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Evaluation of Carcinogenicity Study on Female Rats

To evaluate the sponsor’s carcinogenicity study on female rats, this reviewer analyzed the sponsor's data.
The reviewer's evaluation comprises the following:

¢ survival-data analysis
e tumor-data analysis

The reviewer’s conclusions are summarized at the end of this section.

Survival-Data Analysis |

The survival-data analysis determines whether the dose-mortality trend is statistically significant. A
positive result indicates that the higher the dose level is, the more deaths are likely to occur.

Table 7 shows the number of female rats by treatment by age group. The dose levels labeled “CTRL1,”
“CTRL2,” “LOW,” “MED", “HIGH”, and “MAXT" represent 0, 0, 1, 4, 16, and 63 mg/kg/day,
respectively. Unlike the male rats, the study of female rats does not have the 8-mg/kg/day dose. The time
interval ©“104-105" represents the terminal-sacrifice week.

Table 7. Number of Female Rats by Treatment and Age Group

Number of Animals
- Species: Rat
’ ( Sex: Female

| Treatment Graup
CTRL1 |CTRLZ Low MED HIGH MAXI |Total

count |count [Count |count |count Count [Count

Time. Interval

0-62 3 1 1 2 Y 7 i8
£3-78 T 1 5 7 T 10 50
re-81 8 Y 8 5 1M 1" 51
92-103 10 19 9 18 7 8 68
104-105 31 9 31 31 21 2y 173
Total 60 ) 60 ) 50 60 360

Source: d:\sctos\rate\r\KAnimaIX.txt

Table 8 describes, for the female rats, the number of deaths, the number at risk, and the cumulate
percentages of deaths by treatment and age group.

B APPEARS THIS WAY ON ORIGINAL

File name: NDA21073ActosCarcin.doc




BEST POSSIBLE COPY

NDA 21-073, Actos™, Carcinogenicity Study 9
Table 8. Cumulative Percentages of Deaths in Female Rats
; Analysis of Hortellty
( Species: Rat
¥ sex: Femsle
Dose
CTRLI CTRLE Lo MED HIGH MAX I
Hum. [Num, |Cumu | Num. [Nus. | Cumu | Num. [Nus. | Cusu | Num. [Nus. |Cumu | Num. { Num. | Cumu | NUm . | Num . | Cunu
of at |Pct.} of at |Pct.| ot at {Pct.] ot st {Pct.] of st |Pct.| of at |Pct.
Desd|Risk|Died|Dead|Risk|Died{Dead|RIsk|Died|Desd|Risk|Died|Dead|Risk{Died|Desd|Risk|Died
Tine( ~
wks)
0-52 3| eof &.0 1] B0 1.7 1] so| 1.7 60| 3.3 ul  so| €.7 1| sof11.7
53-T8 7| s1|16.7 7| ss|i13.3 &|. Ea9|to0:0 7| ss|ig.o| 14| E8|30.0] 10| e3|28.3 |
78-91 8| so{31.7 ¥| s2|zs.o 8| s4|z3.3 sl s1|e3.3| 4] wels3z.a| 11} wafus.7 |
|
9z-103] 10| -41{48.3{ 18] wus|st.7 8| wue|3s.a| 15| we|ue.3 1] zales.o 8| 3z|s0.0 |
|
104- |
105 31| ‘eo|s1.7| 29]| eofus.3| 37| sol6t.7| 31| Gois1.T| E1| soj3s.0| 24l eolyo.0 |
|
|
: Source: d:\actos\rate\f\KAnina X txt
Figure 3 helps visualize the cumulative percentages of deaths over time by treatment. The HIGH and
MAXI groups clearly shows dose-related mortalities compared with the two control groups.
Figure 3. Line Graph of Cumulative Percentages of Deaths in Female Rats
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Figure 4 shows the Kaplan-Meier survival functions for female rats. The animals in the HIGH (16
mg/kg/day) and MAXT (63 mg/kg/day) groups died earlier than did those in other groups.
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Figure 4. Kaplan-Meier Survival Functions for Female Rats
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The test for dose-mortality trend (Table 9) shows significant results based on the Cox test (p=0.0078) and
Kruskal-Wallis test (p=0.0022).

Table 9. Dose-Mortality Trend in Female Rats

Dose-Mortallty Trend Tests

o This test is run using Trend and Hormogenelty Analyses of Proportions and
( Life Table Dats Verslon 2.1, by Donald 6. Thomas, Natiocnal Cancer Institute

Specles: Rat
Sex: Female

Tine-Adjusted . P

Hethod Trend Test RS Statletic Value

Cox Dose-Martallty Trend 7.08 0.0078

[ Depart from Trend 10.35 0.0349
Homogenelty ... . RS N L b 0.0038

Kruskal-Wallis Dose-Martality Trend 9.36 0.0022

| Depart from Trend 12.46 0.0143
| Homogeneity . L 21.82 .. ....0.00086

Source: d:\actos\rats\fT\XAnima|¥.txt

This reviewer’s survival-data analysis concludes that the mortality in female rats is positively dose-related.
Therefore, the age-adjusted trend test detailed in the following section (Tumor-Data Analysis), is justified.

Tumor-Data Analysis

A The tumor-data analysis determines whether the dose-tumor positive linear trend in tumor incidence is
( statistically significant. This reviewer tests this trend for every organ and tumor. The resulting p-values are
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compared against the p-valué cutoff points set by the following Agency’s procedures. A significant result
indicates a dose-turnor positive linear trend.

Statistical Procedure in Evaluation of Tumor-Data Analyses
Currently Adopted by CDER Divisions of Biometrics

¢ For tumors found either fatal or non-fatal to all the animals, the statistical interpretation is based on the
exact test.

¢ For tumors found fatal to some, but not to all animals, the statistical interpretation is based on the
asymptotic test, resulting from the combined test. The asymptotic test uses the Z-statistic, which
follows a standard normal distribution.

» - To adjust for the effect of multiple testing, one can use a rule proposed by Haseman. A modified rule,
proposed by the Divisions of Biometrics, CDER/FDA is applied to the trend tests in the review. In
order to keep the overall type-I error at the level of about 0.1, this rule states:
¢ Tumors with a spontaneous tumor rate of 1% or less may be tested at the 0.025 significance level.
e Otherwise, the 0.005 significance level may be used.

Table 10 quotes the significant trend-tests for female rats. This reviewer informs the reviewing
pharmacologist the statistically significant dose-tumor positive linear trend in the female rats.

Table 10. Significant Trend-Tests for Female Rats

Organ Tumor Tumor-Bearing Animals | P-value

Skin, Subcutis (333) | Lipoma (508) 001013 =0.000 (P<0.025)

Conclusions on Female-Rat Study

This reviewer informs the reviewing pharmacologist that the Actos™ is potentially carcinogenic (Table
10). Please note that the test could lead to a false conclusion due to chance alone. However, the probability
of erroneously concluding a significant test is about 10% or less.
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Evaluation of Carcinogenicity Study on Male Mice

To evaluate the sponsor’s carcinogenicity study on male mice, this reviewer analyzed the sponsor’s data.
The reviewer's evaluation comprises the following:

¢ survival-data analysis
e tumor-data analysis

The reviewer’s conclusions are summarized at the end of this section.

Survival-Data Analysis

The survival-data analysis determines whether the dose-mortality trend is statistically significant. A
positive result indicates that the higher the dose level is, the more deaths are likely to occur.

Table 11 shows the number of male mice by treatment by age group. The dose levels labeled “CTRL1,”
“CTRL2,” “LOW,” *MED,” “HIGH,” and “MAXI" represent 0, 0, 3, 10, 30, and 100 mg/kg/day,
respectively. The time interval “104-106" represents the terminal-sacrifice week.

Table 11. Number of Male Mice by Treatment and Age Group

Number of Rnimals
Species: House
Sex: Male

Treatment Group
CTRLI" |CTRL2 LOW MED HIGH MAX1 |Total

Count [{Count  |Count: |Count |Count:|Count . |[Count

Tine Interval

0-52 6 T ] [ ] 12 45
§3-78 6 -1 13 7 k¢ 10 k1]
79-91 10 ] 11 T 8 1" 62
g2-103 11 10 6 7 -] 9 S1
to4=1086 et 33 25 33 28 18 164
Total 60 60 60 60 60 60 360

Source: d:\actos\mice\m\XAnima IX.txt

Table 12 describes, for the male mice, the number of deaths, the number at risk, and the cumulate
percentages of deaths by treatment and age group.
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Table 12. Cumulative Percentages of Deaths in Male Mice
Anslysis of Mortality
Spuciss: Mouse
Sex: Male
Dose
CTRL1 CTRLE Low MED HIGH MAX |
Num. [Num; | Cumu [ Num. | Num, [Cumu|Num. [Num, fCunufNun: |Nus. [ Cumu ] Num. [Nus. {Cunu|NUN. | Nus. [Cumu
of | st |Pet.| of | at |Pct.]| of | at |Pct.l or | at {Petil or | at |Pet.| of | at |Pct.
Dead{Riek|Died|Dead|Risk|DIed{Desd|Risk|DIed|Desd|RIisk|Dled|{Dead|Risk|Died|Desa|Rink|Died
Timea(-
wks )
0-52 6| sefio.o| 7| eo|1r.7] s} ol 8.3 6] so|ve.e] 8| eol1s.0] 12| ‘Eo]zo.0
£3-78 6| sujzo.o| - 8] ®e3|20.0f 13} sslae.of | su|er.r] 7] si1|ze.1] ve| we|as.7
78-91 10 48§36.7| ~s|. wus|ze.3] 11} 4z|us.3 1| w7|33.3] 8] 4d]ue.o] 11] 38{55.0
82-103|. 11| 3efes.o] 1o| ‘w3alus.e] €| mt|E8.3]  ¥| wo|us.o| - &| aslsa.a| s z7|70.0
104~
106 21| sojus.o| 33| Eo|ss.o| 28] eofur.7| 33| ‘sol|es.e| 28| sojus.7| 18| 6o}30.0
Figure 5 helps visualize the cumulative percentages of deaths over timé by treatment. The MAXI (100
mg/kg/day) group had the highest cumulative percentage of death among all groups.
Figure 5. Line Graph of Cumulative Percentages of Deaths in Male Mice
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Figure 6 shows the Kaplan-Meier survival functions for male mice. The animals in the MAXI (100
mg/kg/day) group had a slightly lower survival rate than'did those in other groups.

APPEARS THIS WAY ON ORIGINAL

File name: NDA21073ActosCarcin.doc




BEST POSSIBLE COPY

NDA 21-073, Actos™, Carcinogenicity Study

Figure 6. Kaplan-Meier Survival Functions for Male Mice
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The test for dose-mortality trend shows significant results based on the Cox test (p=0.0040) and Kruskal-
Wallis test (p=0.0044). (See Table 13.)

Table 13. Dose-Mortality Trend in Male Mice

Dose-Mortality Trend Tests

Thie test ls run using Trend and Homogenelty Anailyses of Proportions and
Life Table Dats Version 2.1, by Donald G. Thowas, National Cancer institute

Speclies: MHouse

Sex: Male
Time~Adjusted P
Method Trend Test Statistic Value
Cox Dose-Mortality Trend 8.31 0.00490
Depart from Trend 3.1 0.4378
Homogenel ty 12,08 0,0338
Kruskal-Walils Dose-Mortallity Trend 8.13 0.004y
Depart from Trend 3.29 0.5112
Homogene |ty 1142 0.0437

Source: d:\actos\mice\m\XAnimai¥.txt

This reviewer’s survival-data analysis concludes that the mortality in male mice is positively dose-related.
Therefore, the age-adjusted trénd test detailed in the following section (Tumor-Data Analysis), is justified.

Tumor-Data Analysis

The tumor-data analysis determines whether the dose-tumor positive linear trend is statistically significant.
This reviewer tests this trend for every organ and tumor. The resulting p-values are compared against the
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p-value cutoff points set by the following Agency’s procedures. - A significant result indicates a dose-tumor
positive linear trend.

hma,

Statistical Procedure in Evaluation of Tumor-Data Analyses
Currently Adopted by CDER Divisions of Biometrics

¢ . For tumors found either fatal or non-fatal to all the animals, the statistical interpretation is based on the
exact test.

o - For tumors found fatal to some, but not to all animals, the statistical interpretation is based on the
asymptotic test, resulting from the combined test. The asymptotic test uses the Z-statistic, which
follows a standard normal distribution.

e - To adjust for the effect of multiple testing, one can use a rule proposed by Haseman. - A modified rule,
proposed by the Divisions of Biometrics, CDER/FDA is applied to the trend tests in the review.  In
order to keep the overall type-I error at the level of about 0.1, this rule states:
¢ Tumors with a spontaneous tumor rate of 1% or less may be tested at the 0.025 significance level.
e . Otherwise, the 0.005 significance level may be used.

This reviewer’s analysis does not find any statistically significant dose-tumor positive linear trend in the
male mice.

Conclusions on Male-Mouse Study

This reviewer's analysis does not find any statistically significant dose-tumor positive linear trend in the

male mice.
APPEARS THIS WAY ON ORIGINAL "_‘
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-

Evaluation of Carcinogenicity Study on Female Mice

To evaluate the sponsor’s carcinogenicity study on female mice, this reviewer analyzed the sponsor’s data.
The reviewer’s evaluation comprises the following:

¢ survival-data analysis }
e - tumor-data analysis |
|

The reviewer’s conclusions are summarized at the end of this section.

Survival-Data Analysis

The survival-data analysis determines whether the dose-mortality trend is statistically significant. A
positive result indicates that the higher the dose level is, the more deaths are likely to occur.

Table 14 shows the number of female mice by treatment by age group. The dose levels labeled “CTRL1,”
“CTRL2,” “LOW,” “MED,” “HIGH,” and “MAXI" represent 0, 0, 3, 10, 30, and 100 mg/kg/day,
respectively. The time interval “104-106" represents the terminal-sacrifice week.

Table 14. Number of Female Mice by Treatment and Age Group

Number of Animale
Species: Mouse
Sex: Female

Treatment Group
CTRLt |CTRL2 Low MED MEDHI HIGH |Total

Count |[Count |Count |Count jCount |Count [Caunt

Tine Interval

0-62 3 3 L) 4 3 9 24
| 53-18 11 7 8 8 13 68
79-81 19 12 10 12 T 8 69
| g9z2-103 T 16 13 6 18 8 65
i 104-106 2o (4 2y 31 26 21 144
Total 60 60 60 60 60 60 360

Source: d:\sctos\mice\T\XAnimaix.txt

Table 15 describes, for the female mice, the number of deaths, the number at risk, and the cumulate
percentages of deaths by treatment and age group.
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Table 15. Cumulative Percentages of Deaths in Female Mice
Analysis of Mortallty
Speciess: Mouse
Sex: Female
Dose
CTRL1Y CTRLZ LoW MED HIGH MAX|
Num, [Nua. JCumu | Num., [Num. [Cumu i Num, |Num, | Cumu | NUm. [ Num; | Cumu [Nums. | Num. {Cumu{Nun. |Num. |Cunu
ot at |Pct.| ot at {Pct.| of at |Pet.| or at [Peti] of at |Pct.| of at |Pct.
DeadiRlsk|Died|Dead|Risk|{Dled|Desd|Risk|Died|Dead|RIsk{DIied|Dead|[RIsk|Died|Deed|RIek{D]ed
Tima( -
wke)
0-62 3 60| 6.0 3 60] 6.0 L s6o0l 6.7 60} 3.3 3 60| &.0 8 Boj15.0
63-78 1 §7{23.3 T B7|16.7 9 B6{21.7 68118.3 9 §7|20.0 13 §1136.7
T9-91 19 46 155.0 [ X4 6036.7 10 47|38.3 12 49138.3 h 4 NB|31.T 9 38(51.7
gz-103 1 gT]66.7 16 38|63.3 13 3T{60.0 6 37]|48.3 111 4y1|86.7 8 28i65.¢0
104~
106 to 66]33.3 2z 60]36.7 (4] Goj|40.0 31 60|61.7 26 60143.3 1 60|35.0

Figure 7 helps visualize the cumulative percentages of deaths over time by treatmient. The doses do not

appear to associate the cumulative percentages of deaths.

Figure 7. Line Graph of Cumulative Percentages of Deaths in Female Mice
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Figure 8 shows the Kaplan-Meier survival functions for female mice. The animals in the MAXI (100

mg/kg/day) group had a lower survival rate than did those in other groups. The MAXI group had more

early deaths than did other groups.
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Figure 8. Kaplan-Meier Survival Functions for Female Mice

BEST POSSIBLE COPY

Kaplan-=3 eier Survival Punction

0% -

Pefyant Survinal
.

X%
0%

%

0.0% -
T

.
-4
4

lH——O— CYRL1 -0  crrLe Do — G LAY - T MHED

B il B

HIGH

-

x|

The dose-mortality-trend test in the following Table 16 dose not indicate a significant trend (p>0.05).

Table 16. Dose-Mortality Trend in Female Mice

Species: Mouse
Sex: Female

Time-Ad jJusted
Method Trend: Test

Cox Dese-Mortatlity Trend
Depart from Trend
Homogenel ty

Kruskai-Wallie Dose~-Mortal ity Trend
Depart from Trend
Homogeneity

Dose-Martality Trend: Teste

Statletic

1.45
8.54
6.99

3.27
5.38
8.65

Source: d:\actos\miceNf\XAnima IR.txt

P
Valtlue

0.2280
0.2362
6.2212

0.0704
0.2504
0.1237

This test s run using Trend and Homogenelty Analyses of Proportions and
Life Tabie Data Version 2.1, by Donald G. Thomas, National Cancer. (nstitute

Tumor-Data Analysis

The tumor-data analysis determines whether the dose-tumor positive linear trend in tumor incidence is
statistically significant. This reviewer tests this trend for every organ and tumor. The resulting p-values
are compared against the p-value cutoff points set by the following Agency’s procedures. A significant

result indicates a dose-tumor positive linear trend.
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Statistical Procedure in Evaluation of Tumor-Data Analyses
Currently Adopted by CDER Divisions of Biometrics

e .- For tumors found either fatal or non-fatal to all the animals, the statistical interpretation is based on the
exact test.

¢ For tumors found fatal to some, but not to all animals, the statistical interpretation is based on the
asymptotic test, resulting from the combined test. The asymptotic test uses the Z-statistic, which
follows a standard normal distribution:.

¢ To adjust for the effect of multiple testing, one can use a rule proposed by Haseman. - A modified rule,
proposed by the Divisions of Biometrics, CDER/FDA is applied to the trend tests in the review. In
order to keep the overall type-I error at the level of about 0.1, this rule states:
¢ Tumors with a spontaneous tumor rate of 1% or less may be tested at the 0.025 significance level.
e . QOtherwise, the 0,005 significance level may be used.

P iae 5%

This reviewer's analysis does not find any statistically significant dose-tumor positive linear trend in the
female mice.

Conclusions'on Female-Mouse Study

This reviewer’s analysis does not find any statistically significant dosé-tumor positive linear trend in the
female mice.

[
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{_ Conclusions

Based on the evaluation of the carcinogenicity studies on rats and mice, this reviewer’s concludes that
Actos™ is carcinogenic in rats. The probability of erroneously concluding a significant test is about 10% or
less.
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