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1 EXECUTIVE SUMMARY

This review describes statistical findings about the sponsor’s study report ALK9072-003
supporting the request for approval of aripiprazole lauroxil in subjects with schizophrenia.

This review confirms sponsor’s finding from ALK9072-003 that both aripiprazole lauroxil dose
levels (441 mg and 882 mg) were statistically better than placebo as measured by change from
baseline to Day 85 in Positive and Negative Syndrome Scale (PANSS) total score in treating
adult subjects with schizophrenia.

2 INTRODUCTION

2.1 Overview

Aripiprazole lauroxil has been developed by Alkermes as an intramuscular (IM) injectable
extended-release atypical antipsychotic for the treatment of schizophrenia. This NDA submission
includes one pivotal safety and efficacy study (ALK9072-003) to support the efficacy of two
aripiprazole lauroxil dose levels (441 mg and 882 mg) in subjects with schizophrenia.

Table 1: List of all studies included in analysis

Protocol | Phase and Design Treatment | Follow- | # of Subjects | Study Population

Number Period up Period | per Arm

ALK90 | Phase 3, double-blind, 12 weeks | 8 weeks | Placebo 208 | Adults 18 — 70

72-003 | placebo-controlled, double 441 mg 207 | with acute
conducted at 107 centers | blind 882 mg 208 | exacerbation of
in US, Asia, and Europe | treatment schizophrenia

2.2 Data Sources

Electronic datasets and study reports are located at:
\CDSESUB 1\evsprod\NDA207533\0000

3 STATISTICAL EVALUATION
3.1 Data and Analysis Quality

The data quality is fine. The FDA statistical reviewer can reproduce the primary analysis dataset
from the original data source. Final statistical analysis plan (SAP) was submitted prior to
unblinding. The blind was maintained until the database was locked on 31 March 2014.
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3.2 Evaluation of Efficacy

3.2.1 Study Design and Endpoints

This was a multicenter, randomized, double-blind, placebo-controlled study designed to evaluate
aripiprazole lauroxil in subjects with schizophrenia experiencing an acute exacerbation episode.

Subjects meeting initial screening eligibility criteria were admitted to an inpatient study unit.
Currently prescribed antipsychotics were required to be discontinued after screening, and prior to
administration of IM study drug. The allowable washout period was 2-5 days. For subjects who
had never taken aripiprazole, a test dose of oral aripiprazole 5 mg was administered by mouth
daily for 2 days prior to randomization, in order to assess individual tolerability prior to
proceeding to injectable study drug.

Subjects who successfully completed screening and baseline assessments and tolerated the oral
aripiprazole test doses, or had a history of safe and well-tolerated exposure to aripiprazole, were
randomized on Day 1 in a 1:1:1 ratio to 1 of the following 3 treatment groups: aripiprazole
lauroxil 882 mg (equivalent to ALKS 9072 600 mg), aripiprazole lauroxil 441 mg (equivalent to
ALKS 9072 300 mg), or placebo (Intralipid®). The first dose of IM study drug was administered
on Day 1. The second dose of IM study drug was administered on Day 29. The third and final
dose of IM study drug was administered on Day 57.

In addition to IM study drug, subjects received oral study drug daily for the first 3 weeks after
randomization. Oral study drug was administered in a double-blind fashion. Subjects randomized
to an aripiprazole lauroxil treatment group received oral aripiprazole, and subjects randomized to
the placebo group received matching oral placebo.

Subjects remained in the inpatient study unit for at least 2 weeks after administration of the first
dose of IM study drug. Subjects were discharged from the inpatient facility when assessed and
determined by the study investigator to be clinically stable and appropriate for discharge.
Efficacy, safety, tolerability, and PK were measured throughout the treatment period. Two
monthly follow-up visits were scheduled after the last IM injection. Subjects were given the
option to enroll in an extension study with aripiprazole lauroxil. For subjects who chose to
participate in the extension study, follow-up visits were not required. A schematic of the overall
study design is shown in Figure 1.
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Figure 1: Study design schematic
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Source: Sponsor’s Figure 1 in Clinical Study Report (CSR).

The primary efficacy endpoint was change in Positive and Negative Syndrome Scale (PANSS)
total score from baseline to Day 85 using an analysis of covariance (ANCOVA) model with last
observation carried forward (LOCF) imputation. Clinician Global Impression - Improvement
(CGI-I) scores at Day 85 was the secondary efficacy endpoint.

The placebo-controlled, parallel-group design is a typical design for IM injection treatment of
schizophrenia. However, in this trial subjects from active arms received oral drug during the first
21 days, while placebo patients did not. The observed treatment effect is likely due to the
combination of IM and oral drug. It is hard to separate the treatment effect due to IM from that
due to the oral drug. During the review course, a question was raised on whether or not the
placebo group should have also received the oral drug instead of the oral placebo during the first
21 days. This reviewer performed several analyses to address this design problem.

3.2.2 Statistical Methodologies

The full analysis set (FAS) consists of all evaluable subjects, defined as all randomized subjects
who receive at least 1 dose of IM study drug and have at least 1 primary efficacy assessment
after administration of IM study drug. The FAS is the primary efficacy population.

The primary efficacy endpoint was analyzed by the ANCOVA model using the LOCF approach.
The ANCOVA model includes change from baseline in the PANSS total score at Day 85 as the
dependent variable, with study region and treatment group as fixed effects, and baseline PANSS
total score as a covariate.

An unblinded interim analysis on the 271 subjects (50% of planned sample size) was conducted
for sample size re-estimation only based on the conditional power. The CHW method together
with Hommel procedure was used for controlling the Type 1 error rate due to the interim analysis
and multiple comparisons. The Cui, Hung, Wang (CHW) method combined 2 independent
statistical results with an equal weight (sqrt(0.5)) from 2 stages. Stage 1 was based on the interim

7
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analysis population (n=271), and Stage 2 was based on the post-interim population (n=325). The
subjects in the 2 stages did not overlap.

The sponsor conducted the following sensitivity analyses: 1) mixed model for repeated measures
(MMRM) analysis on FAS; 2) an ANCOVA model using the LOCF approach on the per-
protocol population; 3) a non-parametric rank ANCOV A model (includes study region and
treatment groups as factors and the baseline PANSS total score as a covariate); 4) model-free,
non-parametric responder analyses; and 5) time-to-failure analyses. The details of some of the
sensitivity analyses are presented below.

MMRM analysis was performed on observed data without imputation of missing data. The
MMRM model uses the change from baseline in the PANSS total score at each post-baseline
visit as the dependent variable, and includes study region, treatment group, visit, and treatment
group-by-visit interaction as factors and baseline PANSS total score as a covariate. An
unstructured covariance structure was applied for MMRM.

Model-free, non-parametric responder analyses were used for PANSS response at Day 85. It is
difficult to differentiate the missing at random and missing not at random. Therefore, this plan
combined these 2 types in the sensitive analyses, by treating either type of missing mechanisms
as informative missing. Any informative missing data were treated as non-responders (failures)
in the estimation of the treatment response rates. Any non-informative missing data were
excluded from calculating the treatment response rates. Furthermore, 2 cutoffs (at least 30% and
at least 20% reduction in PANSS total score) were used to define the response. A Chi-square test
and interval estimate for the difference of the response rates were computed to compare the
treatment response rate between each aripiprazole lauroxil group and the placebo group. Table 2
summarizes the sensitivity responder analysis under various dropout pattern scenarios and
definitions of the treatment response to support the primary analysis.

Table 2: Missing data handling in responder analysis

Treatment | Dropout Dropouts
Respender | Pattern Lack of Adverse Event Loss to Follow-up | Consent
Efficacy Withdrawal
=30%% 1 Informative | Non-informative Non-informative Non-informative
2 Informative | Informative Non-informative Non-informative
=200 1 Informative | Non-informative Non-informative Non-informative
2 Informative | Informative Non-informative Non-informative

Source: Sponsor’s Table 2 in SAP.

Time-to-failure analysis used different censoring rule to handle miss data. The detail is provided
in Table 3.
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Table 3: Definition of failure event based on treatment outcome and/or dropout cause in
time-to-failure analysis

Patterns Completers Dropouts
Reduction from baseline in Lack of Adverse Lost to follow | Consent
PANSS total score at week 12 | Efficacy | Event up Withdrawal
1 =20% (Fatlure) Failure Censored Censored Censored
2 =20% (Failure) Failure Failure Censored Censored
3 =30% (Fatlure) Failure Censored Censored Censored
4 =30% (Failure) Failure Failure Censored Censored

Source: Sponsor’s Table 3 in SAP.

When both comparisons (high dose vs. placebo and low dose vs. placebo) were statistically
significant for the primary efficacy endpoint, the statistical test was performed on the secondary
efficacy endpoint, CGI-I score at Day 85, using Hommel procedure at two-sided alpha of 0.05.
The CGI-I score at Day 85 were analyzed using a non-parametric Wilcoxon rank sum test using
the LOCF approach, and further confirmed with “no change” imputation for missing data as a
sensitivity analysis.

3.2.3 Patient Disposition, Demographic and Baseline Characteristics

The disposition of the subjects is summarized in Table 4. The proportion of subjects who
completed the treatment period is higher in the aripiprazole lauroxil groups (62.8% in the 441 mg
group and 64.9% in the 882 mg group) than in the placebo group (45.9%). The most common
reasons for discontinuation during the Treatment Period include withdrawal by subjects (13.8%),
lack of efficacy (10.3%), and adverse event (9.0%). There were more discontinuations due to
lack of efficacy in the placebo group (18.4%) than in the aripiprazole lauroxil groups (4.3% in
the 441 mg group, 8.2% in the 882 mg group), and more discontinuations due to adverse event in
the placebo group (17.4%) than in the aripiprazole lauroxil groups (6.8% in the 441 mg group,
2.9% in the 882 mg group).

The patient demographics are show in Table 5 for the safety population. As shown in Table 6,
the mean PANSS score and the mean CGI-S score were similar across the treatment groups at
baseline.

A summary of major protocol violations is presented in Table 7. The percentages of subjects
with major deviations were similar across the treatment groups. Twelve subjects were
discontinued for protocol violations (3 in placebo group, 6 in aripiprazole lauroxil 441 mg group,
and 3 in aripiprazole lauroxil 882 mg group). The majority of protocol violations were
enrollment criteria deviations or positive urine drug screens.
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Table 4: Disposition of subjects

Aripiprazole Lanroxil
Al Placebo n (%)

Category n("%a) n("%a) 441 mg BE2 myg

Sereencd B48

Randomized 623 208 207 208

Safety Population 622 207 207 208

Treatment Period

Completed Treatment Period 360 (57.9) 95(45.9) 130 (62.8) 135 (64.9)

Discontinued Treatment Period 262 (42.1) 112 (54.1) 77 (37.2) 73 (35.1)
Withdrawal by Subject B6 (13.8) 22(10.6) 15 (16.9) 29 (13.9)
Lack of Efficacy 64 (10.3) IB(184) 9{43) 17 (82)
Adverse Event 56 (9.0 36(174) 14 (6.8) 6(2.9)
Luost to Follow-up 35 (5.6) 10 (4.8) 10 (4.8) 15(7.2)
Protocol Vielation 12 (1.9) 314 61(29) I(l4)
Other 4(0.6) 1{0.5) 0 3(l4)
Physician Decision 3(0.5) 0 4 0
Drzath 1(0.2) 1(0.5) 0 0
Non-Compliance with Study Drug 1(0.2) 1(0.5) 0 0

Entered Extension Study 236 (37.9) 55(26.6) 81 (39.1) 104 (48.1)

Follow-up Period®

Entered Follow-up Period 124 40 44 i5

Completed Follow-up Period 113 (91.1) 36 (90.0) 46 (93.9) 31 (BE.6)

Discontinued Follow-up Period 11 (8.9) 4(100) 3 (6.0) 4(114)
Lost to Follow-up T(5.6) 2 (5.0 3 61) 2{57)
Adverse Event 2(1.6) 1{2.5) 0 1(29)
Lack of Efficacy 1 (0.8} 0 0 1{2.9)
Withdrawal by Subject 1 {0.8) 1(2.5) 0 0

Mote: Percentages are based on the total number of subjects in the safety population.
Safety population includes all subjects who receive at least 1 dose of IM study drug.
* Percentages for follow-up period are relative to number of subjects in the follow-up period.

Source: Sponsor’s Table 3 in CSR.
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Table 5: Summary of demographics and baseline characteristics for safety measurements
(randomized population)

Aripipracole Lawroxil

Reference ID: 3774690

Variable Placebo 1 my HE2 myg

Category/ Statistics (N=208) (N=207) (N=208)
Age (vears)

Mean (SO 39.5 (11.85) 39.9(10.13) 39.7 (11.06)

MWedian 38.5 39.0 40.0

Min - Max B - 66 18 -61 20 - 65
Gender (n, %)

Male 139 (66.8) 141 (68.1) 143 (68.8)

Female 69(13.2) 66 (31.9) 65(313)
Primaryv Hace (n. %)

White 94 (45.2) 049 (47.8) 98(47.1)

Black or Afnican-American B4 (404 B3 (40.1) B1(389)

Asian 29(139) 24 (11.6) 28(135)

American Indian or A laska Native 1(0.5) 1 (0.5)

Mative Hawaitan or other Paci fic Islander 0 1(0.5) 0
Region {n. %)

MNorth America 102 (4910) 103 (49.8) 102 (49.0)

Europe B0 (38.5) B1(39.1) 78(37.5)

Asia 26(12.5) 23 (11.1) 28(13.5)
Weight (kg)

Mean (S0 78.94 (18.660) 80.78(17.632) B0.26 (19.306)

Median 77.85 78.040 7765

Min - Max 46.20- 148.70 44.50 - 140,040 43.00- 143 80
Body Mass Index [Ii.g."m!]

Mean (SD) 26.95 (5.004) 27.68(5312) 27.29(5.673)

Median 2645 27.10 26.15

MWin - Max B5-305 18.5-40.3 18.6 - 40.9
Body Mass Index Categories (n %)

Normal (<25 kg'm’) 23 (39.% 73 (35.3) B1(389)

Overweight (25<BM <30 kg/m?) 70(33.7) 62 (30.0) 67(322)

Obese (=30 ke/m”) 55(264) 72 (H.8) 60 (28.8)
CYPID6 Predicted Phenotype (n, %)

Extensive Metabolizer 120057.7) 127 (61.4) 117 (56.3)

Intermediate Metabol izer 46(22.1) 45(21.7) 52 (25.0)

Poor Metabol iner 6(2.9) 6 (2.9) B(1.8)

Inconclusive 1{0.5) 0 0
Aleohol Usage (n, %)

Yes ¥ (1713 33(15.9) 30 (14.4)

No 172 (82.7) 174(84.1) 178 (R5.6)
Tobaceo Use at Screening (n, %)

Newver 70(33.7) 65(31.4) 70 (33.7)

Current 126 (60.6) 135(652) 130 (62.5)

Former 10 (4.8) 5(2.4) B (3.8)

Max=rma ximum; Mir=minimun.

Source: Sponsor’s Table 6 in CSR.
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Table 6: Summery of baseline efficacy parameters (full analysis set)

Aripipracole Lauroxil
. Placebo
Variable (N=196) 4-!1 my EEI my
Statistics (N=196) (N=2i4)
PANSS Total Score
il 196 196 24
Mean (5D 03.9 (11.28) 926 (10.20) 920 (10.77)
Median 03.0 92.0 91.5
Min - Max 65 - 143 70-119 68 -119
CGI-S
n 196 196 204
Mean (SD) 4.9 (0.61) 4.9 (0.59) 49 (0.61)
Median 5.0 5.0 5.0
Min - Max 4-6 4-6 4.7

Table 7: Summary of major protocol violations (randomized population)

Source: Sponsor’s Table 7 in CSR.

Aripiprazole Lauroxil
P!HL‘L‘hL‘I 441 mg HE2 myg
Category (N=2018) (N=20T) (N=2018)
Have at least one major protocol vielation 33(159 30(14.5) 34(16.3)
Positive Urine Drug Screen 14 (6.7} 18 (B.7) 20 (9.6)
Dising 2 (1.0) 3(L4) 5024)
Wisit! Procedure Requirement 4(1.9) 0 5(24)
Enrollment Criteria 7(34) 2(1.0) 4(19)
Other Antipsychotics Use 5(24) 2{1 (4
Concomitant Medication 1 (0.5) I(L4) 1 (0.5)
Mon-Compliance 1{0.5) 1 (0.5) 1 {0.5)
Other 3.4 1 ({L.5) 1 (0.5)
Wisit Scheduls 0 0 1 (0.5)
Laboratory 1(0.5) 2 (1.0} 0

Source: Sponsor’s Table 4 in CSR.

Among the 623 subjects randomized, one subject (501-015) did not receive IM study drug. The
safety population included 622 subjects and 596 subjects were included in sponsor’s FAS, which
is the primary analysis data set. A summary of the 26 patients excluded from the FAS are listed
below in Table 8. All of the 26 patients belong to Stage 2 and all had 1 IM injection. All the
subjects except “502-002” had no post baseline PANSS total score. Subject 502-002 had a post
baseline PANSS total of 117 after one IM injection. This FDA reviewer asked the sponsor the
reason for excluding Subject 502-002 from FAS. The sponsor replied “Subject ALK9072003-
502-002 was excluded from the full analysis set (FAS) as Items N5 (Difficulty in abstract
thinking) and G12 (Lack of judgment and insight) of the PANSS for Day 85 (Early Termination
Visit) was not rated (comments from investigator — unable to assess) and hence total PANSS was
not derived for the ADaM dataset (see ALK9072-003 Clinical Study Report, Listing 16.2.6.1,
pages 194 and 195).” According to the definition of FAS, this reviewer did not agree with the
sponsor’s decision of excluding Subject “502-002” from FAS. Therefore, this reviewer repeated
all the analyses with and without Subject “502-002". Subject “502-002” was randomized to

placebo.

12
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Table 8: Summary of patients excluded from FAS

Subjid Siteid |Country| Age|Sex |Race [Treatment |Withdraw Reason | Baseline
Arm PANSS

103-005 103 USA 42/M |black |ALKS 9072 |Withdraw by Subject 100
600 mg

104-002 |104 USA 52|F |black |Placebo Adverse Event 113

108-003 |108 USA 42/M |black |ALKS 9072 |Protocol Violation 101
300 mg

111-002 |111 USA 22|M |black |Placebo Protocol Violation 95

111-010 |111 USA 25|M |black |[ALKS 9072 |Withdraw by Subject 90
300 mg

111-015 |111 USA 36|M |black |[ALKS 9072 |Withdraw by Subject 89
300 mg

112-001 112 USA 49|F  |black |ALKS 9072 |Withdraw by Subject 91
300 mg

115-011 (115 USA 34|M |black |ALKS 9072 |Lack of Efficacy 94
600 mg

116-002 116 USA 29|M |black |ALKS 9072 |Withdraw by Subject 111
600 mg

116-003 116 USA 42/M  |White |ALKS 9072 | Withdraw by Subject 82
300 mg

116-013 116 USA 29|M  |White | ALKS 9072 | Withdraw by Subject 110
300 mg

119-019 |119 USA 48/M |black |ALKS 9072 | Withdraw by Subject 80
300 mg

121-037 |121 USA 41|F  |black |ALKS 9072 |Withdraw by Subject 96
600 mg

121-054 |121 USA 28 |F black |Placebo Withdraw by Subject 97

125-016 |125 USA 27\M |black |ALKS 9072 |Withdraw by Subject 101
300 mg

211-005 |211 RUS 47/M | White | Placebo Withdraw by Subject 88

220-004 220 RUS 24/M  |White |Placebo Adverse Event 88

310-001 {310 UKR 38|F  |White | ALKS 9072 | Withdraw by Subject 86
300 mg

312-004 |312 UKR 36|M | White | Placebo Withdraw by Subject 97

314-003 (314 UKR 23|F  |White |Placebo Lack of Efficacy 116

502-002 |502 MYS 55|M |Asian |Placebo Withdraw by Subject 86

Reference ID: 3774690
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Subjid Siteid |Country| Age|Sex |Race |Treatment |Withdraw Reason | Baseline
Arm PANSS

503-005 {503 MYS 31|M |Asian |Placebo Withdraw by Subject 82

807-003 807 ROU 40|F  |White | ALKS 9072 |LOST TO 100
300 mg FOLLOW-UP

808-001 |808 ROU 38|F  |White |ALKS 9072 |Lack of Efficacy 104
300 mg

808-003 |808 ROU 50|F White | Placebo Withdraw by Subject 97

808-004 |808 ROU 38|F  |White |Placebo Withdraw by Subject 89

Source: This reviewer.

3.2.4 Results and Conclusions

The change from baseline in PANSS total score by visit using ANOVA LOCEF is presented in
Figure 2.

Figure 2: Change from baseline in PANSS total score by visit by ANCOVA LOCF (FAS)

o m
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Visit Day

Abbreviations: Al=arpiprazole lawmnxil ANCOVA=analysis of covarianoe; PBO=plcebo; PANSS=Positive and
Megative Syndrome Scale; LOCF=last o beervation camied forward.

Source: Sponsor’s Figure 2 in CSR.

An unblinded interim analysis on the 271 subjects (50% of planned sample size) was conducted
for sample size re-estimation only based on the conditional power. The CHW method together
with Hommel procedure was used for controlling the Type 1 error rate due to the interim analysis
and multiple comparisons. The Cui, Hung, Wang (CHW) method combined 2 independent
statistical results with an equal weight (sqrt(0.5)) from 2 stages. Stage 1 was based on the interim
analysis population (n = 271), and Stage 2 was based on the post-interim population (n=325).
The subjects in the 2 stages did not overlap. Table 9 shows the analysis results from ANCOVA
model in each stage, in all subjects without applying the CHW method, and in all subjects with
applying CHW method.
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Using the CHW method, the least square (LS) mean difference (standard error, SE) compared to
placebo was -10.9 (1.82) for the aripiprazole lauroxil 441 mg group, and -11.9 (1.81) for the
aripiprazole lauroxil 882 mg group. For both aripiprazole lauroxil groups, the difference is
statistically significant and corresponds to p<0.001. Similar results and statistical significance
were also observed in the analysis without applying the CHW method.

Table 9: Change from baseline in PANSS total score for each stage and combined stages

ANCOVA LOCF (FAS)
P Aripiprazole Lauroxil
(N=196) 441 mg HE2 mg
(N=196) (N=204)

Stage I (Interim Analyses subset)
N 04 BO B
Baseline: Mean (50) Bd.1(12.04) B30 {10.28) 021 {10.94)
Change from Baseline at Day 85: LS Mezan (SE) 0.7(227) -18.2 (2.26) -19.7 (2.33)
L5 Mean Difference against Placebo (SE) - -8.5 (2.50) -10.0 {2.52)
Unadjusted p-value against placebo =), 001 =0.001
Stage 1
M 12 107 116
Baseline: Mean (5D) 03.7(10.359) G023 (10.18) 020 (10.68)
Change from Baseline at Day 85: LS Mean (SE) =100 (2.00) 233(1.97) -23.7 (1.89)
L5 Mean Difference against Placebo (SE) - =133 (2.65) -13.7 (2.60)
Unadjusted p-value against placebo <0.001 <0.001
All Subjects (without penalty)
M 196 196 204
Baseline: Mean (50) 03.9(11.28) 2.6 (10.20) Q201077
Change from Baseline at Day §5: LS Mean (SE) -9.8(1.39) -20.9 (1.39) -21.8 (1.35)
LS Mean Difference against Placebo (SE) - 111 (1.B4) -12.0 (1.82)
Unadjusted p-value against placebo <0, 001 =0.001
Adjusted p-value against placebo <), 001 <0.001
CHW Moethod: Combining Stage 1 & 2 (with pemalty)
:u:EL’glued LS Means Difference against Placebo i 10.9(1.82) 119 (181)
Test Statistics against Placebo - -5.951 6,538
Test Statistics for Joint Test 6,320

Abbreviations: ANCOVA=ambysis of covariancs; CHW= Cui, Hung, and Wang; PANSS=Positive und Negtive
Syndrome Scale; LOCF=last observation carried forwird; SD=standard dewviation; S E=stindand error.

Mote: The independent statistical maults from two stages o combined uang the CHW method with a pre-speci fied
equal weight (sqri0.5}). The superiority of a particulur artpiprazole Tauroxil group is climed uking a closed test
stratepy 1 the test statistics apminst placebo and the test statistics for jomt test are smaller than or equal to -1.96 at
the (105 significance level.

Source: Sponsor’s Table 11 in CSR.

Reviewer’s note: The primary efficacy analysis uses LOCF to impute the missing data. Given
the high dropout rate (42.1%) for this trial, the LOCF method is not very sensible. During the
protocol/SAP review stage, FDA raised the concern about the LOCF method and requested the
sponsor to use the MMRM method and other methods as sensitivity analyses. FDA also
informed the sponsor that FDA “will seriously take the results from the sensitivity analyses into
consideration to decide whether or not the primary analysis results are valid and reliable.”
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MMRM analysis was performed on observed data without imputation of missing data. The
change from baseline in PANSS total score using MMRM is presented in Table 10. The least
square (LS) mean difference (standard error, SE) compared to placebo was -11.76 (2.14) for the
aripiprazole lauroxil 441 mg group, and -12.35 (2.12) for the aripiprazole lauroxil 882 mg group.
For both aripiprazole lauroxil groups, the difference is statistically significant and corresponds to
p<0.001.

Table 10: Change from baseline at Day 85 in PANSS total score MMRM (FAS)

Aripiprazole Lauroxil
Visit Flacebo 441 mg BRI myg
Siatistics N=1946) (N=19%) (N=21)
Baseline; Mean (SD) 039 (1128} 026 (10.20) Q20 (1077
Change from Baseline at Day 85
n 96 133 137
LS Mean (SE) -1057 (1.6 | -22.33(1.48) -22.92(1.4%)
LS mean Difference against placebo (SE) 1. 7602, 14) -1235(2:12)
95% C1 -1587. -1.56 -16.51, 8.19
p-value amminst placebo =1 (W11 <1001

Abbreviations: (T=oon fidence intorval; [S=least sgwres; PANSS=Positive and Negative Syndrome Scale;
SD=standard deviation, SE=standard ervor.

Maote: Mined mode] for epeated messures (MMRM) iz based on the observed case without imputation o f missing
data The MMREM model wes the change from baseline in the PANSS total score at cach post-haseline visit as the
dependmnt vanablbe, and inchides study region, treatment group, visit, and treatment group-by-visit interaction as
fhctors and haseline PANSS total score as a covariate. An ums e tured ooy arianee stmecture will be apphied for
MMBRM. The Kenwand- Roger ap prox imation iz used to sdjust the desominator degree of frocdom.

Source: Sponsor’s Table 13 in CSR.

Other sensitivity analyses were performed by the sponsor on the primary efficacy endpoint. The
change from baseline in PANSS total score using ANCOVA model and LOCF approach on the
per-protocol population is presented in Table 11. The change from baseline at Day 85 in PANSS
total score using non parametric rank ANCOVA model and LOCF approach on FAS is presented
in Table 12. The analysis result from the non-parametric PANSS responder analysis at Day 85 on
FAS is presented in Table 13. The analysis result from the time to failure analyses is presented in
Table 14. All the results show a statistically significant separation between each aripiprazole
lauroxil group and placebo in favor of aripiprazole lauroxil groups.

This reviewer repeated the primary analysis and the sensitivity analyses from the raw data and
obtained very similar results and the same conclusion. This reviewer included Subject “502-002”
in FAS and repeated the analyses. Subject “502-002" received placebo and his last observation
was 31 points higher (worse) than his baseline value. The LS mean of change from baseline for
the remaining placebo patients is -9.8. Therefore, the analysis results including Subject “502-
002 yield slightly more treatment effects for aripiprazole lauroxil groups comparing to placebo
and the conclusions are all the same.
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Table 11: Change from baseline at Day 85 in PANSS total score ANCOVA with LOCF

(PP)
Aripiprazole Lanroxil

Wit Placcho 441 mg BRI myg

Stutistics (N=194) {N=193) {N=102)
Bassline: Mean (3D) 935 (10:72) G2.7 (10:11) 921 (10.82)
Change from Baseline ot Day BS
n 192 193 201
LS Mean (SE} SOBD 1414y | 204800412y [ -2L77(1.375)
LE Mean Difference against Placeho (SE) - -10.65(1.851) | -1 L9441 84}
95% C1 -1430, 6.9 | -1556, 8.32
p-value o ginst placebo <1001 <1001

Abbreviations; (I=confidence imerval; LS=least squanes; PANSS=positive and negative syndmme scale;
SD=standard deviation; SE=standard error.

Maite: For the ANCOVA model using the LOCF approach, the dependent variable is change from haseling in the
PANSS il score ot Day 85, with study region and treatment group ss fived effects and the baseline PAMSS total
SOOI 85 A GO VArime.

Source: Sponsor’s Table 14 in CSR.

Table 12: Change from baseline at Day 85 in PANSS total score, non-parametric rank

Reference ID: 3774690

ANCOVA model, LOCF (FAS)

Aripiprazole Lauroxil

Visit Placebo 441 mg #%2 mg
Statistics (N=1%) (N=194) [ N=204)

All Subjects

I 146 196 204

Baseline: Median 93,00 02.00 91.50

Change from Baseline at Day 85

Meadan =730 =20. 00 -21.00
Median Difference against Placebo - -12.00 -12.00
95% CI -- 1600, -8.00 =16, 00, - 8,00
p-value against placebo - =1).001 <0001

Abbreviations: ANCOVA=malysis of covarumes ; Cl=confidence mterval; LOCF=last observation carned forwand;
P ANS S=positive and negative syndrome scale.

The median difference agamst placebo and its 95% confidence mterval ane based on the Hodges-Lehmunn method.

For the ANCOV A model using the LOCF approach, the dependent variable s the rank of chanpe from baseline in
the PANSS total score at Day 85, with study region and treatment group as fixed effects and the rank of bassline
PANSS tolal score a5 2 covariate

Source: Sponsor’s Table 15 in CSR.

Table 13: Non-parametric PANSS responder analysis at Day 85 (FAS)

Aripiprazole Lavroxil

PANSS Placeba 41 myg BRI mg

Improvement | Dropout (N=196) N=196) (N=2i4)

threshold Pattern® n/m (%) n'm (%) n/m (%)
=30%% 1 Rasspomse IN165(20,0) 63/152 (41.4) | 63/157(40.1)
Difference against placebo (SE) - 21.45(5066) | 20.13(5.000)

pvalus - <0001 <0001
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=30%% 2 Response 3131 25.2) 63138 (45.7) | 6NIS1(417)
Drifference against placebo (SE) - 20,46 (5.689) 16,53 (5.522)
p-value - <0001 0003

=20% 1 Response 43165 (26.1) 92/152 (60.5) | 93/157(592)
Drifference against placebo (SE) - 34.47(5234) | 33 1B(5.202)
p-value - <0001 <1).001

=20% 2 Response 43131 (32.8) 92138 (66.7) | 93151 (61.6)
Drifference against placebo (SE) - I3.84(5.739) | 2B.76(5.701)
p-value - <0001 <1).001

Abbreviations: n=number of subjects with a response; m=number of subjects with available data; PANSS= positive
and negative syndrome scale; SE=standand error.

Mote: p-values from Chi-squans test

* Dropout pattern 1 dopout due Lo either lack of efficacy or adverse event as imformative missing, and dropout due
toall other reasons as non-informative missing. Dopout pattem 2 inc ludes dropout dusto lack of efficacy as
informative missing, and all other reasons as non-informative missing.

Source: Sponsor’s Table 16 in CSR.

Table 14: Time to failure analysis (FAS)

PANSS Aripiprazole Lavroxil
Reduction Drropowt Placebo 441 mg BRI my
from Bascline Patiern | Statistic (N=1%6) (N=196) (N=204)
= N 1 Number (%) of subjects 122165 (73.9%) | 60/152(39.5%) | 64/157 (40.8%)
with filune
p-value — <01 =001
= N 2 Number (%) of subjects BRI (67.2%5) 46/138(333%) | SB/151 (38.4%)
with fiui lure
p-value - <.001 0.003
< 3% 1 Mumber (%) of subjects 132/165 (80%%) BOMI52(58.6%) | 94/157 (59.9%)
with firi lure
p-value - <001 <001
< W% 2 Mumber (%) of subjects GB/31 (74.8%) TSMIB(543%) | BR/ISI (58.3%)
with filune
p-vahue - <001 <001

Mote: In dmopout pattern |, dropout due to lack of efficacy or adverse event is considered a failure; in dropout pattern
2, dopouts due to lack of efficacy is considered a failure.
p-value is from log rank test.

Source: Sponsor’s Table 17 in CSR.

To assess the impact of the drop-outs on the primary efficacy endpoint, this reviewer conducted
sensitivity analyses using two different imputing methods on those discontinued in treatment
period. 1). Missing data are imputed by the mean of change at Day 85 from the placebo arm (-
17.57). 2). Missing data are imputed by the worst observed change at Day 85 (24). The first
imputation method keeps the mean of placebo arm unchanged, and moves the means of active
arms close to the mean of placebo arm. Hence the treatment effects are reduced. The results are
summarized in Table 15. Although the treatment effects are reduced, they are still statistically
significant (p-value<0.0001). The second imputation method actually makes the treatment effects
slightly larger (See Table 16). By imputing with the worst observed change at Day 85, the
smaller magnitude of changes in the placebo group is offset by the larger number of drop outs in
placebo group. Therefore, this imputation method also yields statistically significant differences
between the active arms and placebo.

This reviewer also plotted the cumulative distribution function (CDF) for the change in PANSS
total score from baseline to endpoint by each arm in Figure 3 (with LOCF), in Figure 4 (imputed
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with the mean change at Day 85 from the placebo arm), and in Figure 5 (imputed with the worst
observed change at Day 85). All three CDF plots show that the probability of having a change in
PANSS total score less (better) or equal to any given x are larger for both active treatment arms
compared to the placebo group regardless of the three imputation method.

This study planned to enroll 180 patients per arm, 540 patients total. However, the final number
of patients in the FAS is 597. The reason of over enrollment is not clear. This reviewer
performed the primary analysis using the first 180 patients per arm. Then result is presented in
Table 17 and the conclusion is the same as using all the patients.

Table 15: Change from baseline at Day 85 in PANSS total score (missing data is imputed
by the mean of change at Day 85 from the placebo arm)

Aripiprazole Lauroxil
Placebo 441 mg 882 mg
Baseline: Mean (SD) 93.7(11.4) 92.0 (10.73) 92.8 (10.27)
LS Mean (SE) -19.30 (0.95) -25.02(0.93) -24.70(0.95)
LS Mean Diff from Placebo -5.72(1.25) -5.40(1.26)
95% CI* (-8.18, -3.27) (-7.88, -2.92)
p-value <.0001 <.0001

*: The confidence intervals and p-values are not adjusted for multiple comparisons.
Source: This reviewer.

Table 16: Change from baseline at Day 85 in PANSS total score (missing data is imputed
by the worst observed change at Day 85)

Aripiprazole Lauroxil
Placebo 441 mg 882 mg
Baseline: Mean (SD) 93.7(11.4) 92.0 (10.73) 92.8 (10.27)
LS Mean (SE) 0.75 (1.87) -11.91(1.84) -11.77(1.89)
LS Mean Diff from Placebo -12.66(2.48) -12.51(2.50)
95% CI* (-17.52, -7.80) (-17.42,-7.61)
p-value <.0001 <.0001

*: The confidence intervals and p-values are not adjusted for multiple comparisons.
Source: This reviewer.
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Figure 3: Change in PANSS total score at endpoint (FAS with Subject 502-002 using
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Source: This reviewer.

Figure 4: Change in PANSS total score at endpoint (FAS with Subject 502-002 imputed by
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Figure 5: Change in PANSS total score at endpoint (FAS with Subject 502-002 imputed by
the worst change at Day 85)
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Source: This reviewer.

Table 17: Change from baseline at Day 85 in PANSS total score MMRM
(First 180 Patients per Arm in FAS)

Aripiprazole Lauroxil
Placebo 441 mg 882 mg
Baseline: Mean (SD) 93.7(11.4) 92.0 (10.73) 92.8 (10.27)
LS Mean (SE) -10.7 (1.66) -21.2(1.54) -21.6(1.54)
LS Mean Diff from Placebo -10.5(2.22) -10.9(2.22)
95% CI* (-14.9,-6.1) (-15.3,-6.5)
p-value <0.0001 <0.0001

*: The confidence intervals and p-values are not adjusted for multiple comparisons.
Source: This reviewer.

This placebo-controlled, parallel-group design is a typical design for IM injection treatment of
schizophrenia. However, in this trial subjects from active arms receive oral drug during the first
21 days, while placebo patients did not. The observed treatment effect is likely due to both IM
and oral drug. It is hard to separate the treatment effect due to IM from that due to the oral drug.
During the review course, a question was raised on whether or not the placebo group should have
also received the oral drug instead of the oral placebo during the first 21 days. This reviewer
performed several analyses to address this design problem. The primary analysis was repeated 1)
using Day 22 as baseline; 2) using Day 29 as baseline. Since the half-life of the oral drug is 3
days, the exposure contribution due to oral is likely to be insignificant by day 29. The FAS
population includes 596 patients. When Day 22 or Day 29 is used as baseline, the FAS
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population includes 455 patients or 412 patients, respectively. Table 18 and Table 19 summarize
the results using Day 22 as baseline and using Day 29 as baseline. The results demonstrate that
PANSS score was statistically significantly improved from Day 22 or Day 29 to Day 85 for each
active treatment group compared with placebo, which support the claim that both aripiprazole
lauroxil dose levels (441 mg and 882 mg) were statistically better than placebo.

Table 18: Change from baseline in PANSS total score using ANCOVA LOCF (Day 22 as
Baseline)

Placebo (n=136) 441 mg (n=154) 882 mg (n= 165)

79.9 (17.3) 74.6 (15.6) 73.3 (15.7)
79.7 (20.2) 69.7 (18.6) 69.2 (19.0)
0.2 (14.7) 4.8 (11.3) -42(13.9)

0.6(-29,1.6) -59(-8.1,-3.7)  -53(-7.4,-32)

53(83,23)  -4.6(-7.6,-1.7)
0.0005 0.002

Note: The confidence intervals and p-values are not adjusted by multiple comparisons.
Source: This reviewer.

Table 19: Change from baseline in PANSS total score using ANCOVA LOCF (Day 29 as

Baseline)

P Placebo 0=115) 441 mg(n=144) 882 mg (n=153)
‘Day29: Mean (SD) 76.5(17.2) 72.6 (16.9) 71.5 (16.8)
‘Day 85: Mean (SD) 76.8 (19.1) 68.8 (18.6) 68.2 (18.9)
_ 0.2 (13.8) -3.9(11.6) -32(12.1)
- -0.01 (-2.3,2.3) -4.5 (-6.6, -2.4) -4.0 (-6.0, -2.0)

-4.5 (-7.4,-1.6) -4.0 (6.9, -1.1)

0.0026 0.0073

Note: The confidence intervals and p-values are not adjusted by multiple comparisons.
Source: This reviewer.

The secondary efficacy endpoint is the CGI-I score at Day 85. The number (%) of subjects in

each CGI-I category at Day 85 using LOCF are shown in Table 20. The CGI-I scores for both
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aripiprazole lauroxil groups were statistically significantly lower than that for the placebo group
(p<0.001 for each aripiprazole lauroxil group) using a non-parametric Wilcoxon test. In addition
to LOCF imputation, using “no change” to impute the missing values was used. The analyses
yielded similar results as obtained using the LOCF approach.

This reviewer obtained similar results from raw data with and without subject “502-002”.
Subject “502-002” had CGI-I score of 6 on his last visit.

Table 20. CGI-I score at Day 85, LOCF (FAS)

Aripiprazole Lauroxil

Placebo 441 mg 882 mg

CGI-1 Score (N=1906) (N=196) (N=204)
1: Very much improved n(%) 15(7.7) 27 (13.8) 25(12.3)
2: Much improved n(%) 33(16.8) 68 (34.7) 81(39.7)
3: Minimally improved n(%s) 43 (21.9) 45 (23.0) 52 (25.5)
4: No change n(%) 42 (21.4) 32 (16.3) 24(11.8)

5: Minimally worse n(%) 37(18.9) 11 (5.6) 16 (7.8)

6: Much worse n(%) 23 (11.7) 12 (6.1) 5(2.5)

7: Very much worse n(%) 3(1.5) 1(0.5) 1 (0.5)
P-value against placebo’ - < 0.001 < 0.001
Adjusted p-value? < 0.001 < 0.001

Abbreviations: CGI-I=Clinical Global Impression-Improvement; LOCF=last observation carmried forward;
PANSS=positive and negative syndrome scale. Source: Table 14.2.3.1

' p-values are based on non-parametric Wilcoxon rank sum test

? Adjusted p-values using Simes-Hommel approach

4 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS

The subgroup analyses presented in this section are all exploratory. The main objective of the
exploratory subgroup analysis is to assess consistency across subgroups with respect to the
primary analysis results. The sponsor only performed ANCOVA analyses on BMI subgroups and
regions, and reported p-values for subgroup factors. Because of the exploratory purpose of the
subgroup analyses, those p-values are not presented here.

4.1 Gender, Race, Age, and Geographic Region

The age of the subjects ranges from 18 to 66. Therefore, no subgroup analyses by age are
relevant.

This reviewer plotted the changes from baseline in PANSS total score for each gender and dose
group, and for each race and dose group. There are 2 subjects belong to American Indian or
Alaska Native, and 1 subject belongs to Native Hawaiian or other pacific islander. These 3
subjects were combined with Asian subjects. This reviewer also plotted the observed treatment
effect over the trial course on the primary endpoint for each region. From the plots, we can see
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that Black subjects have smaller treatment effect than the other races. North American subjects
have smaller treatment effect than the other regions.

Figure 6. Box plot of change from baseline to endpoint in PANSS total score by gender and
treatment (FAS with Subject 502-002 using LOCF)
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Figure 7. Box plot of change from baseline to endpoint in PANSS total score by race and
treatment (FAS with Subject 502-002 using LOCF)
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Figure 8. Observed change from baseline in PANSS total (FAS and North America)
Region: North America
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Figure 9. Observed change from baseline in PANSS total (FAS and Europe)
Region: Europe
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Figure 10. Observed change from baseline in PANSS total (FAS and Asia)
Region: Asia
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4.2 Other Special/Subgroup Populations

The change from baseline in PANSS total score was plotted by BMI subgroups with 3 different
categories: normal (<25 kg/m2), overweight (25 kg/m2<BMI<30 kg/m2), and obese (<30
kg/m2). The treatment effect is consistent across all the BMI subgroups.

Figure 11. Box plot of change from baseline to endpoint in PANSS total score by BMI category
and treatment (FAS with Subject 502-002)
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5 SUMMARY AND CONCLUSIONS
5.1 Statistical Issues

This placebo-controlled, parallel-group design is a typical design for IM injection treatment of
schizophrenia. However, in this trial subjects from active arms receive oral drug during the first
21 days, while placebo patients did not. The observed treatment effect is likely due to both IM
and oral drug. It is hard to separate the treatment effect due to IM from that due to the oral drug
in this design. During the review course, a question was raised on whether or not the placebo
group should have received the oral drug instead of the oral placebo during the first 21 days. This
reviewer performed several analyses to address this design problem. The primary analysis was
repeated 1) using Day 22 as baseline; 2) using Day 29 as baseline. Since the half-life of the oral
drug is 3 days, the exposure contribution due to oral is likely to be insignificant by day 29. The
27
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results demonstrate that PANSS score was statistically significantly improved from Day 22 or
Day 29 to Day 85 for each active treatment group compared with placebo, which support the
claim that both aripiprazole lauroxil dose levels (441 mg and 882 mg) were statistically better
than placebo.

5.2 Collective Evidence

The primary and the key efficacy endpoint of this study were met. The change from baseline or
Day 22 or Day 29 to Day 85 in PANSS total score was statistically significantly better for each
active treatment group (aripiprazole lauroxil 441 mg and 882 mg) than for placebo. CGI-I scores

at Day 85 was statistically significantly better for each active treatment group (aripiprazole
lauroxil 441 mg and 882 mg) than for placebo.

5.3 Conclusions and Recommendations

This reviewer concludes, based on statistical evidence in Trial ALK9072-003, aripiprazole
lauroxil 441 mg and 882 mg are effective.

5.4 Labeling Recommendations (as applicable)

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

JINGLIN ZHONG
06/04/2015

PEILING YANG
06/04/2015
| concur that the efficacy is demonstarted.

HSIEN MING J HUNG
06/08/2015
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