treatment effect in 6MWD and in the KCCQ-OS score. 
Pooled tafamidis group showed a LS mean difference of 75.7 meters in the change from baseline 
in 6MWD and a LS mean difference of 13.7 in the change from baseline in KCCQ-OS score 
when compared with placebo.  
 
 
4.3 Conclusions and Recommendations 

 
Tafamidis demonstrated statistically significant treatment effect in subjects with either 
transthyretin genetic variants or wild-type transthyretin resulting in amyloid cardiomyopathy. 
Sensitivity analyses showed that the results were robust and consistent. 80 mg tafamidis and 20 
mg tafamidis appeared to be equally effective based on the primary and key secondary analyses 
in Study B3461028.  
 
 
4.4 Labeling Recommendations  
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1. Summary  
 

In this submission the sponsor included the report of one animal carcinogenicity study in Sprague-dawley rats. 

The study was intended to assess the carcinogenic potential of PF-06291826, a novel specific stabilizer of the 

tetrameric form of transthyretin (TTR), when administered orally by gavage at appropriate drug levels for 104 

weeks in male rats and 103 weeks in female rats. 

 

Rat Study: In each of these two experiments there were three treated groups, one vehicle control group and 

one water control group. Three hundred and thirty Sprague Dawley rats of each sex were randomly assigned 

to the treated, vehicle control group and water control group. The low dose group and middle dose group 

have the equal size of 60 rats per group. The vehicle control group, water control group and high dose group 

have the equal size of 70 rats per group. The dose levels for treated groups were 3, 10, and 30 mg/kg/day for 

both male and female rats. There were two control groups, vehicle control and water control. The rats in the 

vehicle control group  received the vehicle, Vitamin E TPGS, NF Grade (Vit E TPGS). The rats in the water 

control group  received the ultra pure water (UPW). The study for male rats was designed to continue for up 

to 104 weeks, however in accordance with study termination criteria, all surviving male rats were sacrificed 

during Week 105. The study for female rats was designed to continue for up to 103 weeks, however in 

accordance with study termination criteria, all surviving female rats were sacrificed during Week 103. 

 

The survival analyses did not show a statistically significant dose responserelationship in mortality across vehicle 

control and treated groups, or across water control and treated groups for both males and females.  

 

In the tumor analysis, no tumor types had statistically significant dose response relationships in male or 

female rats. The pairwise comparisons did not show statistically significant increases in incidence in any 

observed tumor type in any treated groups in male or female rats. 

 

 

2. Background 
 

In this submission the sponsor included the report of one animal carcinogenicity study in Sprague-dawley rats. 

The study was intended to assess the carcinogenic potential of PF-06291826, a novel specific stabilizer of the 

tetrameric form of transthyretin (TTR), when administered orally by gavage at appropriate drug levels for 104 

weeks in male rats and 103 weeks in female rats. Results of this review have been discussed with the reviewing 

pharmacologist Dr. William Link. This review analyzed the SAS data sets of these studies received from the 

sponsor on August 30, 2018 via NDA211996/SN-0001. 

 

In this review the phrase "dose response relationship" 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 the dose increases. 

 

3. Rat Study 
 

Two separate experiments were conducted, one in males and one in females. In each of these two 

experiments there were three treated groups, one vehicle control group and one water control group. Three 

hundred and thirty Sprague Dawley rats of each sex were randomly assigned to the treated, vehicle control 

group and water control group. The low dose group and middle dose group have the equal size of 60 rats per 

group. The vehicle control group, water control group and high dose group have the equal size of 70 rats per 

group. The dose levels for treated groups were 3, 10, and 30 mg/kg/day. There were two control groups, 

vehicle control and water control. The rats in the vehicle control group  received the vehicle, Vitamin E 
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TPGS, NF Grade (Vit E TPGS). The rats in the water control group  received the ultra pure water (UPW). 

The study for male rats was designed to continue for up to 104 weeks, however in accordance with study 

termination criteria, all surviving male rats were sacrificed during Week 105. The study for female rats was 

designed to continue for up to 103 weeks, however in accordance with study termination criteria, all surviving 

female rats were sacrificed during Week 103. 

 

Group 5 female reached 20 animals left on Day 711 and dosing of that group was stopped on Day 713. 

Group 2 female (control) reached 20 animals on study Day 714 and terminal necropsies of the entire female 

portion of the study was initiated on study Day 716. 

 

Table 1: Study Design in Rat Study  
Protocol 

Group No. 
Dose Levels 
(mg/kg/day) 

Identification Number of Animals Enrolled 
 Males Females 

1 0 Ultra Pure Water 70 70 
2 0 Vitamin E TPGS 70 70 
3 3 PF-06291826 60 60 
4 10 PF-06291826 60 60 
5 30 PF-06291826 70 70 

 

3.1. Sponsor's analyses 

3.1.1. Survival analysis 
 

Kaplan-Meier estimates of group survival rates were calculated, by sex, and shown graphically. Groups were 

compared using a log-rank test. A two-sided trend test using Groups 2-5 (using ordinal coefficients) and two-

sided pairwise tests of Groups 1, 3, 4, and 5 versus Group 2 were all performed at the 0.05 level of 

significance. In all of these methods, accidental deaths and scheduled sacrifices were treated as censored 

observations. 

 

Sponsor’s findings: Sponsor’s analysis showed  the numbers (percents) of death were 48 (70%), 49 (69%), 

40 (67%), 43 (72%) and 47 (67%) in water control, vehicle control, low, medium, and high dose groups, 

respectively in males and 45 (64%), 50 (71%), 43 (72%), 44 (73%) and 50 (71%), respectively in females. The 

sponsor made the following conclusions: 

 

Males 

The trend test was not statistically significant when all groups were included in the analysis. None of the 

pairwise comparisons were statistically significant. 

 

Females 

The trend test was not statistically significant when all groups were included in the analysis. None of the 

pairwise comparisons were statistically significant. 

 

 

3.1.2. Tumor data analysis 
 

Only tissues in the study protocol were statistically analyzed. When examined, the incidences of tumors in 

tissues not in the study protocal were summarized but not subject to statistical analysis. 

 

Group incidences of each observed neoplastic lesion or combinations were analyzed using a one-sided Peto's 

trend test (Groups 2-5) and one-sided pairwise tests (Groups 3-5 vs. Group 2) to test for evidence of a 
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positive relationship between neoplasm incidence and dose. In addition, one-sided pairwise tests for Group 2 

vs. Group 1 were performed to test for evidence of a positive difference between neoplasm incidence and 

vehicle control. 

 

An exact permutation test was conducted for analyses of data of tumors with low tumor incidence. The 

asymptotic Peto, exact Peto, and survival/mortality adjusted trend tests were calculated using ordinal 

coefficients. 

 

Tumors observed in mortality-independent (palpable) sites (e.g. skin/subcutis, mammary gland, etc.) were 

analyzed using the onset-rate method. Any tumors of this type that were not detected prior to necropsy were 

assigned an onset time equal to the time of death/sacrifice. For the analysis of these tumor types, the final 

sacrifice period for each sex was regarded as just a single time point. Fatal tumors were analyzed using the 

death-rate method. Fatal and palpable tumors that were found during the terminal sacrifice period were 

treated as incidental for the statistical analysis, as the animals lived past the last in-life study day (last day of 

dosing), thus no tumor at that point of the study was analyzed as fatal. Animals with incidental tumors were 

regarded as censored observations in the corresponding fatal-tumor analysis. 

 

Incidental tumors, including all tumors observed in sites that were not mortality-independent in either 

terminal sacrifice animals or animals deemed to have died accidentally, were analyzed using the prevalence 

method. Animals with fatal tumors were omitted from the corresponding incidental tumor analysis. For the 

analysis of these lesions, the following approximate time intervals, expressed in Study Weeks, were used: 

Weeks 0-50, 51-80, 81-end of study (up to but not including the initiation of group terminal sacrifices), and 

terminal sacrifice (defined as all necropsies occurring after the initiation of terminal sacrifices for any group). 

The actual intervals used for analysis may have differed (separately for males and females) due to early or 

interim sacrifices, accidental deaths, survival rates, and/or the final sacrifice period. The actual intervals used 

for each sex are described in the Statistics Report. 

 

For tumors that were a mix of fatal and incidental, the results from the different methods were combined to 

yield an overall Peto test result. Peto test p-values were assessed using FDA Guidance for statistical decision 

rules controlling the overall false positive rates of alternative ICH rodent carcinogenicity studies. Common 

and rare tumors were tested at 0.01 and 0.05 significance levels, respectively. All p-values of less than 0.05 are 

summarized in the Results section of the Statistics Report, even when considered not statistically significant 

due to “common” tumor historical control background rates. The determination of whether a tumor was 

common (greater than 1% rate in historical controls) or rare was made by the Study and Peer Review 

Pathologists using data from the Test Facility, and/or alternative relevant sources when there was insufficient 

or inconclusive data. 

 

In the event of a negative study (no statistically significant tumor findings), an assessment of the validity of 

the study design was made through an evaluation of the group survival rates. 

 

Sponsor’s findings: There were no statistically significant differences between the vehicle control and treated 

groups in male rats or female rats. 
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3.2. Reviewer's analyses  
 

To verify sponsor’s analyses and to perform additional analysis suggested by the reviewing pharmacologist, this 

reviewer independently performed survival and tumor data analyses. Data used in this reviewer's analyses were 

provided by the sponsor electronically via NDA211996/SN-0001. 

 

3.2.1. Survival analysis 
 
The survival distributions of animals in all five groups were estimated by the Kaplan-Meier product limit 
method. The dose response relationship and homogeneity of survival distributions were tested for vehicle 
control, water control, low, medium and high dose groups using the Likelihood Ratio test and the Log-Rank 
test.  The intercurrent mortality data are given in Tables 2 and 3 in the appendix for males and females, 
respectively. The Kaplan-Meier curves for survival rate are given in Figures 1 and 2 in the appendix for males 
and females, respectively. Results of the tests for dose response relationship and homogeneity of survivals, are 
given in Tables 4, 5, 6 and 7 in the appendix for males and females, respectively.   
 

Reviewer’s findings: This reviewer’s analysis showed the numbers (percents) of death were 48 (68.6%), 49 

(70%), 40 (66.7%), 43 (71.7%) and 47 (67.1%) in male rats and 45 (64.3%), 50 (71.4%), 43 (71.7%), 44 (73.3%) 

and 50 (71.4) in female rats in the water control, vehicle control, low, median and high dose groups, respectively. 

 

The survival analyses did not show a statistically significant dose responserelationship in mortality across vehicle 

control and treated groups, or across water control and treated groups for both males and females.  

 

 

3.2.2. Tumor data analysis 
 

The tumor data were analyzed for dose response relationships and pairwise comparison of each of the treated 

groups with control group. Both the dose response relationship tests and pairwise comparisons were 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 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 that dies before the terminal sacrifice develops at 

least one tumor, 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.  

 

The tumor rates and the p-values for the positive dose response relationship tests and pairwise comparisons are 

listed in Tables 8, 9, 10 and 11 in the appendix for male and female rats, respectively.   
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Adjustment for multiple testing: For the adjustment of multiple testing of dose response relationship for a 

submission with one chronic rat study, the more recently revised draft (January, 2013) FDA guidance for the 

carcinogenicity studies suggests the use of test levels α =0.005 for common tumors and α=0.025 for rare 

tumors for the chronic rat study. For pairwise comparisonsfor the chronic rat study in the above type of 

submission with one chronic rat study, the same guidance document suggests the use of test levels α =0.01 

for common tumors and α =0.05 for rare tumors for the chronic rat study. 
 

It should be noted that the FDA guidance for multiple testing for dose response relationship is based on a 

publication by Lin and Rahman (1998). In this work the authors investigated the use of this rule for Peto 

analysis. However, in a later work Rahman and Lin (2008) showed that this rule for multiple testing for dose 

response relationship is also suitable for Poly-K tests. 

 

Reviewer’s findings: no tumor types had statistically significant dose response relationships in male or 

female rats. The pairwise comparisons did not show statistically significant increases in incidence in any 

observed tumor type in any treated groups in male or female rats. 

 
 

4. Conclusion  
 

In this submission the sponsor included the report of one animal carcinogenicity study in Sprague-dawley rats. 

The study was intended to assess the carcinogenic potential of PF-06291826, a novel specific stabilizer of the 

tetrameric form of transthyretin (TTR), when administered orally by gavage at appropriate drug levels for 104 

weeks in male rats, and 103 weeks in female rats. 

 

Rat Study: Two separate experiments were conducted, one in males and one in females. In each of these two 

experiments there were three treated groups, one vehicle control group and one water control group. Three 

hundred and thirty Sprague Dawley rats of each sex were randomly assigned to the treated, vehicle control 

group and water control group. The low dose group and middle dose group have the equal size of 60 rats per 

group. The vehicle control group, water control group and high dose group have the equal size of 70 rats per 

group. The dose levels for treated groups were 3, 10, and 30 mg/kg/day. There were two control groups, 

vehicle control and water control. The rats in the vehicle control group  received the vehicle, Vitamin E 

TPGS, NF Grade (Vit E TPGS). The rats in the water control group  received the ultra pure water (UPW). 

The study for male rats was designed to continue for up to 104 weeks, however in accordance with study 

termination criteria, all surviving male rats were sacrificed during Week 105. The study for female rats was 

designed to continue for up to 103 weeks, however in accordance with study termination criteria, all surviving 

female rats were sacrificed during Week 103. 

 

The survival analyses did not show a statistically significant dose responserelationship in mortality across vehicle 

control and treated groups, or between water control and treated groups for both males and females.  

 

In the tumor analysis, no tumor types have statistically significant dose response relationships in male or 

female rats. The pairwise comparisons do not show statistically significant increases in incidence in any 

observed tumor type in any treated groups in male or female rats. 

 

                                                                                                                     Zhuang Miao, Ph.D. 

                                                                                                                            Mathematical Statistician 

Concur:  

Feng Zhou, 
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Mathematical Statistician, Biometrics-6 

 

Karl Lin, Ph.D. 

Mathematical Statistician, Team Leader, Biometrics-6 

 

cc: 

Archival NDA 211996      

Yi Tsong, Ph.D. 

Jean Wu, Ph.D. 

William Link, Ph.D. 
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5. Appendix 

Table 2: Intercurrent Mortality Rate -Male Rats 

  Water 

 (N=70) 

0 mg|kg|day 

Vehicle(Vitamin E) 

(N=70) 

0 mg|kg|day 

Low 

(N=60) 

3 mg|kg|day 

Medium 

(N=60) 

10 mg|kg|day 

High 

(N=70) 

30 mg|kg|day 

Week No. of 

Death 

Cum. % No. of 

Death 

Cum. % No. of 

Death 

Cum. % No. of 

Death 

Cum. % No. of 

Death 

Cum. % 

0 - 52 4 5.71 3 4.29 4 6.67 1 1.67 1 1.43 

53 - 78 18 31.43 18 30.00 19 38.33 16 28.33 21 31.43 

79 - 91 10 45.71 14 50.00 8 51.67 16 55.00 17 55.71 

92 - 104 16 68.57 14 70.00 9 66.67 10 71.67 8 67.14 

Ter. Sac. 22 31.43 21 30.00 20 33.33 17 28.33 23 32.86 

Cum. %: Cumulative percentage except for Ter. Sac. 

 

 

Table 3: Intercurrent Mortality Rate -Female Rats 
 

 Water 

 (N=70) 

0 mg|kg|day 

Vehicle(Vitamin E) 

(N=70) 

0 mg|kg|day 

Low 

(N=60) 

3 mg|kg|day 

Medium 

(N=60) 

10 mg|kg|day 

High 

(N=70) 

30 mg|kg|day 

Week No. of 

Death 

Cum. % No. of 

Death 

Cum. % No. of 

Death 

Cum. % No. of 

Death 

Cum. % No. of 

Death 

Cum. % 

0 - 52 1 1.43 3 4.29 1 1.67 3 5.00 4 5.71 

53 - 78 18 27.14 14 24.29 17 30.00 17 33.33 22 37.14 

79 - 91 17 51.43 17 48.57 16 56.67 11 51.67 20 65.71 

92 - 103 9 64.29 16 71.43 9 71.67 13 73.33 4 71.43 

Ter. Sac. 25 35.71 20 28.57 17 28.33 16 26.67 20 28.57 

Cum. %: Cumulative percentage except for Ter. Sac. 

 

 

 

Table 4: Intercurrent Mortality Comparison between Treated Groups and Vehicle 

Control -Male Rats 

Test Statistic 
P_Value 

Dose Response 

P_Value 

Vehicle vs. Low 

P_Value 

Vehicle vs. Medium 

P_Value 

Vehicle vs. High 

Dose-Response Likelihood Ratio 0.9693 0.8520 0.7254 0.9498 

Homogeneity Log-Rank 0.9878 0.8504 0.7222 0.9493 

 

 

 

Table 5: Intercurrent Mortality Comparison between Treated Groups and Water 

Control -Male Rats 

Test Statistic 
P_Value 

Dose Response 

P_Value 

Water vs. Low 

P_Value 

Water vs. Medium 

P_Value 

Water vs. High 
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Test Statistic 
P_Value 

Dose Response 

P_Value 

Water vs. Low 

P_Value 

Water vs. Medium 

P_Value 

Water vs. High 

Dose-Response Likelihood Ratio 0.9495 0.8446 0.7306 0.9763 

Homogeneity Log-Rank 0.9880 0.8431 0.7277 0.9760 

 

Table 6: Intercurrent Mortality Comparison between Treated Groups and Vehicle 

Control -Female Rats 
                  

Test Statistic 
P_Value 

Dose Response 

P_Value 

Vehicle vs. Low 

P_Value 

Vehicle vs. Med 

P_Value 

Vehicle vs. High 

Dose-Response Likelihood Ratio 0. 3837 0.6867 0.5240 0.3637 

Homogeneity Log-Rank 0.8179 0.6821 0.5161 0.3557 

 

 

Table 7: Intercurrent Mortality Comparison between Treated Groups and Water 

Control -Female Rats 
                  

Test Statistic 
P_Value 

Dose Response 

P_Value 

Water vs. Low 

P_Value 

Water vs. Med 

P_Value 

Water vs. High 

Dose-Response Likelihood Ratio 0. 2172 0.3432 0.2640 0.1550 

Homogeneity Log-Rank 0.4947 0.3360 0.2572 0.1490 
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Figure 1: Kaplan-Meier Survival Functions for Male Rats 
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Figure 2: Kaplan-Meier Survival Functions for Female Rats 
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