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List of A bbre via tions and Definition of Terms

Abbreviation Definition
AE Adverse event
AIM Abnormal involuntary movement
AIMS Abnormal Involuntary Movement Scale
ALT Alanine transaminase
ANCOVA Analysis of covariance
AST Aspartate transaminase
BARS Barnes Akathisia Rating Scale
BMI Body mass index
CDC Center for Disease Control and Prevention
CGAS Children’s Global Assessment Scale
CGI-I Clinical Global Impression Improvement
CGI-S Clinical Global Impression Severity
CL Total body clearance of drug from plasma following intravascular 

administration
CMH Cochran-Mantel-Haenszel
CRF Case report form
C-SSRS Columbia-Suicide Severity Rating Scale
ECG Electrocardiogram
EPS Extrapyramidal symptoms
ET Early Termination
EudraCT European Clinical Trial Data Base
FDA Food and Drug Administration
FU Follow-up
ICF Informed consent form
IMP Investigational medicinal product(s)
IND Investigative new drug
IWRS Interactive web response system
kg Kilogram
L Liter
LOCF Last observation carried forward
LS Least squares
MAR Missing at random
MCMC Monte Carlo Markov Chain
MedDRA Medical Dictionary for Regulatory Activities
mg Milligrams
MI Multiple Imputation
MMRM Mixed model repeated measures
NY-AACENT New York Assessment for Adverse Cognitive Effects of 

Neuropsychiatric Treatment
OC Observed case
PANSS Positive and Negative Syndrome Scale
PMM Pattern Mixture Models
QD Dosing once per day
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RR Relative risk
s Second
SAP Statistical analysis plan
SAS Simpson Angus Scale
SD Standard deviation
TEAEs Treatment-emergent AEs
UKU Udvalg for Kliniske Undersogelser
ULN Upper limit of normal
US United States
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1 Introduction

This statistical analysis plan (SAP) documents the statistical methodology and data 
analysis algorithms and conventions to be applied for statistical analysis and reporting of 
efficacy and safety data of trial 331-10-234. All amendments to the protocol are taken 
into consideration in developing this SAP.

2 Trial Obje ctives

The objective of the trial is to evaluate the short-term efficacy and safety of brexpiprazole 
monotherapy in the treatment of adolescents with schizophrenia.

3 Trial Design

3.1 Type /D esign of Trial

This is a multicenter, randomized, double-blind, placebo- and active-controlled trial 
designed to assess the effect of brexpiprazole compared to placebo in adolescent subjects, 
ages 13 to 17 years at the time of informed consent/assent and at baseline (Day 1), with a 
Diagnostic and Statistical Manual of Mental Disorders - Fifth Edition (DSM-5) 
diagnosis of schizophrenia and by utilizing the Kiddie Schedule for Affective Disorders 
and Schizophrenia-Present and Lifetime version (K-SADS-PL). The trial is planned to be 
conducted on an outpatient basis. Any hospitalization needed for prospective subjects, 
such as hospitalization needed to allow subjects to change medications in preparation for 
this trial requires discussion with the Medical Advisor.

This trial has a 6-week treatment double-blind period.

After a minimum 3-day washout period, subjects who continue to meet all entrance 
criteria (including Positive and Negative Syndrome Scale [PANSS] Total Score ≥ 80) at 
the baseline visit (Day 1) will be randomized 1:1:1 to 1 of 3 double-blind treatment arms: 

• Brexpiprazole 2 - 4 mg daily flexible dose
• Aripiprazole 10 - 20 mg daily flexible dose
• Placebo

Subjects will be randomly assigned through an interactive web response system (IWRS). 
Treatment assignments will be based on a computer-generated randomization code 
provided by the Otsuka Pharmaceutical Development & Commercialization, Inc. 
Biometrics Department
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Rationale for estimand: hypothetical estimand justifiable to evaluate the pharmacological 
effect, had no withdrawals occurred. Subjects who withdraw from IMP treatment either 
could have lost their treatment effect had the subjects not taken any other treatment after 
withdrawal or could have had their treatment effect masked had the subjects taken other 
treatment after withdrawal. This would mean that any observations made after subjects 
stop IMP will most likely not contribute relevant information about the treatment effect 
of the drug. Due to this strategy, the last efficacy assessment after premature trial 
discontinuation will be assessed only once at the Early Termination (ET) Visit. Every 
effort will be made to complete all of the ET evaluations prior to administering any 
additional medications for the treatment of schizophrenia or other prohibited medications. 
In the case of terminal or lost to follow-up events, no ET evaluations would be expected, 
and only scheduled assessments would be performed before such an event occurred.

For the primary efficacy analysis, the estimator will be the Mixed Model Repeated 
Measurements (MMRM) estimate for treatment difference at Week 6, based on all 
observed case (OC) data until discontinuation from the trial. Under the MAR assumption, 
MMRM provides an unbiased estimate of treatment effect for the treatment period. 
Analyses with missing values imputed by MI under MNAR and other methods will be 
performed as sensitivity analyses.

Of note, the population attribute is slightly different in this SAP compared to the Protocol 
(dated 05 Jul 2022). Adjustment has been made based on FDA feedback to better reflect 
the target population expected to use the product.

6.2 Seconda ry Outc om e Variables

6.2.1 Secondary Efficacy Endpoints

The secondary efficacy endpoints are as follows:

• Change in the PANSS Positive and Negative Subscale Scores
• Percentage of subjects achieving response. Response is defined as at least 30% 

improvement from baseline in PANSS Total Score or CGI score of 1 or 2.
• Percentage of subjects achieving remission. Remission is defined as a score of ≤ 3 on 

each of the following specific PANSS items: delusions (P1), unusual thought content 
(G9), hallucinatory behavior (P3), conceptual disorganization (P2). 
mannerisms/posturing (G5), blunted affect (N1), passive/apathetic social withdrawal 
(N4), and lack of spontaneity and conversation flow (N6).

• Change in the Children’s Global Assessment Scale (CGAS) Score
• Change in the Clinical Global Impression Severity (CGI-S) scale
• Clinical Global Impression Improvement (CGI-I) scale
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6.2.2 Secondary Safety Endpoints

Safety will be assessed by the following secondary endpoints:

• The frequency and severity of AEs, serious AEs (clinical and laboratory), and 
discontinuation from the trial due to AEs

• Weight, height, body mass index, and waist circumference
• Analysis of potential suicide events recorded on the Columbia-Suicide Severity 

Rating Scale (C-SSRS)
• Clinical laboratory tests and urinalysis results (including serum prolactin), vital signs, 

physical examinations, and electrocardiogram (ECG) parameters
• Changes on the Simpson Angus Scale (SAS), Abnormal Involuntary Movement Scale 

(AIMS), and Barnes Akathisia Rating Scale (BARS)
• Comprehensive psychotropic side effects as assessed by the Udvalg for Kliniske 

Undersogelser (UKU) side effect rating scale
• Cognitive adverse effects as assessed by the New York Assessment for Adverse 

Cognitive Effects of Neuropsychiatric Treatment (NY-AACENT)

7 Disposition and Demographic Analysis

7.1 Subject Disposition

Subject disposition (such as “Enrolled”, “Treated”, “Discontinued”, “Completed”, etc.) 
will be summarized on the Enrolled Sample. Study completion rate and reasons for 
discontinuation will also be summarized. 

For purposes of this trial, subjects who completed the end-of-trial visit (ie, the Week 6 
visit) will be defined as trial completers.

Disposition will be summarized by treatment group and by subgroup of sex, race, region 
and age category (< 15, ≥ 15 years).

Reasons for discontinuation will be summarized for the randomized sample by treatment 
group and by subgroup of sex, race, age category (< 15, ≥ 15 years) and region (US, 
Europe [continent], Mexico).
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7.2 Demographic and Baseline Characteristics

Baseline measurements of efficacy and safety variables are defined as their last 
measurements prior to the first dose of IMP.

Baseline demographic characteristics include age, sex, race, ethnicity, height, weight, 
waist circumference, and body mass index (BMI). For the Randomized Sample, 
demographic characteristics will be summarized by treatment group. 

Mean, median, SD, minimum and maximum values will be used to describe continuous 
variables such as age. Frequency distributions will be tabulated for categorical variables 
such as race and age category (< 15, ≥ 15 years).

Demographics will be summarized by treatment group and by subgroup of sex, race, age 
category (< 15, ≥ 15 years) and region (US, Europe [continent], Mexico).

7.3 Baseline Disease Evaluation

A summary of medical and psychiatric history will be presented for the Randomized 
Sample (by treatment group and overall). Prior antipsychotic medication will be 
summarized in frequency. Medical history will also be summarized by using frequency 
distribution of subjects across the medical histories.

Baseline values in the following parameters related to psychiatric evaluation will be 
summarized on the Randomized Sample by using descriptive statistics: PANSS total 
score, PANSS Positive subscale score, PANSS Negative subscale score, CGI-S score, 
CGAS score 

Baseline characteristics will be summarized by treatment group and by subgroup of sex, 
race age category (< 15, ≥ 15 years) and region.

7.4 Treatment Compliance

Treatment compliance will be reported, by treatment group, in the Safety Sample, by 
percentage of subjects taking at least 70%, 80%, and 90% of medications based on IMP 
Accountability panel of the Case Report Form.

7.5 Prior and Concomitant Medications

Number and proportion of subjects taking concomitant medications prior to IMP, during 
the double-blind treatment period, and after IMP are tabulated by drug classification 
using the World Health Organization drug dictionary.
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7.6 Protocol Dev ia tions

Protocol deviations data will be summarized by type of deviations by trial site and 
treatment group for the Randomized Sample. In addition, a subjects listing will be 
provided describing the deviations for each subject.

8 Efficac y Analysis

8.1 Primary Efficacy  Endpoint

The primary efficacy endpoint is the change from baseline to Week 6 in PANSS Total 
Score. The primary statistical comparison of interest is brexpiprazole 2 - 4 mg versus 
placebo based on all available data (OC dataset). All randomized subjects who have both 
baseline and post-baseline PANSS total score will be included in the primary efficacy 
analysis. 

8.1.1 Primary  Effica cy Analysis 

The primary statistical comparison of interest is brexpiprazole 2 - 4 mg versus placebo. 
With the assumption of MAR, an MMRM analysis with fixed-effect factors of treatment, 
trial site, visit, treatment by visit interaction, and fixed effect covariates of baseline and 
baseline by visit interaction will be applied to the change from baseline from Week 1 to 
Week 6 in PANSS Total Score based on all available data (OC dataset). The data will be 
modeled using an unstructured variance covariance matrix for the within subject 
variation. A statistical test of the least squares (LS) mean differences at Week 6 of the 
MMRM analysis will serve as the analysis of the primary endpoint. The Kenward-Roger 
approximation will be used to estimate denominator degree of freedom and adjust 
standard errors.

The contrast (ie, difference in least-square means between brexpiprazole and placebo) at 
the Week 6 visit will be estimated from the interaction term of treatment by visit week 
and will serve as the primary treatment comparison. The point estimate and the 95% 
confidence interval estimate of the contrast at the Week 6 visit will be reported. 
Significance test will be based on the contrast estimate at the Week 6 visit by using a 
two-sided 0.05 level.

In case there is a convergence problem with the MMRM model with the unstructured 
variance covariance matrix, the following structures other than unstructured will be used 
in order of 1) heterogeneous toeplitz, 2) heterogeneous autoregressive of order 1, and 
3) heterogeneous compound symmetry, and the first (co)variance structure converging to 
the best fit will be used as the primary analysis. If a structured covariance has to be used, 
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8.1.5 Ukra ine-R us sia Conflict Relate d Sensitivity Analyses

The Ukraine-Russia conflict started on 24 Feb 2022. This trial enrolled many subjects 
from Ukraine and Russia. However, the number of subjects from Russia and Ukraine 
starting treatment in the 9 weeks before the start of the conflict is very limited (N = 6), 
most completed the treatment and had PANSS assessment. No subject from these 
countries started treatment after 22 Feb 2022. Therefore, no specific sensitivity analyses 
will be performed.

8.2 Seconda ry Efficacy Analysis

The following are the secondary efficacy variables in this trial:

1) Change in the PANSS Positive and Negative Subscale Scores
2) Percentage of subjects achieving response. Response is defined as at least 30% 

improvement from baseline in PANSS Total Score or CGI score of 1 or 2.
3) Percentage of subjects achieving remission. Remission is defined as a score of ≤ 3 

on each of the following specific PANSS items: delusions (P1), unusual thought 
content (G9), hallucinatory behavior (P3), conceptual disorganization (P2). 
mannerisms/posturing (G5), blunted affect (N1), passive/apathetic social 
withdrawal (N4), and lack of spontaneity and conversation flow (N6).

4) Change in the Children’s Global Assessment Scale (CGAS) Score
5) Change in the Clinical Global Impression Severity (CGI-S) scale
6) Clinical Global Impression Improvement (CGI-I) scale

For continuous secondary endpoints (change in CGI-S, change in CGAS, PANSS 
Positive Subscale score, and PANSS Negative Subscale score), an MMRM analysis with 
factors of treatment, trial site, visit, treatment by visit interaction, and baseline and 
baseline by visit interaction as covariates with an unstructured variance covariance 
structure will be applied based on all available data (OC dataset) from the Efficacy 
Sample. ANCOVA with baseline value as covariate and treatment as main effects will 
also be performed on the OC dataset. Data will be presented by week.

The CGI-I score will be evaluated by the Cochran-Mantel-Haenszel row mean score 
differ test  controlling for trial site in last-observation-carried-forward (LOCF) and 
Observed Cases (OC) analyses. Descriptive statistics and differences between arms with 
95% confidence intervals will also be presented. 

Response and remission endpoints will be evaluated by the CMH General Association 
Test controlling for trial site, by week, in OC and LOCF analyses, for the Efficacy 
Sample.
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9 Safety Analyses

Safety will be assessed by the following secondary endpoints:

• The frequency and severity of AEs, serious AEs (clinical and laboratory), and 
discontinuation from the trial due to AEs

• Weight, height, body mass index, and waist circumference
• Analysis of potential suicide events recorded on the Columbia-Suicide Severity 

Rating Scale (C-SSRS)
• Clinical laboratory tests and urinalysis results (including serum prolactin), vital signs, 

physical examinations, and electrocardiogram (ECG) parameters
• Changes on the Simpson Angus Scale (SAS), Abnormal Involuntary Movement Scale 

(AIMS), and Barnes Akathisia Rating Scale (BARS)
• Comprehensive psychotropic side effects as assessed by the Udvalg for Kliniske 

Undersogelser (UKU) side effect rating scale
• Cognitive adverse effects as assessed by the New York Assessment for Adverse 

Cognitive Effects of Neuropsychiatric Treatment (NY-AACENT)

Safety analysis will be conducted based on the Safety Sample, which is defined in 
Section 5. In general, baseline of a safety variable is defined as the last observation of the 
variable before taking the first dose of IMP, unless specified otherwise.

Concomitant medication analyses are described under Section 7.5.
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9.1 Extent of Exposure

The start date of double-blind IMP with brexpiprazole, aripiprazole or placebo will be the 
first day of double-blind dosing. The number and percentage of subjects who receive 
double-blind IMP will be presented by week and by treatment group. Each dosing week 
will be based on the actual week; ie, Day 1 to 7 in Week 1, Day 8 to 14 in Week 2, etc. 
This summary will be performed on the Safety Sample.

The number and percentage of completers will be presented by week and by treatment 
group.

The mean daily dosage will be summarized by week and treatment group using 
descriptive statistics. The mean daily dosage per subject per week will be determined for 
each week of the trial. This will be calculated by dividing the sum of individual total 
doses by the number of days in the week interval. The summary will contain for each 
treatment group the number of subjects receiving double-blind IMP, and the mean and 
range of the mean daily dose for each week.

Extent of exposure will also be summarized by sex, race (White and All Other races), age 
category (< 15, ≥ 15 years) and region (US, Europe [continent], Mexico).

9.2 Adverse Eve nts  

All AEs will be coded by system organ class and Medical Dictionary for Regulatory 
Activities (MedDRA) preferred term. The incidence of the following events will be 
summarized by treatment group:

1)  Treatment-emergent AEs (TEAEs),
2)  TEAEs by severity
3)  TEAEs potentially causally related to the IMP,
4)  TEAEs potentially causally related to the IMP by severity,
5)  TEAEs with an outcome of death,
6)  Serious TEAEs,
7)  TEAEs leading to discontinuations of the IMP.

Treatment-emergent AE is defined as an AE that started after trial drug treatment, or if 
the event was continuing from baseline and was serious, trial drug related, or resulted in 
death, discontinuation, interruption or reduction of trial therapy.

Incidence of TEAEs will also be summarized by sex, race (White and All Other races), 
age category (< 15, ≥ 15 years) and region (US European [continent], Mexico).
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within a specified time period prior to entry into the trial, will be completed for all 
subjects at screening to determine eligibility. Any subject with active suicidal ideation 
within the last 6 months, suicidal behaviors within the last 2 years, or who in the clinical 
judgment of the investigator presents a serious risk of suicide should be excluded from 
the trial. The “Since Last Visit” C-SSRS form will also be completed at all visits after 
screening.

10.12 Tanner scale

The scale defines physical measurements of development based on external primary and 
secondary sex characteristics, such as the size of the breasts, genitals, testicular volume 
and development of pubic hair. Boys and girls are rated on a 5-point scale.

11 Pharmacokinetic Analyses

Pharmacokinetic data will be analyzed separately.

12 Pharmacodynamic Analyses

There is no pharmacodynamic analyses in this trial.

13 Pharmacogenomic Analyses

Pharmacogenomic data will be analyzed separately.

14 Interim Analysis

No unblinded interim analysis is planned for this trial.

15 Changes in the Planned Analyses

None. 

16 Revision History

Table 16-1 Document History
Version Key Changes
Version 2.0, 14 Mar 2023 • Added and describing the SAS 

programs for multiple imputation delta method and placebo 
based imputations

• Section 3.4: corrected typo for target day on week 5
• Section 8.1.2: indicated that in case of convergence problems 

ANCOVA will be used and refer to the appendix for 
programming details

• Section 8.1.3.1: corrected the region categories to “(US, Europe 
[continent], Mexico)”
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Append ix 1 Criteria for Id en tifying Lab oratory Values of Potential 
Clinical R elevance

Laboratory Tests Criteria
Chemistry

AST (SGOT)  3 x upper limit of normal (ULN)
ALT (SGPT)  3 x ULN
Alkaline phosphatase  3 x ULN
LDH  3 x ULN
BUN  30 mg/dL
Creatinine  2.0 mg/dL
Uric Acid

Men  10.5 mg/dL
Women  8.5 mg/dL

Bilirubin (total)  2.0 mg/dL
CPK  3 x ULN
Prolactin > ULN

Hematology
Hematocrit

Men  37 % and decrease of  3 percentage points from Baseline
Women  32 % and decrease of  3 percentage points from Baseline

Hemoglobin
Men  11.5 g/dL
Women  9.5 g/dL

White blood count  2,800/ mm3 or  16,000/ mm3

Eosinophils  10%
Neutrophils  15%
Absolute neutrophil count  1,000/ mm3

Platelet count  75,000/ mm3 or  700,000/ mm3

Urinalysis
Protein Increase of  2 units
Glucose Increase of  2 units
Casts Increase of  2 units

Additional Criteria
Chloride  90 mEq/L or  118 mEq/L
Potassium  2.5 mEq/L or  6.5 mEq/L
Sodium  126 mEq/L or  156 mEq/L
Calcium  8.2 mg/dL or  12 mg/dL
Glucose

Fasting  100 mg/dL 
Non-Fasting  200 mg/dL

Total Cholesterol, Fasting  240 mg/dL 
LDL Cholesterol, Fasting  160 mg/dL 
HDL Cholesterol, Fasting

Men < 40 mg/dL
Women < 50 mg/dL

Triglycerides, Fasting  150 mg/dL
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Append ix 2 Criteria for Id en tifying V ital Signs  of Potential Clinical 
Relevance

Variable Criterion  Value a Change Relative to Baseline a

Heart Rateb > 120 bpm
< 50 bpm

 15 bpm increase
 15 bpm decrease

Systolic Blood Pressureb > 180 mmHg
< 90 mmHg

 20 mmHg increase
 20 mmHg decrease

Diastolic Blood Pressureb > 105 mmHg
< 50 mmHg

 15 mmHg increase
 15 mmHg decrease

Orthostatic Hypotension  20 mmHg decrease in systolic blood 
pressure and a  25 bpm increase in 

heart rate from supine to 
sitting/standing

Not Applicable
(baseline status not considered)

Weight -  7% increase
 7% decrease

aIn order to be identified as potentially clinically relevant, an on-treatment value must meet the 
“Criterion Value” and also represent a change from the subject’s baseline value of at least the 
magnitude shown in the “Change Relative to Baseline” column.

bAs defined in “Supplementary Suggestions for Preparing an Integrated Summary of Safety Information 
in an Original NDA Submission and for Organizing Information in Periodic Safety Updates,” FDA 
Division of Neuropharmacological Drug Products draft (2/27/87).
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Append ix 3 Criteria for Id en tifying EC G Measurements of Potential 
Clinical R elevance

Variable Criterion  Value a Change Relative to Baseline a

Rate
Tachycardia  120 bpm increase of   15 bpm
Bradycardia  50 bpm decrease of  15 bpm

Rhythm

Sinus tachycardiab  120 bpm increase of  15 bpm

Sinus bradycardiac  50 bpm decrease of  15 bpm
Supraventricular premature beat all not present  present
Ventricular premature beat all not present  present
Supraventricular tachycardia all not present  present
Ventricular tachycardia all not present  present
Atrial fibrillation all not present  present
Atrial flutter all not present  present

Condu ction
1 atrioventricular block PR  200 msec increase of   50 msec
2 atrioventricular block all not present  present
3 atrioventricular block all not present  present
Left bundle-branch block all not present  present
Right bundle-branch block all not present  present
Pre-excitation syndrome all not present  present

Other intraventricular conduction blockd QRS  120 msec increase of  20 msec
Infarction

Acute or subacute all not present  present

Old all not present  present
 12 weeks post study entry

ST/T Morphological
Myocardial Ischemia all not present  present
Symmetrical T-wave inversion all not present  present
Increase in QTc QTcF or QTcN

≥ 450 msec for males,
≥ 470 msec for

female
aIn order to be identified as potentially clinically relevant, an on-treatment value must meet the 

“Criterion Value” and also represent a change from the subject’s baseline value of at least the 
magnitude shown in the “Change Relative to Baseline” column.

bNo current diagnosis of supraventricular tachycardia, ventricular tachycardia, atrial fibrillation, atrial 
flutter, or other rhythm abnormality.

cNo current diagnosis of atrial fibrillation, atrial flutter, or other rhythm abnormality.
dNo current diagnosis of left bundle branch block or right bundle branch block.
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List of Abbreviations and Definitions of Terms
Abbreviation Definition
FDA Food & Drug Administration
MedDRA Medical Dictionary for Regulatory Activities
PANSS Positive and Negative Syndrome Scale
SAP Statistical analysis plan
TEAE Treatment emergent adverse event
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