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Statistical Review and Evaluation

1. Executive Summary

1.1 Conclusions and Recommendations

The post-hoc re-analyses of CIBIC-plus at Week 26 doesn’t provide convincing evidence that
CIBIC-plus at Week 26 is significantly different between GAL-ER vs. Placebo, and GAL-IR vs.
Placebo.

1.2 Brief Overview of Clinical Studies

The primary objective of this study was to evaluate the safety and efficacy (as measured by
Alzheimer’s Disease Assessment Scale: sum of 11 cognitive items [ADAS-cog/1 1] and Clinician’s
Interview Based Impression of Change — Plus Caregiver Input [CIBIC-plus)) of a flexible dosing
regimen (16 or 24 mg/day) of galantamine controlled-release (CR) compared with placebo n
subjects with mild to moderate Alzheimer’s disease. Secondary analysis includes comparisons for
efficacy mecasurements between galantamine IR and placebo and between galantamine CR and IR.
This double-blind, parallel-group, placebo-controlled, flexible-dose study was conducted in the U.S_,
Australia, Canada, South Africa, and New Zealand. Following a 4-week, single-blind, placebo run-in
period, subjects were randomized to receive placebo, galantamine IR, or galantamine CR in double-
blind fashion for 26 weeks. Subjects in the galantamine treatment groups received 4 weeks of
galantamine CR 8 mg q.d. or IR 4 mg b.i.d., followed by 4 weeks of galantamine CR 16 mg q.d. or
IR 8 mg b.i.d. Based on safety and tolerability, the galantamine dose could be increased to CR 24 mg
q.d. or IR 12 mg b.1.d. at Week 8, and could be reduced to CR 16 mg q.d. or IR 8 mg b.i.d. at Week
12. The dose chosen at the end of Week 12 was fixed for the remainder of the study. 971 subjects
were randomized with 965 subjects analyzed for safety, and 925 subjects analyzed for efficacy
(Intent-to-Treat {ITT] Analysis Set).

Efficacy was evaluated by the ADAS-cog/11, CIBIC-plus, ADCS-ADL, and NPI measurements at
baseline and at Weeks 8, 12, and 26. The primary efficacy analyses were to compare galantamine
CR with placebo with respect to change in ADAS-cog/11 scores from baseline to Week 26 and
CIBIC-plus scores at Week 26. The changes in the ADAS-cog/l1 score were analyzed using
analysis of vanance (ANOV A) models wath treatment and country (U.S. vs. non-U.S.) factors. The
Cochran-Mantcl-Hacnszel (CMH) test using medified ridit scores, derived from rank scores (the
Van Elteren test) controlling for country (U.S. vs. non-U.S)) cffect, was applied to compare the
distributions between each pair of the treatments for the CIBIC-plus scorc. The primary efficacy
analysis was based on the observed case (OC) data for the ITT analysis set. (In the protocol stage,
the Agency pointed out to the applicant that LOCF is commonly used for the primary analysis for
this indication.) Last observation carried forward (LOCF) analysis for the [TT analysis set was used
for the primary analyses. Treatment with galantamine CR and IR led to statistically significant
improvements in the primary efficacy endpoint (ADAS-cog/1 1} compared with placebo at Week 26.
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Both galantamine CR and IR treatments were numerically better but not statistically different from
that of the placebo group in maintaining global function assessed by CIBIC-plus scores at Week 26.

P-values for ADAS-cog/11 are .0001 using LOCF and OC. P-values for CIBIC-pus are .216 using
LOCF and .0859 using OC, respectively. The decision rule is to have significance on both ADAS-
cog/1 | and CIBIC-plus simultaneously.

In this submission, the applicant re-analyzed CIBIC-plus at Week 26 LOCF data with CMH using
rank scores. The applicant presented the results of CMH stratified by site, CMH stratified by country
and screening MMSE, CMH stratified by country and ADAS-cog/11, CMH stratified by country and
prior cholinomimetic use, and CMH stratified by site for USA population.

1.3 Statistical Issues and Findings

CMH stratified by region or by country is more commonly used method in analyzing CIBIC-plus
when the study is an international study, and more appropriate to adjust for country effect.
Unfortunately, none of them is significant. The significance result of CMH stratified by site is
questionable since there is no pre-specified pooling plan. Furthermore, 1t is not clear whether the
significance result of CMH stratified by site is driven by one extremely large pooled site.

Since none of CMH without stratification, CMH stratified by country, and CMH stratified by disease
severity (MMSE, ADAS-cog/11, and prior cholinomimetic use) is significant for GAL-ER vs.
Placebo, the significance result of CMH stratified by both disease severity and country might be due
to interaction.

In USA population, CMH stratified by site shows significance and CMH without stratification also
shows significant for GAL-ER vs. Placebo, but one should interpret the subgroup result with caution
since it s a subgroup analysis.
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2. Introduction

2.1 Overview

In this resubmission, the applicant re-analyzed GAL-INT-10 CIBIC-plus data using the following
approaches: a design-based analysis stratified by study site, 3 similar analyses stratified by country
and baseline disease severity to adjust for prognostic factors, and an analysis of the U.S. population
alone. All additiona! analyses presented were performed based on ITT (intent-to-treat) LOCF (last-
observation-carried-forward) data using 2-sided statistical tests. All CMH tests were performed
using rank scores.

2.2 Data Sources

The path to the CDER Electronic Document Room (EDR) is:
WCDSESUBI\N21615\N_00012003-05-27

3. Statistical Evaluation

3.1 Evaluation of Efficacy

3.1.1 Analysis Stratified by Studv Site

The protocol-specified analysis of CIBIC-plus used a CMH with modified ridit scores and stratified
by region (U.S. vs. non-U.S.). The modified ridit score is defined as the rank score further divided
by the stratum sample size. This use of modified ridit scores and U.S. vs. non-U.S. stratification
inappropriately gives equal weight to the non-U.S. region and the U.S. region, the latter of which
comprised 69% of the study population. This analysis, therefore, effectively down-weights the
contribution of the U.S. subjects. Since the randomization of subjects was stratified by study site, a
design-based analysis, which weights each subject’s contribution toward the overall analysis result
equally, would be a CMH using rank scores and stratified by study site.

GAL-INT-10 CIBIC-plus results of analysis stratified by study site are summarized in Table 3.1.1.1.
Small study sites with 3 or fewer subjects per treatment cell were pooled. When GAL-INT-10
CIBIC-plus data are analyzed using this design-based analysis, both GAL-ER treatment and GAL-IR
treatment were statistically superior to placebo (Table 3.1.1.1). The sponsor believes that this
analysis reflects more accurately the overall treatment effect of GAL-ER and GAL-IR on CIBIC-
plus.
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Table 3.1.1.1 GAL-INT-10 Week 26 (LOCF) CIBIC-plus Results

PLACEBO GAL ER GALIR

All ITT Subjects N=3{(1 N=296 N=302

CIBIC-plus
Markedly improved 1.0% 1.0% [ 0%
Moderately improved 37% 4.7% 5.0%
Mildlv improved 15.9% 16.6% 15.2%
No change 36.9% 38.5%, +2.1%
Mildly worse 26.6% 27.4% 25.8%
Moderately worse 13.6% 9.8% 998G
Markedly worse 2.3% 2.0% 1%

p-value® (vs Placebo) 0.036 0.027

*CMH model stratified by study site.

Reviewer’s Comment:

AUl CMH calculation in this review will use rank scores which are same as the applicant’s method in
this submission, despite the original protocol specified method using modified ridit scores.

CMH without any stratification give p-values .2770 for GAL-ER vs. Placebo, and .1512 for GAL-IR
vs. Placebo, respectively, using rank scores.

CMH stratified by region (USA vs. non-USA) give p-values .0951 for GAL-ER vs. Placebo, and
0958 for GAL-IR vs. Placebo, respectively.

(CMH stratified by country (Australia, Canada, New Zealand, South Africa, and USA) give p-values
.0582 for GAL-ER vs. Placebo, and .0845 for GAL-IR vs. Placebo, respectively.

Since there are 91 sites in the study, after pooling sites with few than 3 patients to big sites within
each country, there are still 32 sites as listed in Table 3.1.1.2. Number of subjects in pooled site in
Australia is 991, in Canada 992, in New Zealand 993, in South Africa 994, and in USA 995,
respectively.
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P-values are calculated using CMH and listed. Since samplc sizes in sites are small, p-values are not
used to check difference within each site. Notice that the pooled site 995 is extremely large with p-
valuc L0293, it is not clear whether the significance result of CMH stratified by site 1s driven by this
particular pooled site. Without pre-specification of pooling plan, the result of CMH using the post-

Table 3.1.1.2 Number of Subjects and P-value by Site

Site GAL-ER | Placebo | Total | P-value
2 4 4 8 2248
3 8 8 16 2312
7 6 8 14 3650
15 7 6 13 1002
16 4 4 8 2248
21 5 5 10 0647
24 11 10 21 3184
30 6 6 12 4344
35 3 & 16 2695
36 5 4 9 8927
38 9 10 19 3012
41 7 7 14 A170
48 5 6 1] 3976
49 5 4 9 6547
50 6 5 11 7798
51 5 6 11 .5627
54 4 4 8 3428
56 9 10 19 0824
101 4 4 8 1342
102 5 5 10 1346
106 5 5 10 1364
107 4 4 8 R770
109 9 8 17 0505

213 5 6 11 6389
302 5 5 10 175

304 6 6 12 .6045

305 7 8 15 .3645

307 3 7 15 4551

991 21 22 43 4726
992 5 6 11 2189

993 2 3 5 1.000

994 8 8 16 1.600

905 38 89 177 0293

7 of 15
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hoc pooling site is difficult to interpret.

CMH stratified by region or by country is more commonly used method in analyzing CIBIC-plus
when the study is an international study, and more appropriate to adjust for country effect.
Unfortunately, none of them is significant. The significance result of CMH stratified by site is
questionable since there is no pre-specified pooling plan. Furthermore, it is not clear whether the
significance result of CMH stratified by site 1s dniven by one extremely large pooled site.

3.1.2 Analysis Stratified by Screening MMSE and Country

A summary of CIBIC-plus data by screening MMSE categories <22 and >22 is provided in Table
3.1.2.1. In the subgroup of subjects with screening MMSE score <22, the CIBIC-plus responder
rates were consistent with prior GAL-IR AD studies. In the subgroup of subjects with screening
MMSE=>22, the CIBIC-plus responder rates in all treatment groups are higher than for the remainder
of the study population. The 77% CIBIC-plus responder rate in the placebo group was notably high
and greatly reduced the CIBIC-plus sensitivity.

An analysis using a CMH stratified by country and screening MMSE category (<22 versus >22) was
performed. Statistical significance in favor of GAL-ER is achieved for the comparison between
GAL-ER and placebo. Sensitivity analyses using 20, 21, and 23 as the cutoff point confirmed the
robustness of this analysis (Table 3.1.2.2). Statistical significance in favor of GAL-IR is achieved for
the comparison between GAL-ER and placebo for the cutoff points of 21 and 23, but it just missed
the 0.05 significance level for the cutoff points of 20 and 22 (Table 3.1.2.2).

Appears This Way
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Table 3.1.2.1 Summary of CIBIC-plus at Week 26 -
LOCF Data by Screening MMSE Category (<22 and >22)

PLACEBO GAL ER GAL IR
Subjecis with MMSE <22 N=248 N=25% N =256
CIBIC-plus
Markedby mmproved 0.8% E29, 0.8%
Moderately inproved 2P 4.7%, +4.3%
Mildly improved 14.5% 14.9¢, 13.2%
No change 35.9% V.64 10.6%
Mildiy worse 28.2% 26.3% 27.3%
Moderately worse 15.7% 11.0% 10.6%
Markedly worse 2 8% 130, f.2%
Subjects with MMSE >22 N A N 41 N 46
CIBIC-plus
Markedhy nrproved 1.9% iy, R
Meoderateh improved 11.3% 499, %7%
Mitdly nproned 226% 26.8Yy 15329,
No clange 41 3uy L7, MM,
Ntlf(.”\ WS | 3 342y, 17.4%0
Maoderateh worse 3B, 24 O S8y
Marhedls worse 0%, i, Tk,
p-value” (vs Placebo) 6,019 a0.u53

ACMI made] stratified by sereening MMSE and country

Table 3.1.2.2 Summary of CIBIC-plus at Week 26 —
LLOCF Data by Screening MMSE Category and Country

CAL-ER v GAL-IR v
Strata for CMH Mode! Placebo Plucebo
MMSE o200 20 countiy Uil TR
MAISE 10200 21 country gl EREI
MMSL 10-220 220 counliy iy N33
MMREGd0-230 250 countn IRTRN TRTA
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Reviewer’s Comment;

P-values for CMH stratified by MMSE are given in the following table. For GAL-ER vs. Placebo,
none are significant.

Table 3.1.2.3 Summary of CIBIC-plus at Week 26 —
LOCF Data by Screening MMSE Category

Strata for CMH GAL-ER vs. Placebo | GAL-IR vs. Placebo
MMSE (10-20, >20) 1221 .0540
MMSE (10-21,>21) 0681 0229
MMSE (10-22,>22) 0777 0477
MMSE (10-23,>23) 1101 0496

Since nonc of CMH without stratification, CMH stratified by country, and CMH stratified by
MMSE is significant for GAL-ER vs. Placebo, the significance result of CMH stratified by both
MMSE and country might be due to interaction.

3.1.3 Analvsis Stratified by Baseline ADAS-cog/11 and Country

CIBIC-plus data summarized by bascline ADAS-cog/1 1 categories of €18 and >18 are provided in
Table 3.1.3.1. In the subgroup of subjects with baseline ADAS-cog/11 >18, the CIBIC-plus
responder rates were consistent with prior GAL-IR AD studies. In the subgroup of subjects with
baseline ADAS-cog/11 <18, representing more mild subjects, the CIBIC-plus responder rates in all
treatment groups are considerably higher. The 78% CIBIC-plus responder rate in the placebo group
was notably high and greatly rcduced the CIBIC-plus sensitivity.

An analysis of CIBIC-plus data using a CMH stratified by country and baseline ADAS-cog/11 score
(218 versus >18) was performed. The cutoff point of <18 was used to create a comparable
percentage to subjects with a screening MMSE >22. Sensitivity analyses using other cutoff points
are also presented to show the robustness of this analysis. Statistical significance is achieved for the
comparison between GAL-ER and placebo and between GAL-IR and placebo at all cutoff points
(16,17, 18, 19, and 20) (Tables 3.1.3.1 and 3.1.3.2).

Appears This Way
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Table 3.1.3.1 Summary of CIBIC-plus at Week 26 - LOCY Data by
Baseline ADAS-cog/11 and Country

11 of 15

PLACERO GAL ER GAL IR
Subjeets with Baseline N=223 N-234 N- 246
ADAS-cog/lt >18
CIBIC-plus
Markedly improved (.5% 0.8% (1.8%,
Moderateh improved 22% 439, 4.1,
Nhldl} il]]f}l’(’!\‘t?d 15 3%, 15.8% 1-h6%
No change 32.7% 3394, $2.3%,
Mildly worse 29.2% 29 |4 2529
Maderately worse 17.0% 12.0% 11.8%
Markedhy worse 31, 2. 1% 129,
Suhjects with Basefinge N4 N-57 N 51
ADAS-cog/ll <18
CIBIC-plus
Marked!y improved 2.7% i 8% 20%
Maoderately improved R1% 5.3% Q.89
Mildly improved 189, 19.3% 17.6%
No change 18 6% 50.9% £3.1%,
Maldly worse 17 6% 21.0%, 2339,
Maderately worse 4 1% 1.8%, 2.0%
Markedh worse 0", 0.40% (L%
p-value” (vs Placebo) 0.021 hLO1S

*OMI mode! stranfied by bascline ADAS-cog 11 score and country.

Table 3.1.3.2 GAL-INT-10 Week 26 CIBIC-plus Data Results (p-values) from CMH
Model Stratified by Baseline ADAS-cog/11 Score and Country

GAL-ER vs

GAL-IR vs

Strata foy CMH Madel Placebo Plicehe
ADAS-cog Hg=la 101 Cotdiy IR ey
ADAN-cog 1170 170 Countny ERVIRS (et
ADAS-cog [1i=18 I8e Countiy Nl Huls
ADAS-cog [ {34 191 Countns niNs fitin
APAS-cop T (£20, 20 Countny 1030 (4 iZy
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Reviewer’s Comment:

P-values for CMH stratified by ADAS-cog/11 are given in the following table. For GAL-ER vs.
Placebo, none is significant.

Table 3.1.3.3 GAL-INT-10 Week 26 CIBIC-plus Data Results (p-values) from CMH
Model Stratified by Baseline ADAS-cog/11 Score

Strata for CMH GAL-ER vs. Placebo | GAL-IR vs. Placebo
ADAS-cog/11 (216, >16) 1198 0337
ADAS-cog/11 (£17,>17) 1289 0361
ADAS-cog/11 (=18, >18) 1107 0251
ADAS-cog/11 (£19,>19) 0857 0190
ADAS-cog/11 (£20, >20) 1282 0394

Since none of CMH without stratification, CMH stratified by country, and CMH stratified by
ADAS-cog/1 | is significant for GAL-ER vs. Placebo, the significance result of CMH stratified by
both ADAS-cog/!1 and country might be due to interaction.

3.1.4 Analysis Stratified by Prior Cholinomimetic Use and Country

A summary of CIBIC-plus data categorized by prior cholinomimetic use is provided in Table
3.1.4.1. In the subgroup of subjects with prior cholinomimetic use, the CIBIC-plus responder rates
were consistent with prior GAL-IR AD studies. In the subgroup of subjects without prior
cholinomimetic use, the CIBIC-plus responder rates in all treatment groups are higher than for the
rest of the study population. :

An analysis of CIBIC-plus data using a CMH stratified by country and prior cholinomimetic use
status was performed. Statistical significance in favor of GAL-ER is achieved for the comparison
between GAL-ER and placebo (Table 3.1.4.1). It just missed the 0.05 significance level for GAL-IR.

Appears This Way
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Table 3.1.4.1 Summary of CIBIC-plus at Week 26 —
LOCF Data by Prior Cholinomimetic Use

PLACEBO GAL ER GAL IR

Subjects with Prior N=137 N-42 Ne=jd3
Cholinomimetics Use
CIBIC-plus

Markedly improved 22% 0.7% 1.4%
Moderateh improved 29% +.9%, 3.4%
Mildiv improved 10.9% 16.6%0 11.7%
N change 31.4% 40.1% 40.7%
Mildlv worse 29.9% 27.5% 29.0%
Maoderately worse 19.0% 12.7% 11.7%
Markedlhy worse 36% 3.5% i
Suhjects without Prior N o164 N 133 N- 157

Chatinomimetics $se
CIBIC-plus

Markedby Baproved 002y 1.3% 0.6%
Muoderateh improved 3 3% +.6% 6.4%
Mildh improved 20.1% 0, [8.5%,
No chunge 41.53%, 37.2%, 143 3%
Mildly worse 23.8%., 36.8%, 22499,
Moderich worse Q1% 7.2%, 8.3%
Mirkedly worse 1 2% 0.7% N.4%,
p-value” {(vs Placebo) 0.030 (L052

M moded siratified by chelinomumeties status and country

Reviewer’s Comment:

P-values for CMH stratified by prior cholinomimetic use are .2140 for GAL-ER vs. Placebo, and
.1192 for GAL-IR vs. Placebo, respectively.

Since CMH without stratification, CMH stratified by country, and CMH stratified by prior
cholinomimetic use arc not significant, it is not clear how to interpret the results of CMH stratified
by both prior cholinomimetic use and country.

Since none of CMH without stratification, CMH stratified by country, and CMH stratified by prior
cholinomimetic use is significant for GAL-ER vs. Placebo, the significance result of CMH stratificd
by both prior cholinomimetic use and country might be due to interaction.
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3.1.5 Analysis in US Population

There was a difference between the U.S. and non-U.S. population in the severity of the subjects’
dementia (i.e., severity was greater in the U.S. population). Since the U.S. population comprised
69% of the total GAL-INT-10 study population, an analysis of CIBIC-plus in the U.S. population
only, stratified by study sites, was performed. This analysis examined the treatment effect in the
large and more homogeneous U.S. population.

The percentage of CIBIC-plus responders for both GAL-ER and GAL-IR are almost identical (65%)
and greater than placebo (58%), indicating very similar performance between GAL-ER and GAL-IR
within the GAL-INT-10 U.S. population (Table 3.1.5.1). The CIBIC-plus responder rate for GAL-
ER is comparable to that observed in previous AD studies. However, the responder rate in the
placebo group (58%) is higher than that observed in previous AD studies (approximately 50%).

Statistical significance is achieved in the U.S. population for the comparison between GAL-ER and
placebo {(p=0.026) as wecll as the comparison between GAL-IR and placebo (p=0.029) (Table

3.1.5.1). These are based on a CMH stratified by study site in the U.S. population. Small study sites
with 3 or fewer subjects per trcatment cell were pooled.

[n summary, in the U.S. population that comprised 69% of the GAL-INT-10 population, CIBIC-plus
performed as would be expected. A large proportion of more mildly demented subjects in the non-
U.S. sites reduced the CIBIC-plus sensitivity by inflating the placebo response.

Table 3.1.5.1 Summary of CIBIC-plus at Week 26 —
LOCF Data (Study GAL-INT-10: U.S. Population)

PMLACEBO GAL ER Gal IR
t .5, Subjects NI N 202 N 2040
CIBIC-plus
Murkedh improved 1.5% [.0% L%,
Moderateh mmpronved 2 R AT 5%
Mddhy ninproved 11 8% 16.8% 1259,
No \.'hilll‘:’_i‘ 42 6%, +1. 5%, +7.40%,
Mildlv worse 2tavy 2434, 2300,
Muoderaiely worse 13 2% 8y, ERVERS
Muarthoedly worse s % P32 NN
p-yatue® {vs Plicebo) 0.026 1.429

TOME model stratttied by study siwe

Reviewer’s Comment:




NDA 21615 15 of 15

P-values for CMH without any stratification are .0478 for GAL-ER vs. Placebo, and .0823 for
GAL-IR vs. Placebo, respectively. There are 19 sites after pooling small sites.

Since USA is a subgroup, interpretation of the significant results should be careful.

3.2 Evaluation of Safety

None.

4. Findings in Special/Subgroup Populations

None.

5. Summary and Conclusions

5.1 Statistical Issues and Collective Evidence

CMH stratified by region or by country is more commonly used method in analyzing CIBIC-plus
when the study is an international study, and more appropriate to adjust for country effect.
Unfortunately, none of them is significant. The significance result of CMH stratified by site is
questionable since there is no pre-specified pooling plan. Furthermore, it is not clear whether the
significance result of CMH stratified by site is driven by one extremely large pooled site.

Since none of CMH without stratification, CMH stratificd by country, and CMH stratificd by disease
severity (MMSE, ADAS-cog/11, and prior cholinomimetic use) is significant for GAL-ER vs.
Placebo, the significance result of CMH stratified by both disease severity and country might be due
to interaction.

In USA population, CMH stratified by site shows significance and CMH without stratification also
shows significant for GAL-ER vs. Placebo, but one should interpret the subgroup result with caution

since it is a subgroup analysis.

5.2 Conclusions and Recommendations

The post-hoc re-analyses of CIBIC-plus at Week 26 doesn’t provide convincing evidence that
CIBIC-plus at Week 26 is significantly different between GAL-ER vs. Placcbo, and GAL-IR vs.
Placebo.




This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Kun He
7/12/04 09:43:19 AM
BICMETRICS

Kun Jin
7/12/04 09:50:01 AM
BIOMETRICS

James Hung
7/12/04 11:35:33 AM
BIOMETRICS



U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCH

OFFICE OF PHARMACOEPIDEMIOLOGY AND STATISTICAL SCIENCE
OFFICE OF BIOSTATISTICS

STATISTICAL REVIEW AND EVALUATION

NDA/Serial Number:
Drug Name:

Indication:
Applicant:
Date:

Review Priority:

Biometrics Division:

Statistical Reviewer:
Concurring Reviewers:

Medical Division:
Clinical Team:

Project Manager:

Clinical Studies

21-615/000

Reminyl®(galantamine) Extended Release
Capsules
Alzheimer

Johnson & Johnson
2/24/2002
Standard

[ (HFD 710)
Kun He

Kun Jin, , Ph.D., Team Leader
Kooros Mahjoob, Ph.D., Deputy Director

Neuropharmacological Drug Products (HFD 120)
Ranjit Mani, M.D., Chnical Reviewer

Russell Katz, M.D., Director

Mernl Mille, R. Ph.

Keywords: Alzheimer, Reminyl, ANCOVA



NDA 20-505 and 20-844 2 of 21

TABLE OF CONTENTS

1.  Executive Summary ...

1.1 Conclusions and Recommendations ..............ocoooovii i e s iae b e sab e srsbesae s s astsssamessrabeseesarmntaaneeeans
1.2 Brief Overview of ClIBIcal StUAIes.............ooo vt resrrreers s e v s s ses e s sratsses sinstsssnbesesarens

1.3 Statistical Issues and Findings ...

2. Introduction

2 OVREVECW oo et e et st a e et eet e asoat e eeentsnare s et enneeeean

22 DIALA SOUECES .ooviitiiititietie i e et e e e oo e e e oo e e e e eeeee e ee e e e eme e en e eme e s emteamoesee e nane e mee e et s eea e emt et eteaenntea e eaene e

3. Statistical Evaluation..........evveereereerrenrerenes

3.1 Evaluation of EFfICaCY ... et bttt sttt et n e
3.1.1 Objective of StudY GAL-TNT-T0 oo e et e et et et e e s e s et et et s an e em s eaee e
3.1.3 Efficacy Measures.......c..cooooeevieveeeeeeeeriennes
3.1.4 Statistical Analysis Plan ...t aees et
3.1.5 Study Population ...

3.1.6 Applicant’s Effcacy Results
3.1.6.1 ADAS-cog/11 Change frorn Basehnc to Weck 26
3.1.6.2 CIBIC-Plus Score at Week 26.. e
3.1.6.3 ADCS-ADL Change from Baselme to Weck 26

317 REVIEWET'S AMALYSIS. ..ottt ettt et ae e eee s ast e ane e en e e ee s et es e e s e e meeansenearsenssnserems et sranre

B2 Evaluation of Salehy ...t

4. Findings in Special/Subgroup Populations...... P

4.1 Gender, RACe, ANt AZE ..ottt ettt e et eh et et ammame s ne st ene s ren e

4.2 Other Special/Subgroup Populations ... e
4.2.1 Regional analysis ...

5. Summary and Conclusions.......c.ceeeereennns et heresneeserastr st ettt st s emsstaeha bas bosa st

5.1 Statistical Essues and Collective Fvidemee .. .ot

5.2 Conclusions and RecoOmMmendations ... ..............c.ccooiirievineiieeis oot e et ae e et e e eeen e

19

19

e 20
20



NDA 20-505 and 20-844 3 of 21

Statistical Review and Evaluation

1. Executive Summary

1.1 Conclusions and Recommendations

The data and analyses from the current submission doesn’t support the applicant’s claim, because
CIBIC-plus, one of the two primary endpoints ADAS-cog/11 and CIBIC-plus, didn’t achieve
statistical significance.

1.2 Brief OQverview of Clinical Studies

The pnomary objective of this study was to evaluate the safety and efficacy (as measured by
Alzheimer’s Diseasc Assessment Scale: sum of 11 cognitive items [ADAS-cog/11] and Clinician’s
Interview Based Impression of Change — Plus Caregiver Input [CIBIC-plus]) of a flexible dosing
regimen (16 or 24 mg/day) of galantamine controlled-release (CR) compared with placebo in
subjects with mild to moderate Alzheimer’s disease. Secondary analysis includes comparisons for
efficacy measurements between galantamine IR and placebo and between galantamine CR and IR.
This double-blind, parallel-group, placebo-controlled, flexible-dose study was conducted in the U.S.,
Australia, Canada, South Africa, and New Zealand. Following a 4-week, single-blind, placebo run-in
period, subjects were randomized to receive placebo, galantamine IR, or galantamine CR in double-
blind fashion for 26 weeks. Subjects in the galantamine treatment groups received 4 weeks of
galantamine CR 8 mg q.d. or IR 4 mg b.1.d., followed by 4 weeks of galantamine CR 16 mg q.d. or
IR 8 mg b.i.d. Based on safety and tolerability, the galantamine dose could be increased to CR 24 mg
g.d. or IR 12 mg b.i.d. at Week 8, and could be reduced to CR 16 mg q.d. or IR 8 mg b.1.d. at Week
12. The dose chosen at the end of Week 12 was fixed for the remainder of the study. 971 subjects
were randomized with 965 subjects analyzed for safety, and 925 subjects analyzed for efficacy
(Intent-to-Treat [ITT] Analysis Set}).

Efficacy was evaluated by the ADAS-cog/11, CIBIC-plus, ADCS-ADL, and NPI measurements at
baseline and at Weeks 8, 12, and 26. The primary efficacy analyses were to compare galantamine
CR with placebo with respect to change in ADAS-cog/l1 scores from baseline to Week 26 and
CIBIC-plus scores at Week 26. The changes in the ADAS-cog/l1 score were analyzed using
analysis of variance (ANOV A) models with treatment and country (U.S. vs. non-U.S.) factors. The
Cochran-Mantel-Haenszel (CMH) test using modified ridit scores, derived from rank scores (the
Van Elteren test) controlling for country (U.S. vs. non-U.8.) effect, was applied to compare the
distributions between cach pair of the treatments for the CIBIC-plus score. The primary efficacy
analysis was based on the observed case (OC) data for the I'TT analysis set. (In the protocol stage,
the Agency pointed out to the applicant that LOCF is commonly used for the primary analysis for
this indication.) Last observation carried forward (LOCF) analysis for the ITT analysis set was used
for the primary analyses. Treatment with galantamine CR and IR led to statistically significant
improvements in the primary efficacy endpoint {ADAS-cog/11) compared with placebo at Weck 26.



NDA 20-505 and 20-844 4 of 21

Both galantamine CR and IR treatments were numerically better but not statistically different from
that of the placebo group in maintaining global function assessed by CIBIC-plus scores at Week 26.

P-values for ADAS-cog/11 are .0001 using LOCF and OC. P-values for CIBIC-pus are .216 using
LLOCF and .0859 using OC, respectively. The decision rule is to have significance on both ADAS-
cog/11 and CIBIC-plus simultaneously.

1.3 Statistical Issues and Findings

The primary analyses include ANOVA on change from baseline to Week 26 in ADAS-cog/11 and
CMH on CIBIC-plus at Week 26. P-values for ADAS-cog/11 are .0001 using LOCF and OC.
However, p-values for CIBIC-pus are .216 using LOCF and .086 using OC, respectively. The
decision rule is to have significance on both ADAS-cog/11 and CIBIC-plus simultaneously, so the
result of the current trial didn’t achieve statistical significance.

Appeqrs ThlS WGV
On Original
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2. Introduction

Texts, tables, and figures presented in Section 3.1.1 to 3.1.6 are mainly from the applicant’s
submission.

2.1 Overview

Natural and synthetic galantamine has been filed and approved in all major markets, except Japan
(where Phase 3 development is ongoing), in IR tablet and oral liquid formulations for prescribed
twice-daily use. The galantamine-IR development program was a full program for a new hemical
entity. In that program, safety and efficacy in patients with mild to moderate AD were established by
data from 5 placebo-controlled studies of 3- to 6-month duration.

The current submission presents data to support the approval of a CR capsule form of the synthetic
galantamine product. The presentation of data from a single Phase 3 study was agreed upon by the
Medicinal Products Agency (MPA)and the Food and Drug Administration (FDA). There were no
Phase 2 studies since dose-finding studies were not required. Dose regimens used in the
galantamine-CR program were based on findings in galantamine-IR studics.

In the galantamine-CR program, 7 Phase 1 studies were conducted. Two studies, GAL-BEL-17 and
GAL-BEL-18, were conducted using pilot formulations of galantamine CR that were not selected for
further development. Pharmacokinetic findings are summarized for 5 Phase 1 studies of galantamine
CR conducted in a total of 109 healthy subjects (GAL-BEL-19, GAL-BEL-20, GAL-NED-8, GAL-
NED-9, and GAL-NED-12).

The pivotal Phase 3 program consisted of GAL-INT-10, a placebo and active-controtied, double-
blind study of galantamine CR in 971 randomized subjects with mild to moderate AD. In this
review, GAL-INT-10 will be discussed.

The primary objective of this study was to evaluate the safety and efficacy (as measured by
Alzheimer’s Disease Assessment Scale: sum of 11 cognitive items {ADAS-cog/11] and Clinician’s
Interview Based Impression of Change — Plus Caregiver Input [CIBIC-plus]) of a flexible dosing
regimen (16 or 24 mg/day) of galantamine controlled-release (CR) compared with placebo in
subjects with mild to moderate Alzheimer’s discase. Secondary analysis includes comparisons for
efficacy measurcments between galantamine IR and placebo and between galantamine CR and IR,
This double-blind, parallel-group, placebo-controlled, flexible-dose study was conducted in the U.S.,
Australia, Canada, South Africa, and New Zealand. Following a 4-week, single-blind, placebo run-in
period, subjects were randomized to receive placebo, galantamine IR, or galantamine CR in double-
blind fashion for 26 weeks. Subjects in the galantamine treatment groups received 4 weeks of
galantamine CR 8 mg q.d. or IR 4 mg b.i.d., followed by 4 weeks of galantamine CR 16 mg q.d. or
IR 8 mg b.i.d. Based on safety and tolerability, the galantamine dose could be increased to CR 24 mg
q.d. or IR 12 mg b.1.d. at Week 8, and could be reduced to CR 16 mg q.d. or IR 8 mg b.i.d. at Week



o

NDA 20-505 and 20-844 6 of 21

12. The dose chosen at the end of Week 12 was fixed for the remainder of the study. 971 subjects
were randomized with 965 subjects analyzed for safety, and 925 subjects analyzed for efficacy
(Intent-to-Treat [ITT] Analysis Set).

2.2 Data Sources

The path to the CDER Electronic Document Room (EDR) is:

WCDSESUBI\N21615\N_000\2003-02-24

3. Statistical Evaluation

3.1 Evalunation of Efficacy

3.1.1 Objective of Study GAL-INT-10

The primary objective of this study was to evaluate the safety and efficacy (as measured by ADAS-
cog/l1 and CIBIC-plus} of a tlexible dosing regimen (16 or 24 mg/day) of galantamine CR
compared with placebo in subjects with mild to moderate AD.

Secondary objectives were to evaluate the effects of galantamine CR and IR treatment on those
subjects with regard to the activities of daily living and behavior, using the ADCS-ADL and NPI
scores, as well as ADAS-cog/13, ADAS-cog/10, and ADAS-cog/mem scores, and to estiate the
difference in effect between the galantamine CR and IR treatment groups.

3.1.2 Study Design

This was a 26-week, randomized, double-blind, parallel-group, placebo-controlled, flexible-dose
study conducted in Australia, Canada, New Zealand, South Africa, and the U.S., comparing the
safety, tolerability, and efficacy of galantamine CR with that of placebo in subjects with mild to
moderate AD. Following a 4-week, single-blind, placebo run-in period, subjects were randomized to
receive galantamine CR, galantamine IR, or a matching placebo in a double-blind fashion for 26
weeks.

Subjects in the galantamine-IR group received 4 weeks of 8 mg/day galantamine (4 mg b.i.d.)
followed by 4 weeks of 16 mg/day (8 mg b.i.d.). Afier Week 8, at the investigator’s discretion based
on safety and tolerability, the dose could be increased to 24 mg/day (12 mg b.i.d.). At Week 12,
subjects receiving 24 mg/day (12 mg b.i.d.) were re-evaluated, and the dose could have been reduced
to 16 mg/day (8 mg b.i.d.) based on safety and tolerability. The dose chosen at the end of Week 12
was fixed for the remainder of the study.
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A diagrammatic representation of the study design and the treatment received is provided in Figure
3.1.2.1. Office visits were scheduled at screening of subjects for entry into the study (Visit 1), at the
beginning of the single-blind treatment phase (Visit 2), at baseline (Visit 3), and at Weeks 4, 8, 12,
and 26 (Visits 4, 5, 6, and 7). Office visits consisted of physical examinations including neurological
examinations (Visits 1, 3, 6, and 7), dose adjustment evaluations (Visits 4, 5, and 6), and the
recording of the efficacy endpoint scores from the following tests: ADAS-cog (Visits 1,3, 5,6, and
7), CIBIC-plus (Visits 3, 5, 6, and 7), and ADCS-ADL and NPI (Visits 3, 5, 6, and 7). Safety
evaluations included recording adverse event reports, conducting physical examinations, monitoring
vital signs and ECG, and evaluating laboratory evaluations. Figure 3.1.2.1 is adapted from Study
Report Figure 1.

Figure 3.1.2.1 Overview of Study Design

Visit Seart of screening
Up to [0 davs Screening period
Visit 2 Week <4 y
4 Weeks Placcbo run-in period
Y
Douable-blind treatment period
Visie 3 Day 0 GAL-CR. GAL-IR, or placebo
A
v ' v
+ Weeks GAL-CR S mu qd. GAL-IR 4 mg b id. Macebo
Visit 4 End VWeek 4 ] ‘ ‘
4 Weehs GAL-CR 6 mg qd GAL-IR 8 mg bl Placcho
Visit 5 End Week 8° * ‘
4 Weeks GAL-CR 1o or 24 my g4l GAL-IR ¥or 12 mg blid. Placcho
Visit 6 End Week 12" } ! ‘
T4 Weeks GAL-CR 16 or 24 me g d GAL-IR¥or 12 mehid Macebo
4 . 3 Y
A
Visit 7 Weck 26 Finat sfudy visit

*Pose increase based on safety and tolerability only permitted at end of Week 8.
PDose reduction based on safety and tolerability ondy permitted at end of Week 12, and the dose at
Week |2 was fixed thereatier.
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There were 2 amendments to the final GAL-INT-10 protocol.

The first amendment dated 10 May 2001 resulted in clarifications of cardiovascular and concomitant
medication exclusion criteria, withdrawal criteria, separation of Visits 1 and 2, and DNA sampling
procedures, elimination of CIBIC-plus rater access to subject source documentation, change from
digital to manual measurement of ECG intervals, updating of the Pharmacogenomics Supplement,
and a change in the reporting pregnancy as an immediately reportable adverse event. At the time of
Amendment implementation, 636 subjects had been screened (signed informed consent form [ICF]
at Visit 1) in the study.

The second amendment dated 18 October 2001 resulted in a reduction in sample size from
approximately 1020 randomized subjects (340/group) to approximately 885 randomized subjects
(295/group) as the power of the study to differentiate between galantamine CR and placebo (15%
expected difference) in terms of CIBIC-plus was reduced from 95% to 90%, while the overall
(global) statistical power was approximately 90% for the dual endpoints (ADAS-cog and CIBIC-
plus). The amendment was implemented due to increasing use of the commercially available
REMINYL formulation. At the time of amendment implementation, 1243 subjects had been screened
(signed ICF at Visit 1) in the study. Subsequent to these amendments, an additional 272 subjects
were screened.

3.1.3 Efficacy Measures

The primary efficacy endpoints were change in Alzheimer’s Disease Assessment Scale (ADAS-
cog/11) score from baseline to Week 26, and Clinician’s Interview Based Impression of Change-Plus
(CIBIC-plus) score at Week 26. The ADAS-cog was performed at Visits 1, 3, 5, 6, and 7 (screening,
baseline, Weeks 8, 12, and 26, or upon premature discontinuation of study). The CIBIC-plus was
performed at Visits 5, 6, and 7 (Weeks 8, 12, and 26, or upon premature discontinuation of the
study). Secondary endpoints include Alzheimer’s Disease Cooperative Study (ADCS-ADL) Scale,
Neuropsychiatric Inventory (NPI), ADAS-cog/13, ADAS-cog/10, and ADAS-cog/mem scores from
baseline to week 26.

3.1.4 Statistical Analysis Plan

The primary efficacy analyses, based on the observed case data (ITT population), were to compare
galantamine CR with placebo with respect to change in ADAS-cog/11 score from baseline to Week
26 and CIBIC-plus score at Week 26. The primary comparison is the GAL CR versus placebo for
both pnmary efficacy variables.

Change from baseline to Week 26 in ADAS-cog/11 score: an analysis of variance (ANOVA) modcl
with treatrnent and pooled country factors (U.S. vs non-U.S.) was used for comparison of the least-
squares (LS) means between the treatments. The country factor used had 2 levels, i.e., U.S. and non-
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U.S..

CIBIC-plus score at Week 26: the Cochran-Mantel-Haenszel (CMH) test statistic using modified
ridit scores, derived from rank scores (the Van Elteren test) controlling for country effect was

applied to compare the distributions between each pair of the treatments. The country factor used
had 2 levels, 1.¢., U.S. and non-US.

3.1.5 Study Population

Nine-hundred seventy-one subjects were randomized to reccive galantamine CR (n=320), IR
(n=327), or placebo (n=324) at 93 study sites in 5 countries: the U.S., Australia, Canada, South
Africa, and New Zealand. The study was conducted from 08 February 2001 to 15 July 2002. Of the
971 subjects randomly assigned to study treatment, 965 subjects received at least | dose of double-
blind study medication and comprise the all randomized and treated population. The majority (69%)
of all randomized and treated subjects were enrolled at study sites in the U.S. Table 3.1.5.1 is
adapted from Study Report Table 9.

Table 3.1.5.1 Subjects Distribution by Country
(All Randomized and Treated Subjects)

PLACEBO GAL-IR GAL-CR Total
(N=320) {N=320) (N=319) (N=963)
Country n (%) n (%) n{%) i (%)
U.s. 221 (6% 221 ( 68) 221 (&% 663 ( 69)
South Africa I5¢1h 39012 M1 L3¢ 1)
Canada 331y 321 Ml 99 (¢ 1)
Australia 28¢ 9) 30( 9 27( &) 85( 9
New Zealand It b 4 D It n e

Of the 971 subjects randomized, 768 (79%) completed the 26-week study. The most common
reasons for discontinuations during the double-blind treatment phase were adverse events (7%) and
withdrawal of consent (6%), which occurred at similar rates for the 3 treatment groups (Table
3.1.5.2, adapted from Study Report Table 10). Figure 3.1.5.1 is adapted from Study Report Figure 2.
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Table 3.1.5.2 Study Termination Reasons (All Randomized Subjects)

All Randomized Subjects PLACEBO GAL-IR GAL-CR Total
Status (N=324) {(N=327) {N=320) (N=971)
Termination Reasons n (%) n {%) n %) n %)
Randomized and treated 320( 99) 326 (100) 319 100) 965 (99
Completed 266 ( 82) 2307 251 ( 78y 768 ( 79)
Discontinued S54(¢ 17 75(2H 68¢21) 197 ¢ 200
Adverse event 15( 5 M 284 % 67¢ 7)
Subject withdrew consent 21( & 2307 I8 & 62 6)
Subject non-compliant T(2) 14¢ 4) 8¢ 3 29¢ 3)
Subject lost to follow-up 2( 1) (2 2¢ 13 1nen
Insufficient response 6( 2) 1{<l) Ity ¢ Iy
Dcath 1{=<1) 1{<1) I S0 Dh
Subjeet ineligible to continue the study 0 0 4¢ 1) 4(<t)
Other 2{ N 5(2) 2{ (D
Randomized and not treated 4¢ 4 1{<1) 1{<l} 6( 1)
Discontinued 4( 1(<1) 1{<l} 6¢ 1
Adverse event 1(<1) a 1{<l} 2¢{<1)
Subjeet withdrew consent 2¢ 4y 0 0 2t <l)
Subyeet incligible to continue the study 1¢<1) 0 0 1¢<ly
Subject non-compliant 0 1 (<1} 0 1<)

Percentage for each category in a group was calculated based on alt randomized subjects for thai eroup as denominator.
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Figure 3.1.5.1 Subject Completion and Withdrawal Information (All Subjects)
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period Inelygnble 10 connnue the tral:
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Demographic and baseline characteristics of subjects included in the all randomized and treated
population are summarized by treatment in Table 3.1.5.4. Most subjects were white (91%) and
female (64%). Subjects were between 48 and 93 years of age and had a mean age of 76.5 years. Of
the 965 subjects in the all randomized and treated population, 886 (92%) were 65 years of age or
older, including 99 subjects who were older than 85 years of age. The subjects had a mean weight of
68.23 kg, and a mean height of 163.2 cm. Most (93%) of the subjects were nonsmokers. The
treatment groups were generally well matched with regard to sex, race, history of smoking, age,
weight, and height. Subjects with AD and MMSE scores ranging from 10 to 24 and ADAS-cog/11

scores >18 at screening were to be entered in this study. The subjects had a median MMSE score at
screening of 18 and a median ADAS-cog/!1 score at screening of 25. Median MMSE and ADAS-
cog/11 scores were comparable across the treatment groups. Subjects were categorized according to
the screening MMSE scores (10 to 22) used in the GAL-USA-10 study. The number of subjects with
screening MMSE scores >22, (indicating a milder form of AD) were higher for the placebo (17%)
than for the galantamine-IR (15%), and the galantamine-CR groups (13%).

The percentage of subjects with ADAS-cog/11 score <18 at baseline was higher than those at
screening in all 3 treatment groups. This difference was more pronounced in the placebo group (18%
vs. 1%) than in the galantamine-IR (14% vs. 1%) and galantamine-CR (17% vs. 3%} treatment
groups. Table 3.1.5.3 is adapted from Study Report Table 11.

appears This W
On Original
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Table 3.1.5.3 Demographic, Baseline Characteristics, and MMSE and ADAS-cog/11 Data

at Screening (All Randomized and Treated Subjects)

PLACEBO GAL-IR GAL- CR Totat
(N=320) (N=326) IN=3EOY (N=4265)
Sex, v (%)
N 3 326 310 G403
Made 113§ 36) 118 ¢ 2&) tid( 36y 347 (30}
Female 205 64) 2O &) 205 &by 618 ¢ 64
Race, n (%)
N 320 326 19 M5
Black 12¢ 4y 12( 4} 94 3y B
Caucasian 289 ¢ 90} G390 2971 93) 879¢(9h
Hispanic 6t ) 6{ 2} 2¢ Iy 14¢ 1)
Qriental 7t s 94 3 21
Other 62 1014 3) 2 b 18¢ 2)
Smoking, n (%)
N EREY 3258 3EN 962
Yes 24 &) 22¢ V¢ 63 65t N
No RA Rl i 0590 299 ¢4 9y 897 ¢ 93}
Age, years
N M0 R} ALY 65
Category, 114% o)
O3 2740 %) 30 % 24N 7O 8
63-85 25447 I68 ¢ 82) 265480 TH7 ¢ 82y
85 3912y IRt Y9) 32ty SU L HY)
Meun (5D 763 (%03, TOS5(LTN T6.6(7.64) 76.5{7.81)
Median TI0 8.0 FARY 77.0
Range 48 -2 49-492 RREUR 48-93
MWeight af huseline, he
N kL] 323 3f4 963
Mean (SD) AT.IR (4 549 GH. 2D IR RTY 6860 (14,159 GR.23 (14.881)
Median 16,04 67 3 6730 67.00
Range 374-1195% A70- 1364 SR - 120M IS8 - 1364
Hcigrht, cm
™ 220 326 3N L8 )
Mean (SD) 1627 (10063 1627 (1085 1641 ¢ 1925y 1O 110,39
Median 16206 [FA ) 162.6 620
Range 132 - IRy 122 - 207 142 9 122-207
Sum of MMSE at screening
N 3 16 310 Rl
Catepory. n{"u}
10-22 265 xR 276 N5 276487 S17(H5)
ERB 50T PR Y 13413 148 (15)
Mean (SDy P8.0% (3082 1780 (3.1 3Ry 1500 3960 17.95¢d.061)
Median (RN BT 1800 15.00)
Range - 24 0. 24 - 24 1. 24
ADAScoe/ 1] score at sereening
N k1N 3 RN JRA
Categors. n (Mat
SR XN’ RENE EX AT 10 b
Ea bt REE R A2y M7 9 WAL 1thh
Mean (SD) 2y 9T RN 2T RO (N AN 26738030 2T ERIEN
Median RN 26 in) RN I3.H)
Range ti-57 13- 3% i>-. 382 |12 .37

Naote: Percentages calculated with the number of subjects by parameter as denomanator.

{continued)
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4y e mm me e e e e e eee e amain < e &= vuw e e vy w e s aaimagam ey
PLACEBO GAL-IR GAL-CR Total
(N=320) {N=1326} {N=319} {N=965)
ADAS-cog/1] score at bascline
N 316 320 314 950
Category, n (%)
<i8 38(18) 44 (1 32417 134 (16)
=218 238 (82) 276 {86} 262 (83) 796 (84)
Mean (SDy 26.23 (9.388) 274719.935) 26,43 (9.303) 26.71 (9.620)
Median 25.00 26.00 25.00 25.00
Range 9-62 9-58 7-35 7-62

Note: Percentages calculated with the number of subjects by parameter as denominator.

The AD history for subjects included in the all randomized and treated population is summarized by
treatment group in Table 3.1.5 4. {(Adapted from Study Report Table 12). The treatment groups were
generally well matched with regard to age at onset and duration since diagnosis of cognitive
problems. The age at diagnosis and duration since diagnosis of AD as well as number of subjects
with first-degree relatives with AD were also similar across the treatments groups. The number of
subjects who had taken cholinomimetics before study enrollment was similar across treatments.
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Table 3.1.5.4 Alzheimer’s Disease History (All Randomized and Treated Subjects)

z

GAL CR

Total

PLACEBO GAL IR
{N=320) (N=326) (N=319) (N=963)

Age at onset of cognitive problems '

N 319 326 319 964

Mean (SD) 72.3(8.30) 72.0 (8.30) 72.6 (8.12) 72.3 (8.24)

Median 73.0 73.0 74.0 3.0

Range 44 - 89 45 -89 49 -9] 44 - 91
Duration (yrs) since diagnosis of cognitive problems

N 319 326 319 064

Mean (SD) 4.00(2.439) 4.48(2.674) 4.07(2.501) 4.18(2.547)

Median 3.40 3.90 3.40 3.50

Range 0.5-15 1.7-16 05-15 0.5-16
Age at diagnosis of probable Alzheimer’s discase

N 320 326 319 965

Mean (SD) 7501(8.32) 75.2(7.97) 754 (7.85) 75.2(8.04)

Median 76.0 76.0 76.0 76.0

Range 48 - 92 48 -91 51-93 48-93
Duration (yrs) since diagnosis of probable Alzheimer’s disease

N 320 326 319 963

Mean (SD) 1.28 (1.5384) 1.24 (1.474) 123 (1.573) F.25(1.542)

Median 0.60 .65 0.60 (.60

Range 0.0-75 0.0-063 0.0-9.2 4.0-9.2
First-degree relatives with Alzheimer’s disease, n (%)

N 38 325 317 960

Yes 96 ( 30 86 ¢ 26) 90 28) 27228y

No 222 (7 239¢74) 227(72) 688 ¢ 72)
Subject taken cholinomimetics, n (%)

N 320 326 318 964

Yes 150 (47 157 ¢ 48) 153 ( 48) 460 ¢ 48)

No 170 ( 33) 169 32) 165 ( 52) 504 ¢ 52)

3.1.6 Applicant’s Efficacy Results

Summaries of efficacy data were based on the ITT population, defined as all randomized and treated
subjects who reccived at least 1 dose of study medication and provided at least | postbaseline
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primary efficacy measurement. Observed case data was used for the primary efficacy analysis. Two
imputation methods were used for missing data at visits including Week 26. For the missing data at
postbaseline visits in the I'TT subjects, the last observation carried forward (LOCF) method was
used; for the all randomized subjects set, the classical intent-to-treat (CITT) method was used. For
LOCF and CITT data, the endpoint was defined as the last available observation up to 14 days after
the last dose of study medication.

Of the 971 subjects randomly assigned to 1 of the 3 treatment groups (all randomized analysis set),
965 (99.4%) received the study medication (all randomized and treated analysis set). The 6 subjects
who did not receive study medication were distributed as follows: 4 subjects in the placebo group
and 1 subject in each of the galantamine groups. These subjects were not included in the all
randomized and treated analysis set. All subjects (n=8) from 1 site in the U.S. were excluded from
all efficacy analyses before database lock as the site failed to adhere to good clinical practices
(GCPs). Nine hundred twenty-five subjects were included in the I'TT analysis as 32 subjects were
excluded because they did not present with postbaseline primary efficacy data.

3.1.6.1 ADAS-coe/11 Change from Baseline to Week 26

Both galantamine treatments were statistically better than placebo in improving cognition based on
the change from baseline in ADAS-cog/11 at Week 26 for the OC and LOCF data analyses. See
Tables 3.1.6.1.1 (adapted from Study Report Table 16) and 3.1.6.1.2 {(adapted from Study Report
Table 15).
Table 3.1.6.1.1 ADAS-cog/11 Change from Baseline (ITT-LOCF)
PLACEBO GAL-IR GAL-CR

Mean Mean Mean
Timepoint N Mean (SEj Change (SEy N Mean (SE) Change (SE) N Mean (SE) Change (SE) P valug®
Baseline

LOCF 303 26.110.54 - 306 27.3(0.55) - 00 26.3(0.54) -
CITT 316 26,1 (0.3 - 319 27.5(0.35) -- 313 26.4{0.33) --
Week 8

{0.57) -L740.29) 287 24.7(0.57) -1.51L30) -0.00)

LOCF 293 25.900.63) 0.000.30v 294 135,
26 259057 -170.29) 313 25.0{0.56) -1.5 (0.3 0.00]

CITT 36 2620061 0003 319
Week 12

LOCF 296 260641 020301 206 24.500.36) -2.510.30) 290 24200560 22003 - 0.001

CITT A6 26.3¢6.62) 0240031y 319 23.2(0.563 250308 313 24600055 204030 - 0.001
Endpoint”

LOCF 206 2700067y 12035 296 254(60.62) (L6036 291 24900062y -1 300031 - 8.00]

CIT 316 27200065y 1240 33y 319 26.0(0.62) -L6 (0360 J13 23306y -3 0031 - 0.001
“Pairwise companison for ne difference between GAE-CR and Placebo front ANOV A madel with factors
Treattent and Pooled Country (type I 55).

*The cndpoint was defined as the last available observation up to 14 dayvs after the I'N dose of study medication.
GAL-IR vs. Placebo at endpoint: p- L.00HLOCE.CITT)

v#-
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Table 3.1.6.1.2 ADAS-cog/11 Change from Baseline (1TT-OC)

vy e man ek e e e an e emrmagew e e w am ey
PLACEBC GAL-IR GAL-CR
Mean Mean Mean
Timepomt N Mean (SE) Change (SEY N Mean{SE) Change (SE} N Mean (SE) Change (SE) P value®

Baseline 305 26.1(0.54) - 306 27.3(0.55) - 300 26.3 (0.54) -

Week & 289 25.810.63) 0.0(0.30) 286 254 (0.38) -1.7¢0.30) 284 24.6¢0.58) -1.5(0.30) <0.001
Week 12 275 259(0.66) (.0(0.32) 268 24.0(0.57) -2.6(0.31} 269 23.9¢0.57) -2.2(0.32) <0.001
Week26 248 26.4(0.72) 1.3 (0.36) 227 24.7(0.69) -1.8(0.42) 240 24.8 (0.69) -1.4(0.34) <0.001
*Pairwise comparison for no difference between GAL-CR and Placebo from ANOV A model with factors

Treatment and Pooled Country {(type 111 35).
GAL-IR vs. Placebo at Week 26; p<0.001.

3.1.6.2 CIBIC-Plus Score at Week 26

Both galantamine treatment groups were numerically better but not statistically different from
placebo in improving global functioning based on CIBIC-plus scores at Week 26 for the OC and
LOCF data. See Tables 3.1.6.2.1 (adapted from Study Report Table 18) and 3.1.6.2.2 (adapted from
Study Report Table 17).

Table 3.1.6.2.1 C1BIC-Plus at Week 26 (ITT-LOCF)

PLACEBO GAL-IR GAL-CR

7-Point Catezory N Cum%  n%)® Cum®% a(%)® Cum®% P value'
LOCFCITT at Endpoint” 301 362 296

Markedly improved 31y 1.Gy 3CLy ¢ 1.0y L)y (1.0)

Moderately improved 1M 37y « 47 15¢ 50y ¢ 60 HMid47) (3.7

Mildly improved A8(15.9)y (206) 460152y { 212y  49(16.6) (223

No change EIT{36.9) 575y 127421y ( 63.2) 114(38.5) (60.8)

Mildly worse SG(26.6) (84.1y  F8(25.8) ( 891y EI¢27.4 (882

Moderately worse 41¢13.6) (97.7) 0099 (99.0) 29( 981 (98.(0)

Markedly worse 7423y (10600 I Loy (1004 61 2.0) (1000 0216

*GAL-CR vs. Placebo comparison using the Van Elteren test controlling tor Pooled Country.
*The endpoint was defined as the last available observation up to i+ days after the last dosc of
study medication
Cum “w = cumulative percent.
ote: Pereentages cateulated with the number of subjeets at Week 26 as denominator.
Note: P t feulated with t ber of subjects at Week 26 as d t
GAL-1R vs. Placebo at endpoint: p=0. 144 { LOCF.CITT).
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Table 3.1.6.2.2 CIBIC-Plus at Week 26 (ITT-OC)
PLACEBO GAL-IR GAL-CR
7-Point Category n{%) (Cum%) n¢%) {Cum®%) n(%) {(Cum%) P value®
N at Week 26 259 2440 246
Markedly improved 312y ¢ 1.2 3¢1.3) (1.3 J 012y (1.2
Moderately improved Q033 46y 1d¢ 58y (7.1 td (5.7) (69)
Mildly improved 414158y 205y 3641500 (22.1) 43(17.5) (24.4)
No change 94 136.3)  (56.8) 93(38.%8) (60.8) 90 (36.6) (61.0)
Mildly worse JO(27.0y  (838) 67(27.9) (B8.8) 69 (28.0) (89.M
Moderately worse G139y (97.7) 250104y 1992y 23( 9.3) (98.4)
Markedly worse 6 2.3 (160.0) 20 0.8 (100.0) 4( 1.6) (100.0) 0.086

*GAL-CR vs. Placcbo compatison using the Van Elteren test controlling for Pooled Country.
Cum % = cumulative percent
Noic: Percentages calculated with the number of subjects at Week 26 as denominator.

GAL-IR vs. Placebo at Week 26: p=0.223.
3.1.6.3 ADCS-ADL Change from Baseline to Week 26

GAL-CR was statistically better than placebo in improving cognition based on the change from
baseline in ADCS-ADL to Week 26 for the OC, and LOCF. See Tables 3.1.6.3.1 {(adapted from
Study Report Table 18) and 3.1.6.3.2 (adapted from Study Report Table 19).

Table 3.1.6.3.1 ADCS-ADL Change from Baseline (ITT-LOCF)

PLACEBO GAL-1R GAL-CR
Mean Mcan Mean

Tunepomt N Mlean (SE) Change (SEY N Mean (SE) Change (SE} N Mean (SE) Change SE} P value®
Bascline

1LOCE 308 54.5(0.87) -- JH0 R2.0(0,90) - 33 23,510,881 .-

CITT 39 54.3(1187) - 323519 (1).85) - 36 I3 -

(11.86)}

VWeek ¥

LOCT JOPFINNU6) -0 N(045) 300 327090 oxdly W5317094) 0K (s 0.007

CITY JUSIIMA3 RS 323 RS20 0N X 36 S10091) o8 Ly 0.007
Week 12

LOUF M SO oo 45 3L S20 0y A AS) 296 SR T RS B3 (046) 0446

T MO RT3 0 (g3 323 2T NTY Do 045 36 S3 608 3 prde)  hide
L'ndpmmb

LOCE MH 202y S27500506) 3010 STU 9%y Lo (50 206 S3550090) 00 A8y 0001

Cley MOSETHON09) 27 (36 323 A{0ady Lo i3] 316 53.210.93) A8y 00408

Pairwise compansen for no difference between GAL-CR and Macebo from ANOV A model with factors
Treatment and Pooled Country (tvpe TS50
Pthe cudpomnt was defined s the Jast malable obaen ation up o 1 days after the fast dose of study medication
GAL-TR vs. Placebo at endpoant: p 018 LOCF CITT
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Table 3.1.6.3.2 ADCS-ADL Change from Baseline (OC)

PLACEBO GAL-IR GAL-CR
Mcan Mean Mean
Tinywepoint N Mean (8E) Change {SE) N Mean (SE) Change (SE) N Mean {SE) Change (SE) P valud®
Baseline WX 34.5(0.87) -- 30 520000} -- 33 5335 (1.88) --
Week 8 294 IR{OUKT] LT (L4 2U2 526 ((J‘.")}}_ (.4 (11.424} 2 54 5(0.4) 0x(0d1y a3

Week 12 281 34.2(099) 0.3 (0401 27952500951 1.1 (0.47) 276 5341094y 03(0.48)  (.321
Week 26 258 3244119y -2.4 {(0.60) 242 5049 (1.12) -1.0 (B.57) 245 33.9(1.03) (.0 (0.55) 0003
*Pairwise comparison for no Jifference between GAL-CR and Placebo from ANOVA mode! with factors
Treatment and Pooled Country (tvpe 1 SS)

GAL-IR vs, Placebo at Week 26: p=0.08%.

3.1.7 Reviewer’s Analysis

The reviewer validated the applicant’s analyses according to the protocol, and duplicated the p-
values if keeping three digits. The applicant used OC for the primary analyses but the Agency
pointed out to the applicant that LOCF is commonly used for the primary analyses in this indication.
The primary analyses include ANOVA on change from baseline to Week 26 in ADAS-cog/11 and
CMH on CIBIC-plus at Week 26. P-values for ADAS-cog/11 are .0001 using both LOCF and OC.
However, p-values for CIBIC-plus arc .216 using LOCF and .0859 using OC, respectively. The
decision rule 1s to have significance on both ADAS-cog/l 1 and CIBIC-plus simultaneously, so the
result of the current trial didn’t achieve statistical significance.

The reviewer also validated analysis on ADCS-ADL which has p-value .0003 using LOCF and
.0029 using OC. Although the test is statistically significant at .05, one should interpret the result
with caution because the primary analyses, which spent all alpha, are not significant.

3.2 Evaluation of Safety

See Clinical Review by Dr. Ranjit Mani.

4. Findings in Special/Subgroup Populations

4.1 Gender, Race, and Age

Mean of change from bascline for ADAS-Cog/11 and mean of value at endpoint for CIBIC-PLUS
are histed for gender and age groups. Since majority subjects are cancasian, no descriptive statistics
on race is listed. A ncgative number indicates that GAL CR is better than PLACEBO numerically.
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Table 4.1.1 ADAS-Cog/11 by Gender (ITT-LOCF)

20 of 21

Gender PLACEBO GAL CR GAL - PLACEBO
Change from Baseline Change from Baseline
N Mean SD N Mean SD
Male 104 1.0 5.87 105 -1.5 543 -2.5
Female [ 192 1.2 5.59 186 -1.1 5.09 -2.2
Table 4.1.2 CIBIC-PLUS by Gender (ITT-LOCF)
Gender PLACEBO GALCR GAL - PLACEBO
Value at endpoint Value at endpoint
N Mean SD N Mean SD
Male 106 4.29 1.19 107 4.11 1.18 -0.18
Female [ 195 4.37 L1l 189 4.31 1.07 -0.06
Table 4.1.3 ADAS-Cog/11 by Age (ITT-LOCF)
Age PLACEBO GAL CR GAL - PLACEBO
Change from Baseline Change from Baseline
N Mean SD N Mean SD
<65 25 1.8 4.79 21 -1.8 5.83 -3.6
65-85 237 1.2 5.69 245 -1.0 5.18 -2.2
> 85 34 0.1 6.20 25 -2.8 4.84 -29
Table 4.1.4 CIBIC-PLUS by Age (ITT-LOCF)
Age PLACEBO GAL CR GAL - PLACEBO
Value at endpoint Value at endpoint
N Mean sD N Mean SD
< 65 25 4.08 1.38 22 4.5 1.30 0.42
65-85 242 44 1.14 250 4.22 1.08 -0.18
> 85 34 4.15 0.93 24 4.21 1.28 0.6

4.2 Other Special/Subgroup Populations

4.2.1 Regional analysis

Means of change from bascline for ADAS-Cog/! 1 and value at endpoint for CIBIC-PLUS are listed
for USA and non-USA groups.




NDA 20-505 and 290-844

Table 4.2.1 ADAS-Cog/11 by Region (ITT-LOCF)

21 of 21

Region PLACEBO GAL CR GAL - PLACEBO
Change from Baseline Change from Baseline
N Mean SD |IN Mean SD
USA 201 1.5 572 1197 -1.6 5.18 -3.1
Non-USA | 95 0.3 551 1 94 0.6 5.23 -0.9
Table 4.2.2 CIBIC-PLUS by Region (ITT-LOCF)
Region PLACEBO GAL CR GAL - PLACEBO
Change from Baseline Change from Baseline
N Mean SD |N Mean SD
USA 204 4.41 1.10 | 202 4.21 1.03 -0.2
Non-USA | 97 4.21 1.21 | 94 431 1.27 0.1

S. Summary and Conclusions

5.1 Statistical Issues and Collective Evidence

The primary analyses include ANOVA on change from baseline to Week 26 in ADAS-cog/1 ! and
CMH on CIBIC-plus at Week 26. P-values for ADAS-cog/11 are .0001 using both LOCF and OC.
However, p-values for CIBIC-plus are .216 using LOCF and .0859 using OC, respectively. The
decision rule is to have significance on both ADAS-cog/11 and CIBIC-plus simultancously, so the

result of the current trial didn’t achieve statistical significance.

5.2 Conclusions and Recommendations

The data and analyscs from the current submission doesn’t support the applicant’s claim, because
CIBIC-plus, one of the two primary endpoints ADAS-cog/11 and CIBIC-plus, didn’t achieve
statistical significance.
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