-

Stat Review, Page 1 of 141



DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCH

STATISTICAL REVIEW AND EVALUATION

Medical Division: Division of Neuropharmacological Drug Products (HFD-120)
Biometrics Division: Division of Biometrics I (HFD-710)

NDA NUMBER/SERIAL NUMBER: 21-436

DATE RECEIVED BY CENTER: Oct. 31, 2001

DRUG NAME: ABILITAT (ARIPIPRAZOLE) TABS

INDICATION: Schizophrenia

SPONSOR: Otsuka Pharmaceutical Co., Ltd. & '.
Bristol-Myers Squibb

STATISTICAL REVIEWER: Yeh-Fong Chen, Ph.D.

STATISTICAL TEAM LEADER: Kun Jin, Ph.D.

BIOMETRICS DIVISION DIRECTOR:

George Chi, Ph.D.

CLINICAL REVIEWER:

Gregory Dubitsky, M.D.

PROJECT MANAGER:

Steve Hardeman

APPEARS THIS WAY

ON ORIGINAL

Stat Review, Page 2 of 141




I.  TABLE OF CONTENTS

1. Introduction and Background

2.. Summary of the Sponsor’s Results and Conclusions

3. Description of the Sponsor’s Studies and Statistical Methodologies

3.1 Pivotal Phase III Studies

“3.1.1 Study 31-97-201

3.1.1.1 Study Objectives

3.1.1.2 Study Design
3.1.1.3 Efficacy Variables

3.1.1.4 Statistical Methods

3.1.2 Study 31-97-202

3.1.2.1 Study Objectives
3.1.2.2 Study Design

3.1.2.3 Efficacy Variables

3.1.2.4 Statistical Methods

3.1.3 Study CN 138-001
3.1.3.1 Study Objectives

3.1.3.2 Study Design

3.1.3.3 Efficacy Variables

3.1.3.4 Statistical Methods
3.2 Phase II Studies

3.2.1 Study 31-93-202

3.2.1.1 Study Objectives

3.2.1.2 Efficacy Outcome Variables
3.2.1.3 Study Design

3.2.1.4 Statistical Methods

3.2.2 Study 31-94-202

3.2.2.1 Study Objectives
3.2.2.2 Efficacy Outcome Variables

3.2.2.3 Study Design

3.2.2.4 Statistical Method

3.3 Long Term Studies: Studies 31-98-217 and 31-98-304-01 -
3.3.1 Study Objectives

3.3.2 Methodology

3.3.3 Statistical Methods

4. Detailed Review of the Sponsor’s Individual Study Results
4.1 Pivotal Phase I Studies

4.1.1 Study 31-97-201

4.1.1.1 Disposition of Patients
4.11.2 Data Set

4.1.1.3 Demography and Patient Characteristics

4.1.1.4 The Sponsor’s Efficacy Results

4.1.1.5 . The Sponsor’s Overall Efficacy Conclusions
4.1.2 Study 31-97-202

4.1.2.1 Disposition of Patients

4.1.2.2 Data Set

4.1.2.3 Demography and Patient Characteristics

4.1.2.4 The Sponsor’s Efficacy Results

4.1.2.5 The Sponsor’s Overall Efficacy Conclusions
4.1.3 Study CN 138-001

4.1.3.1 Disposition of Patients
4.1.3.2 Data Set

4.1.3.3 Demography and Patient Characteristics

Stat Review, Page 3 of 141

.
Ja—-.—-—-—nn—t-—nu—o-—-»——-—
LPRPLLWRRPRORDY®O DI



4.1.3.4 The Sponsor’s Efficacy Results
4.1.3.5 'The Sponsor’s Overall Efficacy Conclusions

4.2 Phase II Studies
42.1 Study 31-93-202
4.2.1.1 Disposition of Patients
4.2.1.2 Demographics and Patient Characteristics
42.1.3 The Sponsor’s Efficacy Results
4.2.1.4 The Sponsor’s Overall Efficacy Conclusions

42.2 Study 31-94-202
4.2.2.1 Disposition of Patients
4222 Demographics and Patient Characteristics
4223 The Sponsor’s Efficacy Results
4.22.4 The Sponsor’s Overall Efficacy Conclusions

4.3 Long-Term Studies: Studies 31-98-217 and 31-98-304-01
4.3.1 Disposition of Patients
4.3.2 Data Sets
4.3.3 Demography and Patient Characteristics
4.3.4 The Sponsor’s Efficacy Results
4.3.5 The Sponsor’s Overall Efficacy Conclusions

5. Statistical Reviewer’s Findings and Comments
5.1 Pivotal Phase III Studies
5.2 Phase II Studies
5.3 The Sponsor’s Efficacy Conclusions
5.4 Additional Comment
6. Appendices

II. EXECUTIVE SUMMARY OF STATISTICAL REVIEWER’S
FINDINGS

2.1 For Pivotal Phase I1I Studies: Studies 31-97-201, 31-97-202 and CN138-001

e The sponsor did not provide decision rules for three prospectively specified primary
efficacy endpoints in Studies 31-97-201 and 31-97-202. They did address in the
protocol using unadjusted type I error rate a = 0.05 to perform the test for each
primary endpoint. So, to control for the overall type I error rate, this reviewer made
conclusions for both studies based on significant results shown on all three primary
endpoints. .

This reviewer generally confirmed the sponsor’s statistical results.

For Study 31-97-201, the sensitivity analyses for three primary endpoints by removing
the data from the invalid centers (#007 and #001) led same conclusions as the overall
data analyses.

e For Study31-97-202, except one of three primary efficacy endpoints, the comparisons
between aripiprazole group and placebo were significant on the LOCF analyses but
insignificant on the OC analyses. So, the dropout cohort analyses were studied to learn
the possible bias of LOCF and OC analyses.

e For Studies 31-97-201 and 31-97-202, the patients with schizoaffective diagnosis
alone were analyzed to compare with the patients with schizophrenia only. It was
found that the treatment effects between these two subgroups did not differ much on
all three primary endpoints in both studies.
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¢ Due to a large amount of patients who chose the open-label aripiprazole treatment
during Week 4 to 6, the results of OC analysis for the primary endpoint, i.e., PANSS
Total Score, showed insignificant after Week 4 although the results of LOCF analyses
were significant. Since the results of OC analyses were significant from Week 1 to
Week 3, the insignificant results of OC analyses was not a concern.

e In conclusion, all three pivotal studies were positive. However, for Study 31-97-202,
this reviewer had a concern about the biasness of the LOCF and OC analysis results.

2.2 For Phase II Studies: Studies 31-93-202 and 31-94-202

e For Study 31-93-202, the sponsor performed different statistical analyses from what
was specified in the protocol for two primary efficacy endpoints and showed
significant results. After they were requested to perform the protocol specified
methods for them, it was found that the study was negative.

e Study 31-94-202 became negative after the invalid Center 003 was removed from the
overall data set.

2.3 Long-Term Studies: Studies 31-98-217 and 31-98-304-01

¢ Despite the sponsor pooled the data from both studies, which was not generally
acceptable, the test result for the primary efficacy endpoint was still insignificant. So,
there was no question that studies were negative.

2.4 Additional Comment (Subgroup Analyses)

e The sponsor did not perform the complete subgroup analyses for age, gender and race
for individual studies. They reported a table for model-based mean change of PANSS
Total Score from baseline at endpoint by gender, age, race and baseline score in the
LOCF data set of combined studies. According to the table, it was noticed that
Hispanic patients and patients who were 2 50 year old had high placebo responses.
This reviewer performed the detailed subgroup analyses for the above categories and
found that in each pivotal study, the placebo group’s magnitude of mean change of
PANSS Total Score was greater than one of aripiprazole groups in the older patients
(age 2 50). Since the low magnitude of changes happened across different dosage
groups, this reviewer has a concern about the aripiprazole’s efficacy for patients who
were greater than or equal to 50.
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STATISTICAL REVIEW AND EVALUATION OF EVIDENCE
1. Introductionand Background

The Otsuka Pharmaceutical Co., Ltd submitted this application to present an overview of
all the data in the Abilitat™ (aripiprazole) drug development program demonstrating a
positive benefit/risk profile for the treatment of patients with schizophrenia. Collaborative
development of aripiprazole between Otsuka Pharmaceutical Company (OPC), Otsuka
Maryland Research Institute (OMRI) and Bristol-Myers Squibb (BMS) began in 1999.
Collectively, the clinical program comprises 34 clinical pharmacology studies and 13
Phase II/II studies in schizophrenia.

[
Among those 13 Phase II/III studies, there were five short-term, four long-term and four
special studies. According to the sponsor, all of the short-term studies met the FDA-
defined cniteria for adequate and well-controlled studies. Three of five studies were
considered pivotal and two of five were supportive for efficacy analyses. The three pivotal
Phase III studies were named Studies 31-97-201 and 31-97-202 (4-week fixed-dose
studies, each with an active control) and CN138-001 (a 6-week, fixed-dose study). The
two supportive Phase II studies were named Studies 31-93-202 (an ascending-dose study) =
and 31-94-202 (a fixed-dose study). -

At the conclusion of the short-term studies, eligible patients were given the option of
continuing on long-term treatment, either in the extension phase of the protocol that the
patient had completed (for patients in Study CN138-001) or in an open-label long-term
study. The other two double-blind, active-controlled, long-term studies, 31-98-217 and 31-
98-304-01, enrolled patients who had not previously participated in an aripiprazole study.
These two studies were prospectively designed to be analyzed together. They were 52
weeks in duration and assessed maintenance of efficacy versus haloperidol.

Figure 1 shows the diagram for the éponsor’s studies that are pertinent to the efficacy of
aripriprazole in the treatment of schizophrenia. This review will mainly focus on the
evaluation for these 7 studies.

Figure 1. Studies That Are Pertinent to the Efficacy of Aripiprazole in the
Treatment of Schizophrenia; Efficacy Sample

Schizophrenia
N = 2854
|
.- { 1 i
Phase li Pivotal Phase Il Long-Tem
N = 368 N =1203 N = 1283

31.93.202 ] 31.97-201 ] 31.98-217 ]

31-94.202 ] 31.97-202 ] 31.98-304-01 |

CN138-001
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2. Summary of the Sponsor’s Efficacy Results and Conclusions

For the Phase III Studies 31-97-201 and 31-97-202, the primary outcome measures were
(1) the mean change from baseline to endpoint in the PANSS Total Score, (2) the mean
change from baseline to endpoint in the PANSS Positive Sub-Scale Total Score, and (3)
the mean change from baseline to endpoint in the CGI Severity of Illness Score.
According to the sponsor’s protocol, for each primary outcome measure, the treatment
comparisons were tested by following the step-down procedure, i.e., first aripiprazole 30
mg vs. placebo was tested at two-tailed 0.05 level; if rejected, aripiprzole 15 mg vs.
placebo was tested at two-tailed 0.05 level.

The primary outcome measure for the third Phase I Study, CN138-001, was the mean
change from baseline to endpoint in the PANSS Total Score. In order to protect the
experiment-wise alpha level at 0.05 level when making three comparisons of aripiprazole
fixed doses versus placebo on the primary efficacy analyses, the statistical testing was
carried out using Hochberg’s sequentially rejective procedure. That is, superiority to
placebo was claimed if all three pair-wise comparisons were significant at the 0.05 level,

or two out of three were significant at the 0.025 level, or if one out of three was significant
at the 0.0167 level. :

In the Phase II ascending-dose study, 31-93-202, the primary outcome measures were (1)
the mean change from baseline to endpoint in the BPRS Total Score and (2) the
percentage of patients having improved by at least one point on the CGI Severity of Illness
Score at endpoint. In the Phase II fixed-dose study, 31-94-202, the primary outcome
measures were (1) the mean change from baseline to endpoint in the BPRS Core Score,
and (2) the mean CGI Improvement Score at endpoint. In either study, no method
preplanned for adjusting alpha 0.05 for the two primary endpoints. For Study 31-94-202,
the Dunnett’s procedure was pre-specified for adjusting the three dosage groups.

Studies 31-98-217 and 31-98-304-01 were designed to demonstrate the efficacy of
aripiprazole versus haloperidol in long-term (up to 52 weeks) studies. The sponsor
performed the analyses and reported the results based on the combined data. The primary
efficacy measure for this combined studies was a time-to-event variable phrased as “time-
to-failure to maintain response” in responders (defined in Section 3.3.3).

The summary of p-values for the primary endpoints of the five studies are shown in Tables
2.1 t0 2.3. According to the analysis results, the sponsor concluded that aripiprazole is
effective in the treatment of patients with schizophernia. The clinical trial program
established that-the efficacy of aripiprazole was consistent and reproducible across the
three pivotal Phase III studies and the two supportive Phase II studies, as well as the two
studies (one analysis) that documented long-term efficacy against an active comparator.
Within studies, aripiprazole demonstrated consistent efficacy across outcome measures
that assessed positive symptoms (PANSS Positive Sub-Scale, PANSS-derived BPRS Core
Score), negative symptoms (PANSS Negative Sub-Scale), and global measures of patient
improvement (CGI Severity Score and CGI Improvement Score). However, after these
studies were reviewed, it was determined that two phase II studies and the combined
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analyses of two long-term studies were negative studies. Three phase IIl studies were
positive but the-analysis results shown in Study 31-97-202 seemed to be biased.

Table 2.1 The Sponsor’s P-values for the Primary Endpoints of Three Pivotal Phase I
Studies: Studies 31-97-201, 31-97-202 and CN138-001

Study PANSS Total Score PANSS Positive CGI Severity of
Sub-Scale Score Illness Score

31-97-201

Aripiprazole 15 mg vs. Placebo 0.0001 0.0001 0.0001

Aripiprazole 30 mg vs. Placebo 0.0089 0.0005 0.0187

Haloperidol 10 mg vs. Placebo 0.0008 0.0001 0.0019

31-97-202

Aripiprazole 20 mg vs. Placebo 0.0013 0.0006 0.0298

Aripiprazole 30 mg vs. Placebo 0.0029 0.0177 0.0063

Risperidone 6 mg vs. Placebo 0.0004 0.0002 0.0001

CN138-001 )

Aripiprazole 10 mg vs. Placebo 0.0036

Aripiprazole 15 mg vs. Placebo 0.0002

Aripiprazole 20 mg vs. Placebo 0.0001

Table 2.2 The Sponsor’s P-values for the Primary Endpoints of Two Supportive Phase II
Studies: Study 31-93-202 and 31-94-202

"

Study BPRS Total Responders PANSS- CGI-
Score (CGI Severity) Derived BPRS- Improvement

Core Score Score

31-93-202

Aripiprazole 5-30 mg vs. Placebo 0.0142 0.035

Haloperidol 5-20 mg vs. Placebo 0.0083 0.003

31-94-202 .

Aripiprazole 2 mg vs. Placebo 0.7034 0.5860

Aripiprazole 10 mg vs. Placebo 0.8939 0.2260

Aripiprazole 30 mg vs. Placebo 0.1165 0.0055

Haloperidol 10 mg vs. Placebo 0.0495 0.0811

Table 2.3 The Sponsor’s P-value for the Primary Endpoints of the Long Term Studies:
Studies 31-98-217 and 31-98-304-01

Study P-value of the logrank test for time to failure to
maintain response

31-98-217 and 31-98-304-01 0.427

3. Description of the Sponsor’s Studies and Statistical Methodologies
3.1 Pivotal Phase II1I Studies

3.1.1 Study 31-97-201

This study was titled as ‘A Phase III, Double-Blind, Placebo-Controlled Study of
Aripiprazole in the Treatment of Psychosis’ and was conducted at 36 study centers in the
United States of America.
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3.1.1.1 Study Objectives

The objectives of this study were to compare the safety and efficacy of each of two doses
of aripiprazole (15 mg and 30 mg) versus placebo for the treatment of acute psychosis (in
schizophrenia or schizoaffective disorder), and to evaluate the efficacy of aripiprazole on
the negative symptoms of psychosis and the relationship of aripiprazole doses with time to
response.

3.1.1.2 Study Design

This study was a multicenter, 4-week, randomized, double-blind, parallel-group
comparison of the safety and efficacy of aripiprazole, haloperidol, and placebo. The active
control, haloperidol was included to confirm the validity of the trial. Approximately 400
patients who were in acute relapse with a diagnosis of schizophrenia or schizoaffective
disorder, and who had previously responded to neuroleptics were to be enrolled in the
study. After a minimum 5-day placebo washout period, each eligible patient was
randomized to one of four double-blind treatment groups: aripiprazole 15 mg, aripiprazole
30 mg, haloperidol 10 mg, or placebo. Study medication was administered orally once
daily for 4 weeks. Doses of study medication were not modified during the study. Patients
who could not tolerate study drug were withdrawn from the study. Every effort was made
to keep patients in the study for at least 2 weeks after randomization. Symptoms were
assessed before and during double-blind treatment to evaluate clinical response. Blood
samples were collected on specified study days for the determination of plasma
concentrations of aripiprazole.

-

3.1.1.3 Efficacy Variables

The Positive and Negative Syndrome Scale (PANSS) consisted of three sub-scales. The
severity of each symptom ca these sub-scales was rated on a 7-point scale. The symptom
constructs for each sub-scale were as follows:

e Positive Sub-Scale (7 positive symptom constructs: delusions, conceptual
disorganization, hallucinatory behavior, excitement, grandiosity,
suspiciousness/persecution, and hostility);

e Negative Sub-Scale (7 negative symptom constructs: blunted affect, emotional
withdrawal, poor rapport, passive pathetic withdrawal, difficulty in abstract thinking,
lack of spontaneity and flow of conversation, and stereotyped thinking); and

e General Psychopathology Sub-Scale (16 symptom constructs: somatic concern,
anxiety, guilt feelings, tension, mannerism and posturing, depression, motor
retardation, uncooperative, unusual thought content, disorientation, poor attention, lack
of judgement and insight, disturbance of volition, poor impulse control, preoccupation,
and active social avoidance).

The Clinical Global Impression (CGI) consisted of two 7-point sub-scales: Severity of

Iliness Scale and Global Improvement Scale. The PANSS and CGI scales were to be
administered by the same rater for a given patient throughout the study.
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Primary measures of efficacy were:

1) change from baseline at Week 4 in PANSS Total Score;
2) change from baseline at Week 4 in PANSS Positive Sub-Scale Score; and
3) change from baseline at Week 4 in CGI Severity of Illness Score.

measures of efficacy were:

1) change from baseline at Week 4 in PANSS Negative Sub-Scale Score
2) time to response to therapy. A response was defined as
a) a230% decrease from baseline in the PANSS Total Score, or
b) ascore of 1 (very much improved) or 2 (much improved) on the CGI Improvement
Scale.
3) time to discontinuation due to lack of efficacy.

Non-protocol specified efficacy measures were:

1) number and percentage of responders (patients having a response as defined above);

2) mean CGI Improvement Score;

3) change from baseline in the PANSS-Derived Brief Psychiatric Rating Scale (BPRS)
Core Score.

3.1.1.4 Statistical Methods
3.1.1.4.1 Sample Size and Power

The estimation of sample size was based on data obtained from aripiprazole Phase II
studies. The planned sample size of 100 patients per treatment group yielded more than
90% power to detect a treatment effect of 12 points in the PANSS Total Score at two-
tailed significance level of 0.05 (Last Observation Carried Forward [LOCF] analysis with
an estimated standard deviation of 23 points for the change from baseline to last visit).
Treatment effect was defined as the mean change from baseline to last visit in an
aripiprazole group minus mean change from baseline to endpoint in the placebo group.

3.1.1.4.2 Data Set Descriptions

For purposes of analysis, the following samples were defined. The randomized sample
comprised all patients who were randomized to treatment. The safety sample comprised
all patients in the randomized sample who took at least one dose of study medication, as
indicated on the dosing record. The efficacy sample comprised all patients who had at
least one post-randomization efficacy evaluation.

The LOCF data set included data recorded at a given visit or, if no observation was
recorded at that visit, data carried forward from the previous visit. To perform an efficacy
analysis at Week 4, the primary time point of interest, the last observed value of patients
who dropped out of the study before Week 4 was carried forward to Week 4. Baseline data
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were not carried forward or averaged with post-treatment data to impute missing values
for the LOCF data set. The Observed Cases (OC) data set consisted of the actual
observations at each visit.

The randomized sample was used for baseline summaries of demographics, medical
history, and psychiatric and previous treatment history. The safety sample was used for the
summarization of safety data, concomitant medication, and extent of exposure. All
efficacy analyses were performed on the efficacy sample at baseline (except CGI
improvement score), at endpoint, and at each specified study week. Efficacy analyses were
performed using both the LOCF and OC data sets. The LOCF data set was the primary
data set. The analyses of the OC data set were considered secondary and were performed
to corroborate those on the LOCF data set.

3.1.1.4.3 Small Centers

For the purpose of efficacy analyses, a small center in this study was defined as a center
with no patients in one or more treatment groups. Since LOCF efficacy analyses were
adjusted for study center, small centers were pooled to form pseudo-centers so that each
treatment group included at least one patient within the center. Pooling was done based on
the primary efficacy variable (PANSS Total Score) at Week 4 using the following
algorithm:

Based on the number of patients who were eligible for an analysis, small centers
were ordered from the largest to the smallest. The pooling process started with the
largest of the small centers; i.e., first the largest center was pooled with the smaller
centers starting with the smallest until a non-small center was formed. The process
was repeated using the centers left out after the first pass. In case of ties in center
size, the center with the smallest center code was selected. (For example, between
the tied centers 012 and 032, center 012 was selected.) If any centers were left out
at the end of this process, they were pooled with the smallest pseudo-center.

Of the 36 centers, 6 centers (numbered 001, 011, 016, 019, 022, 035) were identified as
small centers. These centers were pooled to form two pseudo-centers 901 and 902 as
follows: 901 = Centers 016 and 019 pooled and 902 = Centers 001, 011, 022 and 035
pooled. These pseudo-centers were used for all the LOCF efficacy analyses when the
model was adjusted for baseline values and study center.

3.1.1.4.4 Efficacy Analyses

Primary efficacy measures were the mean change from baseline to Week 4 in the PANSS
Total Score, the mean change from baseline to Week 4 in the PANSS Positive Sub-Scale
Score, and change from baseline to Week 4 in the CGI Severity of Illness Score. These
primary efficacy measures were evaluated by analysis of covariance (ANCOVA) adjusting
for baseline values and study center. The treatment-by-center interaction was assessed at
endpoint by a secondary analysis of the above model including the treatment-by-center
interaction. The check of treatment-by-center interaction was tested at 0.10 level for the

10
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homogeneity of the treatment effect across the centers. The primary endpoint was the
Week 4 LOCF analysis.

The primary comparisons of interest were aripiprazole 30 mg versus placebo and
aripiprazole 15 mg versus placebo. The treatment comparisons were tested by following
the step-down procedure, i.e., first aripiprazole 30 mg versus placebo was tested at two-
tailed 0.05 level; if rejected, aripiprazole 15 mg versus placebo was tested at two-tailed
0.05 level.

The unadjusted means of change from baseline in the PANSS Total Score were analyzed
by a one-way analysis of variance (ANOVA) and are provided in the supplemental tables
of the sponsor’s study report. Subgroup analyses werg performed by gender and study
center. In the report, descriptive statistics are provided for subgroup analyses by gender
and study center. Due to inadequate enrollment of adolescent and elderly patients in this
study, a by-age analysis was not performed. The ANCOVA model for the gender
subgroup analysis included only the baseline value and treatment group.

The dropout cohort analysis was performed to assess effects of dropouts by plotting the
change of PANSS Total Score by treatment group using different dropout cohorts.
Dropout cohorts were formed by patients that had their last primary efficacy measurement
in the same week interval.

-

Additional longitudinal analyses were performed on the PANSS Total, PANSS Positive
Sub-Scale, PANSS Negative Sub-Scale, and CGI Severity of illness Scores. These
analyses employed three method: (1) the method of Wu and Bailey (1989) (2) unweighted
least squares, and (3) random effects model (Laird and Ware, 1982). The results from
these analyses include estimated treatment effects versus placebo, P-values, and 95%
confidence intervals.

Other continuous variables, such as the change from baseline to last observation in the
PANSS Negative Sub-Scale Score and PANSS-Derived BPRS Core Score, were analyzed
following similar methods as those for the primary efficacy measures except that no
adjustment in significance level was made to account for multiple comparisons.
Categorical data, such as CGI Improvement and the percentage of responders, were
evaluated by the Cochran-Mantel-Haenszel (CMH) method with stratification by center.
Analyses were performed at all time points for both LOCF and OC data sets.

The time-to-event variables (i.e., time to response and time to discontinuation due to lack
of efficacy) were compared between treatment groups by the log-rank test.

All the OC analyses and subset analyses included only treatment and baseline values in

the model. Center effect was not adjusted in the OC and subset analyses due to a large
number of small centers, and the pooling algorithm was based on the LOCF data set.

11
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3.1.2 Study 33-97-202

This study was titled as ‘A Phase III, Double-Blind, Placebo-Controlled Study of
Aripiprazole in the Treatment of Psychosis, with Risperidone as Active Control’ and was
conducted at 40 study centers in the United States of America.

3.1.2.1 Study Objectives

The objectives of this study were to compare the safety and efficacy of 20-mg and 30-mg
aripiprazole versus placebo for the treatment of acute psychosis (in schizophrenia and
schizoaffective disorders). In addition, information was gathered on the efficacy of
aripiprazole on the negative symptoms of psychosis and the relationship of aripiprazole
doses with time to response.

3.1.2.2 Study Design

This study was a multicenter, 4-week, randomized, double-blind, parallel-group
comparison of the safety and efficacy of aripiprazole, risperidone, and placebo.
Approximately 400 patients who were in acute relapse with a diagnosis of schizophrenia
or schizoaffective disorder, and who had preciously responded to neuroleptics were to be
randomized in the study. After a minimum 5-day placebo washout period, each eligible
patient was randomized to one of four double-blind treatment groups: aripiprazole 20mg,
aripiprazole 30 mg, risperidone 6 mg, or placebo. Study medication was administered
orally twice daily for 4 weeks. Doses of study medication were not modified during the
study except that risperidone was titrated upward for the first 3 days of study participation.
Patients who could not tolerate study drug were withdrawn from the study. Every effort
was made to keep patients in the study for at least 2 weeks after randomization. Symptoms
were assessed before and during double-blind treatment to evaluate clinical response.
Blood samples were collected on specified study days for the determination of plasma
concentrations of aripiprazole.

3.1.2.3 Efficacy Variables

Same as Study 31-97-201 in Section 3.1.1.3.
3.1.2.4 Statistical Methods

3.1.2.4.1 Sample Size and Power

Same as Smdy31-97-201 in Section 3.1.1.4.1.
3.1.2.4.2 Data Set Descriptions

Same as Study 31-97-201 in Section 3.1.1.4.2.

12
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3.1.2.4.3 Small Centers

The definition of small center was the same as what was defined in Section 3.1.1.4.3 for
Study 31-97-201..The pooling algorithm for small centers was also the same as what was
mentioned in the section. However, of the 40 centers, 7 centers (numbered 052, 055, 063,
079, 082, 083, 094) were identified as small centers. These centers were pooled to form
three pseudo-centers 901, 902 and 903 as follows: centers 052, 055 and 094 form center
901; centers 063 and 082 form center 902; centers 079 and 083 form center 903. These
pseudo-centers were used for all the LOCF efficacy analyses when the model was adjusted
for baseline values and study center.

3.1.2.4.4 Efficacy Analyses

Same as Study 31-97-201 in Section 3.1.1.4.4.

3.1.3 Studv CN 138-001

This study was titled as ‘A Multicenter, Randomized, Double-Blind, Placebo-Controlled
Study of Three Fixed Doses of Aripiprazole in the Treatment of Patients with Acute
Schizophrenia’. It was conducted at total 57 centers in the United State and Canada (4
centers in Canada).

3.1.3.1 Study Objectives

Primary Objective: This study compared the efficacy of three fixed doses of aripiprazole
with placebo in the treatment of acutely relapsed patients with a diagnosis of
schizophrenia. ‘

Secondary Objective: This study compared the safety of three fixed doses of aripiprazole
with placebo in the treatment of acutely relapsed patients with a diagnosis of
schizophrenia.

3.1.3.2 Study Design

This study was a double-blind, placebo-controlled, randomized, multicenter trial with four
parallel groups of inpatients (placebo, aripiprazole 10 mg, aripiprazole 15 mg, and
aripiprazole 20 mg). The patients in this trial met the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV) criteria for schizophrenia and were in acute
relapse. After a minimum 2-day neuroleptic medication washout, patients fulfilling entry
criteria were randomized into the 6-week Acute Phase. Patients received blinded, oral
fixed doses of 10 mg, 15 mg, or 20 mg aripiprazole or placebo, once daily. Patients who
were unable to tolerate the study medication were discontinued from the study. Symptoms
were assessed before and during double-blind treatment to evaluate clinical response.
Patients remained hospitalized for the duration of the 6-week treatment period.
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Patients showing no improvement or a worsening of symptoms (i.e., Clinical Global
Impression [CGI] Improvement 2 4) at the end of Week 3, were offered-the option of
open-label anipiprazole treatment during Weeks 4, 5 and 6. Treatment with open-label
aripiprazole was initiated at 20 mg with the option of decreasing to 15 mg based on
tolerability. Patients still not improving by Week 5 were discontinued from the study.

Patients who completed the 6-week Acute Phase (including patients who received open-
label aripiprazole) were eligible to enter the long-term, outpatient Extension Phase in
which they were randomized to double-blind aripiprazole at a dose range of either 10 mg
to 15 mg or 20 mg to 30 mg per day.

3.1.3.3 Efficacy Variables

The primary measure of efficacy was the mean change from baseline to Week 6 (Last
Observation Carried Forward [LOCF] data set) in the PANSS Total Score.

Key secondary efficacy measures were: 1) the mean change from baseline to Week 6
(LOCEF data set) in the PANSS Negative Sub-Scale Score (with additional analyses at all
time points) and 2) the mean change from baseline to Week 6 (LOCF data set) in the -
PANSS-derived Brief Psychiatric Rating Scale (BPRS) Core Score calculated from the
PANSS.

Additional efficacy endpoints were: 1) the mean change from baseline in the PANSS
Positive Sub-Scale Score at all time points, 2) the mean CGI Improvement Score at all
time points, 3) the mean change from baseline in the CGI Severity of Illness Score at all
time points, 4) the rate of discontinuation due to lack of efficacy or entry into the open-
label aripiprazole at/after Week 3 with a CGI Improvement Score of 4 to 7, 5) the mean
change from baseline to Week 6 in the MADRS, and 6) response rates at all time points.
Responders were patients who met either of the following criteria:

¢ arating of very much improved or much improved on the CGI Improvement Score;
or

e at least a 30% decrease from baseline in the PANSS Total Score at all time points.

An evaluable patient was one who had taken at least one dose of study medication and
received at least one post-randomization efficacy evaluation.

3.1.3.4 Statistical Methods
3.1.34.1 Sample Size and Power

The primary efficacy outcome measure was the mean change from baseline to Week 6
(LOCF Data Set) on the PANSS Total Score. The planned sample size of 400 evaluable
patients (100 per treatment group) provided 90% power to detect a difference of 12 in the
change from Baseline to Week 6 in PANSS Tot4l Score between placebo and each of the
three fixed doses of aripiprazole. This assumed a standard deviation of 23 and a two-sided
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test at the 0.0167 significance level (0.05 significance level adjusted for three comparisons
versus placebo).

3.1.3.4.2 Data Set Descriptions

The definitions of randomized sample, safety sample, efﬁcacy sample, the LOCF data set
and OC data set were the same as what were described in Section 3.1.1.4.2 for Study 31-
97-201.

All efficacy analyses were performed on the Efficacy sample at Baseline (if evaluated at
baseline), at endpoint, and at each specified study week. Efficacy analyses were performed
using both the LOCF and OC data sets. The analyses of the LOCF data set were
considered primary analyses. The analyses of the OC data set were considered secondary
and were performed to corroborate those on the LOCF data set.

For the analyses of the double-blind treatment, data for patients that received open-label
aripiprazole after Week 3 were handled in the following manner. LOCF data for the
patients on open-label aripiprazole reflected their last double-blind treatment evaluation
and OC data were considered missing (i.e., open-label Week 4, 5 and 6 results were not
used in the double-blind analysis).

3.1.3.4.3 Small Centers

The definition of small center was the same as what it was defined in Section 3.1.1.4.3 for
Study 31-97-201.

Of the 57 centers, 16 centers (numbered 9, 20, 23, 24, 30, 38, 40, 43, 47, 51, 54, 56, 66,
72,75, 76) were identified as small centers. These centers were pooled to form two
pseudo-centers P10 and P11 as follows: P10 = Centers 9, 20, 23, 24, 30, 40, 43, 51, 56, 72,
and 76 pooled, and P11 = Centers 38, 47, 54, 66, and 75 pooled. These pseudo centers
were used for all LOCF efficacy and safety analyses when the model was adjusted for
study center.

3.1.3.4.4 Efficacy Analyses

Primary Efficacy Analysis

The primary efficacy variable in this study was the mean change from baseline to Week 6
in the PANSS -Fotal Score. The primary efficacy measure was evaluated by Analysis of
Covariance (ANCOVA). The model included the baseline (randomization) measure as
covariate and the study center and treatment as main effects. The primary presentation of
results were the model-based estimates and the 95% confidence intervals (CI) for the
treatment differences (aripiprazole-placebo), which were derived from the estimation
(ESTIMATE) of the treatment contrast. Change Scores were derived by subtracting the
baseline Score from the Score at each follow up visit. Baseline data were evaluated by
Analysis of Variance (ANOVA) with treatment and study center as main effects.
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In order to protect the experiment-wise alpha level at 0.05 level when making three
comparisons of aripiprazole fixed doses versus placebo on the primary efficacy analyses,
the statistical testing was carried out using Hochberg’s sequentially rejective procedure.
Superiority to placebo was claimed if all three pairwise comparisons were significant at
the 0.05 level, or two out of three were significant at the 0.025 level, or if one out of three
was significant at the 0.0167 level.

In addition to the primary analysis, the following were also performed.

The mean change from baseline in PANSS Total Score was evaluated at all time points on
both the LOCF and OC data sets.

To evaluate the dose response effect, a linear trend test using the actual doses (the dose in
placebo group was assigned to zero) was performed with and without the placebo group at
0.05 level. The LOCF data set was used and the analysis was performed at all time points.

To corroborate the results of the primary analysis, the primary efficacy measure was also
analyzed by a Non-Parametric One-Way test (NPARIWAY), i.e., Wilcoxon test. The
LOCF data set was used and the analysis was performed at all time points. )

The unadjusted mean changes were analyzed by a one-way ANOVA for the LOCF.data
set at all time points.

Subgroup analyses were performed by gender. The ANCOVA model included only the
baseline value and treatment group in the model. The LOCF data set was used and the
analysis was performed at all time points. Treatment effects only were provided (i.e., no
P-values) since this study was not powered to detect treatment differences in this subgroup
analysis.

An analysis was performed to assess effects of dropouts by plotting the change of the
PANSS Total Score by treatment group using different dropout cohorts. Like Studies 31-
97-201 and 31-97-202, dropout cohorts were formed by patients that had their lat primary
efficacy measurement in the same week interval.

Study centers were not included in any analyses of the OC data set.

Key Secondary Ailalyses

-

The key secondary efficacy measures were the mean change from baseline to Week 6 in
the PANSS-derived BPRS Core Score and the mean change from baseline to Week 6 in
the PANSS Negative Subscale Score in the LOCF data set. A hierarchical testing
procedure was used in testing the key confirmatory analyses so that the overall
experiment-wise Type I error rate was 0.05, and Hochberg’s sequentially rejective
procedure was applied. Testing proceeded sequentially. First, the PANSS-derived BPRS
Core Score was tested for those treatment groups significantly different versus placebo
from the primary analysis. Only those treatment groups for which the PANSS-derived
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BPRS Core Score were significantly different versus placebo were tested for the PANSS
Negative Sub-Scale Score. The outcome of the tests for the key secondary endpoints did
not affect the statistical significance achieved for the primary endpoint. These measures
were analyzed by ANCOVA, for Week 6 LOCF data set, only for the appropriate
treatment groups.

Other Secondary Analyses

In addition to the key secondary analyses, the following other secondary analyses of the
key secondary variables were performed. The mean change from baseline in PANSS
Negative Sub-Scale Score and PANSS-derived BPR® Core Score were evaluated at all
time points on both the LOCF and OC data sets.

Other secondary efficacy variables, such as the mean change from baseline in the PANSS
Positive Sub-Scale Score, mean change from baseline in the MADRS Total Score, and

mean change from baseline in the CGI Severity of Illness Score were analyzed following
similar methods as those for the primary efficacy variable. The model for the LOCF

analysis of the MADRS did not include study center. Categorical data, such as mean CGI =
Improvement Score, were analyzed within the framework of the generalized CMH -
procedure, controlling for study center. Analyses on the other secondary efficacy measures
were performed at the 5% significance level without adjustment for multiple comparisons.

The time-to-event variable (i.e., time to discontinuation) was evaluated by survival
analysis. The survivorship function and estimated survivorship curves were obtained from
Kaplan-Meier maximum likelihood estimates. The log rank test was used to compare
survival distributions.

3.2 Phase II Studies

3.2.1 Study 31-93-202

The study was titled as “Efficacy and Tolerability of Ascending Doses of OPC-14597
Compared to Placebo and to Haloperidol in Acutely Relapsing Hospitalized Schizophrenic
Patients”. There were 10 sites in the United States involved in the study.

3.2.1.1 Study Objectives.

The primary objective of this study was to assess the efficacy of OPC-14597
(aripiprazole) for the treatment of acute schizophrenia and the tolerability of the effective
doses.

The secondary objectives of this study were:

1) to evaluate the effective dose range of OPC-14597;

2) to evaluate whether OPC-14597 was more effective on positive or negative symptoms
of the disease;
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3) to evaluate the pharmacokinetic characteristics of OPC-14597 in schizophrenic
patients; and - )

4) to compare the effects of OPC-14597 to those of haloperidol on serum prolactin
concentration in schizophrenic patients.

3.2.1.2 Efficacy Outcome Variables

The primary efficacy variables were (1) change from baseline to last visit in BPRS-total
score, and (2) a response indicator variable (with values ‘improved’ or ‘not improved’)
defined as follows. Patient disease status was categorized as ‘improved’ if a reduction of
at least one point from baseline to last visit in CGI-severity score was recorded; otherwise,
the patient condition was categorized as ‘not improved’.

The secondary efficacy measurement was based on the score from the Positive and
Negative Syndrome Scale (PANSS).

3.2.1.3 Study Design

.'

This was a Phase II, 4-week, multicenter, double-blind, randomized, placebo-controlled, -
parallel-group, inpatient study of the efficacy and tolerability of ascending doses of OPC-
14597 in acutely relapsing schizophrenic patients with a history of responding to
antipsychotic drugs.

Following a 3-7 day placebo washout period, patients were randomized to either
ascending doses of OPC-14597, ascending doses of haloperidol, or placebo. Patients were
evaluated for efficacy and tolerability at the end of each treatment week (2 days).

According to the original protocol, the dose of OPC-14597 was to be titrated from 5 mg to
30 mg per day up to Day 13 of the study and, provided tolerability was satisfactory, the 30
mg/day dose was to be maintained for the remaining 15 days of the study. The dose of
haloperidol was to be titrated from 5 mg to 20 mg per day up to Day 10 of the study and,
provided tolerability was satisfactory, the 20 mg/day dose was to be maintained for the
remaining 18 days of the study. Each ascending dose of OPC-14597 or haloperidol was to
be given for 3 days. The original protocol was first amended (Amendment 001) to limit
the dose of OPC-14597 to a maximum of 20 mg/day. The protocol was amended a second
time (Amendment 002) to increase the maximum dose of OPC-14597 back to 30 mg/day,
as per the original protocol. To reach therapeutic levels faster, the protocol was further
amended (Amendment 003) to decrease the dosing period from 3 days to 2 days for
ascending doses of OPC-14597 or haloperidol. Through this titration schedule, a 20
mg/day dose was achieved in the OPC-14597 group on Day 7 and the maximum doses of
OPC-14597 (30 mg) and haloperidol (20 mg) were achieved on Day 13 and Day 7
respectively.
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3.2.1.4 Statistical Methods

Sample Size

The sample size for this study was calculated based on expected changes in mean BPRS-
total score and on an expected 30% dropout rate. Haloperidol and OPC-14597 were
expected to induce a 30% decrease in mean BPRS-total score. A 10-15% decrease in mean
BPRS-total score was expected in the placebo group. Based on the above assumptions and
using crude estimates of variability from the literature, it was determined that 25 patients
in each of the two groups would provide greater than 80% power.

Baseline Comparisons

Demographic and baseline psychiatric comparisons were based on information obtained at
the screening visit prior to washout for all randomized patients. Mean, minimum and
maximum by sex were used to describe continuous variables such as age and weight.
Frequency distributions of each treatment group by sex were tabulated for race. Baseline
psychiatric characteristics, including age at first hospitalization for psychiatric illness,
number of times hospitalized in the past, length of present schizophrenic episode, onset of
current condition, and categorization of subchronic/chronic schizophrenia, were tabulated
by treatment group for all randomized patients for purposes of comparison.

Population Analyzed

The primary and secondary efficacy analyses were performed on the intent-to-treat (ITT)
popuiation at Week 4 by the last observation carried forward (LOCF) method and also for
the observed cases at each week.

Small Centers

For the purpose of efficacy analyses, a small center in this study was defined as a center
with no patients in one or more treatment groups. Only one center (center 12) was
identified as a small center. This center was pooled with center 007, which had the lowest
total number of patients.

Analyses for Primary Efficacy Variables

For BPRS-total score, both last visit and by-week observed cases analyses were
performed. For the last visit analysis, the change from baseline in BPRS-total score was
analyzed by fitting a linear model with terms for treatment, center, center-by-treatment
interaction, and baseline value as covariate for the by-week observed cases analyses, the
model included only treatment and baseline as covariate except that at week 0 (baseline)
only treatment and center were included in the model. The p-value for the primary
comparison of OPC-14597 vs. placebo was obtained based on this model (Type III
analyses were utilized). For the variable of response indicator, the responder rates of OPC-
14597 vs. placebo were compared by the Cochran-Mantel-Haenszel (CMH) test stratified
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by center. Results were declared statistically significant relative to a two-tailed nominal
significance level of 0.05. Similar methods were also applied for the comparison of
haloperidol vs. placebo.

Analyses for Secondary Efficacy Variables

Analyses of the secondary variables were performed in a parallel fashion as in the case of
the primary efficacy variable BPRS-total score.

3.2.2 Study 31-94-202

This study was titled as a dose ranging study of the efficacy and tolerability of OPC-14597
in acutely relapsing hospitalized schizophrenic patients. It was a multi-center study with
23 US sites participated.

3.2.2.1 Study Objectives

The primary objective of this study was to determine an optimal dose of OPC-14597
(aripiprazole) for the treatment of acute schizophrenia.

The secondary objectives of this study were: (1) preliminary comparison of the efficacy of
OPC-14597 to that of haloperidol on negative symptoms, and (2) comparison of the
effects of OPC-14597 to those of haloperidol on serum prolactin levels.

3.2.2.2 Efficacy Outcome Variables

The primary efficacy variables were (1) Change from baseline to last visit in the Psychotic
Items Sub-scale of the Brief Psychiatric Rating Scale (BPRS) and (2) Clinical Global
Impression (CGI) improvement score at last visit.

The secondary outcome variables will be based on the Positive and Negative Symptom
Scale (PANSS) and on the total BPRS scores.

3.2.2.3 Study Design

This was a multi-center, 4-week, double-blind, randomized, placebo-controlled, dose-
ranging, parallel-group study of the efficacy and tolerability of three doses of OPC-14597
in chronic schizophrenic patients who have a history of responding to antipsychotics and
who present with an acute relapse. OPC-14597 was given in three doses: 2 mg/day
(starting with 1 mg on Day 1; followed by 2 mg/day for the rest of the study); 10 mg/day
(starting with 5 mg on Day 1, followed by 10 mg/day for the rest of the study); and 30
mg/day (starting with 15 mg on Day 1; followed by 30 mg/day for the rest of the study).
Patients were hospitalized throughout the study.

Upon inclusion, patients were submitted to a 3- to 7- day placebo washout period. Every
effort was made to washout patients for at least 5 days. Following washout, qualifying

20
Stat Review, Page 21 of 141

.0



.

LB
N

patients were randomized to either one of three fixed doses of OC-14597 (2, 10 or 20
mg/day), a fixed dose of haloperidol (10 mg/day), or placebo. During the double-blind
treatment period, patients were evaluated for efficacy and tolerability at the end of each
treatment week (12 days).

3.2.2.4 Statistical Methods

Sample Size

It was determined initially that 50 patients per treatment group (a total of 250 patients)
would provide greater than 80% power to detect a difference of 9 points in mean change
scores in BPRS-total between an OPC-14597 group and placebo. The protocol was
amended to increase the sample size by 10 patients per group, yielding 60 patients per
group (a total of 300 patients) to account for multiple comparisons with placebo.

Baseline Comparisons

Demographic and baseline psychiatric comparisons were based on information obtained at -

the screening visit prior to washout for all randomized patients. Mean, minimum and
maximum by sex were used to describe continuous variables such as age and weight.
Frequency distributions of each treatment group by sex were tabulated for race. Baseline
psychiatric characteristics, including age at first hospitalization for schizophrenia, number
of times hospitalized for schizophrenia in the past, length of present schizophrenic
episode, onset of current condition, and categorization of sub-chronic/chronic
schizophrenia, were tabulated by treatment group for all randomized patients for purposes
of comparison. '

Population Analyzed

The primary and secondary efficacy analyses were performed on the intent-to-treat (ITT)
population by the last observation carried forward (LOCF) method and for observed cases
at each visit.

Small Centers

For the purpose of efficacy analyses, a small center in this study was defined as a center
with no patients in one or more treatment groups. Only one center (center 014) was
identified as a small center. This center was pooled with center 002, which had the lowest
total number of patients.

Primary Efficacy Analyses

For BPRS-core score, the primary analysis at last visit was performed by fitting a linear
model to the change score with right hand terms for treatment, center, and the baseline
value. For CGl-improvement score at last visit, the model included only terms for
treatment and center. Each of the treatment contrasts (i.e., OPC-2 mg vs. placebo, OPC-10
mg vs. placebo, and OPC-30 mg vs. placebo) was estimated by use of Least Squares
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Means from a type Il analysis, and the p-values were derived from Student’s test with
appropriate degrees of freedom. Dunnett’s method was used for reporting statistically
sginificant (at two-tailed 0.05 level) results corrected for multiple comparisons of the three
OPC-14597 groups with placebo.

Secondary Efficacy Analyses

By visit analyses (at Weeks 1, 2, 3 and 4) were performed for those secondary endpoints
of changes of scores following parallel methods as described in primary efficacy analyses
but no correction to the significance level was made for multiple comparisons. The
response to treatment (responder rates) of OPC-14597 dose groups vs. placebo and
haloperidol vs. placebo were made by the Cochran-Mantel-Haenszel test stratified by
center. The time to discontinuation due to lack of clinical response or marked deterioration
in clinical status was plotted by Kaplan-Meier curves and differences in survival between
a treatment group and placebo were tested by the log-rank test. Data for the efficacy index
in the CGI scale at last visit were summarized by treatment group.

3.3 Long-Term Studies : Studies 31-98-217 and 31-98-304-01

These 52-week, double-blind, haloperidol-controlled long-term studies were nearly
identical in design. Study 31-98-217 was conducted in the USA (33 centers) and 31-98-
304-01 was a multinational study (137 centers).

3.3.1 Objectives

The primary objective of both studies was to evaluate the long-term maintenance of the
acute anti-psychotic effect of aripiprazole, compared with haloperidol, when administered
for 52 weeks in patients whose treatment started during an acute relapse of chronic
schizophrenia.

The secondary objectives of these studies were to evaluate:

e The efficacy of aripiprazole, compared with haloperidol, in the treatment of patients
experiencing an acute relapse of chronic schizophernia over an 8-week treatment
period;

e The efficacy of aripiprazole, compared with haloperidol, for the treatment of positive
and negative symptoms of schizophrenia over a 52-week treatment period;

e The safety and tolerability of aripiprazole, compared with haloperidol, in short- and
long-term treatment of patients with schizophrenia.

3.3.2 Methodology

For these two studies, the protocol-specified intention was to pool their data for efficacy

. and safety evaluations. Therefore, these studies are treated throughout this document as

though they were a single study except when there were specific differences between
them. After a 5-day placebo washout, patients were to be randomized to receive either
aripiprazole 30 mg or haloperidol 10 mg, administered orally once daily. Randomization
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was done in a 2:1 ratio of aripiprazole to haloperidol. Patients randomized to receive
aripiprazole took the 30 mg dose from Day 1 onward while those randomized to
haloperidol were to take a 5-mg dose for Days 1 to 3 and the 10-mg dose from Day 4
onward. After the first week of treatment, a one-time dose decrease was allowed if needed
for tolerance. Patients who could not tolerate study drug were withdrawn from the study.
After randomization all patients were followed for 52 weeks or until early discontinuation.

3.3.3 Statistical Methods

The primary efficacy variable in this study was the “time to failure to maintain response”
in responders. Response was defined as a 2 20% decrease from baseline in PANSS Total
Score and, at the same visit, the patient did not meet any of the following criteria: 1) a
CGI Improvement Score of 6 (much worse) or 7 (very much worse), or 2) an adverse
event of worsening schizophrenia, or 3) a score of 5 (moderately severe), 6 (severe), or 7
(extreme) in at least one of the four items of the psychotic sub-scale of the PANSS.

Failure to maintain response was defined as (1) a CGI Improvement Score of 6 or 7 in two
consecutive evaluations 3 to 5 days apart, or (2) adverse event of worsening
schizophrenia, or (3) a score of 5, 6, or 7 in at least one of the four items that constitute the
psychotic items sub-scale of PANSS in two consecutive evaluations 3 to 5 days apart. Of
the two evaluations, the time-point of the first evaluation was used for determination of
failure to maintain response. For patients who had missing data in the second follow-up
evaluation to confirm failure to maintain response, the Last Observation Carried Forward .
(LOCF) imputation method was used and these patients were considered to have failed.
The time origin for this time to event measure was the date of randomization. Responders
who discontinued from a study without meeting the failure criteria or who completed the
study and did not meet the failure criteria at their last visit were treated as censored at the
date of discontinuation. :

The time to failure to maintain response data was analyzed by fitting the Cox proportional
hazard regression model with baseline PANSS Total Score as a covariate and protocol
(31-98-217 and 31-98-304-01) as a stratification factor. The null hypothesis of equal
hazard rates (i.e., hazard ratio = 1) between the two treatment groups was tested at 0.05
level (two-tailed) and a 95% confidence interval (CI) for the hazard ratio was reported.
This analysis was performed only on patients who were considered responders.

Secondary efficacy variables were: 1) change from baseline in PANSS Total Score, 2)
change from baseline in PANSS Positive Sub-Scale Score, 3) change from baseline in
PANSS Negative Sub-Scale Score, 4) change from baseline in CGI Severity of Illness
Score, 5) CGI Improvement Score as recorded, 6) change from baseline in MADRS Total
Score, 7) Time to first response, 8) Time from first response to failure to maintain
response, 9) Time to discontinuation due to lack of response to study drug, 10) Time to
discontinuation due to lack of response to study drug or adverse event.

Of the above, variables (1) through (6) were used to compare efficacy of the acute phase
treatment between the two treatment groups at Week 8. Each of the variables (1) through
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(4) and variable (6) were summarized by treatment group at each scheduled visit through
Week 52. Formalstatistical comparisons, by ANCOVA with baseline value as covariate
and protocol as classification factor were made at Weeks 8, 26, and 52 for each of these
variables. For variable (5), the Cochran-Mantel-Haenszel Mean Score test stratified by
protocol was used for treatment group comparison. Variables (7) through (10) were
analyzed by plotting Kaplan-Meier curves and by the Cox proportional hazard model with
baseline value of PANSS total as covariate and protocol as a stratification factor. Variable
(8) was analyzed by similar methods except that the event time was measured from the
date of first response.

4. Detailed Review of the Sponsor’s Individual Study Results

4.1 Pivotal Phase III Studies

4.1.1 Study 31-97-201

4.1.1.1 Disposition of Patients

A total of 502 patients signed the informed consent form; 42 of these patients failed
screening and did not enter the placebo-washout phase. The remaining 460 patients
underwent placebo washout; 46 of these patients discontinued from the study prior to
randomization.

Four hundred and fourteen patients were randomized to receive double-blind treatment;
106 to the placebo group, 104 to the haloperidol group, 102 to the aripiprazole 15-mg
group, and 102 to the aripiprazole 30-mg group. Of these, 248 (60%) patients completed 4
weeks of treatment and 166 (40%) discontinued from the study early. The disposition of
all enrolled patients and the time to discontinuation due to all reasons for the
Randomization Sample are presented by treatment group in Table 1 and Figure 1 of the
Appendix.

Two hundred eighty-two patients who had a DSM-IV diagnosis of schizophrenia were
randomized to receive double-blind treatment; 75 to the placebo group, 61 to the
haloperidol group, 74 to the aripiprazole 15-mg group, and 72 to the aripiprazole 30-mg
group. Of these, 180 (64%) patients completed 4 weeks of treatment and 102 (36%)
discontinued from the study early. The disposition of patients with schizophrenia only
who were randomized to treatment is presented by treatment group in Table 2 of the
Appendix.

4.1.1.2 Data Set
The number of patients within each patient sample was presented by treatment group for

all randomized patients in Table 4.1.1.1 as well as for patients with schizophrenia in Table
4.1.1.2.
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Table 4.1.1.1 Number of Patients in Different Samples for Study 31-97-201

Sample Placebo Haloperidol Aripiprazole
Randomized ’ 106 104 102 102 414
Safety 104 103 102 101 410
Efficacy 103 99 99 100 401
Table 4.1.1.2 Number of Patients with Schizophrenia in Different Samples for
Study 31-97-201

Sample Placebo Haloperidol Aripiprazole

10 mg 15 mg 30 mg Total
Randomized 75 61 74 72 282
Safety 74 60 74 71 - 279
Efficacy 74 59 72 71 276

Four of the 414 randomized patients were excluded from the safety sample because they
did not receive study medication according to the dosing record. Moreover, thirteen of the
414 randomized patients were excluded from the efficacy sample because they did not

have a post-randomization efficacy evaluation.

4.1.1.3 Demography and Patient Characteristics

.'

Demographic characteristics are presented by treatment group in Table 4.1.1.3 and Table
4.1.1.4 for all randomized patients and for those with schizophrenia in the randomized
sample, respectively. The treatment groups were comparable with respect to age, sex, race,

and weight.

Table 4.1.1.3 Demographic Characteristics for All Patients in the Randomized Sample

for Study 31-97-201

Haloperidol Aripiprazole
Placebo 10 mg Total
Variable N=106 N =104 15mg  30mg N=414
N=102 N=102
Age (y18) Mean 385 38.9 378 39.3 38.6
Median 385 40.0 36.5 40.0 39.0
Min-Max 19.0-68.0 18.0-59.0 19.0-61.0 19.0-65.0 18.0-68.0
S.E. 09 0.9 1.0 1.0 0.5
Gender Men 74 (70) 68 (65) 76 (75) 70 (69) 288 (70)
N (%) Women 32(30) 36 (35) 26 (25) 3231 126 (30)
Race White 54 (51) 68 (67) 61 (60) 59 (59) 242 (59)
N (%) Black 34 (32) 23 (23) 26 (25) 26 (26) 109 (27)
Hispanic 14 (13) 9(9) 12(12) . 12 (12) 47 (12)
Asian/Pacific 33 1(1) 33 3(3) 10(2)
Islander
Other 1 3 0 2 6
Weight(kg) Mean 83.3 84.8 85.3 87.8 853
Median 80.8 81.7 82.4 84.9 82.2
Min-Max 48.6-204.3  44.4-136.7 48.8-169.8  50.4-202.0 44.4-204.3
S.E. 21 2.0 2.2 24 1.1
Missing 1 3 0 1 5
25
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Table 4.1.1.4 Demographic Characteristics for Patients with Schizophrenia in the

Randomized Sample for Study 31-97-201

Haloperidol Aripiprazole
Placebo 10 mg I5me 0 me Total
Variable ' N=75 N =61 N=74 N=T N =282
Age (yrs) Mean 39.2 39.0 37.9 39.8 39.0
Median 39.0 40.0 375 40.0 395
Min-Max 19.0-68.0 23.0-58.0 22.0-61.0 19.0-65.0 19.0-68.0
S.E. 1.1 1.1 1.1 1.2 0.6
Gender Men 56 (75) 43 (70) 59 (80) 51 (71) 209 (74)
N (%) Women 19 (25) 18 (30) 15 (20) 21 (29) 73 (26)
Race White 36 (48) 39 (66) 37(50) 41 (59) 153 (55)
N (%) Black 26 (35) 15 (25) 25 (34) 17 (24) 83 (30)
Hispanic 12 (16) 5(8) 9(12) 10 (14) 36 (13)
Asian/Pacific 1(1) 0 34) 2(3) 6(2)
Islander
Other 0 2 0 2 4
Weight(kg) Mean 82.8 83.9 83.4 87.9 84.5
Median 81.0 80.8 78.5 823 81.3
Min-Max 48.6-204.3  44.4-1253  52.9-146.6  53.6-202.0 44.4-2043
S.E. 27 2.6 23 3.0 13
Missing 0 1 0 0 1

——

4.1.1.4 The Sponsor’s Efficacy Results

Efficacy analyses were performed using the Efficacy Sample (N=401), which comprised
all patients who had baseline and post-randomization efficacy evaluations on at least one
of the primary or secondary efficacy variables. In addition, as recommended by European
regulatory authorities, efficacy analyses were performed for a subset of patients with
schizophrenia (N=276) on the key outcome measures (i.e., PANSS Total Score, PANSS
Positive Subscale Score, CGI Severity of Illness Score, PANSS Negative Sub-Scale
Score, CGI Improvement Score, percentage of responders, and PANSS-Derived BPRS
Core Score) to gather information on the efficacy of aripiprazole in schizophrenia.

4.1.1.4.1 For All Randomized Patients

Primary Efficacy Measures:

Table 4.1.1.5 shows the summary of efficacy analysis results for the three primary
endpoints in all schizophrenia and schizoaffective disorder patients. Change in these three
primary endpoints were derived by subtracting baseline scores from the score at each
study week. This review only reports results of changes from baseline to the endpoint, i.e.,
week 4. Negative change scores indicate improvement.

According to the sponsor’s study report, the analysis of the change in the PANSS Total
Score for the LOCF data set showed that patients in the haloperidol group and patients in
both aripiprazole groups had significantly greater improvement compared with the
placebo group during Weeks 2 through 4. The analysis of the change scores for the OC
data set showed that both aripiprazole groups had significantly greater improvement
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compared with the placebo group at Weeks 2 and 4, while the haloperidol group improved
significantly more than the placebo group at Week 2.

The analysis of the model-based mean change in the PANSS Positive Sub-Scale Score for
the LOCF data set showed that both aripiprazole groups had significantly greater
improvement compared with the placebo group during Weeks 2 through 4. The
haloperidol group showed significantly greater improvement compared with the placebo
group during Weeks 1 through 4. Results of the OC analysis showed that both aripiprazole
groups had significantly greater improvement compared with the placebo group at Weeks
2 and 4. Significantly greater improvement was seen for the haloperidol groups compared
with the placebo group at Weeks 1, 2 and 4.

The analysis of the model-based mean change from baseline in the CGI Severity of Illness
Score for the LOCF data set showed that the aripiprazole 15 mg group and the haloperidol
group had significantly greater improvement compared with the placebo group during

Weeks 1 through 4. The aripiprazole 30mg group showed significantly greater

improvement during Weeks 3 and 4. The analysis for the OC data set showed that the
aripiprazole 15 mg group had significantly greater improvement compared with the

placebo group during Weeks 1 through 4. Significantly greater improvement compared -
with placebo was seen for the haloperidol group and aripiprazole 30 mg group at Week 2. -

Table 4.1.1.5 Efficacy Analysis Results for the Primary Endpoints for Study 31-97-201
For the LOCF Data Set:

Endpoints N Baseline Change from Treatment 95% CI P-Value

Baselineto  Difference  for

Endpoint vs. Placebo Difference

(i.e., week 4)
PANSS Total
Haloperidol 10 mg 99 99.9 -13.8 -10.8 (-17.2,4.5) 0.0008
Aripiprazole 15 mg 99 98.8 -15.5 -12.6 (-18.9,-6.3) 0.0001
Aripiprazole 30 mg 100 99.6 -114 -8.5 (-14.8,-2.1) 0.0089
Placebo 102 100.9 -2.9
PANSS Positive
Sub-Scale Score
Haloperidol 10 mg 99 25.0 44 -39 (-5.7,-2.0) 0.0001
Aripiprazole 15 mg 99 245 4.2 -3.7 (-5.5,-1.8) 0.0001
Aripiprazole 30 mg 100 244 -3.8 -33 (-5.1,-1.4) 0.0005
Placebo 103 . 248 -0.6
CGlI Severity of
Illness Score ==
Haloperido! 10 mg 99 4.9 -0.5 -0.4 (-0.7,-0.2) 0.0019
Aripiprazole 15 mg 99 4.9 -0.6 -0.6 (-0.8,-0.3) 0.0001
Aripiprazole 30 mg 100 4.8 0.4 -0.3 (-0.6,-0.1) 0.0187
Placebo 103 5.0 -0.1
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For the OC Data Set:

Endpoints _ Baseline Change from  Treatment 95% CI P-Value
& (N) Baseline to Difference  for

Endpoint vs. Placebo Difference

& MN)
PANSS Total
Haloperidol 10 mg 99.6 (N=99) -16.6 (N=61) -5.2 (-124,2.1) 0.163
Aripiprazole 15 mg 97.9 (N=99) -24.3 (N=68) -12.8 (-19.9, -5.8) <0.001
Aripiprazole 30 mg  98.5 (N=100) -19.1 (N=61) -1.7 (-15.0, -0.4) 0.040
Placebo 100.2 (N=102) -11.4 (n=60)
PANSS Positive
Sub-Scale Score
Haloperido!l 10 mg 25.1 (N=99) -5.0 (N=61) -2.5 (4.6,-0.4) 0.023
Aripiprazole 15mg  24.6 (N=99) -6.4 (N=68) -3.8 (-5.9,-1.8) <0.001
Aripiprazole 30 mg ~ 24.4 (N=100) -6.2 (N=61) 3.7 (-5.8,-1.6) 0.001
Placebo 24.9 (N=103) -2.6 (N=60)
CGI Severity of :
Iliness Score
Haloperidol 10 mg 4.9 (N=99) -0.6 (N=61) 0.2 (-0.5,0.1) 0.147
Aripiprazole 15 mg 4.9 (N=99) -0.9 (N=68) -0.5 (-0.8,-0.2) 0.001
Aripiprazole 30 mg 4.8 (N=100) -0.7 (N=60) -0.3 (-0.6,0.0) 0.053
Placebo 4.9 (N=103) -0.4 (N=60)

An internal audit revealed that data generated at Study Centers 007 and 011 could not be
validated. Therefore, a sensitivity analysis of the mean change from baseline in the
PANSS Total Score was performed by excluding the 16 patients randomized at Center 007
and the three patients randomized at Center 011. Results of the sensitivity analysis were
consistent with those of the overall analysis.

The trial was not designed to compare treatment effects between the aripiprazole 15mg
and 30mg groups. However, the change from baseline in the PANSS and CGI scores for
the aripiprazole 15 mg group relative to placebo was quantitatively greater than that for
the aripiprazole 30 mg group. Exploratory evaluations showed that the difference seen
from baseline to Week 4 between the aripiprazole 15 and 30 mg groups was largely driven
by the negative and general PANSS items, especially for those patients that completed the
study.

Secondary Efficacy Measure__s:

The summaries.of efficacy analysis results for the protocol specified secondary endpoints
for all patients are shown in Table 4.1.1.6. According to the sponsor’s study report, the
analysis of the model-based mean change in the PANSS Negative Sub-Scale Score for the
LOCEF data set showed significantly greater improvement compared with the placebo
group for the aripiprazole 15-mg group at Weeks 2 and 4. Although treatment differences
between the aripiprazole 30-mg and placebo groups did not reach statistical significance,
the magnitude of change in the PANSS Negative Sub-Scale Score for the aripiprazole 30-
mg group was substantial. The haloperidol group showed significantly greater
improvement compared with the placebo group during Weeks 2 and 4. The analysis of the
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OC data set showed significantly greater improvement compared with the placebo group
at Week 2 for both aripiprazole groups and the haloperidol group. The aripiprazole 15-mg
group also showed significantly greater improvement at Week 4 compared with the

placebo group.

The time-to-response analysis was performed separately for the CGI Improvement Score
(CGI response) and the PANSS Total Score (PANSS response) using survival analysis.
Only the aripiprazole 15-mg group showed a significant difference from the placebo group
(p=0.0122) in the time to CGI response. There were no other significant differences
between treatment groups in the time to PANSS response.

. -
Lack of efficacy is defined as insufficient clinical response or withdrawal of consent by
the patient due to lack of effect. Results of the analysis of time to discontinuation due to
lack of efficacy showed a between-treatment difference overall. This difference was
contributed by two pairwise comparisons: aripiprazole 15 mg versus placebo (p=0.003)
and haloperidol versus placebo (p=0.009).

Table 4.1.1.6 Efficacy Analysis Results for the Secondary Efficacy Endpoints for
Study 31-97-201

For the LOCF Data Set:
Endpoints N Baseline Change from Treatment 95% CI P-Value

Baselineto  Difference  for

Endpoint vs. Placebo Difference

(i.e., week 4)
PANSS Negative
Sub-Scale Score
Haloperidol 10 mg 99 26.2 -2.9 -1.8 (-3.5,-0.1) 0.043
Aripiprazole 15mg - 99 25.8 -3.6 -24 (4.1,-0.7) 0.006
Aripiprazole 30 mg 100 26.2 -2.3 -1.1 (-2.8, 0.6) 0.213
Placebo 102 26.5 -1.2
For the OC Data Set: :
Endpoints Baseline Change from Treatment 95% CI P-Value

& (N) Baseline to Difference  for
Endpoint & (N) vs. Placebo Difference
PANSS Negative
Sub-Scale Score
Haloperidol 10 mg 25.7 (N=99) -3.7 (N=61) -0.2 (-23,1.9) 0.829
Aripiprazole 15 mg 25.1 (N=99) -6.3 (N=68) -2.8 (4.8,-0.7) 0.008
Aripiprazole 30 mg 25.5 (N=100) -3.9 (N=61) -0.4 (-2.5,1.8) 0.735
Placebo 25.9 (N=102) -3.5 (N=60)
29
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Endpoints

P-Value by the Log-Rank Test

Time to Responsé to Therapy
(Defined as a 30% Decrease from
Baseline in PANSS Total Score)

Haloperidol 10 mg vs. Placebo
Aripiprazole 15 mg vs. Placebo
Aripiprazole 30 mg vs. Placebo

0.5569
0.0925
0.2413

Endpoints

P-Value by the Log-Rank Test

Time to Response to Therapy
(Defined as a CGI Global

Improvement Score of 1 or 2)
Haloperidol 10 mg vs. Placebo
Aripiprazole 15 mg vs. Placebo
Aripiprazole 30 mg vs. Placebo

0.7396
0.0122
0.1878

Endpoints

P-Value by the Log-Rank Test

Time to Discontinuation due to

Lack of Efficacy

Haloperidol 10 mg vs. Placebo
Aripiprazole 15 mg vs. Placebo
Aripiprazole 30 mg vs. Placebo

0.0092
0.0031
0.2290

Other Efficacy Measures:

Other efficacy measure results are shown in Table 4.1.1.7. A patient who had a CGI

~ Improvement Score of 1 (very much improved) or 2 (much improved), or a 2 30%

decrease from baseline in the PANSS Total Score was considered a responder. Both the

-LOCF and OC analyses showed that the aripiprazole 15-mg group had a significantly

greater percentage of responders at Week 4. A greater percentage of responders was seen
for the aripiprazole 30-mg group compared with the placebo group at Week 4 for the
LOCEF data set; however, the OC analysis showed no statistically significant differences
between these treatment groups. There were no significant differences in the percentage of
responders between the haloperidol and placebo groups at any time during the study for

either the LOCF or OC data set.

The analysis of the mean CGI Improvement Score for the LOCF data set showed that the
aripiprazole 15-mg group had significantly greater improvement compared with the
placebo group throughout the 4-week study. Significantly greater improvement compared
with placebo was seen at Weeks 3 and 4 for the aripiprazole 30-mg group and at Weeks 2
through 4 for the haloperidol group. In the OC analysis, significantly greater improvement
compared with the placebo group was seen at Week 4 for the aripiprazole 30-mg group
and at Weeks 1 through 3 for the haloperidol group. Results of the OC analysis for the
aripiprazole 15-mg group were consistent with those of the LOCF analysis; significantly
greater improvement compared with placebo was evident throughout the study.
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The analysis of the model-based mean change in the PANSS-Derived BPRS Core Score
for the LOCF data set showed significantly greater improvement compared with the
placebo group for-the aripiprazole 15-mg group at Weeks 2 through 4 and for the
aripiprazole 30-mg group at Weeks 3 and 4. The haloperidol group showed significantly
greater improvement compared with the placebo group during Weeks 1 through 4. The
analysis of the OC data set showed significantly greater improvement compared with the
placebo group at Weeks 1, 2 and 4 for the aripiprazole 15-mg group and haloperidol

group, and at Weeks 2 through 4 for the aripiprazole 30-mg group.

Table 4.1.1.7 Efficacy Analysis Results for the Other Efficacy Measures

for Study 31-97-201

Endpoints

Number (%) of Responders at Week 4 P-Value (vs. Placebo)

Percentage of Responders*

Haloperidol 10 mg (N=99) 26 (26) 0.089
Aripiprazole 15 mg (N=99) 35 (35) 0.002
Aripiprazole 30 mg (N=100) 28 (28) 0.050
Placebo (N=103) 17 (17)
Endpoints Mean at Week 4 P-Value (vs. Placebo)-
-
CGI Improvement Score* _
Haloperidol 10 mg (N=99) 37 0.002
Aripiprazole 15 mg (N=99) 35 <0.001
Aripiprazole 30 mg (N=100) 3.8 0.016
Placebo (N=103) 4.3
Endpoints N Baseline Change from Treatment 95% CI P-Value
Baselineto  Difference  for
Endpoint vs. Placebo Difference
(i.e., week 4)
PANSS-Derived
BPRS Core Score*
Haloperidol 10 mg 99 17.1 -3.5 24 (-3.5,-12) <0.001
Aripiprazole 15 mg 99 16.8 -3.1 -2.0 (-3.1,-0.8) 0.001
Aripiprazole 30 mg 100 16.9 -3.0 -1.9 (-3.1,-0.8) 0.001
Placebo 103 17.0 -1.1

* The results shown above are for the LOCF data set.

Subgroup Analysis:

The subgroup analysis results by gender and study center for the PANSS Total Score in
the LOCF analysis are shown in Table 5 and 6 of the Appendix. In addition to showing
some descriptive statistics, the sponsor commented that there was no significant treatment-

by-center interaction.
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4.1.1.4.2 For Patients with Schizophrenia

-

Primary Efficacy Measures:

The LOCF analysis results of the model-based mean change in the PANSS Total Score,
the PANSS Positive Sub-Scale Score and the CGI Severity of Illness Score for patients
with schizophrenia are shown in Table 4.1.1.8. As they are shown in the table, all three
groups of patients show significantly greater improvement compared with placebo on all

PANSS Total Score, the PANSS Positive Sub-Scale Score and the CGI Severity of Illness

Score in the LOCF analysis at the Endpoint, i.e., Week 4. For the OC analyses, the
patients with schizophrenia showed a significantly greater improvement PANSS Total
Score and CGI Severity of Illness Score compared with placebo at Week 4 in the
aripiprazole 15-mg group but not in the aripiprazole 30-mg group and the haloperidol
group. For the PANSS Positive Subscale at Week 4, the OC analyses (Table 13 of the
Appendix) showed significance on both aripiprazole groups but not in the haloperidol

group.

Table 4.1.1.8 Efficacy Analysis Results of the Primary Endpoints for the LOCF Data
. Set for Patients with Schizophrenia for Study 31-97-201

Endpoints N Baseline Change from Treatment 95% CI P-Value
Baselineto  Difference  for
Endpoint vs. Placebo Difference
(i.e., week 4)
PANSS Total
Haloperidol 10 mg 59 101.7 -13.8 -12.1 (-19.7, 4.5) 0.002
Aripiprazole 15 mg 72 96.7 -14.6 -12.9 (-20.1,-5.7) 0.001
Aripiprazole 30 mg 71 99.2 -9.9 -8.2 (-15.4,-0.9) 0.027
Placebo 74 100.8 -1.7
PANSS Positive
Sub-Scale Score '
Haloperidol 10 mg 59 25.6 4.0 -3.8 (-6.0, -1.6) 0.001
Aripiprazole 15 mg 72 243 4.1 -3.9 (-6.1,-1.8) <0.001
Aripiprazole 30 mg 71 24.6 -3.6 -3.5 (-5.6,-1.3) 0.002
Placebo 74 24.8 -0.2
CGlI Severity of
lliness Score
Haloperidol 10 mg 59 49 -0.51 -0.48 (-0.8,-0.2) 0.003
Aripiprazole 15mg =~ 72~ 49 -0.62 -0.6 (-0.9,-0.3) <0.001
Aripiprazole 30 mg 71 49 -0.35 -0.32 (-0.6,-0.03) 0.032

Placebo 74 5.0 -0.03

Other Efficacy Measures:

Table 4.1.1.9 shows the other efficacy analysis results for patients with schizophrenia only

in the LOCF data set. As we can observe in the table, for the change of the PANSS
Negative Sub-Scale Score from the baseline to Week 4, the difference between the

aripiprazole-30 mg group and placebo did not reach statistical significance. The other two

comparisons between the aripiprazole 15 mg group and the haloperidol group versus
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placebo did show significantly greater improvement. The OC analyses performed
similarly to the LOCF analyses.

For the percentage of responders, both the LOCF and OC analyses showed a significant
results at Week 4 for the aripiprazole 15-mg group. There were no significant differences
in the results between the haloperidol and placebo groups as well as aripiprazole 30-mg
and placebo group at Week 4 for either the LOCF or OC data set.

For the endpoint of mean CGI Improvement Score and the change of PANSS-Derived
BPRS Core Score, all three treatment groups showed significant test results in the LOCF
data analyses. For the OC analyses, the difference between the aripiprazole 15-mg group
and placebo showed statistical significance on the CGI Improvement Score, and the
differences between each aripiprazole group and placebo showed statistical significance
on the PANSS-Derived BPRS Core Score. Other comparisons between treatment and
placebo on these two scores did not reach statistical significance.

Table 4.1.1.9 Other Efficacy Analysis Results for Patients with Schizophrenia only in
the LOCF Data set for Study 31-97-201

Endpoints N Baseline Change from Treatment 95% CI P-Value

Baselineto  Difference  for

Endpoint vs. Placebo Difference

(i.e., week 4)
PANSS Negative Sub-Scale Score
Haloperidol 10 mg 59 26.8 -33 2.2 (-4.3,-0.1) 0.043
Aripiprazole I5mg =~ 72 25.1 38 2.6 (4.6, -0.6) 0.011
Aripiprazole 30 mg 71 25.9 -2.1 -1.0 (-3.0, 1.1) 0.354
Placebo 74 26.4 -1.2
Endpoints Number (%) of Responders at Week 4 P-Value (vs. Placebo)
Percentage of Responders
Haloperidol 10 mg (N=59) 15 (25) 0.129
Aripiprazole 15 mg (N=72) 25 (35) 0.006
Aripiprazole 30 mg (N=71) 1927 0.078
Placebo (N=74) 11 (15)
Endpoints Mean at Week 4 P-Value (vs. Placebo)
CGI Improvement Score
Haloperidol 10 mg (N=59) B 3.7 0.003
Aripiprazole 15 mg (N=72) 34 <0.001
Aripiprazole 30 frig (N=71) 3.8 0.023
Placebo (N=74) 4.4
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Endpoints - N Baseline Change from Treatment 95% CI P-Value
- Baselineto  Difference  for

Endpoint vs. Placebo Difference

(i.e., week 4)
PANSS-Derived
BPRS Core Score
Haloperidol 10 mg 59 17.9 -33 -2.6 (-4.0,-1.1) <0.001
Aripiprazole 15 mg 72 16.7 3.0 -2.3 (-3.7,-0.9) 0.001
Aripiprazole 30 mg 71 16.9 2.8 2.1 (-3.5,-0.8) 0.002
Placebo 74 17.0 -0.7

4.1.1.5 The Sponsor’s Overall Efficacy Conclusions

o Both doses of aripiprazole were shown to be effective in the treatment of patients with
schizophrenia and schizoaffective disorder in acute relapse based on the predefined
primary efficacy measures of PANSS Total Score, PANSS Positive-Sub-scale Score,
and CGI Severity of illness Score.

¢ Early onset of efficacy was demonstrated by Week 2 for the aripiprazole treatment
groups as demonstrated by the PANSS-Positive Sub-Scale Score.

e Aripiprazole 15 mg improved negative symptoms of schizophrenia and schizoaffective
disorder as measured by the PANSS Negative Sub-Scale Score.

4.1.2 Study 31-97-202

4.1.2.1 Disposition of Patients

A total of 487 patients signed the informed consent form; 39 of these patients failed
screening and did not enter the placebo-washout phase. The remaining 448 patients
underwent placebo washout; 44 of these patients discontinued from the study prior to
randomization.

Four hundred and four patients were randomized to receive double-blind treatment; 103 to
the placebo group, 99 to the risperidone 6-mg group, 101 to the aripiprazole 20-mg group
and 101 to the aripiprazole 30-mg group. Of these, 242 (60%) patients completed 4 weeks
of treatment and 162 (40%) discontinued from the study early. The disposition of all
enrolled patients is presented in Table 3 of the Appendix. The time to discontinuation due
to all reasons for the Randomized Sample is presented by treatment group in Figure 2 of
Appendix.  _.

Two hundred eighty-nine patients who had a DSM-IV diagnosis of schizophrenia were
randomized to receive double-blind treatment: 78 to the placebo group, 74 to the
risperidone group, 66 to the aripiprazole 20-mg group, and 71 to the aripiprazole 30-mg
group. Of those, 183 (63%) completed 4 weeks of treatment and 106 (37%) discontinued
from the study early. The disposition of schizophrenic patients randomized to treatment is
presented by treatment group in Table 4 of the Appendix.
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4.1.2.2 Data Set

-

The number of patients in each sample is presented by treatment group for all randomized
patients in Table 4.1.2.1 and for patients with schizophrenia in Table 4.1.2.2

One of the 404 patients, i.e., Patient 97-202-71-22 in the aripiprazole 30-mg group, was
excluded from the Safety Sample because he (she) did not receive study medication
according to the dosing record.

Eleven (3%) of the 403 patients in the Safety Sample were excluded from the Efficacy
Sample because they did not have a post-randomizatipn efficacy evaluation.

Table 4.1.2.1 Number of Patients in Different Samples for Study 31-97-202

Sample Placebo Risperidone Aripiprazole

6 mg 20 mg 30 mg Total
Randomized 103 99 101 101 404
Safety 103 99 101 100 403
Efficacy 103 95 98 96 392

Table 4.1.2.2 Number of Patients with Schizophrenia in Different Samples for
Study 31-97-202

Sample Placebo Risperidone Aripiprazole

6 mg 20 mg 30 mg Total
Randomized 78 74 66 71 289
Safety 78 74 66 71 289
Efficacy : 78 71 65 68 282

4 1.2.3 Demography and Patient Characteristics

Demographic characteristics are presented by treatment group in Table 4.1.2.3 for all
patient in the Randomized Sample and in Table 4.1.2.4 for patients with schizophrenia in
the Randomized Sample.

Table 4.1.2.3 Demographic Characteristics for All Patients in Randomized Sample for
Study 31-97-202

\.

Risperidone Aripiprazole
Placebo 6 mg 0 me 0 me Total
Vari N =103 N=99 N =404
ariable - N=101 N=10l
Age (yrs) Mean 388 38.6 38.1 - 40.2 389
Median 39.0 39.0 39.0 41.0 39.0
Min-Max 18.0-62.0 18.0-64.0 18.0-57.0 20.0-65.0 18.0-65.0
S.E. 1.0 0.9 0.9 ’ 1.1 0.5
Gender Men 73 (71) 71 (72) 73(72) 66 (65) 283 (70)
N (%) Women 30 (29) 28 (28) 28 (28) 35(35) 121 (30)
Race White 57 (58) 54 (55) 59 (60) 59 (61) 229 (58)
N (%) Black 35(35) 38 (39) 31 (32) 33(39) 137 (3%5)
Hispanic 4 (4) 4 (4) 6 (6) 3(3) 17 (4)
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) Risperidone Aripiprazole
Placebo 6 mg Total
Variable - N =103 N=99 20 mg 30 mg N =404
N=101 N=101
Asian/Pacific
Islander 3(3) 2(2) 2(2) 2(2) 9(2)
Not recorded 4 1 3 4 12
Weight(kg)  Mean 85.2 82.4 87.2 84.0 84.7
Median 81.7 79.5 84.0 82.2 819
Min-Max 48.8-132.5 54.0-145.3 49.7-194.8 44 5-158.0 44.5-194.8
S.E. 1.9 1.7 2.2 2.0 1.0
Missixg 1 0 2 0 3
Table 4.1.2.4 Demographic Characteristics for Patients with Schizophrenia in
Randomized Sample for Study 31-97-202
Risperidone Aripiprazole
Placebo 6 mg Total
. - = 20 mg 30 mg =
Variable N=78 N=74 N= 66 N=171] N =289
Age (yrs) Mean 39.7 39.2 38.0 409 39.5
Median 39.5 39.5 38.5 420 40.0
-Min-Max 18.0-62.0 19.0-64.0 18.0-57.0 20.0-63.0 18.0-64.0
S.E. 1.2 1.0 1.1 1.2 0.6
Gender Men 61 (78) 58 (78) 52(79) 5507 226 (78)
N (%) Women 17 (22) 16 (22) 14 (21) 16 (23) 63 (22)
Race White 40 (52) 36 (49) 33(51) 38 (55) 147 (52)
N (%) Black 32 (42) 33 (45) 28 (43) 27 (39) 120 (42)
Hispanic 3 (4) 3(4) 3(5) 3(4) 12 (4)
Asian/Pacific
Islander 2(3) 1(1) 12) 1(1) 5Q)
Not recorded 1 1 1 2 5
Weight(kg) iviean 82.5 83.4 85.1 82.0 83.2
Median 78.4 82.2 83.8 81.7 81.7
Min-Max 48.8-132.5 54.0-145.3 49.7-134.4 44.5-158.0 44.5-158.0
S.E. 2.0 2.0 2.2 2.5 1.1

4.1.2.4 The Sponsor’s Efficacy Results

Efficacy analyses were performed using the Efficacy Sample (N=392), which comprised
all patients who had a baseline and a post-randomization efficacy evaluation on at least
one of the primary or secondary efficacy variables. In addition, post hoc efficacy analyses

_ were performed for a subset of patients with schizophrenia (N=282) on the key outcome

measures to gather information on the efficacy of aripiprazole in schizophrenia as
recommended by European regulatory authorities.

4.1.2.4.1 For All Randomized Patients

Primary Efficacy Measures:

The summaries of the analysis results for the three primary endpoints for all patients are
shown in. Table 4.1.2.5.
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Table 4.1.2.5 Efficacy Analysis Results for the Primary Endpoints for Study 31-97-202
For the LOCF Data Set:

Endpoints - N Baseline Change from Treatment 95% CI P-Value

Baselineto  Difference  for

Endpoint vs. Placebo Difference

(i.e., week 4)
PANSS Total
Risperidone 6 mg 95 92.6 -15.7 -10.7 (-16.6,-4.9) 0.0004
Aripiprazole 20 mg 98 93.5 -14.5 9.6 (-15.4,-3.8) 0.0013
Aripiprazole 30 mg 96 91.6 -13.9 9.0 (-14.8,-3.1) 0.0029
Placebo . 103 94.1 -5.0
PANSS Positive
Sub-Scale Score
Risperidone 6 mg 95 23.7 -5.2 -34 (-5.2,-1.6) 0.0002
Aripiprazole 20mg 98 24.6 49 3.1 (4.9, -1.4) 0.0006
Aripiprazole 30 mg 96 23.7 -39 -2.2 (-3.9,-0.4) 0.0177
Placebo 103 24.2 -1.8
CGlI Severity of
lliness Score
Risperidone 6 mg 95 4.8 -0.7 -0.6 (-0.8,-0.3) 0.0001
Aripiprazole 20 mg 98 4.8 -0.5 -0.3 (-0.6, -0.0) 0.0298
Aripiprazole 30 mg 96 4.7 -0.6 0.4 (-0.7,-0.1) 0.0063
Placebo 103 4.8 -0.2
For the OC Data Set:
Endpoints Baseline Change from  Treatment 95% CI P-Value

& (N) Baseline to Difference  for
Endpoint vs. Placebo Difference
& (N)

PANSS Total
Risperidone 6 mg 93.6 (N=95) -22.7 (N=61) 4.5 (-11.3,2.3) 0.191
Aripiprazole 20 mg 94.0 (N=98) -23.4 (N=61) -5.2 (-12.0, 1.6) 0.132
Aripiprazole 30 mg 92.3 (N=96) -20.2 (N=68) 2.0 (-8.6, 4.6) 0.552
Placebo 95.0 (N=103) -18.2 (N=52) . .
PANSS Positive
Sub-Scale Score
Risperidone 6 mg 23.9 (N=95) -7.3 (N=61) -1.9 (4.0,0.2) 0.073
Aripiprazole 20 mg  24.8 (N=98) -7.5 (N=61) 2.2 (4.3,-0.1) 0.045
Aripiprazole 30 mg  24.0 (N=96) -5.7 (N=68) -0.4 (-25,1.7) 0.700
Placebo 24.5 (N=103) -5.3 (N=52)
CGI Severity of
lliness Score
Risperidone 6 mg 4.8 (N=95) -1.1 (N=61) -0.4 (-0.7,-0.0) 0.043
Aripiprazole 20 mg 4.8 (N=98) -1.0 (N=61) 0.2 (-0.6,0.1) 0.165
Aripiprazole 30 mg 4.7 (N=96) -0.9 (N=68) -0.2 (-0.5,0.2) 0.335
Placebo 4.8 (N=103) -0.7 (N=52)

According to the sponsor’s study report, the analysis of the mean change in the PANSS

Total Score for the LOCF data set showed that the risperidone group and both aripiprazole

groups had significantly greater improvement compared with the placebo group during
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Weeks 1 through 4. The analysis of the mean change score for the OC data set showed
that both aripiprazole groups and the risperidone group had significantly greater
improvement comipared with the placebo group at Week 1, while only the aripiprazole 20-
mg group improved significantly more than the placebo group at Week 2. There were no
significant differences among any of the treatment groups and placebo at Weeks 3 and 4.

The dnalysis of the model-based mean change in the PANSS Positive Sub-Scale Score for
the LOCF data set showed that both aripiprazole groups and the risperidone group had
significantly greater improvement compared with the placebo group during Weeks 1
through 4. Results of the OC analysis showed that the aripiprazole 20-mg group had
significantly greater improvement compared with the placebo group at Weeks 1,2 and 4.
Patients treated with aripiprazole 30-gm had significantly greater improvement compared
with placebo at Week 1 only. Significantly greater improvement was seen for the
risperidone group compared with the placebo group at Weeks 1 and 2.

The analysis of the model-based mean change from baseline in the CGI Severity of Illness
Score for the LOCF data set showed that the risperidone group had significantly greater
improvement compared with the placebo group during Weeks 1 through 4. The
aripiprazole 20-mg and 30-mg groups showed significantly greater improvement
compared with the placebo group during Weeks 2 through 4. The analysis for the OC data -
set showed that the anipiprazole 20-mg and 30-mg groups only had significantly greater
improvement compared with the placebo group during Week 2. Significantly greater
improvement compared with placebo was seen for the risperidone group at Weeks 1, 2 and

4.

.'

Secondary Efficacy Measures:

The summaries of efficacy analysis resuits for the secondary efficacy measure in LOCF
data set for all schizophrenia and schizoaffective disorder patients are shown in Table
4.1.2.6. ’

According to the sponsor’s study reports, the analysis of the model-based mean change in
the PANSS Negative Sub-Scale Score for the LOCF data set showed significantly greater
improvement compared with the placebo group for both aripiprazole groups at Weeks 1
through 4. The risperidone group showed significantly greater improvement compared
with the placebo group during Weeks 2 through 4. The analysis of the OC data set showed
significantly greater improvement compared with the placebo group at Weeks 1 and 2 for
both aripiprazole groups. The risperidone group was comparable to placebo at all time
points. -

The time-to-response analysis was performed separately for the PANSS Total Score
(PANSS response) and the CGI Improvement Score (CGI response) using survival
analysis. Only the aripiprazole 30-mg group showed a significant difference from the
placebo group (p=0.0278) in the time to PANSS response (30% decrease from baseline)
and in the time to an improvement of 1 or 2 in CGI global score (p=0.0430).
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Lack of efficacy is defined as insufficient clinical response or withdrawal of consent by
the patient due ta.lack of effect. Results of the analysis of time to discontinuation due to
lack of efficacy (log-rank test) showed a between-treatment difference in the comparison
between aripiprazole 20 mg and the placebo (p=0.0256).

Table 4.1.2.6 Efficacy Analysis Results for the Secondary Efficacy Endpoints for Study

31-97-202

For the LOCF Data Set:
Endpoints N Baseline Change from Treatment 95% CI P-Value

Baselineto  Difference  for

Endpoint vs. Placebo Difference

(i.e., week 4)
PANSS Negative
Sub-Scale Score
Risperidone 6 mg 95 243 -3.1 -2.3 (-3.9,-0.7 0.005
Aripiprazole 20 mg 98 23.6 -34 -2.6 (4.1,-1.0) 0.002
Aripiprazole 30 mg 96 23.0 -34 -2.5 (4.1,-1.0) 0.002
Placebo 103 23.5 -0.8
For the OC Data Set:
Endpoints Baseline Change from  Treatment 95% CI P-Value

& (N) Baseline to Difference  for
Endpoint vs. Placebo Difference
& N)

PANSS Negative
Sub-Scale Score
Risperidone 6 mg 24.3 (N=95) -4.7 (N=61) -0.9 (-2.9,1.0) 0.352
Aripiprazole 20 mg 23.5 (N=98) -5.6 (N=61) - -1.8 (-3.8,0.1) 0.064
Aripiprazole 30 mg 23.0 (N=96) -5.0 (N=68) -1.2 (-3.1,0.7) 0.203
Placebo 23.5 (N=103) -3.7 (N=52)
Endpoints P-Value by the Log-Rank Test

Time to Response to Therapy
(Defined as a 30% Decrease from
Baseline in PANSS Total Score)

Risperidone 6 mg vs. Placebo
Aripiprazole 20 mg vs. Placebo
Aripiprazole 30 mg vs. Placebo

0.0574
0.1111
0.0278

-

Endpoints

P-Value by the Log-Rank Test

Time to Response to Therapy
(Defined as a CGI Global

Improvement Score of 1 or 2)
Risperidone 6 mg vs. Placebo
Aripiprazole 20 mg vs. Placebo
Aripiprazole 30 mg vs. Placebo

0.6164
0.0611
0.0430
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Endpoints P-Value by the Log-Rank Test

Time to Discontinuation due to

Lack of Efficacy

Risperidone 6 mg vs. Placebo 0.0662
Aripiprazole 20 mg vs. Placebo 0.0256
Aripiprazole 30 mg vs. Placebo 0.0501
Other Efficacy Measures:

Table 4.1.2.7 shows the summaries of the sponsor’s results for other efficacy measures. A
patient who had a CGI Improvement Score of 1 (very much improved) or 2 (much
improved), or a 230% decrease from baseline in the PANSS Total Score was considered a
responder. Within the LOCF data set, the aripiprazole 30-mg group had a significantly
greater percentage of responders compared with the placebo group at all time points. The
aripiprazole 20-mg group and the risperidone group had a significantly greater percentage
of responders compared with the placebo group at Weeks 2 through 4. Within the OC data
set, only the aripiprazole 30-mg group at Week 2 had a significantly greater percentage of
responders compared with placebo.

The analysis of the unadjusted mean CGI Improvement Score for the LOCF data set
showed that all treatment groups had significantly greater improvement compared with the
placebo group throughout the 4-week study. In the OC analysis, significantly greater
improvement compared with the placebo group was seen at Weeks 1 and 2 for both
aripiprazole groups and at Week 2 for the risperidone group.

The analysis of the model-based mean change in the PANSS-Derived BPRS Core Score
for the LOCF data set showed significantly greater improvement compared with the
placebo group for both aripiprazole groups as well as the risperidone group at Weeks 1
through 4. The analysis of the OC data set showed significantly greater improvement
compared with the placebo group at Weeks 1 and 2 for the aripiprazole 20-mg group and
the risperidone group, and at Week 1 for the aripiprazole 30-mg group.

Table 4.1.2.7 Efficacy Analysis Results for the Other Efficacy Measures for
Study 31-97-202

.0

Endpoints Number (%) of Responders at Week 4 P-Value (vs. Placebo)
Percentage of Responders™®
Risperidone 6 mg (N=95) 38 (40) 0.008
Aripiprazole 20 mg (N=98) 35 (36) 0.043
Aripiprazole 30 mg (N=96) 39 (41) 0.005
Placebo (N=103) 24 (23)
Endpoints Mean at Week 4 P-Value (vs. Placebo)
CGI Improvement Score*
Risperidone 6 mg (N=95) 33 <0.001
Aripiprazole 20 mg (N=98) - 34 0.005
Aripiprazole 30 mg (N=96) 33 0.001
Placebo (N=103) 4.0

40

Stat Review, Page 41 of 141



TN

Endpoints "~ N Baseline Change from Treatment 95% CI P-Value
Baselineto  Difference  for

Endpoint vs. Placebo Difference

(i.e., week 4)
PANSS-Derived
BPRS Core Score*
Risperidone 6 mg 95 16.4 39 22 (-3.4,-1.0) <0.001
Aripiprazole 20 mg 98 16.7 -3.5 -1.8 (-3.0,-0.6) 0.004
Aripiprazole 30 mg 96 16.5 -33 -1.5 (-2.7,-0.3) 0.013
Placebo 103 16.6 -1.7

* The results shown above are for the LOCF data set.

Subgroup Analysis:

The subgroup analysis results by gender and study center for the PANSS Total Score in
the LOCF analysis are shown in Table 7 and 8§ of the Appendix. In addition to showing
some descriptive statistics, the sponsor commented that there was no significant treatment-
by-center interaction.

4.1.2.4.2 For Patients with Schizophrenia -

Primary Efficacy Measures:

The LOCF analysis results of the model-based mean change in the PANSS Total Score,
the PANSS Positive Sub-Scale Score and the CGI Severity of Illness Score for patients
with schizophrenia are shown in Table 4.1.2.8. As we can see in the table, the LOCF
analysis of the model-based mean change in the PANSS Total Score and the PANSS
Positive Sub-Scale Score for patients with schizophrenia showed that all three treatment
groups had significantly greater improvement compared with the placebo group at Week
4. For the change of CGI Severity of Illness Score, the aripiprazole 30-mg group and the
risperidone group had significantly greater improvement compared with the placebo group
at Week 4 but not the aripiprazole 20-mg group. For the OC analyses (Table 13 of the
Appendix), only the comparison between aripiprazole 20-mg group and the placebo group
showed statistical significance in the change of the PANSS Positive Sub-Scale Score.

Table 4.1.2.8 Efficacy Analysis Results of the Primary Endpoints for the LOCF Data
Set for Patients with Schizophrenia for Study 31-97-202

Endpoints  -- N Baseline Change from Treatment 95% CI P-Value
Baselineto  Difference for

Endpoint  vs. Placebo Difference

(i.e., week 4)
PANSS Total
Risperidone 6 mg 71 94.4 -15.0 -9.5 (-16.3,-2.8) 0.006
Aripiprazole 20 mg 65 92.2 -15.0 -9.5 (-16.4, -2.6) 0.007
Aripiprazole 30 mg 68 92.7 -14.5 5.0 (-15.8,-2.2) 0.009
Placebo 78 94.4 -5.5
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Endpoints N Baseline Change from Treatment 95% CI P-Value
Baselineto  Difference  for

Endpoint vs. Placebo Difference

(i.e., week 4)
PANSS Positive
Sub-Scale Score
Risperidone 6 mg 71 243 49 -3.0 (-5.0,-0.9) 0.005
Aripiprazole 20 mg 65 246 -5.1 -3.1 (-5.2,-1.0) 0.004
Aripiprazole 30 mg 68 243 42 2.2 (-4.3,-0.1) 0.038
Placebo 78 24.7 -2.0
CGlI Severity of '
llIness Score
Risperidone 6 mg 71 4.9 -0.7 -0.5 (-0.8,-0.1) 0.005
Aripiprazole 20 mg 65 4.8 -0.6 -0.3 (-0.6, 0.0) 0.083
Aripiprazole 30 mg 68 4.8 -0.7 -0.4 (-0.7,-0.1) 0.016
Placebo 78 4.8 -0.3

Other Elfﬁcacy Measures:
Table 4.1.2.9 shows the other efficacy analysis results for patients with schizophrenia only -

in the LOCEF data set. -

Table 4.1.2.9 Other Efficacy Analysis Results for Patients with Schizophrenia only in |
the LOCF Data set for Study 97-202

Endpoints N Baseline Change from Treatment 95% CI P-Value

Baselineto  Difference  for

Endpoint vs. Placebo Difference

(i.e., week 4)
PANSS Negative
Sub-Scale
Score*
Risperidone 6 mg 71 24.8 -33 -2.5 (4.3,-0.6) 0.008
Aripiprazole 20 mg 65 23.1 -3.7 -2.8 (-4.7,-1.0) 0.003
Aripiprazole 30 mg 68 235 34 -2.5 (4.3,-0.7) 0.008
Placebo 78 23.3 -0.9
Endpoints Number (%) of Responders at Week 4 P-Value (vs. Placebo)
Percentage of Responders™
Risperidone 6 mg (N=71) - ’ 23 (32) 0.278
Aripiprazole 20 mg (N=65) 26 (40) 0.046
Aripiprazole 30 nfg (N=68) 29 (43) 0.019
Placebo (N=78) 19 (24)
Endpoints Mean at Week 4 P-Value (vs. Placebo)
CGI Improvement Score*
Risperidone 6 mg (N=71) 33 0.012
Aripiprazole 20 mg (N=65) 34 0.034
Aripiprazole 30 mg (N=68) 33 0.010
Placebo (N=78) 3.9

42

Stat Review, Page 43 of 141



Endpoints _ N Baseline Change from Treatment 95% CI P-Value
Baselineto  Difference  for

Endpoint vs. Placebo Difference

(i.e., week 4)
PANSS-Derived
BPRS Core Score*
Risperidone 6 mg 71 16.6 -3.8 -2.1 (-3.5,-0.7) 0.004
Aripiprazole 20 mg 65 16.7 -3.7 -2.0 (-3.4,-0.5) 0.008
Aripiprazole 30 mg 68 16.8 -3.3 -1.6 (-3.0,-0.2) 0.028
Placebo 78 16.9 -1.7

*The results shown above are for the LOCF data set.

As we can observe in the table, all three treatment groups had significantly greater
improvement compared with the placebo group at Week 4 in the LOCF analyses of
PANSS Negative Sub-Scale. The OC analysis for the PANSS Negative Sub-Scale,
however, only the comparison between Aripiprazole 20-mg and Placebo showed statistical
significance.

+

For the percent of responders, the LOCF data analysis with patients with schizophrenia
only showed a significantly greater at Week 4 for both aripiprazole groups and the
risperidone group. In the OC analysis, none of the comparisons between treatment groups
and the placebo group showed significant results at Week 4.

For the CGI Improvement Score, all treatment groups showed significantly greater
improvement compared with the placebo group in the LOCF analysis with schizophrenia
patients only. However, none of the comparisons between the treatment groups and
placebo showed significantly improvement in the OC analysis.

For the change in the PANSS-Derived BPRS Core Score, all treatment groups showed
significantly greater improvement compared with the placebo group at Week 4 in the
LOCF analysis with schizophrenia patients only. The OC analysis, however, there is only
one significant result which was shown in the aripiprazole 20-mg group.

4.1.2.5 The Sponsor’s Overall Efficacy Conclusions

e Both doses of aripiprazole were shown to be effective in the treatment of patients with
schizophrenia and schizoaffective disorder in acute relapse based on the predefined
primary efficacy measrues of PANSS Total Score, PANSS Positive Sub-Scale Score,
and CGI Severity of Illness Score.

e Early onset of efficacy was seen by Week 1 for the aripiprazole treatment groups as
demonstrated by the PANSS Positive Sub-Scale Score.

e Both doses of aripiprazole improved negative symptoms of schizophrenia and
schizoaffective disorder as measured by the PANSS Negative Sub-Scale Score.
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4.1.3 Study CN 138-001

4.1.3.1 Disposition of Patients

Five hundred eight patients were enrolled in the study. Of these, 420 were randomized to
receive double-blind treatment; 108 to the placebo group, 106 to the aripiprazole 10-mg
group, 106 to the aripiprazole 15-mg group, and 100 to the aripiprazole 20-mg group. Of
the 420 randomized patients, 214 (51%) completed 6 weeks of treatment and 206 (49%)

discontinued from the study early.

Of the 420 randomized patients, 142 (34%) completed double-blind treatment and 278
(66%) discontinued double-blind treatment. Of the 420 randomized patients, 131 (31%)
switched from double-blind treatment to open-label treatment at end of Weeks 3 or 4.
Seventy-two (55%) of these patients completed the Acute Phase (and are included in the
number of completers above); 59 (45%) of these patients discontinued open-label
treatment before Week 6. The disposition of all patients enrolled in the study as specified
on the end-of-study CRF is presented by treatment group in Table 9 and in Table 10 of

Appendix for patients who entered open-label treatment.

The time to discontinuation for any reason is presented in Figure 3 of Appendix.

4.1.3.2 Data Set

The distribution of all randomized patients within each of the patient samples is presented

by treatment group in Table 4.1.3.1.

Table 4.1.3.1 Number of Patients in Samples for Study CN138-001

Aripiprazole Aripiprazole Aripiprazole
Sample Placebo 10 mg 15 mg 20mg Total
Randomized 108 106 106 100 420
Safety 107 105 105 98 415
Efficacy 107 103 103 97 410

Five of the 420 randomized patients were excluded from the Safety Sample because they
did not receive study medication according to the dosing record. Five of the 415 patients
in the Safety Sample were excluded from the Efficacy Sample because they did not have a

post-randomization efficacy rating.

4.1.3.3 Demography and Patient Characteristics

Demographic characteristics for the Randomized Sample are presented by treatment group
in Table 4.1.3.2 for the Randomized Sample. According to the table, the treatment groups

were comparable with respect to age, gender, race, and weight.
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Table 4.1.3.2 Demographic Characteristics, Randomized Sample for Study CN138-001

Aripiprazole = Aripiprazole  Aripiprazole
Placebo 10 mg 15 mg 20 mg Total

Variable N=108 N=106 N=106 N=100 N=420
Age (yrs) Mean 41.2 40.0 40.0 404 404

Median 41.0 395 41.0 40.0 41.0

Min-Max 19.0-76.0 18.0-73.0 19.0-68.0 19.0-69.0 18.0-76.0

S.E. 1.1 1.1 1.1 1.1 0.5
Gender Male 83(77) 82(77) 79 (75) 82 (82) 326 (78)
N (%) Female 25 (23) 24 (23) 27 (25) 18 (18) 94 (22)
Race White 49 (45) 53 (50) 57 (54) 52(52) 211 (50)
N (%) Black 37(34) 2927 28 (26) 29 (29) 123 (29)

Asian/Pacific 4(4) 1(1) 4(4) 303) 12 (3)

Islander

Hispanic/ 17 (16) 19 (18) 16 (15) 12 (12) 64 (15)

Latino

American/ 0 0 0 1Q1) 1(15)

Alaskan Native

Other 1(1) 4(4) 1(1) 3(3) 9(Q2)
Weight Mean 84.1 829 81.5 86.7 83.8
(kg) Median 81.0 80.7 79.3 83.3 810 =

Min-Max 45.0-143.3 44.8-142.2 49.5-147.2 36.5-164.7 36.5-164.7 .

S.E. 1.9 2.0 1.9 24 1.0

Missing 1 2 0 2 5

4..1.3.4 The Sponsor’s Efficacy Results

Prifnarv Efficacy Measure: Mean Change from Baseline in PANSS Total Score

Change in PANSS Total Scores were derived by subtracting baseline PANSS Total Scores
from the PANSS Total Score at each study week. Negative change Scores indicate
Improvement. The mean change from baseline to Week 6 in the PANSS Total Score was
the primary efficacy measure. Results of the analysis of the mean change in the PANSS
Total Score are shown by treatment group and study week in Table 4.1.3.3 for the LOCF
data set and 4.1.3.4 for the OC data set. '

As we can observe from the tables, the analysis of the change in the PANSS Total Score
for the LOCF data set at Week 6 showed that patients in all three aripiprazole treatment
groups had significantly greater improvement compared with patients in the placebo
group. The analysis of the change Scores for the LOCF data set for aripiprazole 10 mg
showed significantly greater improvement compared with the placebo group from Week 1
through Week 6. Aripiprazole 15 mg was statistically significantly different from placebo
from Week 3 through Week 6. Aripiprazole 20 mg showed significantly greater
improvement compared with placebo from Week 1 through Week 6.

The analysis of the mean change from baseline for the OC data showed that aripiprazole
10 mg showed significantly greater improvement compared with the placebo group at
Weeks 1, 2 and 3. Aripiprazole 15 mg was not statistically significantly different than
placebo at any week. Aripiprazole 20 mg showed significantly greater improvement
compared with the placebo group at Weeks 1 and 3. As expected, at Week 4 sample sizes
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decreased substantially and mean change from baseline PANSS Total Score improved for
all treatment groups when the option to move to open-label aripiprazole could be
exercised. -

Additionally, results for the analysis of the unadjusted mean change from baseline in the
PANSS Total Score was consistent with those of the adjusted mean change Scores.
Results from the NPARIWAY analysis of PANSS Total Score in the LOCF Data Set
generally support the primary efficacy analysis. However, aripiprazole 15 mg did not
achieve statistically significance until Week 4 and aripiprazole 20 mg did not achieve
statistical significance until Week 2. Moreover, results of the linear trend test showed that
when placebo was included there was a linear trend across the four treatment groups

starting at Week 1 but when placebo was not included there was no linear trend across the
three aripiprazole treatment groups at any study week.

Table 4.1.3.3 Mean Change from Baseline in PANSS Total Score, LOCF Data Set,
Efficacy Sample for Study CN138-001

PANSS Total Score

Placebo  Aripiprazole Aripiprazole Aripiprazole Pairwise Comparisons P-values
10 mg 15 mg 20mg  “Aril0vs  ArlSvs  Ari20vs .
N =107 N=103 N=103 N =97 Placebo Placebo Placebo
Baseline 92.63 92.90 92.42 91.91 0.902 0.925 0.746 -
Day 4 -2.78 -3.47 -4.35 -5.22 0.650 0.304 0.116
Week 1 -3.32 -7.89 -6.47 -8.32 0.023 0.116 0.015
Week 2 -3.27 -11.63 -7.76 -10.80 0.001 0.068 0.003
Week 3 -2.73 -12.66 -8.50 -11.79 <0.001 0.038 0.001
- Week 4 -2.72 -13.30 -10.40 -12.15 <0.001 0.010 0.002
Wecek 5 -2.02 -14.14 -10.71 -13.30 <0.001 0.005 <(0.001
Week 6 -2.33 -15.04 -11.73 -14.44 <0.001 0.004 <0.001

Table 4.1.3.4 Mean Change froin: Baseline in PANSS Total Score, OC Data Set, Efficacy
Sample for Study CN138-001

PANSS Total Score

Pairwise Comparisons P-values

Placebo Aripiprazole  Aripiprazole  Aripiprazole TAr10vs Aril5 vs  Ari20 vs

N) 10 mg (N) 15 mg (N) 20mg(N)  placebo  Placebo  Placebo

Baseline  92.40 (107) 92.76 (103) 93.27 (103) 92.29 (97) 0.902 0.763 0.969
Day 4 -2.61 (100) -3.40(97) -4.56 (100) -5.12 (94) 0.603 0.198 0.103
Week 1 -3.21 (100) -8.46 (89) -6.08 (95) -7.44 (87) 0.013 0.169 0.047
Week 2 -5.30 (88) -12.87 (86) -7.31 (89) -10.55 (81) 0.005 0.451 0.055
Week 3 -7.45 (82) -15.69 (78) -10.59 (82) -14.99 (68) 0.008 0.300 0.018
Week 4 -18.96 (42) -23.69 (51) -22.51 (41) -20.86 (49) 0.212 0.373 0.619
Week 5 -26.41 (31) -27.78 (45) -23.89 (37 -25.91 (40) 0.704 0.500 0.891
Week 6 -26.86 (30) -33.42 (42) -31.92 (34) -28.91 (39), 0.113 0.242 0.624

Key Secondary Analyses: the PANSS-Derived BPRS Core Score and the PANSS

Negative Sub-Scale Score

The mean change from baseline to Week 6 in the PANSS-derived BPRS Core Score was
the first of two key secondary measures. Since the primary efficacy measure showed
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significantly greater improvement compared with the placebo group at Week 6, analysis of
this key secondary measure was performed for all three treatment groups versus the
placebo group. The results of the analysis of the change in the PANSS-derived BPRS Core
Score for the LOCF data set at Week 6 are shown in Table 4.1.3.5. The analysis showed
significantly greater improvement for all three aripiprazole treatment groups compared
with the placebo group. The analysis of the change Scores for the LOCF data set for
aripiprazole 10 mg showed significantly greater improvement compared with the placebo
group from Week 2 through Week 6. Aripiprazole 15 mg was statistically significantly
different from placebo at Week 5 and 6. Aripiprazole 20 mg showed significantly greater
improvement compared with placebo from Week 2 through Week 6.

The results of the analysis of the mean change from baseline for the OC data set is shown
in Table 4.1.3.6. The aripiprazole 10-mg group showed significantly greater improvement
compared with the placebo group at Weeks 2, 3 and 6. Aripiprazole 15 mg did not show
significantly greater improvement compared with the placebo group at any week.
Aripiprazole 20 mg was statistically significantly different from placebo at Week 3. As
expected, Week 4 sample sizes decreased substantially and mean change from baseline
PANSS-derived BPRS Core Score improved for all treatment groups when the option to
move to open-label aripiprazole could be exercised.

Table 4.1.3.5. Mean Change from Baseline in PANSS-Derived BPRS Core Score, LOCF
Data Set, Efficacy Sample for Study CN138-001

PANSS-Derived BPRS Core Score
Placebo  Aripiprazole Aripiprazole Aripiprazole Pairwise Comparisons P-values

10 mg 15 mg 20mg  TAr10vs  ArilSvs  Ari20 vs

N=107 N =103 N=103 N =97 Placebo Placebo Placebo

Baseline 16.92 16.99 16.76 16.68 0.857 0.680 0.530
Day 4 -1.09 -1.11 -1.11 -1.46 0.948 0.951 0.258
Week 1 -1.48 -2.22 -1.98 -2.30 0.077 0.236 0.055
Week 2 -1.51 -3.21 -2.39 -2.84 <0.001 0.069 0.007
Week 3 -1.47 -3.45 -2.26 -3.21 <0.001 0.144 0.002
Week 4 -1.57 -3.59 -2.59 -3.16 <0.001 0.073 0.006
Week § -1.40 -3.77 -2.67 -3.31 <0.001 0.034 0.002
Week 6 -1.37 -3.91 -2.88 -3.56 <0.001 0.014 <0.001

Table 4.1.3.6 Mean Change from Baseline in PANSS-Derived BPRS Core Score, OC
Data Set, Efficacy Sample for Study CN138-001

PANSS-Derived BPRS Core Score

Pairwise Comparisons P-values

Placebo Aripiprazole  Aripiprazole  Aripiprazole TAr10vs ArlS vs  Ari20 vs

N 10 mg (N) 15mg(N) . 20mg(N)  placebo  Placebo  Placebo
Baseline 16.78 (107) 16.87 (103) 16.78 (103) 16.69 (97) 0.825 0.998 0.851
Day4  -1.03(100)  -1.09(97)  -1.10(100)  -1.40(%4)  0.857  0.847  0.264
Week 1  -1.46(100)  -2.28(89)  -1.81(95)  -1.99(87) 0067 0424 0242
Week 2 -1.94 (88) -3.45 (86) -2.30 (89) -2.72 (81) 0.005 0.502 0.155
Week 3 -2.23 (82) -4.04 (78) -2.49 (82) -3.62 (68) 0.003 0.662 0.030
Week 4 -4.58 (42) -5.55 (51) -5.29 (41) -4.61 (49) 0.195 0.365 0.967
Week 5 -5.89 31) -6.65 (45) -5.60 (37) -5.70 (40) 0.342 0.731 0.814
Week 6 -5.78 (30) -7.53 (42) -7.18 (34) -6.40 (39) 0.040 0.113 0.478
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The mean change from baseline to Week 6 in the PANSS Negative Sub-Scale Score was
the second of two key secondary efficacy measures. Since the first key secondary measure
showed significantly greater improvement compared with placebo for all the aripiprazole
treatment groups, analysis of this key secondary measure was performed for all treatment
groups at Week 6 versus placebo. The results of the analysis of the change in the PANSS
Negative Sub-Scale Score for the LOCF data set at Week 6 is shown in Table 4.1.3.7. The
analysis showed that all aripiprazole treatments had significantly greater improvement
compared with the placebo group. The analysis of the change Scores for the LOCF data
set for aripiprazole 10 mg was statistically significantly different from placebo from Week
1 through Week 6. Aripiprazole 15 mg was significantly different from placebo from
Week 2 through Week 6. Aripiprazole 20 mg was statistically significantly different from
placebo from Day 4 through Week 6.

The results of the analysis of the mean change from baseline for the OC data set is shown
in Table 4.1.3.8. The aripiprazole 10-mg treatment group showed significantly greater
improvement at Weeks 1 through 3, while aripiprazole 15 mg was not statistically
significantly different from placebo at any week. Aripiprazole 20 mg showed significantly
greater improvement compared with the placebo group at Day 4 through Week 3. -

Table 4.1.3.7 Mean Change from Baseline in PANSS Negative Sub-Scale Total Score,
LOCF Data Set, Efficacy Sample for Study CN138-001

PANSS Negative Scale Total Score
Placebo  Aripiprazole Aripiprazole Aripiprazole Pairwise Comparisons P-values

10 mg 15 mg 20 mg Ari10 vs Aril5vs  Ari20vs

N=107 N=103 N=103 N=97 Placebo Placebo Placebo

Baseline 23.16 23.83 23,54 23.59 0.424 0.647 0.611
Day 4 .0.10 -0.67 -0.58 -1.26 0.098 0.141 0.004
Week 1 -0.31 -1.65 <1.42 -1.93 0.022 0.059 0.007
Week 2 0.03 -2.41 -1.65 -2.50 0.001 0.022 0.001
Week 3 0.13 -2.80 -1.74 -2.72 <0.001 0.018 <0.001
Week 4 -0.05 -2.94 -2.32 -2.76 0.001 0.008 0.002
Week 5 0.12 -3.31 -2.22 -3.22 <0.001 0.006 <0.001
Week 6 0.08 -3.52 -2.65 -3.33 <0.001 0.002 <0.001

Table 4.1.3.8 Mean Change from Baseline in the PANSS Negative Subscale Total Score,
OC Data Set, Efficacy Sample for Study CN138-001

PANSS Negative Scale Total Score

Pairwise Comparisons P-values
Placebo Aripiprazole  Aripiprazole  Aripiprazole TA[10vs  AnlS vs  Ari20 vs

™) 10 mg (N) 15 mg (N) 20mg(N)  Placebo  Placebo  Placebo
Baseline 22.55 (107) 23.39(103) 23.37 (103) 233197 0.455 0.467 0.511
Day 4 0.12 (100) -0.68 (97) -0.64 (100) -1.27 (94) 0.094 0.110 0.004
Week 1 -0.27 (100) -1.67 (89) -1.26 (95) -1.89 (87) 0.022 0.101 0.009
Week 2 -0.50 (88) -2.84 (86) -1.60 (89) -2.57 (81) 0.004 0.170 0.012
Week 3 -1.13 (82) -3.58 (78) -2.06 (82) -3.53 (68) 0.006 0.287 0.010
Week 4 -3.99 (42) -5.29 (51) 4.91 (41) -5.02 (49) 0.247 0.437 0.362
Week S -5.32 (31) -6.09 (45) -4.83(37) -6.53 (40) 0.486 0.663 0.278
Week 6 -5.21 (30) -7.37 (42) -7.28 (34) -6.89 (39) 0.075 0.102 0.170
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Secondary Analyses

Additional secondary outcome measures were the PANSS Positive Sub-Scale Score, CGI
Improvement Score Responder rates, CGI Severity Score, MADRS, and discontinuation
rates. The results for the additional secondary outcome measures are shown in Table
4.1.3.9.

(Note: In the sponsor’s original protocol, the secondary efficacy measures were only
specified as the mean change from randomization to Week 6 (not all time points) in CGI
Severity score, CGI global improvement score, PANSS-Positive Sub-Scale Total Score,
PANSS-Negative Sub-Scale Total Score, and the percentage of responders. So this review
only reports the results for the change from randomization to Week 6 for the above
mentioned additional secondary outcome measures.)

As we can observe from the table, all the aripiprazole treatment groups showed
significantly greater improvement compared to placebo in the change PANSS Positive
Sub-Scale Score from randomization to Week 6 for the LOCF data set. The analysis of the
mean change from baseline for the OC data indicates aripiprazole 10 mg had significantly
greater improvement compared with the placebo group at Week 6, while aripiprazole 15
mg and 20 mg were not statistically significantly different from placebo at Week 6.

The analysis of the mean CGI Improvement Scores for the LOCF data set showed that all -
aripiprazole groups had significantly greater improvement compared with the placebo
group at Week 6. However, none of the aripiprazole groups showed statistical significance
in the analysis of the mean score for the OC data.

Response rates were analyzed by evaluating all responders, CGI (Improvement)

rzsponders, and PANSS responders. Responders are defined as patxents who meet either of

the following criteria:

e A rating of very much 1mproved (1) or much improved (2) on the CGI Improvement
Score, or

e At least a 30% decrease from baseline in the PANSS Total Score.

For the analysts of percentage of responders in the LOCF data, aripiprazole 10 mg and 20

mg showed significantly greater improvement compared with the placebo group at Weeks

6, while aripiprazole 15 mg was not. None of anipiprazole groups showed statistically

significantly different from the placebo at Week 6 for the OC data.

For the analysis of the percentage of CGI (Improvement) responders, results analyzed on
the LOCF data set showed that only Aripiprazole 20 mg group had significantly greater
improvement compared with the placebo group at Week 6. No treatment groups were
statistically significantly different from placebo for the OC data set.

For the analysis of the percentage of PANSS responders in the LOCF data, all aripiprazole
groups showed significantly greater improvement compared with the placebo group at
Weeks 6. In the analysis of the OC data set, none of treatment groups had statistically
significant difference from the placebo.
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For the analysis.of mean change from baseline in the CGI severity of illness score, all
aripiprazole groups showed statistically significantly different from the placebo at Week 6
in the LOCF data-However, none of aripiprazole groups did in the analyses for the OC
data.

Since the administration of the MADRS was added to the study several months after study
initiation per Amendment 2, a substantial number of patients were not administered the
MADRS at either baseline or follow-up or both. The sponsor mentioned that although
there was a trend toward significance for the aripiprazole 15-mg group in the LOCF data
set at Week 6, no statistical conclusions may be drawn due to the small sample size.

One hundred forty-four patients discontinued the study due to lack of efficacy. This
includes patients who discontinued from the trial due to lack of efficacy as well as patients
who continued in the study on open-label treatment. Patients not responding at the end of
Week 3, as evidenced by a CGI Improvement Score 24, were discontinued from blinded
therapy and given open-label aripiprazole. The sponsor mentioned that a lower percentage
of patients discontinued due to lack of efficacy in all aripiprazole treatment groups
compared with placebo. This lower rate of discontinuation was statistically significant for
the aripiprazole 10-mg and aripiprazole 20-mg groups.

Table 4.1.3.9 The Summary of Results for the Secondary Analyses for Study CN138-001
For the LOCF Data Set:

.'

Endpoints N Baseline Change from Treatment 95% CI P-Value

Baselineto  Difference  for

Endpoint vs. Placebo Difference

(i.e., week 6)
PANSS Positive Sub-Scale Total Score.
Aripiprazole 10 mg 103 24.53 -4.98 -3.88 (-5.69, -2.08) <0.001
Aripiprazole I5mg 103 24.38 -3.81 2.71 (4.52,-090)  0.003
Aripiprazole 20 mg 97 24.20 -4.51 -3.41 (-5.25,-1.56)  <0.001
Placebo 107 2447 -1.10
Endpoints Mean at Week 6 P-Value (vs. Placebo)
CGI Improvement Score
Aripiprazole 10 mg (N=103) 333 0.004
Aripiprazole 15 mg (N=103) 342 0.006
Aripiprazole 20 mg (N=97) 331 0.006
Placebo (N=107) - 4.00
Endpoints " Number (Percent) at Week 6 P-Value (vs. Placebo)
Percentage of Responders '
Aripiprazole 10 mg (N=103) 42 (41) 0.038
Aripiprazole 15 mg (N=103) 36 (35) 0.165
Aripiprazole 20 mg (N=97) 44 (45) 0.005
Placebo (N=107) 28 (26)
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Endpoints

Number (Percent) at Week 6

P-Value (vs. Placebo)

Percentage of CGI Responders

Aripiprazole 10 mg (N=103) 35(34) 0.134
Aripiprazole 15 mg (N=103) 323D 0.219
Aripiprazole 20 mg (N=97) 4] (42) 0.005
Placebo (N=107) 25 (23)

Endpoints

Number (Percent) at Week 6

P-Value (vs. Placebo)

Percentage of PANSS Responders

Aripiprazole 10 mg (N=103) 31 (30) 0.002
Aripiprazole 15 mg (N=103) 26 (25) 0.028
Aripiprazole 20 mg (N=97) 25 (26) 0.025
Placebo (N=107) 14 (13)
Endpoints N Baseline Change from Treatment 95% CI P-Value

Baseline to Difference for

Endpoint vs. Placebo Difference

(i.e., week 6)
CGI Severity of Illness Score
Aripiprazole 10 mg 103 4,79 -0.65 -0.47 (-0.77, -0.18) 0.002
Aripiprazole 15 mg 103 4.79 -0.51 -0.33 (-0.63, -0.04) 0.028
Aripiprazole 20 mg 96 4.68 -0.64 -0.46 (-0.76, -0.16) 0.003
Placebo 107 4.64 -0.18
For the OC Data Set:
Endpoints Baseline Change from Treatment 95% CI P-Value

& (N) Baseline to Difference  for
Endpoint vs. Placebo Dift_‘erence
& (N)

PANSS Positive Sub-Scale Score
Aripiprazole 10 mg 24.47 (103) -10.22 (42) -2.47 (4.75,-0.19) 0.034
Aripiprazole 15 mg 24.54 (103) -9.87 (34) -2.13 (-4.52,0.26) 0.081
Aripiprazole 20 mg 2428 (97) -8.51 (39) -0.77 (-3.09, 1.55) 0.513
Placebo 24.34 (107) -7.74 (30)
Endpoints Mean at Week 6 (N) P-Value (vs. Placebo)
CGI Improvement Score
Aripiprazole 10 mg 1.90 (42) 0.336
Aripiprazole 15 mg 1.85 (34) 0.247
Aripiprazole 20 mg 2.10(39) 0.909
Placebo 2.13 (30)
Endpoints Number Responding/N at Week 6 (%) P-Value (vs. Placebo)

Percentage of Responders

Aripiprazole 10 mg 35/42 (83) 0.484
Aripiprazole 15 mg 29/34 (85) 0.381
Aripiprazole 20 mg 33/39 (85) 0.406
Placebo 23/30 (77)
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Endpoints - - - Number Responding/N at Week 6 (%) P-Value (vs. Placebo)

Percentage of CGI Responders

Aripiprazole 10 mg ~ 32/42 (76) 0.560
Aripiprazole 15 mg 28/34 (82) 0.248
Aripiprazole 20 mg 32/39 (82) 0.243
Placebo

Endpoints Number Responding/N at Week 6 (%) P-Value (vs. Placebo)
Percentage of PANSS Responders

Aripiprazole 10 mg 25/42 (60) 0.178
Aripiprazole 15 mg 20/34 (59) 0.220
Aripiprazole 20 mg 20/39 (51) 0.515
Placebo 13/30 (43)

Endpoints Baseline Change from  Treatment 95% CI P-Value

& (N) Baseline to Difference  for
Endpoint & (N) vs. Placebo Difference

CGl Severity of Iliness Score

'0

Aripiprazole 10 mg 4.80 (103) -1.60 (42) -0.18 (-0.62, 0.27) 0.435
Aripiprazole 15 mg 4.83 (103) -1.47 (34) -0.05 (-0.52,0.41) "0.820
Aripiprazole 20 mg 4.72 (96) -1.40 (39) 0.02 (-0.43,0.47) 0.924
Placebo 4.64 (107) -1.42 (30)

Endpoints Number (Percent) P-Value (vs. Placebo)
Rate of Discontinuation

Aripiprazole 10 mg (N=103) 28 (27) 0.005
Aripiprazole 15 mg (N=103) 36 (35) 0.140
Aripiprazole 20 mg (N=97) 31(32) 0.026
Placebo (N=107) 49 (46)

Subgroup Analysis

Subgroup analyses were performed by gender on the PANSS Total Score and is shown in
Table 11 of the Appendix. The sponsor did not make any comment about the results of
this analysis. :

4.1.3.5 The Sponsor’s Overall Efficacy Conclusions
All three fixed doses of aripiprazole were shown to be effective in the treatment of
patients with schizophrenia in acute relapse based on the predefined primary and key

secondary endpoints of the PANSS Total Score, PANSS-derived BPRS Core Score, and
PANSS Negative Sub-Scale Score.
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4.2 Phase II Studies

4.2.1 _Study 31-93-202

4.2.1.1 Disposition of Patients

A total of 103 patients were randomized into this study: 34 patients in the OPC-14597
group, 34 in the haloperidol group, and 35 patients in the placebo group. A total of 53
patients completed the study: 21 patients in the OPC-14597 group, 20 patients in the
haloperidol group, and 12 patients in the placebo group.

4.2.1.2 Demographics and Patient Characteristics

Baseline demographics were determined at the screening visit and included sex, age,
weight and race. Of the 103 patients randomized, there were more males (n=91) than
females (n=12). There was also a slightly higher number of Caucasians than Blacks,
Hispanics or Other, with the majority of the patients being Caucasian (n=54) or Black
(n=44). Distribution was generally equivalent across all treatment groups for race. Mean
ages and weights by sex were also equivalent across traetment groups with the exception
of mean weight for the female haloperidol group. Table 4.2.1.1 presents a summary of
patient demographics across all treatment groups.

Table 4.2.1.1 Demographic Characteristics- All Randomized Patients for
Study 31-93-202

OPC-14597 Haloperidol Placebo
Male Female Male Female Male Female
Age (years) N 32 2 30 4 29 6
Mean 324 42.5 38.6 38.8 36.9 42.5
Min 18 37 21 26 21 31
Max 57 48 65 46 52 59
Weight (kg) N 32 2 30 4 29 6
Mean 84.1 674 81 86.6 82.1 658
Min 52.2 57.7 59.5 55.8 50.8 50.4
Max 158.9 77.2 1298 1167 118.5 97.6
Race Caucasian 18 1 15 2 15 3
Black 13 1 13 2 12 3
Hispanic 0 0 1 0 1 0
Other 1 0 1 0 1 0

4.2.1.3 TheSponsor’s Efficacy Results

Primary Efficacy Variables

The primary efficacy variables were 1) change from baseline to last visit in BPRS-total
score and 2) a response indicator variable defined by a reduction of at least one point from
baseline to last visit in CGI-severity score.
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Table 4.2.1.2 shows the sponsor’s analysis results for the mean change from baseline in
BPRS-total score-for each treatment week with p-values for each treatment group and also
Table 4.2.1.3 shows the treatment effects (subtracting placebo effect) of OPC-14597 and
haloperidol at the last visit. As it was shown in the table, in the OPC-14597 group,
improvement in BPRS-total score appeared prominently after Week 2, with a mean
decrease of 8.5 points in total score from baseline to Week 3, which continued throughout
the remaining treatment period, with a mean decrease of 10.3 points in total score at Week
4. The analyses of last visit results (LOCF), which included data from patients who
discontinued the study, also showed an improvement in the BPRS-total score, with a mean
decrease of 7.2 points in total score from baseline. In addition, as shown in the table, the
superiority of OPC-14597 over placebo with regard to change from baseline to last visit
for BPRS-total score was demonstrated with an estimated treatment difference of 6.25
points (p=0.0142). In addition, the superiority of OPC-14597 over placebo with regard to
change from baseline to last visit for BPRS-total score was demonstrated with an
estimated treatment difference of 6.25 points.

Table 4.2.1.2 BPRS-Total Score- Mean Change from Baseline and p-Values by Week-

Observed Cases for Study 31-93-202 .

Baseline Week 1 Week 2 Week 3 Week 4 Last Visit _
Treatment (LOCF)
Group n Mean n Mean n  Mean n Mean n Mean n  Mean .

OPC-14597 33 53.0 32 -1.6 28 23 22 -85 21 -103 33 72
Haloperidol 33 50.3 33 65 30 -6.9 22 74 20 9.0 33 -8.1
Placebo 35 50.0 35 -3.1 28  -3.6 20 -5.1 14 99 35 -2.1

2 Sided p-values for Pair-Wise Comparison

OPC-14597

vs. 0.1732 0.2370 0.5160 0.1718 0.8863 0.0142
Placebo

Haloperidol

vS. 0.8939 0.0791 0.1607 0.1891 0.4687 0.0083
. Placebo

Table 4.2.1.3 Treatment Effect Based on the Last Visit Efficacy Analysfs BPRS-Total
Score for Study 31-93-202

Estimated Treatment Lower 95% Upper 95%

Effect p-Value  Confidence Limit Confidence Limit
OPC-14597 vs. Placebo - -6.25 0.0142 -11.21 -1.29
Haloperidol vs. Placebo -6.41 0.0083 -11.21 -1.70

To evaluate responder rates based on CGI-severity score, as shown in Table 4.2.1.4, both
OPC-14597 and haloperidol showed a statistically significant (p=0.035 and p=0.003,
respectively) responder rates with 42.4% of the OPC-14597 patients responding to
treatment and 54.5% of the haloperidol patients responding to treatment. The placebo
patient group had 20% of the response rate.
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Table 4.2.1.4 Responder Rates Based on at Least One Point Improvement from Baseline

at Last Visit in CGI-Severity Score

CGI-Severity Score

No. of % of
Treatment Group n Responders Responders Treatment Comparison p-Value
OPC-14597 33 14 424 OPC-14597 vs. Placebo 0.035
Haloperidol 33 18 54.5 Haloperido! vs. Placebo 0.003
Placebo 35 7 20.0

Secondary Efficacy Variables

PANSS-total score was based on the severity rating for positive and negative symptoms of
schizophrenia and general psychopathology, with a lower score indicating less severe
symptoms and a reduction in score over time indicating improvement. As shown in Table
4.2.1.5, improvement in PANSS-total score appeared prominently at Week 3, with a mean

decrease of 14.0 points from baseline, and which continued further with

a mean decrease

of 16.4 points from baseline, and which continued further with a mean decrease of 16.4
points at Week 4. The LOCF analyses, which included data from patients who
discontinued the study, also showed an improvement in PANSS-total score, with a mean
decrease of 11.1 points from baseline. In addition, as shown in Table 4.2.1.6, the
superiority of OPC-14597 over placebo with regard to change from baseline to last visit
for PANSS-total score was demonstrated with an estimated treatment difference of 12.01

points (p=0.0080).

Table 4.2.1.5 PANSS-Total Score- Mean Change from Baseline and p-Values

By Week - Observed Cases for Study 31-93-202

Baseline Week 1 Week 2 Week 3 Week 4 Last Visit
Treatment (LOCF)
Group n Mean n Mean n  Mean n Mean n Mean n  Mean

OPC-14597 33 91.8 32 -3.1 29 5.1 22 -140 22
Haloperidol 33 89.0 33 -108 30 -144 22 -140 20
Placebo 35 86.5 35 -19 27 43 20 -7.0 13

-164 33 -1Li
-17.1 33 -158
-15.2 35 -1.1

2 Sided p-values for Pair-Wise Comparison

OPC-14597

Vvs. 0.1742 0.9157 0.9967 0.0879 0.6763 0.0080

Placebo
Halopenidol

Vs, 0.4782 ©0.0137 0.0252 0.0499 0.2574 0.0004

Placebo

Table 4.2.1.6 Treatment Effect Based on the Last Visit Efficacy Analysis-PANSS Total

Score for Study 31-93-202

Estimated Treatment Lower 95% Upper 95%
Effect p-Value  Confidence Limit Confidence Limit
OPC-14597 vs. Placebo -12.01 0.008 -20.79 -3.24
Haloperidol vs. Placebo -15.62 0.0004 -24.02 -7.22
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PANSS-negative sub-scale score was based on the severity rating for negative symptoms
of schizophrenia included in the PANSS-total score, with a lower score indicating less
severe symptoms and a reduction in score over time indicating improvement. As shown in
Table 4.2.1.7, improvement in PANSS negative sub-scale score appeared prominently at
Week 3 with a mean decrease of 4.4 points at the Week 4 visit for the OPC-14597 group.
In the weekly analysis, OPC-14597 demonstrated a clear trend of improving the negative
symptoms of the disease as measured by the PANSS-negative score. The mean change
from baseline under the LOCF analysis was a decrease of 2.8 points. As shown in Table
4.2.1.8, OPC-14597 showed a trend towards superiority over placebo with regard to
change from baseline to last visit for PANSS-negative sub-scale score with an estimated
treatment effect of 2.71 points (p=0.0642).

Table 4.2.1.7 PANSS-Negative Sub-Scale Score-Mean Change from Baseline and p-
Value by Week-Observed Cases for Study 31-93-202

Baseline Week 1 Week 2 Week 3 Week 4 Last Visit
Treatment (LOCF)
Group n Mean n Mean n  Mean n Mean n Mean n Mean

OPC-14597 33 23.6 32 -13 29 -1.7 22 4.3 22 44 33 28
Haloperidol 33 223 33 20 30 29 22 30 20 -33 33 -34

-

Placebo 35 22.2 35 0.3 27  -0.9 20 -1.9 13 -52 35 -09

2 Sided p-values for Pair-Wise Comparison

OPC-14597

vS. 0.3712 0.2675 0.7373 0.0949 0.7438 0.0642
Placebo

Haloperidol

VS. 0.8519 0.0370 0.1262 0.2408 0.8343 0.0258
Placebo

Table 4.2.1.8 Treatment Effect Based on the Last Visit Efficacy Analysis-PANSS
Negative Sub-Scale Score for Study 31-93-202

Estimated Treatment Lower 95% Upper 95%

Effect p-Value  Confidence Limit Confidence Limit
OPC-14597 vs. Placebo -2.71 0.0642 -5.58 0.16
Haloperidol vs. Placebo -3.11 0.0258 -5.84 -0.39

4.2.1.4 The Sponsor’s Overall Efficacy Conclusions

o OPC-14597 showed statistically significant supériority over placebo in reducing the
signs and symptoms of schizophrenia in all illness severity scores as measured by
BPRS-total, BPRS-core, CGI-severity, CGI-improvement, and PANSS-total, with
efficacy being seen prominently after 2 weeks of treatment and continuing throughout
the remainder of the study. This may be attributed to dose escalation in the first two
weeks to reach maximum dose.

e OPC-14597 was superior to placebo and comparable to haloperidol with regard to
responder rates based on at least one point reduction in the CGI-severity score from
baseline to last visit, a 30% reduction in BPRS-total score from baseline to last visit, or
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a score of one or two in the CGI-improvement score at last visit in schizophrenic
patients.

e Although not-statistically significant, OPC-14597 demonstrated a clear trend of
improving negative symptoms of schizophrenia based on PANSS-negative score.

e Patients in the haloperidol group showed improvement in psychosis, confirming that
the patient population of this study was responsive to active treatmetn.

4.2.2 Study 31-94-202

4.2.2.1 Disposition of Patients

A total of 176/307 (57.3%) patients completed the study: 37/59 (62.7%) patients in the
OPC-2 mg group, 35/60 (58.3%) patients in the OPC-10mg group, 41/61 (67.2%) patients
in the OPC-30 mg group, 34/63(54%) patients in the haloperidol group, and 29/64
(45.3%) patients in the placebo group. Patients in the OPC-14597 group, particularly
patients in the OPC-30mg group, completed the study at a higher rate (58.3-67.2%)
compared to patients in the haloperidol group (54%) and the placebo group (45.3%).

+
'

4.2.2.2 Demographics and Patient Characteristics

Table 4.2.2.1 shows the patients’ demographic characteristics. Treatment groups were
generally comparable for demographic characteristics. Patients were primarily male
(247/307, 80.5%) with about one fifth of the patients female (60/307, 19.5%). Mean age
ranged from 37.2 to 40.1 years (range: 18-65 years) in males and from 38.8 to 43.2 years
(range: 19-63) in females across treatment groups. About half of the patients were
Caucasian (159/307, 51.8%) with the rest being black (115/307, 37.5%), Hispanic
(24/307, 7.8%), Asian (3/307, 1.0%) and other (6/307, 2.0%). Mean weight ranged from
79.7 to 86.4 kg in males and 68.8-79.1 in females caross treatment groups.

Table 4.2.2.1 Demographic Characteristics- All Randomized Patients for
Study 31-94-202

Demographic OPC-14597 Haloperidol Placebo
Characteristics mg/day mg/day
2mg 10 mg 30 mg 10 mg
M F M F M F M F M F
Age N 47 12 49 11 46 15 52 11 53 11
(years) Mean 40.1 .38.8 | 372 406 | 388 389 | 380 432 | 375 405
Min 22 19 18 23 18 24 19 25 19 28
Max .. 65 51 64 56 61 57 60 63 57 55
Weight N 47 12 49 11 46 15 52 11 53 10
(kg) . Mean 83.3 77.1 829 688 { 797 786 | 829 79.1 864 752
Min - | 53.1 50.8 54 409 | 545 554 | 558 622 | 536 504
Max 137.1 1335 | 1294 96.7 143  103.5 | 1412 101.2 | 168.0 101.2
Race Caucasian 22 11 20 6 19 11 28 9 28 5
Black 19 1 19 5 23 3 19 2 20 4
Hispanic 5 0 7 0 2 0 4 0 5 1
Asian 0 0 1 0 1 1 0 0 0 0
Other 1 0 2 0 1 0 1 0 0 1
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4.2.2.3 The Sponsor’s Efficacy Results

Primary Efﬁcacy-i/ariable (after excluding Center 003)

The principal investigator at Center 003, Richard L. Borison, M.D., had his employment
terminated by the Augusta Veterans Affairs medical Center on June 7, 1996 due to
allegations of research misconduct, so the analysis results for this study should be based
on the data after excluding the center 003.

Table 4.2.2.2 shows the study results for the primary efficacy vanables after excluding
Center 003. As it was shown in the table, superiority of the OPC-30 mg group versus
placebo (p<0.05) was demonstrated at last visit for the primary efficacy variable CGI-
improvement after excluding Center 003. This treatment difference was also statistically
significant after correction for multiple comparison by Dunnett’s method at the two-tailed
0.05 level. The superiority of OPC-30mg over placebo with regard to change from
baseline to last visit for BPRS-core score was not demonstrated after excluding Center
003. Significant differences were noted in the comparison of haloperidol versus placebo
at last visit for BPRS-Core and trends towards significance for CGI-improvement
(p=0.0811) after excluding Center 003.

Table 4.2.2.2 Treatment Effects (Last Visit Analysis) of Primary Efficacy Variables

Excluding Center 003
Variable Treatment Comparison Estimated | Value of | P-value | Lower Upper
Treatment | t statistic 95% CL | 95% CL
Effect
BPRS-core OPC-14597: 2mg vs. Placebo -0.31 -0.38 0.7034 | -1.94 1.31
OPC-14597: 10 mg vs. Placebo | -0.11 -0.13 0.8939 |-1.75 1.53
OPC-14597: 30 mg vs. Placebo | -1.29 -1.58 0.1165 | -2.89 0.32
Haloperidol: 10 mg vs. Placebo | -1.61 -1.97 0.0495 | -3.22 -0
CGI- OPC-14597: 2mg vs. Placebo -0.15 -0.55 0.5860 | -0.69 0.39
Improvement | OPC-14597: 10 mg vs. Placebo | -0.33 -1.21 0.2260 | -0.87 0.21
OPC-14597: 30 mg vs. Placebo | -0.75 -2.80 0.0055 | -1.29 -0.22
Haloperidol: 10 mg vs. Placebo | -0.47 -1.75 0.0811 -1.00 0.06

Secondary Efficacy Variables (after excluding Center 003

Treatment effects for the secondary efficacy variables based on the last visit efficacy
analysis excluding Center 003 are summarized in Table 4.2.2.3.

Superiority of the OPC-30mg group versus placebo (p<0.05) was demonstrated at last visit
for secondary efficacy variables BPRS-total, and PANSS-total. A trend towards
superiority of OPC-30 mg versus placebo was noted for PANSS-negative (p=0.0817).
Trends toward significance were also noted in the comparison of haloperidol versus
placebo for PANSS-total (p=0.0733) after excluding Center 003.
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Table 4.2.2.3 Treatment Effects (Last Visit Analysis) of Secondary Efficacy Variables
Excluding Center 003

Variable Treatment Comparison Estimated | P-value Lower 95% | Upper 95%
Treatment CL CL
Effect
BPRS-total OPC-14597: 2mg vs. Placebo -3.09 0.1703 -7.52 1.34
OPC-14597: 10 mg vs. Placebo -3.12 0.1675 -7.56 1.32
OPC-14597: 30 mg vs. Placebo -6.32 0.0048 -10.69 -1.94
Haloperidol: 10 mg vs. Placebo -3.27 0.1415 -7.64 1.10
PANSS-total OPC-14597: 2mg vs. Placebo -4.89 0.1849 -12.13 2.35
OPC-14597: 10 mg vs. Placebo -5.52 0.1357 -12.78 1.74
OPC-14597: 30 mg vs. Placebo -10.66 0.0037 -17.82 -3.50
: Haloperidol: 10 mg vs. Placebo -6.5® 0.0733 -13.67 0.62
PANSS-negative | OPC-14597: 2mg vs. Placebo -0.70 0.4947 -2.70 1.31
OPC-14597: 10 mg vs. Placebo -1.13 0.2680 -3.14 0.88
OPC-14597: 30 mg vs. Placebo -1.76 0.0817 -3.74 0.22
Haloperidol: 10 mg vs. Placebo -0.43 0.6663 -2.41 1.55

4.2.2.4 The Sponsor’s Overall Efficacy Conclusions

¢ In general, all three dose groups of OPC-14597 (2, 10 or 30 mg/day) were superior to
placebo in the treatment of psychosis. Among the three OPC-14597 doses, 30 mg can
be distinguished from the other two doses with respect to efficacy
e While no definitive conclusions can be drawn, the results with the 30 mg dose of
OPC-14597 are suggestive of an early onset (Week 1) of treatment effect.
e Of all the treatment groups, only the OPC-14597 30 mg dose was found to show

significant improvement in the negative symptoms of psychosis.

e OPC-14597 was found to be most effective at a dose of 30 mg/day, in a 4-week

duration, for the treatment of schizophrenic patients.

o The patients of the haloperidol group showed improvement in psych051s which

confirmed that the patient population of this study was responsive to an active

treatment

(Note: The sponsor did not mention but it is clearly that they made the above conclusions

based on the whole data. Since the data from Center #3 were invalid, these

conclusions were not accurate.)

4.3 Long-Term Studies : Studies 31-98-217 and 31-98-304-01

4.3.1 Disposition of Patients

A total of 1452 patients signed the informed consent form; 158 of these patients filed
screening and did not enter the placebo washout phase. The remaining 1294 patients
underwent placebo washout and were randomized to receive double-blind treatment; 433
to the haloperidol group and 861 to the aripiprazole group. The completion rate was
significantly higher for patients on aripiprazole (43%) compared with those on haloperidol
(30%). This difference was primarily due to the lower rate of discontinuation for adverse
events other than worsening schizophrenia. The disposition of all enrolled patients is
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presented in Table 12 of the appendix. The time to discontinuation due to all reasons for
the Randomized Sample is presented by treatment group in Figure 4 of the appendix.

4,3.2 Data Sets

The distribution of patients within each of the patient samples is presented by treatment
group for all randomized patients in Table 4.3.1.

Table 4.3.1 Number of Patients in Samples for Studies 31-98-217 and 31-98-304-01

Sample Haloperidol ‘ Aripiprazole Total
Randomized 433 861 1294
Safety 431 859 1290
Efficacy 430 853 1283

Four of the 1294 randomized patients (two from the haloperidol group and two from the
aripiprazole group) were excluded from the Safety Sample because they did not receive
study medication according to the dosing record.

4.3.3 Demography and Patient Characteristics
Demographic characteristics are presented by treatment group in Table 4.3.2 for patients
in the Randomized Sample. According to the table, the treatment groups were comparable

with respect to age, gender, race and weight.

Table 4.3.2 Demographic Characteristics for the Randomized Sample
for Studies 31- 98-217 and 31-98-304-01

Haloperidol Aripiprazole Total
Variable N =433 N =286l N=1294
Age Mean 36.8 373 37.1
(years) Median 36 36 36
Min-Max . 18 - 63 18 - 65 18 - 65
S.E. 0.5 0.4 0.3
Gender Men 247 (57) 511 (59) 758 (59)
N (%) Women 186 (43) 350 (41) 536 (41)
Race White 378 (87) . 733 (8%5) 1111 (86)
N (%) Black 41 (10) 99 (11) 140 (11)
Hispanic kX¢))] 7(1) 10(1)
Asian/Pacific Islander 2(1) 4(1) 6(1)
Other - 9(2) 18 (2) 27(2)
Weight Mean 73.1 74.5 74.0
(kg) - Median 71 72 72
Min-Max 38-153 36-143 36-153
S.E. 0.8 0.6 0.5
Missing 0 3 3

TN

43.4 The Sponsor’s Efﬁéacy Results

Table 4.3.3 shows the summary results of the primary and supportive efficacy endpoints
and Table 4.3.4 shows the summary results of the secondary efficacy endpoints.
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Table 4.3.3 Summary of Primary and Supportive Endpoint Efficacy Results for the

Randomized Sample for Studies 31-98-217 and 31-98-304-01

Variable Haloperidol Aripiprazole P-value
Number Randomized Patients 861

Umber of Patients in Efficacy Sample 853

Number (%) Responders 298 (69%) 610 (72%) 0.362
Time to Failure to Maintain Response in Relative Risk (95% CT)

Responders '

Treatment (Aripiprazole: Haloperidol) 0.881 (0.645 - 1.204) 0.427

Proportion of Patients Maintaining Response
[% (S.D.)]

Week 8

Week 26

Week 52
Time to Failure in All Patients

93% (1.5%)
81% (2.6%)
73% (3.1%)
Relative Risk (95% CI)

92% (1.1%)
84% (1.6%)
77% (1.8%)

Treatment (Aripiprazole: Haloperidol) 0.858 (0.721 - 1.021) 0.084
Proportion of Patients not yet Failed [% (S.D.)]
Week 8 69% (2.3%) 71% (1.6%)
Week 26 56% (2.6%) 60% (1.7%)
Week 52 49% (2.7%) 54% (1.8%)
Proportion of Patients On-treatment and Still in
Response [N%]}
Week 8 192 (44%) 449 (52%) 0.005
Week 26 145 (33%) 380 (44%) <0.001
Week 52 117 (27%) 343 (40%) <0.001.
Table 4.3.4 Summary of Rating Scale Secondary Efficacy Results for the Efficacy
Sample by the LOCF for Studies 31-98-217 and 31-98-304-01
Variable Haloperidol Aripiprazole
N=430 N=853
PANSS Total Score
Mean Baseline 94.7 95.1
Change at Week 8 -20.9 -21.8
95% CI for treatment effect (-3.41, 1.85)
P-value 0.560
Change at Week 26 -20.7 -22.2
95% CI for treatment effect (-4.27,1.48)
P-value 0.341
PANSS Negative Sub-Scale Score
Mean Baseline 24.7 24.7
Change at Week 8 4.2 4.7
95% CI for treatment effect (-1.15,0.14)
P-value 0.126
Change at Week 26 44 - -5.1
95% CI for treatment effect (-1.52,-0.08)
P-value 0.029
MADRS Total Score
Mean Baseline 12.8 12.5
- Mean at Week 8 -2.6 -34
95% CI for treatment effect -1.74,-0.11
P-value 0.027
Change at Week 26 -2.0 -2.9
95% CI for treatment effect (-1.95,-0.15)
P-value 0.022
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4.3.4.1 Primary Efficacy Endpoint

Time to failure to-maintain response was analyzed only for the responders. Definitions of
“response” and “failure to maintain response” can be found in Section 3.3.3. of this
review. Worsening schizophrenia was defined by the modified COSTART dictionary
terms “psychosis” and “schizophrenic reaction”.

Of the 853 patients in the Efficacy Sample that were randomized to aripiprazole, 610
(72%) met the criteria to be classified as responders. Of the 430 patients in the Efficacy
Sample that were randomized to haloperidol, 298 (69%) were considered responders.

Out of these responders, the proportion of patients who-did not experience failure by
Weeks 8, 26, and 52 in summarized in Table 4.3.3. The relative risk for failure for the
aripiprazole arm was 88% (95% CI: 65% - 120 %) of that for the haloperidol arm
(p=0.4271). It indicated that the risk of failing to maintain response in the aripiprazole
group was 12% lower than that of haloperidol.

4.3.4.2 Supportive and Efficacy Endpoints

A numerically greater percentage of randomized patients in the aripiprazole group (54%)
had not failed by Week 52 when compared with the haloperidol group (49%). In the
analysis of time to failure for all randomized patients, the estimated relative risk .
(aripiprazole: haloperidol) was 0.858 (95% CI: 0.721, 1.021) indicating that the patients in
the aripiprazole group had a 14% lower risk of failure compared to the haloperidol group.
This result had a trend towards statistical significance (p=0.084).

A significantly greater percentage of patients randomized to aripiprazole compared to
patients randomized to haloperidol who remained on treatment and were in response.. This
was evaluated at three time points, Week 8 (p=0.005), Week 26 (p<0.001) and Week 52
(p<0.001).

4.3.4.3 Secondary Efficacy Endpoints

Aripiprazole was statistically superior to haloperidol as determined by the time to
discontinuatin due to either lack of response to study drug or adverse event (p<0.0010.
The risk ratio for this event was 0.692 (95% CI: 0.573 — 0.837) indicating that the risk of
discontinuation due to either lack of response to study drug or adverse event was 31%
lower for the aripiprazole treated patients relative to the patients treated with haloperidol.
For other secondary time-to-event variables: time to first response (all randomized
patients), time to discontinuation due to lack of response to study drug (all randomzied
patients), and time from first response to failure to maintain response (responders only),
no statistically significant differences were observed between the two treatment groups.

Aripiprazole showed significant improvement over haloperidol in the treatment of
negative and depressive symptoms. The improvement in treatment of negative symptoms

62

Stat Review, Page 63 of 141

.0



was demonstrated by significant differences in the comparison of mean change from
baseline in the PANSS Negative Sub-Scale Score at Weeks 26 (p=0.029) and 52
(p=0.011) based on the LOCF data set. The improvemet in treatment of depressive
symptoms was demonstrated by statistical differences in the comparison of mean change
from baseline in MADRS Total Score at Weeks 8 (p=0.027), 26 (p=0.022), and 52
(p=0.031) (LOCF data set).

No significant differences were observed between treatments in mean change from
Baseline in PANSS Total Score, PANSS Positive Sub-Scale Score, CGI Severity of
Illness Score, or in mean CGI Improvement Score.

4.3.5 The Sponsor’s Efficacy Conclusions

The results from analyses of the primary and supportive efficacy measures demonstrate

that aripiprazole was able to provide long-term maintenance therapy to patients who were

initially in acute relapse that was similar or superior to the long-term maintenance effects

of haloperidol.

e The overall estimated risk ratio (0.881) for failure to maintain response in responders
favored aripiprazole, however, this improvement was not statistically significant.

e In the analysis of time to failure in all patients, the estimated relative risk of 0.858
favored aripiprazole and exhibited a trend toweard statistical significance (p=0.084).

¢ Among all randomized patients, a significantly greater percentage of patients treated
with aripiprazole demonstrated response at Weeks 8, 26 and 52.

5. Statistical Reviewer’s Findings and Comments
5.1 Pivotal Phase III Studies: Studies 31-97-201, 31-97-202 and CN138-001

1. Three primary efficacy endpoints were prospectively specified for Studies 31-97-201
and 31-97-202, but the sponsor did not clearly address either in the protocols or study
reports what their decision rules were for these studies. It was indeed mentioned in the
protocols and study reports that “The treatment comparisons will be tested by
following the step-down procedure, i.e., first aripiprazole 30 mg vs. placebo will be
tested at two-tailed 0.05 level; if rejected, aripiprazole 15 mg (or 20 mg for Study 31-
97-202) vs. placebo will be tested at two-tailed 0.05 level.”

Now that the sponsor wished to use 0=0.05, without any adjustment for testing the
results for each primary endpoint of Studies 31-97-201 and 31-97-202, in order to
protect the overall type I error rate of 0.05, it was judged by the statistical reviewer
that winning on all three primary efficacy endpoints is necessary for claiming a
positive study. ‘

2. When the three pivotal phase III studies were evaluated, most of values can be
reproduced by this reviewer. There was no inconsistent finding between the reviewer
and the sponsor.
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3. For Study 31-97-201, an internal audit revealed that data generated at Study Centers
007 and 001 could not be validated, so the sponsor performed the sensitivity analysis
of the mean change from baseline for the PANSS Total Score by excluding the 19
patients randomized at these centers. They showed the results in the study report and
concluded that they were consistent with those of the overall analysis. This reviewer
checked their results and further performed the same kind of sensitivity analyses for
the other two primary endpoints. The results did not show much difference to affect
the conclusions on the overall analyses for either LOCF and OC data sets.

4. According to Tables 4.1.1.5 and 4.1.2.5, the sponsor had statistically significant results
shown on all three primary efficacy endpoints for the LOCF data sets for Studies 31-
97-201 and 31-97-202. However, this reviewer noticed that for Study 31-97-202
except the comparison between aripiprazole 20 mg and the placebo on the PANSS
Positive Sub-Scale Score (p=0.045), the sponsor had p-values greater than 0.05 for the
OC data analyses. So, the dropout cohort analyses were studied to see if the results for
the LOCF or OC data analyses were biased. Notice that dropout cohorts were formed

by patients that had their last primary efficacy measurement in the same week interval.

.C

Figures 5.1 to 5.3 showed us the PANSS total score over time for different dropout
cohorts from the sponsor. This reviewer confirmed their results. The average changes
of PANSS Total Scores from the baseline to each study week in which the patients
dropped out the study right after were reported in Tables 5.1 below.

Table 5.1 Average Changes of PANSS Total Score for Dropout Cohort Analyses for
Study 31-97-202

Group Week 1 (n) Week 2 (n) Week 3 (n) Week 4 (n)
Placebo 12.615 (26) 6.287 (21) -4.1496 (4) -18.2(52)
Risperidone 6 mg -0.873 (11) -1.302 (16) 8.8141(7) -22.7 (61)
Aripiprazole 20 mg 5.265 (20) -8.308 (9) 2.3(8) -23.4 (61)
Aripiprazole 30 mg 5.907 (16) ©6.4(7) -2.24 (5) -20.1 (68)

Carefully observing Table 5.1 and Figures 5.1, this reviewer noticed that the average
change of PANSS Total Score for the placebo group patients at Week 1 was much
bigger than the rest of treatment groups. It tells us that these patients had worse results.
Moreover, most of dropout patients in the study were happening in the early two
weeks. The placebo group had more dropout patients than the other treatment groups.

With almost 25% of patients dropping out after the first week’ evaluation, the bad
values carried from the dropout patients in the placebo group at Week 1 could make a
difference at the LOCF analyses, especially, in the situation that the placebo
patients had improvement as the study continued. On the other hand, with
more poorly performed patients dropping out from the placebo group than the other

- treatment groups, the OC analyses may be biased against the treatment groups.

To investigate the influence of these 26 placebo group patients who dropped out

before the second week of the study, this reviewer calculated the unadjusted mean of
changes from baseline to Week 1 for the rest of placebo group patients. It was found to
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be —7.13. Comparing this value with the OC results (see Table 5.3) after Week 1 (i.e.,
-9.0 at Week 2, -15.5 at Week 3 and —18.2 at Week 4), the fact that the patients in the
placebo group also had improvement as the study continued was confirmed. Moreover,
this value of mean change was much closer to the OC values for aripiprazole 20mg
and 30mg groups at Week 1. Similarly, this reviewer also calculated the unadjusted
mean of changes by Excluding the 47 patients who dropped out before Week 3. The
calculated value —~14.732 was also much closer to the OC values for aripiprazole 20mg
and 30mg groups at Week 2. This tells us that these dropout patients did have worse
responses than the average. Therefore, this reviewer suspected that the results from the
LOCEF analyses and OC analyses for the PANSS total score were both biased.

The other two primary endpoints: changes on the PAN SS Positive Sub-Scales and
changes on CGI Severity of Illness Score had similar problems. Table 5.4 and

5.5 show the unadjusted means of changes from baseline to each study week for the
OC data Sets and Table 5.6 and 5.7 the average changes of scores for dropout
cohort analyses.

Table 5.3 Unadjusted Mean Change from Baseline in PANSS Total Score for OC Data

Set in Efficacy Sample for Study 31-97-202

PANSS Total Score

Placebo Risperidone 6 mg  Aripiprazole 20 mg  Aripiprazole 30 mg
Variable Week N Mean N Mean N Mean N Mean
Mean Baseline 103 95.0 95 93.6 98 94.0 96 923
Mean Change 1 102 22 95 -8.0 96 -8.8 95 -8.8
From Baseline 2 77 -9.0 84 -14.1 77 -15.9 79 -13.5
3 56 -15.5 68 -18.4 68 -18.9 73 -18.6
4 52 -18.2 61 -22.7 61 -23.4 68 -20.1

Table 5.4 Unadjusted Mean Change from Baseline in PANSS Positive Sub-Scale Score

for OC Data Set in Efficacy Sample for Study 31-97-202

PANSS Positive Sub-Scale Score

Placebo Risperidone 6 mg  Aripiprazole 20 mg  Aripiprazole 30 mg
Variable Week N Mean N Mean N Mean N Mean
Mean Baseline 103 245 95 239 98 24.8 96 24.0
Mean Change 1 102 -0.843 95 -3.074 96 -2.656 95 -2.484
From Baseline 2 77 -2.506 84 -4.917 77 -5.299 79 -3.797
3 56 -4.661 68 -5.765 68 -6.338 73 -4.959
4 52 -5.346 61 -7.148 61 -7.623 68 -5.662

Table 5.5 Unadjusted Mean Change from Baseline in CGI Severity of Illness Score for

OC Data Set in Efficacy Sample for Study 31-97-202

CGI Severity of Illness Score

. Placebo Risperidone 6 mg  Aripiprazole 20 mg  Aripiprazole 30 mg

Variable Week N Mean N Mean N Mean N Mean

Mean Baseline 103 48 95 48 98 4.8 96 4.7
Mean Change 1 102 -0.157 95 -0.379 96 -0.281 95 -0.284
From Baseline 2 77 -0.247 84 -0.702 77 -0.649 79 -0.570
3 56 -0.589 68 -0.838 68 -0.812 73 -0.726
4 52 -0.712 61 -1.082 61 -0.951 68 -0.853
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Figure 5.1 PANSS Total Scores over Time for Different Dropout Cohorts: Placebo vs.
Risperidone for Study 31-97-202
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Figure 5.3 PANSS Total Scores over Time for Different Dropout Cohorts:

Placebo vs.
Aripiprazole 30 mg for Study 31-97-202
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Table 5.6 Average Changes of PANSS Positive Score for Dropout Cohort Analyses
for Study 31-97-202

Group Week 1 Week 2 Week 3 Week *
Placebo 2.846* 1.334 -0.502 -5.346
Risperidone 6 mg 0.452 -2.81 1.721 -7.148
Aripiprazole 20 mg 2 -5.448 -0.628 -7.623
Aripiprazole 30 mg 1.624 -0.148 1.0102 -5.662

* The values of OC analyses after excluding the dropout patients at week 1 was —2.025 and the unadjusted
average changes for the placebo group were -2.506, 4.661 and —5.346 at Weeks 2, 3 and 4.

Table 5.7 Mean Changes of CGI Severity of Illness Score for Dropout Cohort
Analyses for Study 31-97-202

Group Week 1 Week 2 Week 3 Week 4
Placebo 0.347* 0.284 0.249 -0.712
Risperidone 6 mg -0.182 -0.439 0.0001 -1.082
Aripiprazole 20 mg 04 0.006 0.2513 -0.951
Aripiprazole 30 mg 0.315 0.143 -0.199 -0.853

*The values of OC analyses after excluding the dropout patients at week 1 was —0.325 and the unadjusted
average changes for the placebo group were ~0.247, -0.589 and -0.7115 at Weeks 2, 3 and 4.
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5. The first two pivotal phase III studies of aripiprazole, i.e., Studies 31-97-201 and 31-
97-202 were designed in the treatment of psychosis. So, the sponsor recruited patients
with either schizophrenia or schizoaffective disorder. The sponsor, however, only
reported the analyses for all patients (both schizophrenia and schizoaffective
diagnoses) and patients with schizophrenia alone in each study’s report. They were
later requested by us (the clinical reviewer and statistical reviewer) to provide the
analyses on the three primary efficacy endpoints for the subgroup of patients with
schizoaffetive diagnosis. We are interested to know if the results shown for this
subgroup have similar magnitude of the drug/placebo differences as the schizophrenic
sample. Since the sample sizes for this subgroup were small in these studies, it is
understood that the test results between the treatment groups and placebo may not be
significant.

Table 5.8 and 5.9 show the LOCF data analysis results on the three primary efficacy
endpoints for Studies 31-97-201 and 31-97-202, respectively by this reviewer (Note:
results were the same as the sponsor’s). Comparing the values of treatment effects in
Table 5.8 with Table 4.1.1.8 and in Table 5.9 with Table 4.1.2.8. We noticed that for
Study 31-97-201, except aripiprazole 30 mg on PANSS Total Scores, other treatment
effects in schizoaffective patients were smaller than schizophrenic patients. However,
for Study 31-97-202, except aripiprazole 30 mg on PANSS Positive Sub-Scale Score
and on CGI Severity of Illness Score, other treatment effects in schizoaffective
patients were bigger than patients with schizophrenia. The treatment effects between
these two subgroups seemed not much different in both studies.

Although it is not the purpose, it was noticed that the aripiprazole 15 mg had better
improvement results than aripiprazole 30 mg for Study 31-97-201. Similarly, the
aripiprazole 20 mg had better improvement results than aripiprazole 30 mg for

Study 31-97-202. Moreover, it is interesting to know that for Study 31-97-202 none of
the comparisons between the aripiprazole groups and placebo showed a p-value less
than 0.05 on any primary endpoint, nevertheless, all three comparisons between
risperidone 6 mg and placebo were significant.

Table 13 in the Appendix shows the Observed Case analysis results on the three
primary efficacy endpoints for the subgroup of patients with schizophrenia alone and
schizoaffective disorder for both studies. It was noticed that for Study 31-97-202, the
OC analysis results did not show separation between aripiprazole and placebo. As a
matter of fact, patients in the placebo group even had more average of improvement
than those in the aripiprazole groups. The sponsor’s explanation was that this may be
due to the very small sample sizes (only 9 patients in the placebo group), the very high
placebo response in schizoaffective patients in this study and the high discontinuation
rate for the placebo group (only 9 patients in the OC analysis compared to 25 in the
LOCF). '
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Table 5.8 Efficacy Analysis Results for the LOCF Data Set for Patients with
Schizaaffective for Study 31-97-201

- N Change from Baseline to Treatment Effect ~ P-value (vs. placebo)
Endpoint (i.e., week 4)

PANSS Total

Haloperidol 10 mg 40 -11.8106 -9.4656 0.1452
Aripiprazole 15 mg 27 -14.1604 -11.8154 0.0972
Aripiprazole 30 mg 29 -12.227 -9.882 0.1569
Placebo 28 -2.345

PANSS Positive Sub-Scale Score

Haloperidol 10 mg 40 -4.4990 -3.9198 0.0328
Aripiprazole 15 mg 27 -3.7573 -3.1781 0.1125
Aripiprazole 30 mg 29 -3.4067 -2.8275 0.1554
Placebo 29 -0.5792

CGl Severity of Illness Score

Haloperidol 10 mg 40 -0.4076 -0.2636 0.3132
Aripiprazole 15 mg 27 -0.6418 -0.4978 0.0837
Aripiprazole 30 mg 29 -0.4548 -0.3108 0.2709
Placebo 29 -0.1440

Table 5.9 Efficacy Analysis Results for the LOCF Data Set for Patients with
Schizoaffective for Study 31-97-202

N Change from Baseline to Treatment Effect P-value (vs. placebo)

Endpoint (i.e., week 4)

PANSS Total
Risperidone 6 mg 24 -17.34 -15.901 0.0195
Aripiprazole 20 mg 33 -11.27 -9.831 0.1144
Aripiprazole 30 mg 28 -10.74 -9.301 0.1523

lacebo 25 -1.439
PANSS Positive Sub-Scale Score
Risperidone 6 mg 24 -5.495 -4.6898 ‘ 0.0175
Aripiprazole 20 mg 33 -4.303 -3.4978 0.0546
Aripiprazole 30 mg 28 -2.749 -1.9438 0.3001
Placebo 25 -0.8052
CGI Severity of Iliness Score
Risperidone 6 mg 24 -0.7881 -0.7657 0.0094
Aripiprazole 20 mg 33 -0.3891 -0.3667 0.1762
Aripiprazole 30 mg 28 -0.3459 -0.3235 0.2479
Placebo 25 -0.0224

6. The primary efficacy variable of Study CN138-001 was the mean change from
baseline to Week 6 but it was noticed that in the study design, patients showing no
improvement or a worsening of symptoms (i.e., Clinical Global Impression [CGI]
Improvement 2 4) at the end of Week 3, were offered the option of open-label
aripiprazole treatment during Weeks 4, 5 and 6. Due to large amount of patients who
chose the open-label aripiprazole treatment during Weeks 4 to 6, the results of OC
analysis showed insignificant after Week 4 although the results of LOCF analysis
showed significant. Since the results of OC analyses were significant from Week 1 to
Week 3 by the Hochberg’s procedure, this reviewer thinks that the insignificant results
of OC analyses should not be a concern.
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7. In conclusion, all three pivotal studies were positive. However, as discussed in

Comment #4, the biasness of LOCF and OC analysis results for Study 31-97-202
was a concern to this reviewer.

5.2 Phase II Studies: Studies 31-93-202 and 31-94-202

L.

Two primary efficacy variables were defined for Study 31-93-202. They were: (1)
change from baseline in BPRS total score at last visit and (2) improvement by at least
one point over baseline in CGI severity score at last visit. The analysis method
specified in the protocol for variable (1) was the Wilcoxon rank-sum test, and for
variable (2) was either Fisher exact test or chi-square test. However, the sponsor’s
statistical analysis method shown in their study reports for these two variables were
ANCOVA and Cochran-Mantel-Haenszel test instead, respectively.

They were later requested to re-analyze the data by using the protocol-specified
methods for the above two primary efficacy variables. The p-value for variable (1)
became 0.17 by the Wilcoxon rank-sum test and p-values for variable (2) by Fisher
exact test and chi-square test were 0.066 and 0.045, respectively.

Like pivotal phase III studies 31-97-201 and 31-97-202; they did not pre-specify any
method for multiple efficacy endpoints, the significant results shown on both efficacy
variables were deemed to be necessary for claiming a positive study. So, it was ‘
determined by this reviewer that Study 31-93-202 was a negative study.

Since the principal investigator at Center 003, Richard L. Borison, M.D. had his
employment terminated by the Augusta Veterans Affairs Medical Center on June 7,
1996 due to allegations of research misconduct, the efficacy analyses for study 31-94-
202 should be based on the data without Center 003. According to the data presented
in 4.2.2.2 of this review, none of aripiprazole dosage groups showed significant results
on the BPRS-Core score, one of two primary efficacy endpoints. Similar to Study 31-
93-202, the sponsor did not pre-specify any method for multiple endpoints, so Study
31-94-202 was determined as a negative study.

5.3 Long-Term Studies : Studies 31-98-217 and 31-98-304-01

This was a negative study according to the sponsor’s test result of p-value, 0.427 on
the primary efficacy endpoint: time to failure to maintain response. Although the
sponsor had protocol-specified intention to pool data from both studies for efficacy
and safety evaluations, we did not usually accept the results by the combined data
analyses. Now that the results showed insignificant, there was no need to further

" discuss this issue.
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- 54 Additi.ona.l-FComment (For Subgroup Analysis)

The sponsor reported a table (Table 5.10) for model-based mean change of PANSS
Total Score from baseline at endpoint by gender, age, race and baseline score in the
LOCEF data set of the combined studies. For three individual pivotal phase III studies,
however, they only performed the subgroup analyses for gender on the PANSS Total
Score among those four categories. This reviewer performed the subgroup analyses for
gender on the PANSS Positive Sub-Scale Score and CGI Severity of Illness Score for
Studies 31-97-201 and 31-97-202, and for age and race for all three primary endpoints
for Studies 31-97-201 and 31-97-202 as well as for one primary endpoint for Study
CN138-001. -

The subgroup analyses for gender are shown in Tables 6, 6A, 8, 8A and 11 of the
Appendix. The subgroup analyses for age are shown in the following Table 5.11 and
Tables 14 and 15 of the Appendix. The subgroup analyses for race are shown in
Tables 16-18 of the Appendix. Note that, the ANOVA model used for obtaining the
means of change of scores included the baseline value as a covariate. The sponsor’s
protocols did not mention any subgroup analysis.

According to Table 5.10, the sponsor summarized in the Integrated Summary of
Efficacy that “ Efficacy was found to be similar for men and women. For the subset of
age, because the number of patients 2 65 years was minimal (1%), data was
insufficient for useful evaluation of efficacy in that population. In order to evaluate
efficacy in older patients, a subset was evaluated at 2 50 years. Although aripiprazole
patients = 50 years did not show a difference relative to placebo due to a high placebo
response, the actual PANSS scores at endpoint for aripiprazole patients who were 50
years or older was similar to those for patients < 50 years old. For the subset of race,
efficacy was found to be similar for whites and blacks. In this data set, Hispanic
patients (N=42) had a high placebo response compared with other races.” and “For
baseline psychiatric status, patients who were more severely ill (PANSS Total Score
> 91) showed a greater improvement at endpoint compared with patients who were
less ill (PANSS Total Score < 91); however this result might be expected because
more severely ill patients are able to show a greater change. The PANSS Total Score
of 91 was the median value observed in the database.”

Since the magnitude of mean change of PANSS Total Score at Endpoint for patients
who were less than 50 year old in the placebo group was extremely small comparing to
other treatment groups. This reviewer performed the subgroup analyses for age (<50
and 250) to observe any difference between these age groups for each pivotal study
and showed the results in Table 5.11.
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It was interesting to find that for each study the placebo group’ magnitude of mean
change of PANSS Total Score was greater than one of aripiprazole groups in older
patients (age>50). For Study 31-97-201, the placebo group of older patients had bigger
magnitude of mean change of PANSS Total Score than the aripiprazole 30mg group of
older patients. For Study 31-97-202, the placebo group of older patients had bigger
magnitude of mean change of PANSS Total Score than the aripiprazole 20 mg group
of older patients. Also, for Study CN138-001, the placebo group of older patients had
bigger magnitude of mean change of PANSS Total Score than the aripiprazole 15 mg
group. Although there were not many patients greater or equal to 50 year old in the

studies, this consistent finding seems to tell us that aripiprazole may not be an

effective drug for the older patients suffering from schizophrenia.

Table 5.10 PANSS Total Score: Model-Based Mean Change from Baseline at Endpoint
by Gender, Age, Race and Baseline Score; LOCF Data Set, Efficacy Sample;
Short-Term, Placebo-Controlled Efficacy Studies (31-93-202, 31-94-202,

31-97-202 and CN 138-001)

PANSS Total Score at Endpoint
Subgroup N  Placebo N Haloperidol N Risperidone N Aripiprazole
Gender Men 301 -2.8 137 -134 67 -14.1 661 -12.6
Women 103 <32 49 -14.1 28 -15.3 224 -139
Age (years) <S50 351 -1.8 162 -14.2 87 -142 743 -133
250 53 9.8 24 4.4 8 -17.6 142 -10.8
Race White 204 -2.0 115 -14.4 53 -15.0 492 -127
Black 140 2.4 51 -11.5 36 -158 260 -13.7
Hispanic 42 -10.9 14 -14.1 4 -1.8 91 9.0
Asian 10 14.1 | -14.0 1 114 21 «22.5
Baseline Above 196 -5.7 105 -18.1 49 -17.1 433 -179
PANSS Total Median
=>91)
Below 208 0.1 81 94 46 -11.4 452 8.0
Median ’
(<91)
72
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Table 5.11 Model Based Mean Change of PANSS Total Score for Age Subgroups of
Patients for Pivotal Studies

Study 31-97-201 . Age 250 Age<S0
: n Mean SE n Mean SE
Aripiprazole 15mg 12 -18.45 6.36 87 -13.91 2.52
Aripiprazole 30mg 14 -8.69 5.79 86 -10.87 2.53
Haloperidol 10mg 11 -15.65 6.53 88 -12.63 2.50
Placebo 11 -14.44 6.52 91 -0.42 2.46
Study 31-97-202 Age 250 Age<50
n Mean SE n Mean SE
Aripiprazole 20m 14 -10.11 4.15 84 -14.87 2.44
Aripiprazole 30mg 20 -14 342 76 -12.83 2.57
Risperidone 6mg 8 -17.09 5.44 87 -15.16 2.40
Placebo 13 -11.68 4.22 90 -3.54 2.36
CN138-001 Age 250 Age<S0
n Mean SE N Mean SE
Aripiprazole 10m, 22 -15.33 5.58 81 -14.14 2.56
Aripiprazole 15mg 17 -3.88 6.33 86 -12.92 249
Aripiprazole 20m 19 -18.51 5.98 78 -13.08 2.61
Placebo 22 -14.30 5.57 85 2.17 2.50

- ~.

Yeh-Fong Chen, Ph.D.
, Mathematical Statistician
Concurrence:

Dr. Jin Dr. Chi
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6. Appendices

Table 1 Di;posfﬁon of Patients, All Patients (Schizophrenia and Schizoaffective

Disorder)
Number of Patients
Enrolled 502
Entered Placebo Washout 460
Discontinued 46
Did not qualify for 18
Jomizal:
Adverse event 4
Lost to follow-up 11
Paticnt withdrew consent 13
Number (%) of Patients
Haloperidol Aripiprazole
Placebo 10mg 1Smg 30 mg Total
Randomized Sample 106 104 102 102 414
Completed Study 58 (S5) &2 (60) 68 (67) 60 (39) 248 (60)
Discontinued 48 (45) £ (40) 34 (33)  42(41) 166 (40)
Adverse event 17 (16) 11 (11) 99 8 (8) 45 (1D
Lost to follow-up (D) 0 0 1 (1) 2(<1)
Paticn withdrew consent 12 (11) 20 (19) 15 (15) 10(10) 57 (19)
(personzl reasons) .
Patient met withdrawal 1() 0 1 (D) 1 (1) 3(1)
criteria”
Noncompliance (D 1(1) 0 1 (1) 3
Insufficicnt clinical 15 (14) 6 (6) 3(%) 15 (15) 41 (10)
respanse
Paticnt withdrew consent 1(h) 4 (4) 4 (4) 6 (6) 15 (4)
(lack of effect) )

Patient 97201-}-3 in the placebo group was withdrawn for administrative reasons. Paticnt 97201-1-2 in

the aripiprazole 15-mg group and Patient 97201-1-1 in the aripiprazole 30-mg group were withdrawn

because the study site was closed.
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Figure 1: Time to Discontinuation Due to All Reasons, Randomized Sample for

Study 31-97-201
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Table 2 Disposition of Patients with Schizophrenia
Number (%) of Patients
Haloperidol Aripiprazole
Paccbo  10mg  15mg  30mg  Total
Randomized Sample 78 61 74 7 282
Complcted Study 44 (59) 41 (67) $3(72) 42 (58) 180 (64)
Discontinved 31 1) 20 (33) 21 (28) 30 (42) 102 (36)
Adverse event 11 (1%) 6 (10) 5 6 (8) 28 (10)
Lost to follow-up 1Q) 0 0 1 (1) 2()
Patient withdrew consent 6(8) 9 (19 10 (14) 9 (13) M (12)
(personal reasons)
Paticnt met withdrawal - 0 0 1(H 0 1 (<))
criteria’
Nencompliance X)) 0 0 0 1(<1)
Insufficiént clinical. 11 (18) 2(3) 2(3) 9(13) 24 (9)
response :
Paticnt withdrew consent 1) LN} 34 5™ 124)
(lack of effect)

-

75

Patient 97201-1-2 in the aripiprazole 15-mg group was withdrawn because the study site was closed.

Stat Review, Page 76 of 141

‘,.‘

t



Table 3 Disposition of Patients: All Patients (Schizophrenia and Schizoaffective

Disorder)
) Number of Patients
Earolied 487
Entered Placebo washost 448
Discontinued 4
Did not qualify for randomization 2]
Patient withdrew consent 12
Reasons for withdrawal not noted 1
Number (%) of Patients
Risperidone Aripiprazole
Ptacebo 6 mg 20 mg 30 mg Total
Randomized Sample 103 99 101 ot 404
Completed Study 52 (50) 62 (63) 61 (60) 67 (66) 242 (60)
Discontinued 51 (50) 37 37) 40 (40) 34 (34) 162 (40) o
Adverse event 17 (17) 8 (8) 11 n 8 (8) 44 (1) -
Lost to follow-up 0 2(2) 0 2(2) 4 (1) '
Patient withdrew 11 (1) 12 (12) 18 (18) 9 (9) 50 (12)
consent (personal
feasons)
Patient met 0 0 0 1(1) 1(=1)
withdrawal criteria”
Noncompliance 0 (D 1) 22 4D
Protocol Violation 1D 1 (1) ()} ] 2(<1)
Insufficient clinical 17 (17) 8 (8) 9 (9) 8 (8) 42 (10)
response
Patient withdrew 5(5) 5 (5) 1(1) 4 (9 15 (4)
consent (lack of
effect)

the dosing record.

APPEARS THIS WAY

ON ORI

GINAL
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Patient 97-202-71-22 in the aripiprazole 30-mg group did not receive study medication according to
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Figure 2 Timeto Discontinuation Due to All Reasons, Randomized Sample
for Study 31-97-202
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Table 4 Disposition of Patients with Schizophrenia
]
Number (%) of Patients
Risperidone Aripiprazole

Placebo 6 mg 20 mg 30 mg Total
Randomized Sample 78 74 66 71 289
Completed Study 43 (55) 47 (64) 42 (64) 51 (72) 183 (63)
Discontinued 35 (45) 27 (36) 24 (36) 20 (28) 106 {37)
Adverse event 10 (13) 5() 6 (9) 5(7) 26 (9)
Lost to follow-up 0 2 (3) 0 1 (1) 3 (1
Patient withdrew consent 9 (12) 9 (12) 13 (20) 5(M 36 (12)
(personal reasons)
Noncompliance 0 1(1) 0 2 (3) 3
Protocol Violation 1 () 0 0 0 1 (<1)
Insufficient clinical 11 (14) 6 (8) 5(8) 5¢7) 27 (9
response
Patient withdrew consent 4 (5 4 (5) 0 2 (3) 10 (3)
(lack of effect) .
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Table 5 The Summary of Model-Based Mean Change from Baseline in PANSS Total
Score by Study Center, LOCF Data Set, Efficacy Sample for Study 31-97-201

PANSS Total Score
Placebo = Haloperidol Aripiprazole  Aripiprazole
Center Visit 10 mg 15 mg 30mg

N Mean N Mean N Mean N Mean

Overall Baseline 102 1009 99 99.9 99 988 100 99.6
Endpoint 102 -29 99 -138 99 -155 100 -114

023 Endpoint 7 0.6 7 -13.7 7 -19.1 7 4.0
039 Endpoint 7 -3.1 7 -11.6 6 -16.5 7 -8.8
043 Endpoint 7 2.5 7 -4.8 7 -7.9 7 -5.7
027 Endpoint 6 -4.1 5 -8.8 6 -4.9 6 -0.7
030 Endpoint 6 0.5 6 -8.0 6 -23.6 6 -14.7
036 Endpoint 6 9.9 6 -9.8 6 38 6 -10.1
025 Endpoint 5 -17.8 5 -6.0 5 327 5 -18.8
031 Endpoint 4 5.8 3 -3.4 4 -262 3 -18.1
007 Endpoint 4 -6.4 4 -7.8 3 -104 4 -2.0
028 Endpoint 4 2.9 4 -3.5 4 7.5 4 7.1 -
020 Endpoint 4 66 4 -16.1 3 285 3 8.5
038 Endpoint 3 22.1 3 -15.8 3 -8.1 3 4.8
026 Endpoint 3 0.1 3 -16.9 3 -29.9 3 -11.0
029 Endpoint 3 40.6 3 -18.5 3 5.7 3 -37.0
APPEARS THIS WAY
ON ORIGINAL
78

Stat Review, Page 79 of 141



Table 6 Mean Change from Baseline in PANSS Total Score by Gender, LOCF Data Set,

Efficacy Sample for Study 31-97-201

PANSS Total Score
Placebo Haloperidol 10 mg  Aripiprazole 15mg  Aripiprazole 30mg
Variable Men Women Men Women Men Women Men Women
N=71 N=31 N=65 N=34 N=73 N=26 N=69 N=31

Mean 100.5 994 99.1 100.5 96.1 103.0 98.5 98.7
Baseline

Endpoint -1.2 -3.7 -12.2 -14.1 -13.5 -17.3 -129 -54
(Week4) ‘

Table 6A Mean Change from Baseline in PANSS Positive Sub-Scale Score and CGI
Severity of Illness Scores by Gender, LOCF Data Set, Efficacy Sample

for Study 31-97-201

PANSS Positive Sub-Scale Score

Placebo Haloperidol 10 mg  Aripiprazole 15Smg  Aripiprazole 30mg
Variable Men Women  Men Women  Men Women  Men Women
N=71 =31 N=65 N=34 N=73 =26 N=69  N=31
Mean 2527 2397 2472 2594 2440 25.15 2436 2442
Baseline }
Endpoint -0.16 -0.60 -4.01 450 -362 -504 435 -1.77
(Week4)
CGI Severity of Illness Score
Placebo Haloperidol 10 mg  Aripiprazole 15mg  Aripiprazole 30mg
Variable Men Women Men Women Men Women Men Women
N=71 N=31 N=65 N=34 =73 =26 N=69 N=31
Mean 4.94 494 4.88 4.79 4.90 4.92 4.84 4.74
Baseline
Endpoint -0.01 -0.17 -047 -047 -0.64 -0.61 -0.50 -0.12
(Week4)
APPEARS THIS WAY
ON ORIGINAL
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Table 7 The Suthary of Model-Based Mean Change from Baseline in PANSS Total
Score by Study Center, LOCF Data Set, Efficacy Sample for Study 31-97-202

PANSS Total Score
Placebo  Risperidone Arnpiprazole Aripiprazole
Center Visit 6 mg 15 mg 30mg

N Mean N Mean N Mean N Mean

Overall Baseline 103  94.1 95 92.6 98 935 9% 91.6
Endpoint 103 -50 95 -157 98 -145 96 -13.9

050 Endpoint 7 -1.1 7 -6.6 7 -19.1 7 -6.3
051 Endpoint 3 -6.8 3 -16.3 3 -18.9 3 -15.3
053 Endpoint 3 -3.7 3 -3.2 3 -29.8 3 0.7
059 Endpoint 7 -26.0 5 -13 6 -15.9 5 -18.6
067 Endpoint 6 -0.0 5 -14.6 6 -7.3 6 . 3.0
069 Endpoint 6 -184 5 -7.9 6 -164 6 -9.9
071 Endpoint 6 11.5 6 -1.9 6 -3.8 5 -8.7
081 Endpoint 4 54 5 -25.8 5 -30.6 4 -25.8
084 Endpoint 7 -12.6 7 -20.8 7 -16.1 7 -23.2
093 Endpoint 5 5.0 5 -37.1 5 -15.1 5 239
- APPEARS THIS Way
- ON 0RIG) NAL
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Table 8 Mean Change from Baseline in PANSS Total Score by Gender, LOCF Data Set,
Efficacy Sample for Study 31-97-202 -

PANSS Total Score

Placebo Risperidone 6mg  Aripiprazole 20mg  Aripiprazole 30mg
Variable Men Women Men Women Men Women Men Women

N=73 N=30 N=67 N=28 N=71 N=27 N=63 N=31
Mean 95.5 93.9 94.5 91.3 91.2 101.3 91.9 93.1
Baseline ~
Endpoint -4.6 -5.1 -144 -186 -13.8 -12.8 -9.8 -20.1
(Week 4)

Table 8A Mean Change from Baseline in PANSS Positive Sub-Scale Score and CGI
Severity of Illness Scores by Gender, LOCF Data Set, Efficacy Sample
for Study 31-97-202

PANSS Positive Sub-Scale Score

Placebo Risperidone 10 mg  Aripiprazole 15mg  Aripiprazole 30mg
Variable Men Women Men Women Men Women Men Women
N=73 N=30 N=67 N=28 N=71 N=27 N=63 N=33
Mean 25.07 23.23 2422 2325 24.72 25 2416 23.64
Baseline )
Endpoint -1.40 -2.45 4.8 -5.79  -5.02 -4.0 -2.54 -6.10
(Week4) '
CGI Severity of Illness Score
Placebo Risperidone 10 mg  Aripiprazole 15mg  Aripiprazole 30mg
Variable Men Women  Men Women  Men Women  Men Women
N=73 =30 N=67 N=28 =71 N=27 N=63 ~ N=33
Mean 4.86 4.67  4.96 4.57 473 4.96 4.78 4.67
Baseline :
Endpoint -0.18 -0.25 -0.73 -0.77 -0.49 -0.49 -0.43 -0.84
(Week4)
APPEARS THIS WAY
ON ORIGINAL
81

Stat Review, Page 82 of 141

0]

(4



Table 9 Disposition of Patients in Study CN138-001

- Number of Patients (%)
Aripiprazole Aripiprazole Aripiprazole

Patient Status Placebo 10 mg 15 mg 20 mg Total
Enrolled Sample n/a n/a n/a n/a 508
Baseline failures n/a n/a n/a n/a 88
"Randomized 108 1 106 106 100 420
Discontinued from double-blind 78 (72) 63 (59) 74 (70) 63 (63) 278 (66)
treatment”

Due to lack of response entered 44 (41) 28 (26) 37 (35) 22 (22) 131 (31)

open-label treatment

Adverse event 6 (6) 11 (10) 303 5(5) 25 (6)

Lack of efficacy 11 (10) 5(5) 8 (8) 11 (11) 35 (8)

Patient withdrew consent 13 (12) 18 (17) 24 (23) 18 (18) 73 (17

Patient unreliability 0 1 (1) 1(1) 1(1) 3

Lost to follow-up 0 0 0 a4 -

Pregnancy o 0 0 0 0

Death 0 0 0 0 0

Other known cause 4 (4) 0 1(1) 2 (2) 7 (2)
Completed double-blind 30 (28) 43 (41) 32 (30) 37 37) 142 (39)
treatment

Patients not responding at the end of Week 3, as indicated by CGI Improvement Score of 4 to 7, were

placed on open-label trzatment.

APPEARS THIS WAY

ON ORIGINAL
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Table 10 Disposition of Patients Who Entered Open-label Treatment for Study

CN138001 )
Number of Patlents (%)
Original Randomized Treatment Group
Aripiprazele Aripiprazole Aripiprazole
Patient Status Placebo 10 mg 15 mg 20 mg Total
Entered open-label treatment 4 28 37 22 131
from Week 3 to Week §
Discontinued from open-label 22 (50) 10 (36) * 18 (49) 9 (41) 59 (45)
treatment
Adverse event 5@an 2(M 4 (11) 1(5) 12(9)
Lack of efficacy 13 (30) 8 (29) 10 (27) 6 (27) 37 (28)
Patient withdrew consent 4(9) 0 3(8) 209 9 (N
Patient unreliability 0 0 0 0 0
Lost to follow-up 0 0 0 0 0
Pregnancy 0 0 0 0 0
Death ) 0 0 0 0 0
Other known cause 0 0 1(3) 0 1(1)
Completed open-label 22 (50) 18 (64) 19 (51) 13 (59) 72 (55)
treatment

Figure 3: Time to Discontinuation for Any Reason, Randomized Sample for Study CN
138-001
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Table 11 Model Based Mean Change from Baseline in PANSS Total Score for Gender in

the LOCF Data Set for Study CN138-001

Male PANSS Total Score
) Placebo Aripiprazole Aripiprazole Aripiprazole
Phase - 10 mg 15 mg 20 mg
Variable N=82 N=80 N=76 N=79
Mean Baseline 92.02 93.44 92.79 97.31
Day 4 -2.28 4.13 -3.66 4.74
Week 1 -3.02 -7.51 -7.14 -6.76
Week 2 -1.87 -10.18 -6.66 -9.66
Week 3 -1.40 -12.03 -7.43 -11.89
Week 4 -1.03 -12.82 -9.41 -12.13
Week 5 -0.44 -13.57 -10.26 -13.03
Week 6 -1.05 -14.87 -11.72 -14.31
Female PANSS Total Score
Placebo Aripiprazole Aripiprazole Aripiprazole

Phase 10 mg 15 mg 20 mg
Variable N=25 N=23 N=27 N=18
Mean Baseline 93.64 90.39 94.63 103.89
Day 4 -3.83 -0.99 -7.13 -6.82
Week | -0.50 -5.29 -2.76 -11.23
Week 2 -1.03 -9.38 -7.33 -12.26
Week 3 -2.01 -9.38 -9.23 -10.82
Week 4 -1.85 -8.77 -10.51 -10.35
Week 5 -1.55 -10.39 -10.09 -12.89
Week 6 -1.86 -10.99 -10.82 -15.25

Note: The baseline score was used as a covariate in the ANCOVA model.

Figure 4 Time to Discontinuation due to All Reasons in the Randomized Sample for
Studies 31-98-217 and 31-98-304-01
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Table 12 Disposition of Patients for Studies 31-98-217 and 31-98-304-01

il Number (%) of Patieats
Patient Status Haloperidol Aripiprazole Total
Earolled Sample n/a na 1452
Screening Failures n/a n/a 158
Entered Placebo Washout n/a n/a 1294
Randomized Sample 433 861 1294
Discontinued From Double-Blind Treatment 305 (70) 494 (57) 799 (62)
Lost to follow-up 10 (2) 24 (3) 34 (3)
Patient withdrew consent (personal reasons) 97 (22) 159 (19) 256 (20)
Insuflicient clinical response kNG 63 (7 101 (8)
Adverse event other than worsening 80 (19) 70 (8) 150 (12)
schizophrenia
Adverse event of worsening schizophrenia 58 (13) 143 (1D 201 (16)
Study participation terminated by sponsor 1 (<1 2 (<) 3 (<)
Noncompliance 17 (4) 25 3 42 (3)
Protocol violation 3 8 () 11 (1)
Patient met withdrawal criteria 1 (<1) 0 1 (<)
Completed Double-Blind Treatment 128 (30) 367 (43) 495 (38)

Table 13 Subgroup Analysis for the Diagnosis in the OC Data Set
for Study 31-97-201 and Study 31-97-202

Study 31-7-201

Schizophrenia Patients alone

Schizoaffective Disorder Patients alone

PANSS Total N Mean P-Value N Mean P-Value
Score
Haloperidol 10mg 40 -16.5 0.135 21 -16.22 0.9120
Aripiprazole 15mg 53 -21.3 0.005 15 -33.15 0.0227
Aripiprazole 30mg - 42 -17.4 0.086 19 -25.15 0.1965
Placebo 46 -10.0 14 -15.44
PANSS Positive N Mean P-Value N Mean P-Value
Sub-Scale Score
Haloperidol 10mg 40 4.3 0.104 21 -6.35 0.1248
Aripiprazole 15mg 53 -5.8 0.004 15 -8.40 0.0166
Aripiprazole 30n1g 42 -5.9 0.004 19 -7.17 0.0643
Placebo 46 -2.2 14 -3.46
CGI Severity of N Mean P-Value N Mean P-Value
Hiness Score
Haloperido! 10mg 40 -0.6 0.122 21 -0.63 0.8589
Aripiprazole 15mg 53 -0.8 0.008 15 -1.29 0.0409
Aripiprazole 30mg 41 -0.6 0.095 19 -0.86 0.3942
Placebo 46 -0.3 14 -0.58
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Study 31-97-202

Schizophrenia Patients alone

Schizoaffective Disorder Patients alone

PANSS Total N Mean P-Value N Mean P-Value
Score

Risperidone 6mg 47 -20.6 0.254 14 -30.60 0.6726
Aripiprazole 20mg 42 -23.5 0.069 19 -22.25 0.4146
Aripiprazole 30mg 51 -20.3 0.279 17 -20.11 0.2650
Placebo 43 -16.1 9 -27.65

PANSS Positive N Mean P-Value N Mean P-Value
Sub-Scale Score

Risperidone 6mg 47 -6.6 0.170 14 -9.64 0.3653
Aripiprazole 20mg 42 -7.8 0.023 19 -6.74 0.7037
Aripiprazole 30mg 51 -6.2 0.291 17 -4.46 0.1598
Placebo 43 4.9 9 -7.57

CGI Severity of N Mean P-Value N Mean P-Value
Illness Score

Risperidone 6émg 47 -1.0 0.072 14 -1.31 0.4519
Aripiprazole 20mg 42 -1.0 0.141 19 -0.92 0.7199
Aripiprazole 30mg 51 -1.0 0.123 17 -0.64 0.2348
Placebo 43 -0.7 9 -1.04

Table 14 Model Based Mean Change of PANSS Positive Sub-scale Score for Age
Subgroups of Patients for Pivotal Studies

Study 31-97-201 Age 250 Age<50

N Mean SE n Mean SE
Aripiprazole 15mg 12 -5.69 1.72 87 -3.77 0.74
Aripiprazole 30mg 14 -3.05 1.58 86 -3.63 0.74
Haloperidol 10mg 11 -3.84 1.78 88 4.23 0.73
Placebo 11 -3.44 1.78 92 0.09 0.72
Study 31-97-202 Age 250 Age<50

N Mean SE n Mean SE
Aripiprazole 20mg 14 -3.33 1.49 84 -5.07 0.72
Aripiprazole 30mg 20 -4.44 1.23 76 -3.55 0.76
Risperidone 6émg 8 -541 1.99 87 -5.02 0.71
Placebo 13 -5.02 1.52 90 -1.22 0.70
Table 15 Model Based Mean Change of CGI Severity of Illness Score for Age

Subgroups of Patients for Pivotal Studies

Study 31-97-201 Age 250 Age<50

N " Mean SE n Mean SE
Aripiprazole 15mg_ 12 -1.08 0.29 87 -0.56 0.1
Aripiprazole 30mg_ 14 -0.29 0.26 86 -0.39 0.1
Haloperido! 10mg 11 -0.50 0.31 88 -0.48 0.1
Placebo . 11 -0.33 0.30 92 -0.02 0.1
Study 31-97-202 Age 250 Age<S0

n Mean SE n Mean SE
Aripiprazole 20mg 14 -0.45 0.23 84 -0.50 0.11
Aripiprazole 30mg 20 -0.67 0.19 76 -0.54 0.12
Risperidone 6mg 8 -0.38 0.30 87 -0.77 0.11
Placebo 13 -0.56 0.23 90 -0.15 0.11
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Table16 Model Based Mean Change from Baseline in All Three Primary Endpoints for
Race Subgroup Analysis for Study 31-97-201

PANSS Total Score

Placebo Haloperidol 10 mg _ Aripiprazole 15 mg  Aripiprazole 30 mg
White
Baseline Mean & (N) 98.2 (50) 99.6 (64) 98.7 (58) 97.1 (58)
Endpoint (Week 4) -0.59 -14.12 -13.42 -9.66
Black
Baseline Mean & (N)  102.85 (34) 96.14 (22) 98.5 (26) 100.88 (25)
Endpoint (Week 4) -3.59 -11.52 -19.69 -15.05
Hispanic
Baseline Mean & (N) 103 (14) 103.11 (9) 92.67 (12) 99.25 (12)
Endpoint (Week 4) -84 -5.57 -9.96 1.03
Asian
Baseline Mean & (N) 84.67 (3) 106 (1) 97 (3) 109.67 (3)
Endpoint (Week 4) 23.17 -15.10 -14.48 -41.65
PANSS Positive Sub-Scales
Placebo Haloperidol 10 mg _ Aripiprazole 15 mg Aripiprazole 30 mg
White
Baseline Mean & (N) 24.27 (51) 25.66 (64) 24.97 (58) 24.4 (58)
Endpoint (Week 4) 0.08 4.71 -3.39 -3.63
Black
Baseline Mean & (N) 25.85 (34) 23.91 (22) 23.81(26) 24.44 (25)
Endpoint (Week 4) -0.28 -3.61 -4.53 -4.54
Hispanic
Baseline Mean & (N) 25.21(14) 24.44 (9) 23.92 (12) 24 (12)
Endpoint (Week 4) 2.77 -0.99 -4.54 0.51
Asian
Baseline Mean & (N) 2133 (3) 19 (1) 27(3) 25.67 (3)
Endpoint (Week 4) 5.99 -10.71 -7.22 -11.86
CGI Severity of Illness
Placebo Haloperidol 10 mg  Aripiprazole 15 mg  Aripiprazole 30 mg
White
Baseline Mean & (N) 4.96 (51) 4.89 (64) 4.97 (58) 4.83 (58)
Endpoint (Week 4) -0.08 -0.57 -0.63 -0.43
Black
Baseline Mean & (N) 5(34) 4.73 (22) 4.89 (26) 4.76 (25)
Endpoint (Week 4) -0.002 -0.51 -0.64 0.4
Hispanic
Baseline Mean & (N) 4.93 (14) 4.78 (9) 4.67 (12) 4.92 (12)
Endpoint (Week 4) -0.23 0.19 -0.59 0.13
Asian
Baseline Mean & (N) 4(3) 5(1) 5() 503)
Endpoint (Week 4) 0.67 0 -1 -1.33
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Tablel7 Mean bhange from Baseline in All Three Primary Endpoints for Race Subgroup
Analysis for Study 31-97-202

PANSS Total Score

Placebo Risperidone 10 mg  Aripiprazole 15 mg  Aripiprazole 30 mg
White
Baseline Mean & (N) 96.30 (57) 96.06 (53) 94.05 (58) 90.93 (58)
Endpoint (Week 4) -4.59 -16.18 -13.92 -12.33
Black
Baseline Mean & (N) 93.83 (35) 88.94 (36) 90.64 (30) 92.83 (29)
Endpoint (Week 4) -5.83 -17.49 -15.47 -12.11
Hispanic
Baseline Mean & (N) 94.5 (4) 90.5 (4) 102.17 (6) 106.67 (3)
Endpoint (Week 4) -2.68 5.36 -1.77 -13.70
Asian
Baseline Mean & (N) 87.33(3) 102 (1) 103.5(2) 109 (2)
Endpoint (Week 4) 8.60 4,51 -23.37 -40.28
PANSS Positive Sub-Scales
Placebo Risperidone 10 mg _ Aripiprazole 15 mg Aripiprazole 30 mg
White .
Baseline Mean & (N) 24.96 (57) 24.64 (53) 24.47 (58) 22.93 (58)
Endpoint (Week 4) -1.92 -5.56 -5.07 -3.23
Black
Baseline Mean & (N) 24.14 (35) 23.06 (36) 25.17 (30) 25.38 (29)
Endpoint (Week 4) -1.54 -5.47 -4.52 -3.51
Hispanic :
Baseline Mean & (N) 24 (4) 20.5(4) 29.67 (6) 31(3)
Endpoint (Week 4) -1.07 0.74 -1.26 -6.03
Asian
Baseline Mean & (N) 23 (3) 22 (1) 23 (2) 25(2)
Endpoint (Week 4) 0.86 0.28 -8.97 -9.97
CGI Seventy of Illness
Placebo Risperidone 10 mg  Aripiprazole 15 mg  Aripiprazole 30 mg
White
Baseline Mean & (N) 495 (57) 4.96 (53) 4.86 (58) 4.64 (58)
Endpoint (Week 4) -0.20 -0.76 -0.55 -0.56
Black
Baseline Mean & (N) 4.66 (35) 4.67 (36) 4.63 (30) 4.97 (29)
Endpoint (Week 4) -0.16 -0.85 -0.46 -0.59
Hispanic =
Baseline Mean & (N) 4.25 (4) 475 (4) 5.17 (6) 5@3)
Endpoint (Week 4) -0.11 0.24 0.23 -0.63
Asian
Baseline Mean & (N) 4.67 (3) 5(1) 5(2) 45(Q2)
Endpoint (Week 4) 0.32 0.05 -1.45 -1.05
88

Stat Review, Page 89 of 141



—
\

Table 18 Mean Change from Baseline in All Three Primary Endpoints for Race Subgroup

Analysis for Study CN138-001

PANSS Total Score

Ariperidone 10 mg

Ariperidone 15 mg

Ariperidone 20 mg  Placebo

White
Baseline Mean & (N) 92.25 (53) 92.25 (55) 90.29 (52) 94.69 (49)
Endpoint (Week 4) -12.63 -7.53 -15.18 2.76
Black
Baseline Mean & (N) 87.44 (27) 85.67 (27) 89.42 (26) 85.78 (36)
Endpoint (Week 4) -14.31 -14.23 -12.47 2.27
Hispanic
Baseline Mean & (N) 99.28 (18) 109.31 (16)* 112.83 (12) 98.47 (17)
Endpoint (Week 4) -20.85 -17.45 -12.18 -23.24
Asian
Baseline Mean & (N) 80 (1) 92.5(4) 88.67 (3) 92.5(4)
Endpoint (Week 4) -8.37 -20.25 0.13 7.50
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1.0 Introduction

The sponsor has submitted two rat and two mouse carcinogenicity studies. As there is
basically double the information of the usual bioassay, the multiplicity problem inherent
in carcinogenicity analyses is increased. This reviewer, however, performed no further
adjustment on the usual 0.025 and 0.005 levels of significance in trend for rare and
common tumors, as there is no guidance on this issue. High levels of significance and
consistency across gender and studies should be considered when interpreting any
findings. This reviewer wrote a separate review for each species but presented the main
findings from both species in the summary section.

2.0 Otsuka Study No. 009489 in Rats

This was a 104-week carcinogenicity study of OPC-31 in SPF Fischer (F344/DuCrj) rats.
The test substance was administered in the diet to 50 animals/sex/group at dose levels of
0, 1, 3, and 10 mg/kg/day. Animals were individually housed and water and feed were
available ad lib. Additional 8 satellite animals/sex of the treated groups were maintained
for 52 weeks for determination of plasma concentrations. From the main study, surviving

animals were terminally sacrificed after 104 weeks of dosing. All animals were subjected

to complete necropsy and histopathological examination. Mortality was statistically
investigated by life table analysis (two-sided). Overall incidence of neoplastic lesions and

number of females with mammary gland tumors were tested one-sided by Cochran--

Armitage trend test. Time-related occurrence of mammary gland tumors in females was
tested one-sided by Peto's onset rate method.

2.1 Sponsor's Findings for Study 009489

The sponsor observed no significant differences in mortality between the control and
treated groups of either gender. The final mortality rates (number of animals killed in
extremis or found dead) were as follows:

Dose Group (mg/kg/day) Males Females

0 13/50 (26%) 7/50 (14%)
1 7/50  (14%) 8/50 (16%)
3 8/50 (16%) 13/50 (26%)
10 10/50 (20%) 12/50 (24%)

.0

Mean body weight in the male high dose group was slightly, but significantly, lower (3-
8%) than controls throughout the study. Mean body weight in the female high dose was
slightly, but significantly, higher (4-8%) than controls for weeks 30-68. However, mean
body weight was comparable to that of controls at the other times.

Among the neoplastic findings, only females showed any statistically significant increase,

namely for fibroadenoma of the mammary gland (p<0.05 by Cochran-Armitage trend
test) as well as by Fisher's exact test when comparing the high dose with the controls).
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Additionally, time to onset of mammary gland tumors in females revealed that these
tumors tended to occur earlier in the high-dose group than in the control group (Peto's
onset rate method).

2.2 Reviewer's Findings for Study 009489

The intercurrent mortality among the female rats of this study showed a few more
animals dying in the mid- and high dose groups than in the controls, but not to a
statistically significant degree (p=0.2378, Tables 1-2, Figure 1). There was a statistically
significant increase in fibroadenomas of the mammary gland (p=0.002 vs. ®=0.005,
Table 3).

Among the males, there was a lack of difference between the mortality experience of the

various dose groups (p=0.9028, Tables 4-5, Figure 2)). No individual tumor finding .

reached statistical significance (Table 6).

2.3 Validity of the Male Rats of Study 009489

As there were no statistically significant tumor trends among the male rats in thls study,'

its vahdlty needs to be assessed. Two criteria are set up for this purpose (Haseman'?, Chu
et al.’, and Bart et al.%):

i) was a sufficient number of animals exposed long enough to allow for late-.

developing tumors, and

i) did the high dose provide a sufficient tumor challenge?

The number of animals and length of exposure can be assessed at weeks 52, 80-90, and at
termination, but are generally considered satisfied if 20-30 animals survive through
weeks 80-90. Only seven high dose males had died by week 91 and 80% lived to
terminal sacrifice, easily satisfying this criterion. The high dose is expected to be close to
the MTD to present a sufficient tumor challenge. Suppression in survival when compared
to the controls and/or average body weight differences of about 10 percent, especially
during the first year of treatment, are indicators that the high dose is close to the MTD.
For this study, the mortality pattern of the high dose group did not distinguish itself from
the other groups, including the controls. The sponsor reported average body weight data
being 3-8 percent lower for the high-dose males than the controls for most of the study,
which suggests that the high dose was close to the MTD. Therefore, the long-term
administration of aripiprazole to male rats can be considered a valid study.

-

! Haseman: Statistical Issues in the Design, Analysis and Interpretation of Animal Carcinogenicity Studies,
Environmental Health Perspectives, Vol. 58, pp 385-392, 1984.

? Haseman: Issues in Carcinogenicity Testing: Dose Selection, Fundamental and Applied Toxicology, Vol.
S, pp. 66-78, 1985.

? Chu, Cueto, Ward: Factors in the Evaluation of 200 National Cancer Institute Carcinogenicity Bioassays,
Journal of Toxicology and Environmental Health, Vol. 8, pp 251-280, 1981.

* Bart, Chu, Tarone: Statistical Issues in Interpretation of Chronic Bioassay Tests for Carcinogenicity,
Journal of the National Cancer Institute, pp. 957-974, 1979.
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3.0 BMS Study No. 99321 in Rats

Crl:CD®(SD)IGS BR rats were assigned randomly to groups receiving either the vehicle
(two groups) or aripiprazole at doses of 10, 20, 40, and 60 mg/kg/day via gavage for two
years. Group size was 55 per gender. Implanted microchip identification devices held the
permanent identification number. Animals were housed individually and water and food
"~ was available ad lib. All tissues were microscopically examined from each animal.
Mortality data were evaluated using a two-sided Cox-Tarone test for trend. Differences in
non-palpable tumor rates were analyzed using the method of Peto and Pike®. The two
control groups were pooled for these analyses. Palpable tumors were analyzed by the
Cox-Tarone binary regression method using the first palpation time as onset time. Levels
of significance were set at p-values of 0.005 and 0.025 for common and rare tumors,
respectively.

3.1 Sponsor's Findings for Study 99321

The sponsor observed dose-dependent increases in survival for each gender, though five
maximum dose females could not tolerate the dosing during week one and were found
dead or euthanatized moribund.

Dose Group (mg/kg/day) Males Females

0 34/55 (62%) 33/55 (60%)
0 36/55 (65%) 34/55 (62%)
10 26/55 (47%) 33/55 (60%)
20 26/55 (47%) 23/55 (42%)
40 22/55 (40%) 15/55 (27%)
60 17/55 (31%) 20/55 (36%)

Average bodyweights were decreased in a dose-dependent way for males (9-44% at week
102). Low dose females experienced no effect on bodyweight. Mid-, high-, and
maximum-dose females had average bodyweights 17-41% lower than controls at week
102.

Among the females, adrenocortical carcinoma and combined adrenocortical adenomas
and carcinom¥s showed a statistically significant trend. The trend excluding the
maximum dose was not statistically significant and the two carcinomas in the 40 mg/kg
dose were considered not to be clearly drug related. The maximum dose was considered
to markedly exceed the MTD. No other statistically significant positive trends in tumors
were observed in either gender.

3 Peto et al.: Guidelines for simple sensitive significance tests for carcinogenic effects in long-term animal
experiments. In: IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans,
Supplement 2: Long-term and Short-term Screening Assays for Carcinogens: A Critical Appraisal, Lyon,
International Agency for Research on Cancer, 1980: 311-346.
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3.2 Reviewer's Findings for Study 99321

The intercurrent mortality for the female rats in this study was extremely statistically
significant (p=0.0000, Tables 7-8), but in the direction of better survival with dose. The
significant lack of homogeneity indicates that the separation among the survival curves
does not strictly follow the increasing doses. The Kaplan-Meier graphs make visually
apparent what these p-values convey (Figure 3). Among the tumor findings, malignant
carcinoma of the adrenal cortex was highly statistically significant (p=0.0001 vs.
0=0.025, Table 9). Combining carcinomas and adenomas of the adrenal cortex resulted in
a significant p-value of 0.0002 (based on the asymptotic test due to tumors being both
incidental and fatal).

The male rats of this study had similar mortality experience as the female rats, in that the
treated animals experienced significantly better survival than the controls (p=0.0000,
Tables 10-11). The significant p-value for homogeneity indicates that the survival curves
crossed occasionally, but, in general, survival increased with dose. The Kaplan-Meier

curves bear out these observations (Figure 4). Among the tumor findings, none reached

statistical significance among the male rats (combining benign and malignant
pheochromocytoma of the adrenal, medullar, resulted in a p-value of 0.0334, which is not
- close to statistical significance for common tumors).

3.3 Validity of Male Rat Study 99321

The same criteria as noted above to evaluate the male rat study of Study 009489 are being
applied to the male rats of Study 99321, as no statistically significant increase in tumors
were observed. Survival was excellent for all groups and the number of animals living
long enough is not an issue. Survival was better for the treated than for the control
groups. Average bodyweight for the maximum dose animals was 44 % lower than the
controls' at week 102. By week 2 of the study, an 18.5% lower average body weight was
observed for the maximum dose, and the difference steadily increased. This would
indicate as the sponsor had noted, that the maximum dose exceeded the MTD. As there is
another valid study in male rats available (Study No. 009489), no further investigation of
this study was done (e.g. excluding the top dose and evaluating the remaining data as a
potentially valid study).

-

.'
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4.0 Summary -

The following table summarizes the major statistically significant findings of the two rat

studies.
Otsuka Study 009489 BMS Study 99321

- Females Males Females Males

Survival NS NS Sign. Sign.
increased increased
Mammary Gland, Sign. NS NS NS
Fibroadenoma increased
Adrenal Cortex, NS NS Sign. NS
Carcinoma increased
Validity N/A Yes N/A MTD
exceeded

Otsuka Study 009489 used doses of 0, 1, 3, and 10 mg/kg/day in the diet. Survival was

not affected by treatment and the only statistically significant tumor finding were
fibroadenomas of the mammary gland among female rats. Among the males, no increase

in tumor incidence reached statistical significance, but the study was considered valid.

based on length of exposure and number of animals available at study end. The high dose
was judged to be close to the MTD due to the suppressed average body weights of 3-8 %.

In BMS Study 99321 doses of 10, 20, 40, and 60 mg/kg/day were administered via
gavage. Two identical vehicle controls were also available. For either gender, survival
was much better for the treated that the control groups. The only statistically significant
tumor finding were carcinoma of the adrenal cortex, and carcinoma and adenoma of the
adrenal cortex combined. The males showed no statistically significant increase in
tumors. The length of exposure and the number of animals available at study end were
" satisfactory. However, the high average body weight suppression of the top dose

compared to the controls suggested that this dose far exceeded the MTD.

The summary results for the two mice studies are given as well:

MICE Otsuka Study 011487 Otsuka Study 011932

Females Males Females Males
Survival i} NS Sign. Sign. Sign.

increased decreased increased
Anterior Pituitary, Sign. NS Sign. NS
Adenoma- increased increased
Mammary Gland, Sign. NS Sign. NS
Adenocarcinoma increased increased
Mammary Gland, Sign. I NS Sign. NS
Adenoacanthoma increased increased
Validity N/A Yes N/A Yes
7
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Overall, it appears that the administration of aripiprazole in the doses given results in
increased tumor findings in female rats or mice. The p-values in each case are highly
statistically significant. No increase in tumor incidence rates was observed among the
males of any of the studies. All but one of these male studies were judged to be valid. The
maximum dose in Study No. 99321 was judged to be well beyond the MTD, based on
much lower average body weights of these animals compared to the controls.

.0

APPEARS THIS WAY
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Table 1: Number of Deaths per Time interval for Female Rats in Study 009489

Treatment Group
CTRL LOW | MED HIGH Total
N N N N N

Week

53-78 2 1 4
79-91 3 2 4 1 10
92-103 3 4 7 9 23
104-104 44 43 37 39 163
Total 50} 50 50] 50| 200}

Table 2: Dose Mortality Trend Test* for Female Rats in Study 009489

Method
Cox

Kruskal-Wallis

Time-Adjusted

Trend Test
Dose-Mortality Trend
Depart from Trend
Homogeneity

Dose-Mortality Trend
Depart from Trend
Homogeneity

P

Statistic Value
1.39 0.2378
2.87 0.2384
4.26 0.2346
1.29 0.2562
2.88 0.2368
4.17 0.2437

* Program used: Trend and Homogeneity Analyses of Proportions and Life Table Data Version 2.1, by Donald G.

Thomas, National Cancer Institute,

APPEARS THIS WAY
ON ORIGINAL

‘0

Stat Review, Page 100 of 141



Figure 1: Kaplan-Meier Survival Curves for Female Rats in Study 009489
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Table 3: Tumor Trend Tests for Female Rats in Study 009489

Natur
Organ |Organ Tumor al Tu Value Value
g g Tumor Name Rate |CTRL | LOW | MED |HIGH jmor p p
Name { Code Code in ctr e (Exact) | (Asymp)
roup) rYP
Lung 18 |Adenoma (Lung) 1835 pb% | 1 1 1 IN §0.4750 0.4922
bug |8 L'(“Lde““m‘mm 1865 b% 1 h HIN |0.4593 |0.4521
ung)
Liver bs I(Ch.°'a“g’°°a'°m°m 67 fov o |o B 'I'N |o.4663 lo.ssss
Liver
[pancreas b7 Eﬂ:;;:“ adenoma - hoh0 oo |0 Io 1 b HrN In.osls |00309
idney B8 [Adenoma (Kidne 3835 | 0% 1 0 N 0.4663 §0.5853
y y)
[Kidney PB8  [Liposarcoma (Kidney) 3871  J0% o o 1 0 {FA Jo.4888 [0.5999
|0vary 52 ](G(;s’a‘l“‘“a celltumor fr37  bw | lo 1 b !n«: Io.7167 *).7770
terus 54  [Endometrialsromal o4, Jy50, Hs 1 !0.9892 Fo9843
olyp
[Uterus {54 emangioma (Uterus) [5442  $% P 1) o MX ]1.0000 §0.9085
litoral  Jog denoma (Clitoral  fegas Lo, b s b b 1074 |0.1008
gland land)
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litoral denocarcinoma
IR K\CIitoral sg6s  bw | D Fo 3 'MXO.1390 0.1195
ituitary {59 Pi:fl‘i:;” adenoma  fig35  fsgo, s DS 33 b2 lmxio.ows io.o330
. terior o
pituitary 59 l:‘;‘enocmimm ¢ poes by | N IFA |o.6548 |n.7503
. -cell adenoma o
Thyroid iso '(Crhyroi P poss % P D i 4 II'N F0.2438 |0.2467
Thyroid Iso ET';;?O%":N“‘“ '6066 D% p 1 d 'm 0.2105 Fo.zoss
Adrenal '52 ﬁ’:gﬁ:ﬁ’m“m‘m |6239 by | 4 io D II'N ho.4892 0.4945
ahgnant 0,
Adrenal lsz meocmmc ytom |6269 0% p b Io Po il'N |o.7850 io.8276
[Ear |84 ymbal's gland |8465 % | 1 Io b er |0.9283 |0.8702
arcinoma
Auricle lss EZE::;:’;““ Ixsso 0% 'o b b | 'I'N |0.2393 lo.0564
. alignant !8 o })
Auricle ‘ss E’:hwmom (Aur 580 0% b 1 b A 4889 [0.5986
Skin 86  [Papilloma (Skin) 8631  p% i o 1 1 fIN fo.3564 [0.3550 .
. alignant o k
Skin hse t‘ghw&mma Sk issso b% i P P IFA 1.0000 |0.8471
ammary denoma (Mammary . on
and 5 land) 35 k% | P ) 1 lm |0.6872 |o.7187
ammary g [Fibroadenoma 539 f12% b 17 Fo.oozo 0015
land ammary ﬁgrla
ammary b, [Fibroma Mammary oy oo o 1 !o 0 0.0966 §0.0584
land land)
ammary los denocarcinoma |9565 b | 1 | il’N P.5897 |o.6204
land Mammary g
bdomina araganglioma
havity |98 PR I9831 0% Ho 1 io IFA 10.7381 Io.7664
bdomina alignant o k
I]Acavity '98 csorhelioma (A |9886 0% lo io 1 IFA |o.2528 |0.0633
IGeneral '99 %ﬂ;ﬁ‘r‘a’“ lymphoma Ligeq oo Io |o S Imxlo.lm Io.lszo
[Genera] |99 efi’f,i?:'m"" I9993 12% Is Is 7 imxloszzs |0.329s

-
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Table 4: Number of Deaths per Timer Interval for Male Rats in Study 009489

Treatment Group
CTRL LOW MED HIGH Total
N N N N N
Week
53.78 2 1 1 2 6
79-91 3 2 2 12
92-103 4 5 3 19,
104-104 38 43 42 40} 163
Total 50, 50} 50§ 50} 200}
Table 5: Dose Mortality Trend * Test for Male Rats in Study 009489
Time-Adjusted P .
Method Trend Test Statistic Value
Cox Dose-Mortality Trend 0.01 0.9028
Depart from Trend 1.90 0.3874
Homogeneity 1.91 0.5910
Kruskal-Wallis Dose-Mortality Trend 0.03 0.8642
Depart from Trend 1.85 0.3958
Homogeneity 1.88 0.5971
APPEARS THIS WAY
ON ORIGINAL
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Figure 2: Kaplan Meier Survival Curves for Male Rats in Study 009489
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Table 6: Tumor Trend Tests for Male Rats in Study 009489
{Natural{ Natur
Tumor] al
Orga Organ Name Tumo Tumor Name CTR [LOWIMEDIHIGH pValue | pValue #in | Rate Tumo
n fr Codej L (Exact) ] (Asymp) . r type
Cod control Kin ctrl
€ group fgroup)
one emangioma o
jo3 arrow(fermur) [°>*2 (Bone marrow) | R VI 5031 J0.6012 0%
3 PO p3s4 [rsuocytoma g f | 8379 pasz7 i D%
arrow(femur) one marrow
one istiocytoma
04 [marrow(sternu 0354 "‘ 1 b b b 8379 bss27 | D%
) one marrow
one istiocytoma
5 arrow(vertebr J0354 Y 1 1 1 .8379 0.8527 QI D%
) one marrow
s hymoma o
|07 Thymus 740 EThymus) 2 h) P4969 .6072 0% 'IN
emangiosarco o
13 [Spleen 1372 Ea (Spleen) F) R 0 k.4969 0.6072 P) . 0% II'N
18 |Lung 1835 l&de“ma Ik ok Io.1298 0.1280 | 4% IIN
ung)
denocarcinom
1865 1 1 1 2580 10.2393 11 2% IIN
18 FLung (Lung) 2 F %
31 |Small intestine [p165 prdenocarcinom b b 6337 J0.7386 0%
(Small int
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1 |Small intestine 3176 [-c10myosarcomy, 1 b fsosr fsorz Fo 0%
— (Small int
. epatocellular
34 'leer 3465 arcinoma 1 po 0 1.0000 [0.8491 |1 D%
h7 |Pancreas 3735 fhoinar cell Ho 1 b io.sosl 0.6012 0% er
enoma (Panc
slet cell
37 IPancreas 3736 tdenoma (Panch N 1 Io.8189 08183 PB k% |1N
. denocarcinom
38 IKldney 3865 (Kidney) 0 jo 1 'o '0.5027 0.5969 0% IFA
. apilloma &)
41 ’Urmarybladder 4131 ﬁ,ﬁnawbla e |o 1 |0 |0.4211 .5092 0% [N
43 [restis 4337 [terstitialeell B, L, Lie s hoooo hioooo k2 fo4%
or ( FN
denoma o
48 rostate 4835 Ig,msme) D D 1 0 boion bsas b 4% IIN
denoma
50 reputial gland 5035 {(Preputial 1 b P 1 fo.s828 Jo.6293 |1 ho%  IMX
land)
. denocarcinom .
50 IPrepuual gland [so6s [ApTote] 5 kb L beszs b2 | % N -
terior
E9 ituitary 5935 fdenoma p1 p1 4 9999 [0.9997 p1 2% .
Pituita C
p denoma in o
59 ‘Pumtary 5936 hteme diate p ho 1 Io |o.5062 0.6025 0% Il‘N
. . -cell adenoma
ko Thyroid f036 fThymi 0 10 Is k Is Io.5696 0.5776 |10 0% II'N
-cel} L‘N
Lso Thyroid 6066 |kearcincma D ’) 3 1 7337 P.7s63 Rk 4%
Thyroid
heochromocyt o
k2 |Adrenal 6239 | (Adrenal I ¢ 5 1 |0.7839 904 p 4% il'N
b2 |Adrenal k26s [alignant b 1 ‘0.2513 0.0629 ﬁo 0%  [FA
anglioneuroma
alignant
2 |Adrenal 6269 [pheochromocytfl o B b 6875 p.7726 |1 D% N
m
steosarcoma
75 iBone(others) 7278 Rone) .0 4] 1 0 |0.5031 6012 0% |1'N
keletal abdomyosarc o
79 uscle(others) 7977 E‘:‘na (Skeleta |0 1 io |07soo |0.8339 |o 0% |1N
. . chwannoma o
Bs (Auricle sso EAuﬁcle) p b Fo D |0.1874 |0.1621 lo 0% lMx
alignant L)
85 JAuricle ﬂssso chwannoma 1 P 5031 §0.6012 0%
Aur
. apilloma s
86 [skin '8631 ESkjn) 1 3 1 0 P.9216 09193 |1 2% Im
. eratoacantho o
186 Skin Iassz ﬁa (ki) 1 P B P |0.3483 jo.sm 1 D% lm
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. : richoepithelio &) b
[86 Skin |8633 I;a (Skin) 1 Io 1 |0.4317 3220 | D%
6  [Skin 18640 [Fibroma(Skin) I8 K | B 09123 J0.9093 8 16% JIN
86  ISkin 8641 [Lipoma (Skin) P 1 l.8970 Jo.8s46 P 4% fIN
. emangioperic
|86 Skin |8643 oma (Skin) 1 Io b b 1.0000 Jo.8472 | D% IFA
. emangioleiom
B6  [skin |8644 oma (Skin) |o b |o 1 |o.2454 Po.osoo io 0% II'N
. chwannoma
Bs  [skin |8650 Skin) 1 lo 0 |0.7669 0.7805 lo 0% II'N
ke [skin |866 Eq“‘.‘m“s °°”|o 1 lo 0 |o.7527 0.7751 |o 0% |FA
arcinoma (
6 |skin g61 foasal cell Fo 1 0 F0.7526 7786 Fo 0% [Fa
carcinoma (Ski
. emangiosarco
Ps Skin ks672 Ea (Skin) D b 'o 0 1.0000 [).9129 D 4% IFA
ammary ibroadenoma
5 land 9539 g ary gla I | lo poos6 p.sore | D% IrN
ibroma
bs la"““ary bss0 kMammary |1 D 6911 fo.7754 | % [N,
and -
land)
ammary denocarcinom 0 -
bs fom Fsss (Mammary & b P b |ioooo fssos | % N
. ipoma C
bs WC‘:,‘?”“““‘ 841 lAbdominal o 1 5031 Jo.6012 +) 0%
avity avity)
g [ibdominal ooy, [Hemangioma b b 10000 f.sa79 | % A
cavity Abdominal cav
. alignant
08 ’;bv‘?t‘;“““a' |9886 Fesomeliom Io VI | Fo 5000 10.5985 hn 0% IFA
A
alignant
r99 eneral 989 fymphoma 1 2487 .0617 0%  [FA
Gener
9 eneral 993 {Monmonuclear |5 43 1971 p.19so ks 10%
ell leukemia
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Table 7: Number of Deaths per Time Interval for Female Rats in Study 99321

~ P
Analysis of Mortality No. Risk |No. Died{ No. Alive Sunfltval Mo:gmy
CTR1 0-52 I55 1 §98.2 1.8
53.78 54 10 44 {80.0 0.0
79-91 44 39 70.9 9.1
92-104 9 17 P2 40.0 650.0
FINALKILL105-106 b2 D2 3
CTR2 0-52 55 3 52 o4.5 5.5
53.78 |52 12 40 72.7 P7.3
79-91 40 12 P8 50.9 49.1
92-104 ) 7 Q1 38.2 51.8
FINALKILL105-106 [1 D1 0
LOW 0-52 55 1 54 fos.2 1.8
53-78 54 3 45 B1.8 18.2
79-91 45 12 33 £0.0 40.0
92-104 33 11 P2 40.0 50.0
FINALKILL105-106 b2 D2 )
MED 53.78 55 5 50 0.9 A
79-91 50 b 45 81.8 18.2
92-104 45 13 32 58.2 41.8
FINALKILL105-106 §32 32 0
HIGH 0-52 s 1 B4 f08.2 1.8
53-78 b4 49 {89.1 10.9
79-91 49 44 800 - R0.0
92-104 44 4 40 72.7 7.3
FINALKILL105-106 ko 40 0 -
MAX 0-52 55 5 50 0.9 .1
53.78 50 3 47 §85.5 14.5
79-91 U7 3 54 §80.0 20.0
92-104 44 3] 35 63.6 36.4
FINALKILL105-106 5 5 '
APPEARS THIS WAY
ON ORIGINAL
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Table 8: Dose Mortality Trend Test for Female Rats in Study 99321

Dose-Mortality Trend Tests

Method
Cox Kruskal-Wallis
Statistics P-Value Statistics P-Value
Time-Adjusted Trend Test Lﬁ
Depart from Trend 8514 .0972 .9348 0.0628
Dose-Mortality Trend 17.8748 0.0000 16.4303 0.0001
Homogeneity [25.7262 0.0001 25.3651 0.0001

Figure 3: Kaplan Meier Curves for Female Rats in Study 00321
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Table 9: Tumor Trend Tests for Female Rats in Study 99321

-

Tu Natural
mo umor # Natura Tum
rgal Organ r Tumor Name CTR|CTR LowIMED HIG MAX pValue | pValue . 1 Rate
n Name L1 | L2 H (Exact) J(Asymp) n (in ctrl or
Co control type
ode group)
de group
RENAL
AC r‘gomﬁx D65 iB-ADENOMA 2 B | 3 4 iﬁ 0.0495 bo.o416 5 5% il'N
ADRENAL A
AC | corTEX P° tM-CARcrNOMA 1 ] Io 0 b kb booo hpggg 0 0% IM’X
AUDITOR
AS K sEB oL B4 IM-CARCINOMA PP lo 4 1 P 4327 '0.2776 b 0% Im
[BR JBRAIN {121 {M-ASTROCYTOMA b B i ! o o 8689 f.8617 i 9% IMX
lBR ‘BRAIN 191|gLIGODENDROGUOMA 1 p I io io p.8750 J0.8532 i 9% tm
lBR |BRAIN 192 [B-SRANULAR CELL P | p Io 'o 10 1.0000 |o.7721 1 9% er
-POLYP,
Icv FCERVIX 456 b\ D OMETRIAL STRO Fo P Fo Io 0.7500 |0.7791 b 0% 'I'N
[CV [CERVIX |68 ]M-LEIOMYOSARCOMA 0 0 [0 1 b P 0.6221 §0.6244 [0 10% |IN
[CV ICERVIX [54 f]M-SARCOMA,STROMAL|I P [0 0o P p 1.0000 §0.8423 {1 %% '
MATO
OPLASI|1 78 [M-LYMPHOMA o 1 P 0.0753 [0.0457 [0%
MATO )
-SARCOMA,
IH'N A OPLASI 264h:snocmc 'o D P Ho 1 ro 0.8233 }).8024 D D% }wx
f4T JHEART |46 B-RHABDOMYOMA P b p 0 T 0.4360 0.2785 0 (0% PN
-ADENOMA,
ILI veR pafADEROMA b B R Ol P | poes pse f % lm
fL1 JLIVER |51 {B-CHOLANGIOMA P pb b 0 1 0 04360 0.2785 P 0% §IN
-CARCINOMA,
lu lLIVER 66 P ARCTIOMA, |0 b | #) %) 0.6221 6244 fo 0% II'N
U JLUNG P69 {M-CHORDOMA b b b 1 0 b 4262 4624 P 0% N
& RENAL Jo
A breouie B baeocrromocyrova B P B 4 N 0.2007 [0.1867 B 3%
AMMAR ts
IMFE v, D0S [B-ADENOMA k ns 4 I |-6a08 ro.6317 12 11%
EMALE
AMMAR E j IMX
, 46 |B-FIBROADENOMA p6 p2 19 po f19 ps  Jo.9947 jo.9938 s 4%
EMALE
AMMAR i
MF v, 73 [M-CARCINOMA 16 ji6 Jis Jio D 1.0000 {1.0000 P32 29% M
EMALE
-MALIGNANT
v fovary pas B CearmE b p P io 1 b passs pames b 0% |
oV JOVARY [475 {B-ADENOMA ot b b 0 P 1.0000 §0.8888 |1 9%  JIN
|PA ANCREAbosPUrpRCNOMASLET b L b | ﬁo P pon pse | 9% IMX
IPA KANCREA pgefon e OMAISLET - g b B b b b hsas ho.9315 7 hs% lm
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IPI K,ITU”AR b92 IM-CARCINOMA o b B b L b ssso !0.8422 h 8% jMX

IPI k,mm"k 49 lB-ADENbMA s0 s ks | po o froooo frocoo s fr IM'X

PN fPINNA  B00 IM-FIBROSARCOMA p P b 1 3 1.0000 §0.8473 P 0% FA

T PARATHY b6 [b-ADENOMA b B b | 09402 ho14s b % lm

SK  |SKIN 07 fM-FIBROSARCOMA o It P 1 o P 0.8351 10.8207 I 9%  [FA

SK  |SKIN 267 |[B-TRICHOEPITHELIOMA |l b [ 1 P P J65s3 6735 |i 19%  IN
-CARCINOMA, -

SK  [SKIN 358@‘EB ACEOUS GL io 1 io 0 Io 0.6066 30.6506 {0 0% IIN
-CARCINOMA,

SK [SKIN B86 kS QUAMOUS CEL b 1 P lo P Io 1.0000 Ho.sou 1 9% Im

SCLE
X -SARCOMA, L’
SM E?ELETA D43 IFFERENTIAT 1 0 i) }: l) 1.0000 Jo.8546 [ 9% 'n\
SCLE,
SM |SKELETA P77 M-FIBROSARCOMA ]o 1 p 1.0000 J0.8598 |1 9% FFA
SP  |SPLEEN [448 {B-HEMANGIOMA b p b b P 0 0.2649  §0.1979 p 0% JIN
STOMAC -PAPILLOMA, b

5U- B vonor P12 KouaMous CeL b io 1 b b b faiss fsoss 0% t‘N

TH [THYMUS 318 {B-THYMOMA 1 p b 1 b p 0.8028 §0.7868 |i 9% IIN

TH [THYMUS 03 ]M-THYMIC CARCINOMA (i o P L 0.5160 [0.4248 {1 9% [N
-PAPILLOMA, 3

Tl [TAIL 342EQUAMOUS CEL P 1 F io 1.0000 io.8461 0 0% l}N
-ADENOMA,

TY [THYROID 128 b0~ e cEL 2 kB P b 'o Io 1.0000 lo.9863 4 4% 'm

TY [THYROID 340 ]M-CARCINOMA,C-CELL 0 0 [0 1 T 0.3991 §0.3060 o 0% [N

TY {THYROID [81 {B-ADENOMA,C-CELL ¥ | |14 P s |1 0.9996 0.9993 {i4 13% N
-POLYP,

iUTERUS 232 | NDOMETRIAL, STR 1 b p B s kB pon ﬁo.os93 D D%

JUT JUTERUS [349 M-LEIOMYOSARCOMA I o o [ 0P 1.0000 {0.8806 fi 9%  FA

T JUTERUS [354 ]M-CARCINOMA 1 P b p Db P 1.0000 §0.8074 i 9%
-SARCOMA,

T HUTERUS 469 bENDOMETRIAL, § P 1 P 0.6221 [0.6244 [0 0% er
A JVAGINA P70 |B-POLYP, STROMAL b p p 1 1 2597 {0.1951 0%  [FA
APPEARS THIS WAY
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Table 10: Number of Deaths per Time Interval for Male Rats in Study 99321

I'd ~

Analysis of Mof-{gllty No. Risk No. Died No. Alive | Pct Survival | Pct Mortality
CTR1 0-52 55 7] 53 lc6.4 3.6
53-78 3 44 §80.0 20.0
79-91 44 14 30 54.5 45.5
92104 |30 21 38.2 1.8
FINALKILL10
5-106 ﬁ1 E1 0
CTR2 0-52 §55 ' 52 fo4.5 5.5
53.78 |52 44 {80.0 20.0
79-91 44 10 34 £1.8 [38.2
92.104 [4 15 19 34.5 B5.5
FINALKILL10
5106 |19 19 0
LOW 0-52 55 n 51 2.7 7.3
53.78 |51 5 46 B3s 16.4
79-91 46 B 40 72.7 7.3
92-104 |40 11 P9 52.7 47.3
FINALKILL10
5-106 P9 29 D
MED 0-52 55 5 50 fs0.9 f0.1
53-.78 0 3 47 85.5 14.5
79-91 47 7 40 72.7 7.3
92-104 jo 11 29 2.7 47.3
FINALKILL10
5106 P9 P9 0 .
MEDHI 0-52 55 7 63 f56.4 3.6
53-78 |53 1 52 fo4.5 B.5
79-91 52 7 45 1.8 18.2
92-104 W5 12 33 50.0 40.0
FINALKILL10
5106 B3 33 0
HIGH 0-52 5 7 53 06.4 3.6
53-78 53 3 | 39 fo0.9 A
79-91 0 5 45 818 18.2
92-104 §5 7 38 £9.1 30.9
FINALKILL10
5-106 B8 38 0

Table 11: Dose Mortality Trend Test for Male Rats in Study 99321

Method
Cox Kruskal-Wallis
Statistics P-Value Statistics P-Value
Time-Adjusted
Trend Test
Depart from
Trend 3.1335 10.5357 2.7301 p.6040
Dose-Mortality
Trend 16.8969 0.0000 16.5506 .0000
Homogeneity [20.0304 0.0012 19.2807 f0.0017
20
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Figure 4: Kaplan Meier Survival Curves for Male Rats in Study 99321
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Table 12: Tumor Trend Tests for Male Rats in Study 99321

90 LOW A&AB MED 't HiGH W pmax

rga Tumo T;zt:tr: Tul val Val
OrganName | n | Tumor Name r |4 CTRL1|CTRL2| LOW | MED | HIGH | MAX |mor] PY2u€ | PYalue
ode Code (in ctrl type (Exact) J(Asymp)

group)

lortex ~ e 'B‘ADENOMA 15 p% P b 1 N 'l‘N i0.6410 b.6279
_’C‘g}ﬁgf’ AC lM-CAchNOMA s pw b #o b b b IIN |03591 0.3175
oY fas nggg’l‘%_’ 133 p% Jo > 1 1 b b lr |09488 0.9326

Q

RDUORY s IB-ADENOMA w1 low b b b HO P | ITN |02216 00692

ONEn Po IB-ODONTOMA s o |0 b P b Io ho IIN IN/A iN/A
IBRAIN IBR ESTROCYTOM nos k% | 3 |s 1 'n Io Imxpo.ms I0.9956
prAIN iBR E’ES%’;{R 332 |o% 1 Io p lo b IFA 10000 f.8679
[COLON ICO [M-CARCINOMA K47 0% [ o P o |3 1 IIN §0.2249 [0.0713
lB_OMNSR IFE EiTEOSARCO h50 |o% In In 1 |o Io lo lFA f.7261 f.msz
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‘ lA)DOT/F OOTPtrP E{BROSAR_COM hos | 0% |0 lo Fo L 1 lo IFA 0.4062 IO.2383
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1.0 Introduction -

The sponsor has submitted two rat and two mouse carcinogenicity studies. As there is
basically double the information of the usual bioassay, the multiplicity problem inherent
in carcinogenicity analyses is increased. This reviewer, however, performed no further
adjustment on the usual 0.025 and 0.005 levels of significance in trend for rare and
common tumors, as there is no guidance on this issue. High levels of significance and
consistency across gender and studies should be considered when interpreting any
findings. This reviewer wrote a separate review for each species but presented the main
findings from both species in the summary section.

2.0 Otsuka Study No. 011487 in Mice

This is a 104 week study of the aripiprazole in the diet of ICR (Crj:CD-1) mice at dose
levels of 0, 1, 3, and 10 mg/kg/day. Groups of 60 animals/gender comprised the main
study. Additional 8 animals per treatment group were maintained for 52 weeks to study
plasma concentrations. The animals were housed individually and food and water were
available ad lib. All main-study animals were fully histopathologically examined. The
sponsor used a two-tailed log-rank test for mortality and one-tailed Cochran-Armitage
trend tests for incidence of neoplastic lesions and number of females with pituitary or

mammary gland tumors. Further, one-tailed Peto's onset rate and death rate methods were:

used for the incidence of mammary gland tumors and pituitary tumors respectively.

2.1 Sponsor's Findings for Study 011487

The sponsor observed no statistically significaut differences in mortality between groups
for either gender. The final mortality rates (number of animals killed in extremis or found
dead) were as follows:

Dose Group (mg/kg/day) Males Females

0 40/60 (67%) 36/60 (60%)
1 44/60 (73%) 37/60 (62%)
3 38/60 (63%) 46/60 (78%)
10 31/60 (52%) 43/60 (72%)

Average body weight of the male mice in the high dose was slightly lower (about 5%)
than the controls throughout the administration period. Differences reached statistical
significance for Week 1 to Week 40. The average body weight of the high dose females
was slightly lower than the controls (about 3-4%) in the early weeks, but became similar
to the controls for the remainder of the study.

Among the females, incidence of adenocarcinoma and of adenoacanthoma in the
mammary glands and of adenoma in the anterior pituitary was significantly higher in the
3- and 10 mg/kg doses when compared to the controls. The corresponding trend tests
reached statistical significance as well. No statistically significant increase in neoplastic
findings was seen among the males, except for a comparison of hemangiomas in the liver
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between male control and mid dose animals. The corresponding trend test or control-high
dose comparison was not statistically significant. Similar findings were observed when
considering decedents and moribund sacrifices and terminal sacrifices separately.

2.2 Reviewer's Findings for Study 011487

The intercurrent mortality among the female mice of this study showed an increase in
mortality with dose, however the trend did not reach statistical significance (p=0.0821,
Tables 1-2, Figure 1). Tumor findings in the pituitary and mammary gland were highly
statistically significant: adenoma in the anterior pituitary: p=0.0000; adenocarcinoma in
the mammary gland: p=0.0000, and adenoacanthoma in the mammary gland: p=0.0011,
(Table 3).

Among the males, there was statistically significantly better survival among the treated

than among the control group (p=0.0138, Table 4-5, Figure 2). There were no positive
increases in tumor findings that reached statistical significance (Table 6).

2.3 Validity of the Male Mouse of Study 011487

As there were no statistically significant tumor trends among the male mice in this study,

its validity needs to be assessed. Two criteria are set up for this purpose (Haseman'?, Chu.

et al.’, and Bart et al.%):
i) was a sufficient number of animals exposed long enough to allow for late-
developing tumors, and
1) did the high dose provide a sufficient tumor challenge?
The number of animals and length of exposure can be assessed at weeks 52, 80-90, and at
termination, but are generally considered sufficient if 20-30 animals survive through
weeks 80-90. The high dose is expected to be close to the MTD to present a sufficient
tumor challenge. Suppression in survival when compared to the controls and/or average
body weight differences of about 10 percent, especially during the first year of treatment,
are indicators that the high dose is close to the MTD. For this study, 19 animals had died
by the end of week 91 and 50% survived till terminal sacrifice. Therefore, there was a
sufficient number of animals living long enough to satisfy the first criterion. There was
no reduction in survival with dose. The sponsor reported average body weights of the
high dose group being below the controls'. Though the difference is only about 5 percent,
it was observed very early-in the study and was maintained for most of the two years.
These findings may sufficiently indicate that the high dose was close to the MTD and that
the study can b¥ considered valid.

! Haseman: Statistical Issues in the Design, Analysis and Interpretation of Animal Carcinogenicity Studies,
Environmental Health Perspectives, Vol. 58, pp 385-392, 1984.

? Haseman: Issues in Carcinogenicity Testing: Dose Selection, Fundamental and Applied Toxicology, Vol.
5, pp- 66-78, 1985.

3 Chu, Cueto, Ward: Factors in the Evaluation of 200 National Cancer Institute Carcinogenicity Bioassays,
Journal of Toxicology and Environmental Health, Vo). 8, pp 251-280, 1981.

¢ Bart, Chu, Tarone: Statistical Issues in Interpretation of Chronic Bioassay Tests for Carcinogenicity,
Journal of the National Cancer Institute, pp. 957-974, 1979.

.0
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3.0 Otsuka Study No. 011932 in Mice

This study consisted only of two groups of ICR (Crj:CD-1) SPF mice: a control group of
60 animals/gender and a 30 mg/kg/day group of another 60 animals/gender. Animals
were randomly allocated on the basis of body weight measured 1 week prior to the
assignment. The compound was administered orally in the diet for 104 weeks for the
males. Dosing was terminated at week 100 for females due to 75% mortality. The
animals were housed individually and water and diet were available ad lib. Additional 8
animals per gender were dosed and maintained for 52 weeks for determination of plasma
concentrations. All tissues were histopathologically examined for all animals of the main
study. Mortality was assessed by a two-tailed life table analysis. Tumor incidences were
analyzed by a one-tailed Peto test. :

3.1 Sponsor's Findings of Study 011932

The sponsor found increased survival in the treated males but decreased survival in the
treated females compared to their controls. The final mortality rates (number of animals
killed in extremis or found dead) at week 104 (males) or week 100 (females) were as
follows:

Dose Group (mg/kg/day) Males Females
0 45/60 (75%) 35/60 (58%)
30 33/60 (55%) 45/60 (75%)

Mean body weight in the treated males was approximately 10% lower than ihe controls
throughout the treatment period. This difference was statistically significant at almost all
weeks. The body weight of the treated females was approximately 5% lower than the
controls from Week 1 through Week 16. Thereafter, the average weight became similar
to the controls' with no statistically significant differences at any time.

There were no significant differences in neoplastic lesions among the control and treated
males. Among the females, there were statistically significant increases in adenoma in the
anterior pituitary and in adenocarcinoma and adenoacanthoma in the mammary glands.
Also, the number of animals with epithelial mammary gland tumors was significantly
greater than the controls'.

3.2 Reviewer's Findings for Study 011932

There was only one control and one treated (30 mg/kg/day) group per gender. Therefore,
all statistical tests are pair-wise comparisons, two-sided for mortality and one-sided for
tumor findings. The intercurrent mortality for the female mice showed higher mortality in
the treated group, which reached statistical significance (p=0.0391, Table 7-8, Figure 3).
Among the tumor findings, adenoma in the anterior pituitary (p=0.0023),
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adenocarcinoma in the mammary gland (p=0.0000), and adenoacanthoma in the
mammary gland (p=0.0000) were highly statistically significant (Table 9). These findings
are consistent with the sponsor's.

The male mice of this study had statistically significant better survival in the treated
group than in the control (p=0.0234, Table 10-11, Figure 4). Among the tumor findings,
none reached statistical significance (Table 12).

3.3 Validity of Male Mouse Study 011932

The same criteria as noted above to evaluate the male mice of Study 011487 are being
applied to the male mice of this study, as no statistically significant increase in tumors
were observed. Survival was good for both the control and the treated group, and the
number of animals living long enough is not an issue. Survival was significantly better
for the treated than for the control group, and therefore mortality cannot be used as a
criterion for assessing whether 30 mg/kg/day presented a sufficient tumor challenge in
these animals. The sponsor's average bodyweight data indicated an early and sustained
differential of about 10% for the treated males compared to the controls. This finding
implies that the high dose was close to the MTD for these animals.

4.0 Summary

For Study 011487, 60 animals/gender received aripiprazole in the diet at levels of 0, 1, 3,
and 10 mg/kg/day. The sponsor observed no statistically significant difference in
mortality patterns for either the male or female mice. This reviewer, however, observed
that the increased survival among males reached statistical significance and that the
decreased survival among females approached statistical significance. This difference in
conclusion about survival is minor, since all tumor findings were tested by age-adjusted
methods. The conclusions based on the tumor findings are the same as the sponsor's,
except that the sponsor did not note the very high levels of statistical significance.
Adenoma in the anterior pituitary gland, and adenocarcinoma and adenoacanthoma in the
mammary glands were highly statistically significantly increased among the females.
Among the male mice, there were no statistically significant increases in tumor findings,
however, the length of exposure and number of animals alive at study end were
acceptable. Whether the high dose presented a sufficient tumor challenge is assessed by
suppressed body weights, since there was no increased mortality for these animals. The
sponsor reported an early and sustained reduction of about 5% in average body weights
for the high dose males compared to the controls. This reviewer assumes that this
differential is sufficient to conclude that this was a valid study.

For Study 011932, where 60 control animals/gender were compared to 60 mice treated
with 30 mg/kg/day in the diet, the sponsor's and this reviewer's findings and conclusions
agree. Mortality of 75% prompted the sponsor to stop dosing the females at week 100.
The increased mortality reached statistical significance. Among the females, highly
significant increases in tumor incidence rates were found for adenoma in the anterior

Stat Review, Page 122 of 141

.!



pituitary gland and for adenocarcinoma and adenoacanthoma in the mammary gland. For
the males, survival was significantly better among the treated than among the controls.
There were no statistically significant increases in neoplastic findings among the males,
however, length of exposure, number of animals alive at study end, and suppressed body
weights indicated that this was a valid study.

The major findings of the two mouse studies are summarized below:

MICE Otsuka Study 011487 Otsuka Study 011932
Females Males Females Males
Survival NS Sign. Sign. Sign.
' increased decreased increased
Anterior Pituitary, Sign. NS Sign. NS
Adenoma increased increased
{ Mammary Gland, Sign. NS Sign. NS
Adenocarcinoma increased increased
Mammary Gland, Sign. NS Sign. NS
Adenoacanthoma increased increased
Validity N/A Yes N/A Yes

For completeness, the major findings of the two rat studies are given as well:

RATS Otsuka Study 009489 BMS Study 99321
Females Males Females Males

Survival NS NS Sign. Sign.

increased increased

Mammary Gland, Sign. NS NS NS

Fibroadenoma increased

Adrenal Cortex, NS NS Sign. NS

Carcinoma increased

Validity N/A Yes N/A MTD

exceeded

Overall, it appears that the long-term administration of aripiprazole in the doses given
resulted in increased tumor findings in female rats or mice. The p-values in each case are
highly statistically significant. No increase in tumor incidence rates was observed among
the males of any of the studies. All but one of these male studies were judged to be valid.
The maximum dose in Study No. 99321 was judged to be well beyond the MTD, based
on much lower average body weights of these animals compared to the controls.
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Table 1: Study 011487, Number of Animals Dying during Given Time Intervals, Female Mice

Method
Cox

-

Otsuka Study 011487

Treatment Group

Kruskal-wallis

CTRL LOW MED HIGH Total
N N N N N
Week
0-52 4 4 6 7 21
53-78 10§ 11 12 12 45
79-91 10] 9 16 12 47,
92-103 11 12 11 12 46
104-104 25 24 15 17 81
Total 60 60 60 60 240
Table 2: Study 011487, Dose-Mortality Trend Tests* for Female Mice

Time-Adjusted P

Trend Test Statistic Value

Dose-Mortality Trend 3.02 0.0821

Depart from Trend 2.83 0.2430

Homogeneity 5.85 0.1181

Dose-Mortality Trend 2.88 0.0898

Depart from Trend 1.94 0.3785

Homogeneity 4.82 0.1854

* The results are produced by: Trend and Homogeneity Analyses of Proportions and Life Table Data

Version 2:1, by Donald G. Thomas, National Cancer Institute.

APPEARS THIS WAY
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Figure 1: Study 011487, Kaplan Meier Survival Curves in Female Mice
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Table 3: Study 011487,’Test for Dose-Dependent Linear Trend in Tumors, Female Mice
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Table 4: Study 011487, Number of Animals Dying during Given Time Intervals, Male Mice

Treatment Group
CTRL LOW MED HIGH Total
N N N N N
Week
0-52 8 5 6 26].
53-78 13 12 4 38
79-91 9 12 9 9 39
92-103 9 16 10 11 46
104-104 21 16 24 304 91
Total 60 60, 60 60, 240]
Table 5: Study 011487, Dose-Mortality Trend Tests* for Male Mice
Time-Adjusted P
Method Trend Test Statistic value
Cox Dose-Mortality Trend . 6.06 0.0138
Depart from Trend 0.72 0.6978
Homogeneity 6€.78 0.0793
Kruskal-Wallis Dose-Mortality Trend 6.04 0.0140
Depart from Trend 0.20 0.9026
Homogeneity 6.24 0.1003

* The results are produced by: Trend and Homogeneity Analyses of Proportions and Life Table Data
Version 2:1, by Donald G. Thomas, National Cancer Institute.
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Figure 2: Study 011487, Kaplan Meier Survival Curves in Male Mice
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Table 6: Study 011487, Test for Dose-Dependent Linear Trend in Tumors, Male Mice
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L

- Otsuka Study 011932

Table 7: Study 011932, Number of Animals Dying during Given Time Intervals, Female Mice

Treatment
Group
CTRL1 LOW Total
N N N

Week

0-52 1 6 7
53-78 12 12 24
79-91 12 16| 28
92-100 10 11 21
101-101 25 15 40}

Total 60 60} 120}

Table 8: Study 011932, Dose-Mortality Trend Tests* for Female Mice

Time-Adjusted P
Method Trend Test Statistic Value
Cox Dose-Mortality Trend 4.25 0.0391

Kruskal-wallis Dose-Mortality Trend 4.70 0.0302

* The results are produced by: Trend and Homogeneity Analyses of Proportions and Life Table Data
Version 2:1, by Donald G. Thomas, National Cancer Institute.
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Pl

Figure 3: Study 011932, Kaplan Meier Survival Curves in Female Mice
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Table 9: Study 011932, Test for Dose-Dependent Linear Trend in Tumors, Female Mice
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Table 10: Study 011932, Number of Animals Dying during Given Time Intervals, Male Mice

Treatment
Group
CTRL1 LOW Total
N N N
Week -
0-52 2 4 o ”
53-78 11 8 19
79-91 14 8 22
92-104 18 12 30
105-108 15 28 43
Total 60 69[ 120,
Table 11: Study 011932, Dose-Mortality Trend Tests* for Male Mice
Time-Adjusted P
Method Trend Test Statistic Value
Cox Dose-Mortality Trend 5.14 0.0234
Kruskal-wallis Dose-Mortality Trend 4.32 0.0376

* The results are produced by: Trend and Homogeneity Analyses of Proportions and Life Table Data
Version 2:1, by Donald G. Thomas, National Cancer Institute.
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Figure 4: Study 011932, Kaplan Meler Survival Curves in Male Mice
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Table 12: Study 011932, Test for Dose-Dependent Linear Trend in Tumors, Male Mice
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Executive CAC ~
Date of Meeting: 7/16/02
Mouse/Rat Carcinogenicity Studies

Committee: Joseph Contrera, Ph.D., HFD-901, Acting Chair
Jim Farrelly Ph.D., HFD-530, Alternate Member
Abby Jacobs, Ph.D., HFD-540, Alternate Member
Barry Rosloff, PhD., Supervisory Pharmacologist
Lois Freed, Ph.D.HFD-120, Presenting Reviewer

Author of Draft: Lois M. Freed, Ph.D.

The following information reflects a brief summary of the Committee discussion and its recommendations.
Detailed study information can be found in the individual review.

NDA #21-436
Drug Name: aripiprazole
Sponsor: Otsuka Pharmaceuticals

Mouse Carcinogenicity Studies: two 2-yr dietary carcinogenicity studies were conducted in CD-1 mice.
Study 1 was conducted at doses of 0, 1, 3, and 10 mg/kg. No dose-limiting toxicities were observed. No®- .=
drug-related tumors were detected in male mice. In female mice, there were significant increases in anterior -~
pituitary adenomas and mammary gland tumors [adenocarcinoma, adenoacanthoma} at 3 and 10 mg/kg.

Study 2 was conducted at doses of 0 and 30 mg/kg. Body weight was reduced in drug-treated males [10%]
relative to control males. Mortality rate was sxgmﬁcantly increased in drug-treated females. No drug-

related tumor findings were detected in male mice. In female mice, there were significant increases in

anterior pituitary adenoma and mammary gland tumors [adenocarcinoma, adenoacanthoma) in drug-treated
females. The sponsor attributed the neoplastic findings to increases in serum prolactin [not measured in

the carcinogenicity studies]; a direct drug-effect on DNA synthesis in the pituitary was also suggested as a
possible mechanism underlying the increase in pituitary adenomas.

Rat Carcinogenicity Studies: two 2-yr dietary carcinogenicity studies were conducted in rats. Study 1
was conducted in Fischer 344 rats at doses of 0, 1, 3, and 10 mg/kg. No dose-limiting toxicities were
observed. No drug-related tumors were detected in male rats. In female rats, there was a significant
increase in mammary gland fibroadenomas at the HD. Study 2 was conducted in Sprague-Dawley rats at
doses of 0, 0, 10, 20, 40, and 60 mg/kg. Dose-related decreases in body weight [compared to controls]
were observed in both males and females. No drug-related tumor findings were detected in male rats. In
female rats, there was a significant increase in adrenocortical tumors [carcinoma, combined adenoma and
carcinoma]. No mechanism was proposed by the sponsor for the adrenocortical tumors.

Executive CAC Recommendations and Conclusions: the ExeCAC concluded that the assessment of
carcinogenic potential was adequate in both mice and rats based on body wt effects in male mice, male
rats, and female rats and on an increase in mortality in female mice at the highest doses tested. Aripiprazole
was negative for fieoplasms in male mice and rats. In female mice, pituitary adenomas and mammary
gland tumors [adenocarcinoma, adenoacanthoma] at 3, 10, and 30 mg/kg were considered drug-related. In
female rats, the increase in mammary gland fibroadenomas at 10 mg/kg in Study 1 and the increase in
adrenocortical tumors [carcinoma, combined adenoma/carcinoma} at 60 mg/kg in Study 2 were considered
drug-related.

' The Committee recommended that the sponsor be asked to provide evidence for an association between
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mammary gland adencacanthomas and hyperprolactinemia.

Joseph Contrera, Ph.D.
Acting Chair, Executive CAC

cc:\
/Division File, HFD-120
/BNRosloff, HFD-120
/LMFreed, HFD-120
/SHardeman, HFD-120
/ASeifried, HFD-024
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